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HEEFAKIH biold (e T A A FHIRERT i) biol 7(HT-ZEFER ) 4 biol9 (B4 2 F- 2 KR ) Fl biol 5 (MREEAELTT 22)
HIE A EAEFE 4302 23—93 mm, 98—300 mm, 110—350 mm Fl 42%—65% ; (4) FEERFET = , Z8 B i 3 A S A S 1Y
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Abstract: The maximum entropy model ( Maxent) was used to simulate the potential distribution areas of Loropetalum
chinense in China in different periods such as the last inter glacial (LIG), the last glacial maximum (LGM) and the
present. Key biological factors affecting Loropetalum chinense distribution were analyzed. The results showed that: (1) the
change of historical climate from the last inter glacial period to the last inter glacial, and then to the present, the suitable
area of L. chinense increased. The proportion of present suitable area was the largest, and the suitable degree was also
higher. (2) the area under the curve (AUC) values of training data and test data were 0.947 and 0.954, respectively,
which had reached a very high precision. (3) the dominant environmental factors affecting the distribution of L. chinense by
Jackknife testing showed that biol4 ( Precipitation of Driest Month ), biol7 ( Precipitation of Driest Quarter), biol9
( Precipitation of Coldest Quarter) and biol5 ( Precipitation Seasonality) successively. The range of suitable value was 23—

93 mm, 98—300 mm, 110—350 mm and 42%—65%, respectively. (4) Compared with the factor of latitude, the
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AA17204087-7)
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longitude was main factor affecting the distribution area of L. chinense in China. (5) The potential geographical distribution
of the L. chinense in China was mainly in the north to the Tropic of Cancer, with a total area of 162.55 million km®,
accounting for 16.93% of the national territorial area. The highly suitable areas were mainly in the north of Guangxi, the
east of Jiangxi, the south of Hunan and the east of Fujian Province. This study accurately simulated the suitable distribution
of L. chinense in three different periods, and provided scientific basic for analyzing the formation of modern distribution of

L. chinense.

Key Words: Loropetalum chinense; potential distribution areas; Maxent model; last inter glacial; the last glacial

maximum; present

A RS o G %t A BRASEAR A SR A AS 2 FIE A D R — 1 JE T Maxent A28 AT LUK TN )
FIREAE 53 A DG T 52 b A2 A g I % e, DA T 000 R e 42 R A A8 I X TS [ W v i i B O TS TE 52
Wil Maxent #5A1 HH TS50 4P ARl 0 245 HTAR 400 B VA 2 A A D, ANELELAG R G () A8 Tl 24 3R
i H A B i R vED L BB HE R 32 N T AT I AE R ( Zanthoxylum armatum ) ST ( Pinus
koraiensis) " FEWRBKMERL (Actinidia deliciosa) " A8 R B ( Praxelis clematidea)'® | #*2 ( Pseudotsuga sinensis)
M HAEKHF (Spartina alterniflora) '™ SAEAE ( Disanthus ) ' S5 Fp I AE 0 A WS B2 T A k)
B PLFAP 5 PR 2 18] 1 5C 2 S LA A M R i s b

SAAR AL T W R 0 W TE 3 A A R e R R AR, Al AR X kAR R AR, Tl AU I ok B, & 2R
( Hamamelidaceae ) B A7 S & P8R & , S e- 040 A 10 %38 ik & BT i JBgg O AR R U K AR IR
(1K S AZAS T [ T, A RS T BRARA ) (4 43 A1 AU el oK M LA | 4 Bk A U8 3 = 1 2 SR 50 o
S TR T s B AR AL, W T AR A AR R R B VK IO BRI B R AE T MIRIR—T
TR — e R 7 TR T N TR B ) B A A A R R RRAE T BN SR B T AR ME R MU T 3 B s AR
(Picea) T AU IAI PRI AR UBE VKA | A0t A SR A ERA QA A 43 A1 DX 43 A 4 T 5 4F ( Picea wilsonii ) F1%¢
R ZAZ (Picea purpurea) [ YBEMERT > ZEBEGEAALL FIBR ( Quercus fabri) FEAR YR VKI MY 45 R B - = S
KRR TEAE P X B AR BE G W b AE 3 Y L Bertrand S5 ELAHIESE TSR AR BE £ R A ) 1A 1] =
VAR R A LXK

