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T U E A EY S % Bk (Cerasus xueluoensis) ()78 7E 40 A 55 JE #E A S 4F1E, FIFT DIVA-GIS BiF & H A8 410
BIOCLIM #R!, ¥k T T E MGG A X A A BB B, FExtema 50046 1) SR IR Pk AT 7 et e i, 45 REW,
VA 2 AV RS AR X AR E M A KT K 1200 m DB ikl X, e - 200 = 4 28 B R B - A 1 kT
RAARAZ Do A X, RS2 5 B R AR 04 L K AT R R S5 MRV (E o AT R T, BR-TR- 583 J L X () 22 0 i 7 ] A2 L
EEM AL T . R 73 AT (PCA) i 1) 3 SR 7 R L STRRZ AR R AR /K B (bio12) > fevd ZR /K i (bio19) > fi
Z=[ K 5 (biol8) > i i 2= [ /K & (biol6), B 1493 i £k 1k — 45 1 5 & & Y6 Bl 43 5l 4+ 993.00~1 870.22. 500.00~680.00.
430.00~669.16 #11500.00~680.00 mm, WP/ R T APk 24 T 004 R 10 £ 3R BRI T Pearson AHIGHE 4 #T 3K
W, THEVERR AT RAE IO B2 R . & SRIER M UM AT AR TR, TVE Mk 7 AN A R AT R A
TP AR R4 s AR TR AE 28 (ROC) AUC fEIA S 0.751, i A RS 78U THMIRS BE AR AT R . XL B TN vk
PR B A B ) DR UR AR SR 2 51 R R o
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Potential Distribution and Ecological Characteristic of Chinese Endemic
Species Cerasus xueluoensis

WANG Hua-chen!?, ZHU Hong?", LI Yong-fu?, YI Xian-gui?, LI Meng?, NAN Cheng-hui?,
WANG Xian-rong?™

(1. College of Agriculture, Guangdong Ocean University, Zhanjiang 524088, Guangdong, China; 2. Co-innovation Center for Sustainable Forestry in Southern
China, College of Biology and the Environment, Key Laboratory of State Forestry Administration on Subtropical Forest Biodiversity Conservation, Nanjing

Forestry University, Nanjing 210037, China; 3. Nanjing Forest Police College, Nanjing 210023, China)

Abstract: To clarify the potential distribution and habitat ecological characteristics of Chinese endemic species
Cerasus xueluoensis, the simulated diagram of suitable distribution of C. xueluoensis was drawn for the first time
by using DIVA-GIS software coupled with the ecological niche model (BIOCLIM). Meanwhile, the qualitative
and quantitative analysis of main climate factors influencing their distribution was also carried out. The results
showed that the current suitable region of C. xueluoensis was mainly distributed in subtropical Yangtze River
basin of China at high altitude mountainous above 1 200 m. Among them, the junctions of Chongging-Hubei-
Hunan belonging to the Daba-Wushan Mountain ranges were considered as the modern core distribution area, and
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boundary areas between Hunan and Guizhou Provinces belonging to the Nanling Mountains should be regarded as
the southern distributional border. What’s more, the southern foothill of the Qinling Mountain from the junction of
Shanxi-Henan-Hubei provinces should be the northern border of suitable distribution. Principal component
analysis (PCA) showed that the dominant climate factor and its contribution rates was in the order of annual
precipitation (biol2)> precipitation of the coldest quarter (bio19)>precipitation of the warmest quarter (bio18)>
precipitation of the wettest quarter (biol6). The cumulative frequency curve further confirmed their optimal
ranges were 993.00-1 870.22, 500.00-680.00, 430.00-669.16 and 500.00—-680.00 mm, respectively, indicating
the precipitation is the dominant climate limiting factor affecting the current distribution pattern of C. xueluoensis.
Pearson correlation analysis indicated that the distribution pattern of C. xueluoensis was affected by altitude,
longitude and latitude at a regional scale. The seven wild populations of C. xueluoensis could be divided into two
major branches, such as central & western China and eastern China, according to minimum tree analysis and
cluster analysis. The receiver operating characteristic curve (ROC) was reached to 0.751, which met the basic
requirements of model prediction accuracy. So, these would be help to formulate scientific plans for resource
protection and reasonable introduction of C. xueluoensis.

