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Abstract

Maximum entropy (MaxEnt) modeling and varieties of climate change scenarios were employed to
predict the current and future distribution patterns of Coptis chinensis under climate change in
China. Results showed that the resultant models exhibited excellent predictive power. The current
suitable habitats for C. chinensis totaled 131.08 x 104 km?, accounting for 13.65% of the total area
of China, and 79.89% of its current suitable habitats would be relatively lowly impacted by the
climate change. Compared with its current distribution pattern, its distribution ranges and lowly
suitable regions during 2020s, 2030s, 2040s, 2050, 2060s, 2070s and 2080s would be shrunk to
some extent, while moderate habitats would increase to some extent, and high suitable habitats
would fluctuate. In conclusion, climate change affects both the total area and the habitat suitability
of C. chinensis.
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RABKBEL K ZFSEDHGR, TREESBEEAETR THERERREEX itk F. 431
RPAFEMMREEEREN TR E. SELAREEX BHHN131.08 x 10+ km?, SHERER
13.65%; HH, HREAEX79.89% I XBAMEMNREEEX, ZREZHEMETRN. ESEEL
LET, HBTYR, HAE211H420. 30. 40. 50. 60. 70F80ERMBAEX BHBMBRIEEEEX S
HRBEAAEERRLD, PEEEXSERSEAABREYN, BEEEX SRS SRS
B, SBETUAAMBELHEESEX BTN, HEYRBENESEERE.
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1. 3]

(1% (Coptis chinensis Franch.) ¥7E & #}(Ranunculaceae) # i% J& (Coptis) ff] £ 4F /£ B A Y, FLFHE AR
NGR4T, EIER IR TR EE RN (RATEL) , 508 L8, RERELSH
R . FOEEAATEEN . B KRS TI(L]. MR SR R R A, NBE B
FERSY, FELE 5%~8% [2] [3] [4]. BRI AR, WIELHAPIRPURTE SCERE R
PO BB . UM SE/ERI[5] [6] [7] [8]. ¥&EFEE/AMARBERIMYN, HEEK, Widk. B, 51K
B V4 25 Hh 4R 1200~1800 m [ A k2 HH[9]. BRI B2 R A2 S AR AS AR IR S5 R 2R R ), AR )
B AR BRR DAL T RIS K 4a it ih %, 18 BRI ORI R 4 s TP 1 D [ K = 0 fe AR FE A [10]

B KM (Maximum Entropy, MaxEnt) R %4J Jaynes 7 1957 4E 14 KR Hi[11], 2004 SE4 B FH T4 Fh g 75
YA TRI[12] o JE 4 SR AE 245 AR B2 YR AR 3 2 AR 35 55 0 SRR A B RS B 1) )2 R [13] [14]
[15] [16]. Maxent FAT P02 SR AERf, BRSP4 A B (5 5 2 0 A X A AR B AN e 8, B Re X 4 b
(RO TE 29 AT DX HEAT R W B T o 2B (AR e M i, I ELTI0IN 25 SR 5 W 1) SE B 43 A B AR W) 45 (P34
AUC 8 55 K) o BRI AE X 3075 24 FH R 42 RS . 20 AT DX TRINRT N AZ A0 P 1A 9 7047 55 DX 3 3l o7 T 45 2132 1
JSFH [14] [16]« AHIF 505 T R SCRRFIAR AR SR 10 5%, 45 A B50a A 4 RS A2 4k 37 5t SR MaxEnt
TN B LR BN B AR 7 MERBBEA X AR, BIEANBEERRY . ATREEEIF KR H LA
FHTE N TR =R A 25 S 5 00kE, R SXCRT 3 E 25038 A X [ 00 A0 ORI SR A = U S
D

2. 5 HE
21. ZAESHHIRAIRSE

AW IE T B SCHR R SRR IC 35 AR A (S BT SE PR A A 40 . LS8 AN s 38 B 40 A1 1 142 A,
FEARTE 35 O Aa o A3 AR 1 Bk E S SCEREE 2 (R B . Springer /% ScienceDirect %)

][l
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Tl &

HRU S TR R SR 9T STk P B BUE R kR A1 (http://www.cvh.org.cn/ems) & BF AR S H IR 2 . B4 At
AT HER, MRS AR R . RSO T, G4 ARSI B Google Earthv7.0 % fF
(http://earth.google.com/) K 52 i, »

22. SEZEHNRBMSiHE

X 2448 (1950~2000 ) A5 £ 4 A WorldClim 35 (http://www.worldclim.org) & #. &K 7 ME (21
48 20, 30. 40. 50. 60. 70 Az 80 FAR) M £ 4 . CCAFS M (http://www.ccafs-climate.org/) T %
MNEAILY e 4 Fh K SRR (CNRM-CM3. CSIRO-MK3.0. MIROC 3.2 & ECHamb5) [17] % 3 Fl/< fi
A5 (IPCCA A1B. A2 & B1)JL 12 BB EYE . FiRKHREISR A 2.5 arc-minutes 75 [8] 73 HF 3,
BRI B0 KB 24 25 K,