Mt A ( Loropetalum chinense) "N 4 25 MBI A J& ( Loropetalum) —FhARAAGE Y T A TR E R
AR PURE A, B A T I B Fe b S, 78 P68 S, o2« -1l AR BE e 2w ke 4 1L AR B 7
oW BB L AR A A I ATl 18 TSR AR B | 3 JEHC XS 7 i L AR B8 R e W O FLAT R 2
ST A MR MRS B I RE RS AR R LA R B R H O DA B AR
FEVE B9 A SR 2R AR AR Y PR TR B A FR I 5T 2 R S I MR A i R A i VR AR A
HE5SUMERN R ATERE . I, AR50 LI A S B 58X G B T 5 R AR ( Maxent ) A4S K
R A1 UK R UK KA S5 [ B S A VA 401, IS S A 28 AR A A 31 A% Jra PR 52 ) 48 75 M AR DI 2
S AR A 6 TR A R PR AR AR H AR AL I S S ARSI 1 LA [R) R, (1) g -2
RIS AR A L BT, AT Y 2 U T2 A A7 (2) Bl MR A Y UM i B, 23 2% 25 SRRy T TR 1
HAN o (3) AN I SHHE AT A oA DX Ay 7 X Mg 28 Al 7 3ok 28 ] S5 ) gk e A AN BB 8% A i A1 Sy 18 24 il
HIE AR AT ) S5 o A Al XA R B S SR

1 HiREkRRARTE

1.1 AR
MEARHB IR oA {5 5 e R Bk A Y ZREM (R B 7 & (GBIF) Al E A E AL IR A (http :// www. evh. org.
en/ ) SRS TE AR A AR PR A RS B MK B A 5 S % p VAW 5255 7 S5 E N B A TF &R 1)
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WCSCEHE . SR)E Rk sl ARSI B 54 b B B Bl s A 45 B2 (https : //1bs. amap. com/ console/ show/ picker )
B8 B R MR AR R, AN WGS84 M HARBR ™ | AR 5T Ik Kk 22 26 B 1 A IR R MR PRI BR AR 5., I ik
BT 227 DHEAR I HLBRAL S IFH Excel S HEARINA 730 LA 5 B 48N csv; F AreGIS $45 K21
e AOTF YU A A X
1.2 FEHE

M WorldClim %548 % ( http . //www.worldclim.org) T %%, A SCGH T AreGIS 3R E T 19 4S5 0SB
H A 11 AR ESEE R 8 SRR AT AR S TR R K 1 R AR A TR A ST M
Tt A e KPR e/ DR R (3R 1) .

%=1 Maxent #EE G 19 NRETE

Table 1 The 19 environmental variables in the Maxent model

g J iR Variables and description A7 Unit
biol =4F -5 Jld Annual Mean Temperature C
bio2 =/E R {22 A ¥J{H Mean Diurnal Range (Mean of monthly ( max temp-min Temp) ) C
bio3 = /B 25 54E IR 25 T 4> It Mean Annual Temperature Range (bio2/bio7) (x100) %
biod =i BEAF b 77 25 Temperature Seasonality C
bio5 = # #4325 i Max Temperature of Warmest Month C
bio6 =% A 3 e flki Min Temperature of Coldest Month C
bio7 = 4L A LS Temperature Annual Range ( bio5-bio6) C
bio8 = M Z=HJ i Mean Temperature of Wettest Quarter C
bio9 =1 T Z= 4 Mean Temperature of Driest Quarter C
biol0 = A7 I Mean Temperature of Warmest Quarter C
biol 1 =# & Z= 4 Mean Temperature of Coldest Quarter C
biol2 =4E¥R& M1 Annual Precipitation mm
biol3 =i F FEM & Precipitation of Wettest Month mm
biol4=#% T H B Precipitation of Driest Month mm
biol5 ={RFEAF L J7 2% Precipitation Seasonality ( Coefficient of Variation) %
biol6 =% {5 Z=F & Precipitation of Wettest Quarter mm
biol7=#% T Z=F i & Precipitation of Driest Quarter mm
biol8 =M U ZE= [ Rt Precipitation of Warmest Quarter mm
bio19 =H ¥4 Z= 3[4 TN Precipitation of Coldest Quarter mm