Key words: Cerasus xueluoensis; DIVA-GIS software; Niche model; Climatic factor; Potential distribution
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ASEHPR A EETH, FE5MEEMES
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Ml BORGT5vk . WS B RG(GIS)HAM H B
BRSOV RS, A SEIA R A RS
AL PRES ELR KGR 320. Horr, fHEPR SR E
HLC(CIP)JT & 1) DIVA-GIS B, HAT R AE(EE
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FIRTSIIRIT TE (MR A R), (B H B ARk R 5 2E
AN TE R GARIE . R R T A B R
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T T, DR dDL S v #R bk o mT RE 20 A1 A8 A2 X
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T 3 e A DR AZ TR T

1 PRI

1.1 Wy o A0 A SR IR Hh B 2 1]

A FEHT (2014 - 2017 4F) B AN A SR BEIESR
13 7 ASSERRAFEAER B AR R, B RJE 1L, 351
ML UG HEE, WIFGREIL, YLPE)S (LA
KAPL R 1) FIFH GPS GRAFHUR: sk i 48 44
FH4 N\ Google Earth {RA7Z5 TR ALKR s fir B . JE
F DIVA-GIS (Version 7.5)5 /(1 (http:/ww.diva-gis.
org), LA 2 9 AT X Kl % = ] (b BT B A RO
11400 Jj, N#HE E S22 HhEE(E R br v E R
2% I 33t (http://bzdt.nasg.gov.cn/index.jsp) /5 4 43 H7 ik
K, SANTEEEHIE A 1.CSV # U, 221
SEBRATAT 1. K DIVA-GIS #4(¥) BIOCLIM #7!,
SE R VR 2 A S A X AT A ABE UL 437 T o
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YT AREARE IR T SR EE E WorldClim
(http://www.worldclim.org/), 24 Fi SR E R £ ZE R
i 19502000 4F tH FE 5% < Gk W ic 5%, R
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25 km?); S HIEER I, HAUEEIE S
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Table 1 Geographic information of seven sampling sites of Cerasus xueluoensis

T 7 (bio2). SR TE(bio3). JREZTITIEAR L bR E
7 (biod)- ik H i =i (bio5) « 54 H S K (bio6)-
SEIE L AR VE FEl (bio7) . B =Y (bio8). & T
ZE 14115 (bi09) . AR 2143 (bio10) . F:v4Z=14)iE (bioll)
F55 B 7K AH 5% 1) 4 B 7K i (biol12) . B H K &
(bio13). fix T H /K& (biold). MHKEMZFEFIZR
FH(biol5). AT [E/KE (biol6). T FEMEKE
(biol7). FxME MK & (biol8) Fl ik 4 2 4K & (biol9).

%5 No. M5 Location X% Code #hif¥ Latitude (N) £ /% Longitude (E) 4 Altitude (m)
1 PY)I sk 1L JE 1L Emei Mountain, Leshan, Sichuan EMS 29033’ 103°21’ 1645
2 WALFINVEE Wangying, Lichuan, Hubei LC 26°25' 114°08’ 1662
3 WAL UL Jianshi County, Enshi City, Hubei JS 30°42 109°46' 1575
4 WIILES 175 %€ Xueluozhai, Hefeng, Hubei XLz 29°45' 109°36’ 1244
5 TR #TBH K 1 Dawei Mountain, Hengyang, Hunan DWS 28926’ 114°03' 1426
6 YLVG LTS Lushan Mountain, Jiujiang, Jiangxi LS 29°33’ 115°59’ 1226
7 ALK KA Dayang Mountain, Lishui, Zhejiang DYS 27°51" 119°35' 1430

1.3 F RS RE TG 5455 LB

HHI DIVA-GIS $RHUE VE Bk 7 4> SEBnf 2o
At R0 LR 1A B2, FIHT SPSS 16.0 X3k
B 19 AN AW S R - 1EAT 3 4 43 #r (principal
component analysis, PCA), i i i H e sz 25 % P2
BT IR AR (BRI SRR 7, IF 5 % sl
WFK . 22 BE AT Pearson AHICIE SN T . S AEL
GUARTTE, K RFIER > 900 i 4F =y A 2 X [H]
VERNILIE B AE KT 7 A A 5 i S A5 HE AT K
3 2E 2 (neighbour  joining) 58 25 43 # Az it 75 8 96 1F
(bootstrap test). 5 /INAE B (MST) 23 #r, 21k H
PAST 3 (Version 3.16)# {43 (http:/folk.uiono/ohammer/
past/) 2 il 4347

1.4 BRI PP

NS UE AR T BREFE 23 ik M HE SR ISy
T35 BE ML HL 75% 1)) Fi A7 7R B NI 2R 7 4R
(sample size training date), & 25% 7 7E s SHEL
T ECE A TR o A s 10 S S AR NI TR
(samples size testing data), F %k 4R HEAT I Tl
W, FHE 3K, BCPEME, iR grd &2 @
1 DIVA-GIS & frh 3287 Th e #h £& (receiver opera-
tion characteristic, ROC)#5ikday Hi A5 5 R R FORS i .
FORE RS TIN5 RAVE 0 AR e A2 . B ZE (AUC=0.5~
0.6). — M (0.6~0.7). %X #EMH(0.7~0.8) 1R Ik T