BRI SR EHE S DIVA-GIS v7. 5 ¥ (http://www.diva-gis.org/), KbEEA: sl A4 #r BT 35 1 19
AMNEYRANFEAR E(BIO01~BIOL9), TR b s 20 Bt Y Bl e N AR 48 73.25°E~135.25°E, db
25 17.83°N~53.71°N,

2.3. BRAMHEBRME

K453 A0 B S RS R AR ) SR B 5N MaxEnt v3.4.1 B fif
(nttps://biodiversityinformatics.amnh.org/open_source/maxent/) [18], it >R A J1H7% (Do jackknife) KAk A
[ A2 25 Rl PR 52 1 s A K R BT o AN [RIRCER, P A okl /R e )92 1 28 (Crreate response curves) ik T3 2| %
ARETFAFEP WP 2, FIH ROC 4 (32 TAERHE M 2R) M AL (AUC 1E) 1K /N RPN AR 1
MEHERTE. AUC PFAlbRE: 0.50~0.60, FHMNZE RA T :5Z; 0.60~0.70, FHlIZh SR G vl LA4E3Z
0.70~0.80, FHlI4h Foh—f%, W LAFEAZ; 0.80~0.90, FHill4h % R 4F; 0.90~1.00 Fii4s FAk£E[19].

2.4, EERX ST

Rz 54 R 3\ DIVA-GISVT.5 Hcft, SR v [ b F il 1 10 B J2 52 P, s 2 A s Bl PR i (R BB 22 P
AT T2 Aa S22 B AT S (AR A AR AT 5) o b T4 A B, R MaxEnt v3.4.1
BT E BN A T RE (0.2421), RIS HORE R 0 A I ek 1/0 GaZEARE ) oA jbAh, fE bk
BRMEAN 1 2 18] A SRR 7> =25y, r AR AR EE v BEA v R A= X

XL 4 BRI R R 3 MR B, REASARCREAINE B 12 FOESH IR A 1. KA L
B, R 12 TR A B A B sl 1/0GE ARG ) —oe A s 5 12 sk oo A I’ Uiz
Fo7 B, BRI R, RN 12 5K IR E SR A B DU AR 2B 7 SO B, B85 — K
JZ: BRI RIK A KR USRIZEIE HO A BN, SRR oA B R A ARREA T K8
A X EARR o AIREE . R BERI R R E A X R A 7 AN ARSREEARI —niE A X AR L, DLBUR/ME R
BEI AT RN, RRIRRREE A X A

3. &R
3.1. MaxEnt HEEITEMN FEE XRFERR 5

AW RS T2 AUC {E(Mean training AUC) A3 AUC {E(Mean test AUC)% 510
0.9678 + 0.0036 £ 0.9599 + 0.0147, 1513 BHRF AL B H A3 O FHUIINAG 2

FF MaxEnt v3.4.1 H3h4: 1) Equal Training Sensitivity Specificity Threshold 18 (0.2421), 8%
HEYDE A XK NPT JUANR: 1) 0~0.2421 HEEAE X s 2) 0.2421~0.4947 K& A X s 3) 0.4947~0.7474
REEEAE X 4) 0.7474~1 HEE AKX .
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32 BENEREERST

TG I 2 ARG AR DX A = A 7 L R 2 20 S B A DB (] 1) 38 3% 9 ARIE A X A TRy 131.08 x
10* km?, &5 R R B 13.65%, ALFE TP B HR . Berb. b, RS, SN R PR, o,
T IE A X AR N 3.20 x 10% km?, (5 iE AL XS ARG 3.20%, EEgERFERE, oS A X E ARG
A X AR 590 45.06 x 10% km? 71 82.82 x 10* km?, 435 (5 38 4= [X B T AR 1) 34.38% 41 63.18%, /347 [X.
FBEEREYNN R AL RS E L X KT R iEX .

3.3 SEZUERTEEXREXREEE XN

AN BT, AW EER K 7 M4FE(2020s, 2030s, 2040s, 2050s, 2060s, 2070s, 2080s)
(3 AR X A AT A% SR BEAT 7 T (] 2 A 3) . RIS W& AR X 0 AT SR A B, 0% AR R I AR X R TR
WA AR RIFRRE RN . Forb, ARBEE A& XA TR A A FFREE D, Hh BT AR X A TR 356 A [R] 2 B 1
I, e R AR X AR I 2 R B

FEARSR T ANEEAR, B0 J0E A X T RO A AN )R B 9ok 2D - 4 R 78 24 T 7K 1 1 89.55% (117.39 x 10* k',
20505)~99.52% (130.46 x 10* km?, 2020s)[X [a]y. 21 tH20 80 4EAR, (K& X ALk R /D> E i,

N Wk :
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Figure 1. Predicted distribution map for Coptis chinensis under the current climate condition (1950-2000)
1. EEE S (1950~2000) S & 4 TR TEIE £ X T