1.3 RIS o B 20

T ] [ R4 908 T BB X0 BT 4k it VS R U T [ 2 Bt b P4 B, 0> (http ://ngee.sbsm. gov.en/ )
1.4 W55

A BHEHESS . ] Excel ZiiR MY IA A R LR R KR, esv,

B. FTHF Maxent. bat, B M A 53 45 5 80 A1 19 D IREEEPE 5 A MaxEnt B4, 76 4 F /i  Output
divectory” FPSEE R H SCEEIR A7 B, SCHRE B, asc, EMIESEOL B, 25% )2 F T UFER  75% &5
TR BRI ﬁ%ﬁLﬁW\ﬁj’? 500, A T ALEATARORRE R YCESTE R 10 1K,

C. s Run” JHURIBAT , 18 5956 A 2378 © BOE S SO th AR s AN SCIF . SR 5 R ST e i
AT 3T

i Maxent F S S AEAASEER | EITTU00E I i AN ) P45 708 o 00 M A v 7 A DT ) BTk, 3205 125901
THRARAL 3 A2 E T ?r?%'ﬁﬁ}‘fiﬁ FIFERRUE R A AR B I (B H A9 488 e, 156 3322 BT = 1) 30000 7 T G f
FERE R X o3 A TRRAC , RS 7 I 8 438 OB BRI, 350 W 32078 1 B A 22 AR R A5 5L, XF W e 43
A EE,
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Maxent 1R H] ROC (receiver operating characteristic ) ff £k A3 BT X JXURG: T 000 4% SR A7k 4G 6 2
ROC MZ M T AL ( AUC 18) VE IR BB AER P 8 br 2 (EYE B [ 0,1 ], B Bl 1 s 5P
BB | RIS R AUC (B0 7 AR M2 0 S A 9 5 %6

2 HREHS

2.1 EEREAN T E

W 227 DHEAR AT AT AreGIS Az U HEBE 73 A5 BT (&8 1), iT LR H AR RE g 20 A AR R WV 7Y 2 Y
JI 2TV 6L, MBRAR I3 A0 % Bk E , B TR A T B 0 S e T DA R P A T S X, (H
PR 5 R AEFRA (R B 1 3 0 S5 S 5 DA S 1, AS B 52 e L 2% SO0 ey B 3 A5 A5 Jsy R T B B VR TE 40 A
X3,
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Z
> L
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Fig.1 The distribution point of Lorpetalum chinense in China

2.2 MERZSA Akt e

MR 25 [B] 43 A0 0 22 BE S B E 102—122° B, 204 13248 8 02 113.07° B, BRifE2E2 4.279° AR A5 1 26
JEJE I 23—34° N, 43 AT -3 45 R 27.03° N bRifE2E 02 2.235° (18] 2) 5 ik SRUTHEARTE 2 B A0 A L Rl 3 o, T
iR A A BRSO AR S R BRI A B RS PR, R S AR B M R AR e M
(BE AR ) . AR T S RBUE N 0.038, i N T I8 5 R BUE M 0.082, RIS JE T 1 Fa i 4
KA T, T EHEA AR SR 222 2 B T2
2.3 KN