(0.8~0.9) F A (0.9~ 1.0)
2 R

2.1 EEX BRI A R

# BIOCLIM HEAELE 4347 XTI 25 K 53
4 ANEER (BRI AEFRBRR), 20l Bfa-
Ik & A2 X (2.5%~5.0%) , B8 £ - I B A= X (5.0%~
10%), P& €o-rp B IE AL X (10%~20%), 210 B iE A
[X(20%~29%); LHIEMLIEGRR, HETEEX
SIARTRINR AT, HEH R, PR X R ARk
e ARy, JCH LR, Wb e =4
AE R E L L-AR L LK IS AE S R R BT A 1) R
W Ly Jok AT AR T PR RR IS TR X AT R 5, BR-T4-
TRAC TR B ZRIE B T AT R e HOE R A A AL S (] 1)

2.2 EFSEEFHIFIE

PCA & R, 19 N R rIaET 2 4
B 7 ZE TR 5N 90.61%F1 7.09%, Zit Tk
ik 98.51%, £ LMLHE 19 NFEAS B HIL K5
BB 2). FIf, 55 1 F 5 ERKKE(biol2).
02 [ K B (bi016) « fix % 2= & /K & (bio18) il i 4
Z= %7K & (bio19)45 40 F Hdw =1, 43 7 0.902 8.
0.240 4. 0.207 3 1 0.243 2, W] WLiXEeFabrty 54K
FHIR(EER 3).
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Fig. 1 Distribution of actual sampling sites and prediction of current potential area of Cerasus xueluoens

K2 11 6 NERD T EfRRE

Table 2 Explanation of the first six principal components

B0 % AL TIZETTRREE 1% R TTHRE 1%

Principal component Eigenvalue Variance contribution rate Cumulative contribution rate
PC1 143 086.00 90.61 90.61
pPC2 12 468.20 7.90 98.51
PC3 1617.52 1.02 99.53
PC4 577.99 0.37 99.90
PC5 147.63 0.09 99.99
PC6 2113 0.01 100

# 3 {2 AN TR T 19 A URE T RIS R

Table 3 Coefficient of first two principle components corresponding to nineteen environmental factors

AR T F A4y Principal component SRR T F 4y Principal component

Climatic factor PC1 pPC2 Climatic factor pPC1 pC2
biol 0.004 1 -0.0051 bioll 0.004 1 0.000 9
bio2 -0.000 3 -0.000 3 bio12 0.902 8 -0.180 8
bio3 -0.000 9 0.0127 biol3 0.1032 0.2345
bio4 —0.000 2 -0.5123 biol4 0.004 2 -0.0055
bio5 0.003 6 -0.0135 biol5 -0.028 8 0.0879
bio6 0.0039 -0.000 2 biol6 0.240 4 0.3556
bio7 —0.0003 -0.001 4 biol7 0.1707 0.184 8
bio8 —0.000 3 -0.0033 biol8 0.207 3 0.653 1
bio9 0.006 6 -0.001 2 biol9 0.2432 -0.226 5
biol0 0.003 8 -0.0018
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Table 4 Variable statistics of four dominant climatic factors after PCA screening

NSRS i /ME SN FIME bRk iR 43 A Suitable distributing region (mm)
Climatic factor Minimum Maximum Mean Std. error [ZiH4i% Cumulative frequency (CP) <90%]
biol2 993.00 1895.00 1057.00 129.33 993.00~1 870.22
biol6 500.00 716.00 664.71 38.73 500.00~680.00
biol8 430.00 717.00 609.86 41.38 430.00~669.16
biol9 34.00 220.00 127.00 37.39 34.00~127.00

2.3 FERMS[BERFHMEERLEER. &%

B AE et

X 35 VE PR o A 1 32 ZERR ) S R 7 AT e
BEONTER 4), MR E H, FiKE(biol2)
()3 B VG A 993.00~1 870.22 mm, HiEZEEKE
(bio16)1)3& B 7 4 500.00~680.00 mm, ¢ 1% 7 %
7K & (bio18) )& B YE A 430.00~669.16 mm, ¥4
ZER /K (biol9) 1)3& E G H A 34.00~127.00 mm.