[ 1 dEi&4 X Unsuitable region
I & JF &4 X Lowly suitable region
I+ 5F i 4 X Moderately suitable region
I /5 % 4 X Highly suitable region
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Figure 2. Predicted changes in the areas of suitable regions for Coptis chinensis under climate change scenarios. Note:
TSA, LSA, MSA and HSA denote the areas of total, lowly, moderately and highly suitable regions, respectively

2. SBETHEETHEEEEXERETWTM. 5£: TSA. LSA. MSA Ml HSA SRIRFEEERX, REES
X, FEEEXMESEEEXER
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Figure 3. Projection of future suitable habitats for Coptis chinensis under climate change scenarios. (a) 2020s; (b)
2030s; (c) 2040s; (d) 2050s; (e) 2060s; (f) 2070s; (g) 2080s

F 3. RESETHESE TEEBEFERXTIM. (a) 2020s; (b) 2030s; (c) 2040s; (d) 2050s; () 2060s; (f) 2070s; (q)
2080s
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AR ) 58.61%. HFEIE AR X IHI AR 24 iy 2406 AN IR 52 (X 14, 38 I i B2 7E. 15.909%~56.63% 2 [A] .
T A SR v B S 2R X AR AR A R 3 e i R, Herp 24 40 70 SRARHIRIG e K, AU 4R T AR 65.89%,
21 t4d 30 MM IE R, AT IAR K 122.13%.

WOEMREE A X FEEFER, Widb. iR, SN TP . m@EaET . BAh, 1
BV 4R PGSt A A B (40 A (] 4), TR 104.73 x 10% km?, 5 3L 244058 A2 X AR Y 79.89%
4. ¥1ig

R AR AL DL IR BEAR S A (0 7k B RURE 2 (A 0 AR, AR S 24 P AR S LA & R
W (03 A DX T AR AR s A 43 A DX S0 LA B A 738 A ok P ot 43 A7 s Wi %) 00000 55 77 T T3 ) R FH
[20]. Bl IR = SRHE A I, A ERAEAR B I SO 2 BB R, KRG M R SRR
o AT A% J53 B RE A — LR 2 AR 2 R PRI FE A A 1) . S AESRBEE MaxEnt AR AY 7R A Yy BRI 72
LI, RORHESN T SR A P o A S B TII o E R 5 B M B BE R AR AN [ B A R A 1 O
T I A TR bE RI AT A5 H S [ AR S AR A 0 S s X, o SRR B TR KR A
o ARHFFTH, BEAL TINS5 A 28 R TH AR (AUC) IK-F- 2411l 25 AUC B AISF343148 AUC {E.4) 514 0.9678 +
0.0036 1 0.9599 + 0.0147, [FJifid& A4 X 452 1) KRl 4 5 AT & 0% B AT E IR E 2 A UK, BRI AR B 5T

b L AT AR TN RS FE A S50 A

3 - :_.:
ﬁ:!
Fl‘ ﬁ R ; G
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Figure 4. Prediction of low impact areas (LI1As) for Coptis chinensis under climate change scenarios
B 4. SETUER TREENTREGEE XN

I #H %% 3G 4E X Low impact area
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Tl &

POE A LG A X R E A T L ROR S, X5 R X AR D 1% Gt b 25 3 37 327 X R EIR— 2 [21]
[22]. FEAEAALT SR, AT BRI, ARRFAE A D AR ARG A XS AR A A R
b, o B IE A DR T AR A A FIRE LR N, BEE A XOR AR R I S e s . IR AR I URAL
AT T 731 B4 57 T R M0 AR T 0 A A DX T AR AT B o A XU T AR

ARIE A X 79.89% 1 X I8 (R X A2 A2 3 25 [X) 52 B S e B2 A (1 52 ME AR R 55 (151 4), 7T BAE IR 2530 [X
VRN BOE RIS AP S . RS2 AR AR i 25 ) A AGE 2R X, T AR DR R OR B ot B U
AR ARG X, DAMEE R AT e AR 37 13X — B2 5t 1 245 FH R B2 U

JRAE MaxEnt BEALZ TR T A A4 i FTBEY, AC e A N 5, BA
TREFHITRCR, (B B SR RIRYE. B 78 H BB URE R Z AN, Fh o Aiiid 52 HAb A
L), EWE FENEES . VIREAER . NSERNESD . RSN DL BRI A 15, iR
SN 3 A1 ) 2 S TR 7 A PSR 5 75 PRI OR B ARl 2 DX AT R o 2 X T AR /NI FE T BE 2 n K
HH R e R 3 A DX T AR S I T RE i/ o ERAR 51 3 B 2 (A2 B 4 TR U 2R T LA S A A gt 73
M EEAR A RAE S, (FRAEBA BRFEMT, B EAF B, KRR AR A 5
B Bk, 2T MaxEnt R K 2R RARL 5, BN SR0EE A XM i Jmy AR, XK
EEARNCE X R ARSI AR I B AT R S M E .

E&ME
SRR A R ML 55 2 9 6:(xj2014142).
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