HRA Ao 43 A0 B0 R R A R e H 38 (38 2) , 8 MRkt IR 728 S R e Wi K/ NI < 18
FEAS KT 2% (biol5) <4FREK H (biol2) <BEZE[4 /K B (biol8) < ZE[E /K £ (biol6) < iE H FE/K 2 (biol3) < T
ZERE KA (biol7) <die T H KK it (biol4) <18 Z=fE K it (biol9) , PRI, MR AR AL 7 22 AR RR/K i | Z=F K i
Sk BR A A 43 A7 11 S LR R
2.4 REWTIH

21 AR, 11 ANREE DR T AR S 2R B A R/ INITURE < e BT 03 1 3R ( bioS ) < A ZE 34 (biol0) <
2= H A ZMH (bio2) <P 2B P9 (bio8 ) <4F- i B4 2% (bio7 ) <X (biol ) < B ZE SFREZ H /0t
(bio3) <I AL TS 22 (biod ) <Hetd ZH4T (biol 1) <fe T Z R (bio9) <fed H 3 ARIE (bio6) ., KL, ek
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Fig.2 Longitude and latitude frequency distribution of Lorpetalum chinense
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Table 2 The description of the statistical results of climate factors

AT S S R 7 A e
Climate factor Sample point Average Star'lde'nd Standard error Minimum Maximum Varl'al')lc
deviation value value coefficient

biol/C 227 17.114 1.879 0.124 10.559 21.283 0.109
bio2/C 227 7.896 0.651 0.043 5.820 10.143 0.082
bio3/ % 227 28.174 3.116 0.206 22.516 41.244 0.111
bio4/C 227 741.159 95.337 6.327 405.735 913.622 0.129
bio5/C 227 30.934 1.932 0.128 24.924 34.420 0.062
bio6/C 227 2.682 2.773 0.184 -4.576 11.147 1.033
bio7/C 227 28.252 2.968 0.197 16.728 34.375 0.105
bio8/C 227 22.286 2.112 0.140 16.830 27.261 0.095
bio9/C 227 9.125 3.178 0.211 1.408 19.534 0.348
bio10/C 227 25.784 1.669 0.111 19.152 28.398 0.065
biol1/C 227 7.610 2.545 0.169 1.407 15.376 0.334
biol2/mm 227 1508.317 231.269 15.351 876.000 2693.000 0.153
biol3/mm 227 256.444 45.855 3.043 153.000 405.000 0.179
biol4/mm 227 36.484 12.562 0.833 7.000 143.000 0.344
biol5/% 227 59.636 8.349 0.554 26.2502 96.601 0.139
biol6/mm 227 680.625 113.691 7.545 397.000 1089.000 0.167
biol7/mm 227 136.511 45.799 3.039 25.000 462.000 0.335
biol8/mm 227 564.101 89.621 5.948 368.000 1089.000 0.159
bio19/mm 227 160.555 56.949 3.779 25.000 488.000 0.355

2.5 T IIYI A AR AR B T AR A

32 SR S S AR AR, TUI 40 b Vs o e A A Je %) PR A B oAy S )R e, e B R e B R A R
PR Hp AR e S WA (B PR R SO0 el L 3 T, FH T W (Jackknife ) G 7E 8 T B IR K 4045
FERFTRELEN 19 DIREEAS X HEACE A= A I TTRR K /N, biol4 (fe T H Oy BE R & ) X0 A9 R 5 S i
3 AN AT E o L RAIR R T 75% LA b, R BT X B R 1) o0 A A BB 0, i B R AR E R
N M HE AV AR 53 A IR TR IR 045 biol 7 (B T 2R ) , N biol 9 (FRi® Z=FERE N i) , biol5 (W
AL TIT 25 ) bio2 (SR 2E A BIME) o T B s AR R K 23 A SO B8 2 5 M M A 1) A B S A AR At 7
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S