#5 LR URE T 5. L4 Pearson FHIS 1S Hr

FERE SR T Sk L6 FER) Pearson AHG
PRI 5), /KR (biol2) Sk A
I 3 R 9% (P <0.05) Al I 3% 1E A1 2% (P <0.01),
L R 2= /K & (biol6) F A % 3 IEAH (P <0.01); 5
1 Z= b 7K B (bio16) 1 5 i 2= [ 7K & (bio18) S Al Y 3
IEAHR(P<0.01); 42K & (biol9) 7 ) SilF4K
SRR KR A3 IEA DS (P <0.01), 54 Al 2
e 7K B i) S N 3 AR SR I 3 TE A DG (P <0.05).

Table 5 Person correlation analysis of dominant climatic factors with altitude, latitude and longitude

Parameter Altitude Longitude Latitude bio12 biol6 biol8 bio19
K Altitude 1
225 Longitude 05357 1
£ Latitude 0.2214 -0.5412 1
bio12 -0.726 8" 0.829 3™ -0.619 4 1
biol6 -0.536 4 0.4776 —0.645 6 0.857 3™ 1
biol8 -0.445 6 0.260 8 -0.2100 0.6780 0.858 6™ 1
biol9 -0.6231 0.892 6™ -0.750 1" 0.942 9™ 0.743 1" 0.4259 1

** P<0.01; *: P<0.05

2.4 ETSRETHIAFRER S N SRR T

BT AUER SRR 7 AN A R AR
BN (MST) S LB, Fig 28 m R THEIR
W2 Rty B S AR B RE AR VR ARk E
SRAEAE P 5 (Mg A, AT S SR SR R
Fdi(E 2), X5 E 1 HB-50-H5 F %050
A DXL PR OC RAHW) & o )1 5 B B AR S5 i 5 E
HERRRIE, HXRTE, RPHIEERSS
WIEMBIG B A BRI 2 5, HEW S Hilg ik oA
e A R (A 2)s BRI E B SR 2R A A A (B i
1000 K &l SRt — DN 74 TR R R BRI 0
1 7 358 37 (bootstrap=69) 5 #< i (bootstrap =85) 4 K
o B ML s, T[IEEAF)] 4
A ERER R FA )1 JE R 0 S T 3 AN SRR Ak
PRURSC, RS =B, A, KA A
KEIL 3N EREAEH AL B EA7 R b5, =

JP L AN RAM L Jr e e RO — 3, RIS E A
AR AESL, S5HE M ITE )R — 8 B HRE,
IR /M3 Hr A AR — () 3).

2.5 A BHE S5 1PAE

BIOCLIM #£7% AUC {E°4 0.751, &3 KT-Ff
PLA» i 74 (0.500), BE AL T HeHERGIX [7](0.7~0.8),
Ui BT BIOCLIM #5574 X 35 V& Mk 4 AR 72 11 43
A AT HE )

3 e ifie

Wt TR I BRI A S 23 (RS R AL, R AE )
AR BB A, X A R ) 2 AR
TR SR oA B AR 5 SRR E D A B
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Fig. 2 Minimum spanning tree (MST) analysis based on climatic variables and average altitude distribution of populations. EMS: Emei Mountain; JS: Jianshi;

XLZ: Xueluozhai; LC: Lichuan; LS: Lushan Mountain; DYS: Dayang Mountain; DWS: Dawei Mountain. The same is followed Figure.
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BT, 20 S¢S0 L AT E s R O A 55 S DR T
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BT 32 oA mAE B BRI 1 BRI I3 AT T

PEBE(C. schneideriana) 4 A& A X DA S AR SRS
B Anja AR S RIE SR T S
PEBE(C. cerasoides) & Hir A8 Lk (C. campa-
nulata) 7 X 48 ] T i 3t 3 o0 A5 k% 5 5 AR S ERE,
254 PCA it Al B 7 B 5 IR th 2 L& 1 45
SRR AR R B A N R A AR AR AR ZE R )
FFAEE T FEARHTH, 7 A A0 IR E A
RN R A, BARWESNE, F AT
A5 B AN DIVA-GIS #4454 BIOCLIM 7!

AT AE A SR SRR T, FERIAE PCA i &
INBE T AESRE T . IR 2 R AR Seit

IR, TTREXT SRR B IR Ak SR A 3 U
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Fig. 3 Cluster analysis of populations based on climatic variables by using Euclidean distance

ISR A i B2 S 1 SR, AT
M AR 47 (1) M3 23 A 1251, A3 A7 [X ) B 3R 858 45 &
S ANSEPR AT RE, SEERERS MR, |
HAE SR A A FEERET T KIT
WA 1 200 m A&y ik 06 L T EE A B LR R,
WA R, BAE . KZE IR R
AR . e AE AT 4 55 R AR AR 25 T R 9 K vy
AR IE M MEE R EE R, Bs AT R A&
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