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1 Maxent ) T 4 ERAMRAETE A= X, 2R FH 3230 TAE4FE 128 ( Receiver Operating Characteristic, ROC) Fl Kappa 4t 11 46 56455 4
TR, TIONZ85 SRR I A BRANTE WV LY AL L 8 WAL R 3 90 AL LA S VL v AL AR R B s BEE AR O DX 26 il
Ay Tl SN ZE LS 24.43°—33.35° FIZR £ 106.41°—123.42° 2 [H] 4 FhAS BT 25 SR 1) 52 30 T AR ARAE 28 F 1 B ( Area
under recriver operating characteristic curve, AUC) E-Y{EHII KT 0.9, Kappa SFXEINK T 0.75 K E# . il « I Y1k o Mris
HY AT 2l R TR <5 B AV TR 3 A XA S BEERE R PR, W RE by 2 0 < R 2 A 4 SR I U DR DR 2R, AL BRAR TR AR U vk 30
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Predicting Pseudolarix amabilis potential habitat based on four Niche models

WANG Guozheng, GEN Qifang, XIAO Mengyang, ZHANG Mengyuan, ZHANG Yunyan, WANG Zhongsheng *
School of Life Sciences, Nanjing University, Nanjing 210023, China

Abstract: Pseudolarix amabilis, which distributes narrowly in China, is a rare and endangered relic plant listed in National
Key Protected Wild Plants Grade II list. It is of great significance to the artificial protection and cultivation of P. amabilis to
predict the potential suitable habitat of P. amabilis in China using niche models. In this paper, 19 climate factors and 3
topographic factors derived from 44 specimen distribution records from herbaria of China and the WorldClim webset were
applied to four Niche models, i.e. GARP, Bioclim, Domain, and Maxent to predict the areas of potential distribution of P.
amabilis. The results of different models were analyzed and compared using two statistical criteria; the area under the
receiver operating characteristic curve (AUC) and Kappa value. The predictions of the four models were basically identical ,
showing that the naional areas for potential distribution of P. amabilis were predominantly in southern Jiangsu, southern
Anhui, southern Hubei, southern Jiangxi, and northwestern Zhejiang, with the core range situating from 24.43°N to
33.35°N and 106.41°E to 123.42°E. The AUC average values of the four models were all above 0.90 and the Kappa average
values were above 0.75, justifying their applications for predicting the potential areas of P. amabilis. Furthermore, our study
showed that the annual mean temperature was the key environmental factor affecting the distribution of P. amabilis. Tt may
be the decisive factor of the current distribution pattern of P. amabilis and the basis of the migration direction of P. amabilis

in the future. The results in the Last Glacial Maximum (LGM) and 2070 showed that the distribution pattern changed from
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“South expanding and North shrinking” to “ South shrinking and North expanding” due to climate change, and the
distribution area would be sharply reduced in the future. We suggested that the nature reserves or seed orchards of
P. amabilis should be established in the most suitable distribution areas ( the Tonggu County of Jiangxi Province, the
Zhangjiajie County and the Hengyang City of Hunan Province ). Besides, the northward migration of P. amabilis should be
assisted by artificial introduction in the most suitable distribution areas (such as northern Anhui Province, southern Henan

Province, southeastern Hubei Province, etc.) under the future climate conditions.

Key Words: Pseudolarix amabilis; Niche models; potential suitable habitat; environment variables

4B ( Pseudolarix amabilis (Nelson) Rehd.) 23k EFEA FEFARMEY) , tJ2 3 24 095 =22 -F Bt
B T UL a0 2B i AR L W YOO W SRR = T B R X R A ik
ATIC SR BT PR A AR LR A P 22 30 22 b, 357 TH A b 8 R pl 30 D Y R AR By P 8, S ) L U T
PR LK H A S = 20 iR TR s B30 0% R BA s A o A ) A ORI 4 A T RE R IR T
F el P R 2a 2 55 = 20 I ¥ R SR b Bk b i A BE A R, P e H AR RO — B4R 4 A SR AR — Ik
VIR e A AR A KA, & DRI 2 A i 1) 38 (61 7 7 32 88, i A B T VAR, B AR 4 )t 3
GrAitg R