40 %

R A 1R 5 A A DR i 7 4% S 7S 03000 73 A AR
BRI AR 1 (9 AR T R F i 107 il 2 i A PR B AR 1 X6
REASTM Y FE0 . — AN, 50 A EE > 0.5 B, H:
XoF LAY A 25 R P RS AR AR K | 4 n] I,
biol4(f T F KR fF) . biol7 (B T ZEF& Fi &) . biol9
(W V-4 [T B ) A biol5 (M BE AR AL 2% ) Y I 1
il 2 St B i 2 | 0 A AR X X SR BR B AR AT I R A
TR, biold (et HFEM &) /NF 15 mm B, #EA S
AR ILF R E B R T 15 mm 43R 200 1
b, BE L2 45 mm B, 53045 BE 2R 38 B A, 1B [
Y R M B aE 1 AR AR A BETS A A L SR
FEARG, X4 R T 35 3 170 mm 22545 I, 40 A A 2% LT ik
INR O, MR >0.5 BHFR A AR B AR AR
FE0.5—1 Z (8] A AL 7 Rl Al AR B H B £ 11938 N7
JLFEI 28 23—93 mm, B biol4 #h, X 40 A 4 2558
DX TR0 BT AR AR K biol 7 (AR T-ZERE RN 4 ) |, B T ik 2]
160 mm B, 7377 A58 3 S WAL | It eF 86 R 5 S8 M AR B
WA B VAR > 0.5 38 07 30 F I °R 4 1100 3
NG 2] 98—300 mm, biol9 (M4 Z= - S [E M ) 78
200 mm [k FNEEAE , A HEA FE B A A7 450 s 45 LU AT
HEA>0.5 Sy W v [l R RRT 6 9 405 0 3 L 2 110—350
mm, biolS(JBEEAR AL T 22 ) VBB V5 FRI7E 52% I ik 3] g

= (AR = AR - AR
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Environment variable
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B3 TERNEERETENEAEPEL A MNEE
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Fig.3 Importance variables on

of major environmental

distribution of Loropetalum chinense in China by Jackknife test
biol : 4F I bio2: BRI 2 H ¥IMH ; biod: BRI ZE 54
ZE Sy biod: IREASEIT 2 ;bioS : WA BB i s bio6 s e
T R s bio7 . AFIRBEEAL AL bio8 : FMIZEH ;bio9: Mt 2=
FEEJ ; biol0: AT ; biol 1. & 3 Ml ; biol2: 4FE)
R RN s biol3: MRl H FEFR #=: ; biold: B+ H M4 ; biolS: B
ARATT 2 ;biol6: AR AR 4k s biol7: M T Z=WERT 4k s biol8: K
IR i s biol9 s W% Z VIR T & Al ¥ 4K

(B A AP >0.5 i W P, 388 B2 7 AR 7 22 Y Bl AE 429%0—65%
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Fig.4 Response curves of major climate factors
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2.6 fRAEIDEAL

M Maxent F444 H st e R & AR S BR B SC R R BUE (B 5) hmT UA HE a4 a8t T -5 10
i R AW A DA 5 2R B SO0 A sy R A B 2 A s A

FET IR KRR, Xt v [ b X 4 AR AFE A U VK (LGM) AR WK T VK3 (LIG ) A4 ARX 3 AN [R] At
WA TEAE 3 A XHEAT TR, S5 SR R 6 B, T A AL R b I 2R TS TESE AUC B0 23 51K 0.947
F110.954 , BLALLE5 FAE R TRENUAIAUE (0.5) , Ui HGE 010 5 BT IR &

1.0 -
Lo — R
— FEYIFE SRR 0.8 -
0.8 — WA IR £
— TSR g
= 0.6 £ “r
w= £
® g %. 0.4
®5 04 o
& # — BEABER (AUC=0.947)
02 021 — WRHEE (AUC = 0.954)
’ — BEHLFM (AUC=0.5)
0 (U ] 1 ] 1 ] 1 ] 1 ] 1 ]
0 10 20 30 40 50 60 70 80 90 100

6 10 20 3‘0 40 Sb 6b 7b 810 9IO 160
Rt R T B B

Cumulative threshold Fractional predicted area

Es5 MikEzRE El6 HEARTMNER AUCHE
Fig.6  Lorpetalum chinense prediction the result of AUC chart
AUC: £ FAYTFL Area Under Curve

Fig.5 Omission on test sample

2.7 MEARI M SRS Hr

R A A 5 R 45 0 AreGIS 26 MaxEnt %k
P i ASC I A% X ST 5% R Raster 4% XS0, 11
ArcGIS 19 4t 1 43 M U1 BE 1 58 78 45 %6 9L 1Y 4 A i
S 2 MaxEnt 58 BRIATE A= 5400 10 2, R PG HEA
TEA E R SEBR A GO, FIH ArcGIS Y« B 4328 T2
A ) A 358 3 PR HR S 1) SR ] W s 53 20 3l 43 Ry
4G ORI X P <0.23; KB4 X 0.23<P<
0.54; & [X;0.54 <P<0.85; Hif E X 0.85<P<1,

TE LIG B g R B AL 43.48 U7 km?, (5 [ £

4 I (i = i 4 | ] AEAEX W PEEX
EVHTBAY 4.53% (3 3) oy i B I A X AR B REAK W HEAK
2 0.56 71 km®,3.51 J3 km*,39.41 J7 km®, 54 H

AT 0.05% 0.37%F1 4.1% ., 4346 X B AL 75 . B 7 LIG At HAE A 7 o E 0 7 7E 3 38 55 7 BB

Fig.7 LIG period potential geographical distribution of

VAR AR AW RE R LA K T G D, M A 1 g T Lommetaliom chinonse in China
PR AR G AL PSR RO TR (B o nterglacil
7)o 5M0R LOM B HIAR EL , LIG I AR X [l R 2
AR s DL R Bk B G 8 A KR AR HedR N

IR K LM | M A f V7 B0 A X A TR R 153.76 5 km? | (5 [ + M IR AY16.01% , Horh (R
T A KR A0 103.83 7 km®,49.93 U7 km?, (5 4 ELE R AY 10.82%F1 5.2% (£ 3) , WLE 8 A I A
R AR DX X A R A A TR AR TV RE R R U R SN AR R R AR L VLA F R A, RKIK
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VKIHI (LGM) A7 W S 8 o B XA, AR A X P e A, A FE AR YR B 3T, AR AE LGM I 30 ) 9 7 0 A
X1 LTS

O] REEK WS COREAR SR
B X OO GEAX . EER
B8 LGM(RARKH) AT E A1 5 75 9 HESBREHTRATRENRELRS D

Fig. 8 LGM period potential geographical distribution of Fig.9 Current potential geographical distribution of Lorpetalum

Lorpetalum chinense in Chinal.GM ; AKX VK last glacial maximum chinense in China

#3 Z4ui.LIG.LGM #AREREMELER

Table 3 Projected suitable area of Loropetalum chinense in China

ER/eY e AU vk 3 BT

- Ve 1 V. W
WAL LM/ iy Current/ AUV AU kB Sl .
Degree of fitness (x10* km?) (x10* km?) (x10* kn?) LGM/ % LIG/ % Current/ %
AR X
{E‘ELEE,I 103.83 39.41 51.79 10.82 4.11 5.39
Low suitable area
A X
EPI-_/:H: . 49.93 3.51 102.4 5.2 0.37 10.67
Medium suitable area
R A X
'_J,Ldil, 0 0.56 8.36 0 0.05 0.87
High suitable area
i A= DB TR
BER RER 153.76 43.48 162.55
Total area of suitable area
T8 AR DT LG ]

16.01 4.53 16.93
Proportion of suitable area

LIG. RKIE) VK last interglacial ; LGM ; RIKVKIY last glacial maximum

AT I M A B Vs A B A1 R A G 1 £k AR AY X3, B TR ALA 162,55 7 km® 4 S TR
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