T B BN REIR 10 AL SO T s, HAEMABHMEY) R 58 % B WF 58 th 4 32 01T, IR X by A= 25 DL Ky = fe
M gT B e X A A e % nT & B0 4 R A 1 40 A 5 1t 5 2 A ik R 2 DM 6, b TR AR b T B A
JZIAEAL , SR AN AR YL BB 2 2 A AR, — 62 BN S BRI 22 AR Rl BRAE S22 ARG G £
REPES S0 THF R 7 AR OGS, Horb e st RX AR ™ A5 R 43 bR ic & B0 4 RN ORI B LA 45 i 1Y 3t
1L Z2REPE I st TR 3N 2 4 BR A O BRI R -, L S pedali oA 1 2 B R AT RESR F AN HAR IR

LA A ZS AR I | S AT P b 53 A1 9 ) N AR A A5 D T I 3z, R e 2 208 43 A 508 A R
St MR — o B B kIS SRR A AT | I B 2 SR 3 AN [w] ) F ] 760 2 ] e LA 50300 4 o 1) s A 3 2R
X' HREGECA R B SO & AR R AT U 37 B0 98 7 3 AR X {H 45 AR A7 A — S 1) D
/32 R N = Miguel B. Araﬁjo“w BT R T 4 M3t F R B L A ( GARP | Bioclim . Domain F1
Maxent ) FII 4t R A Y 45 B P AR 38 AR DX, AR AR5 TN 2R G VAL 255 2R (3 b D)) 0 45 21 R ] fig
REARR 28 0 M e A — R 5 35 9 A 3 P A P 2 e [ B — e RS 18 ) 0 o 7T BB oy — ARS8 i sk b, A
48 T (B2 . GARP 23 Tt A B A LI 20 A 47 Jy A B3 2 R AR 5 Bioclim 32 T4 HE 40
PRSPPI T R — T ARE , 26 R 2800 A1 1 (95% LA F i) 62 T IX SERE Y, Z TR RE A A
RIS 3 1R, 22 5 A s A BT P (5 ] AR sl B A AR A7) s Domain BERIIE T Gower B35, il it 1158
JIA EL 1513 a8 2 0 P S AR | ATl TUI A% T P45 725 (438 RO R s Maent B SE 33 M9 Fh 14 43 A
HOE R EAE 4% PR o A AR ) S5 KR, DT X 4 1) 43 A AT 32

1 HIRREFIRA R 77 %

1.1 SERMEA I EiE

B B B IR 57 37 15 F B o T T BR AR (http 2/ www. evh.org. en/ ) LR PR 22 B b O
Yy ARASE (http ://pe.ibeas.ac.cn/ ) £ [, FEARI 44 DA il e Bds AR BN . JH Google Earth %46t 734
WA AR FiT A Excel P47 A csv A2,
1.2 MBS s s M pikh B

AR fe At 22 A LG 19 AU - H 3 A HE R 19 AR 5Ok T Worldelim (http://www.
worldclim.org/ ) , 055 AR K& K ( Last Glacial Maximum , LGM) | 24H(j ( Current ) Fl 2070 48504 , 73 #E4K 2.5
arc-minutes , K ¥R FH0E ] ArcGIS 10.2 Gi— 554k K ASCIT A% X LAE
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M T A 2 A 2 2Bk M & SR A i B RLA Y IR AR SC S 2 gk BE Y R R B R vk
W s 5 IS R FHEAT Spearman B IC /M, 0 58 H A G PR AR ) R85 245 B ( Spearman £2%0<0.75) , IF:
TE Spearman KT 0.75 MY rpde th HA AR B B LRI AR i JL18 5 10 DB (3R 1),

x®1 HET=E

Table 1 Climatic variables

IIEAS H Environment variables Hifij Unit | 3557485 Environment variables BT Unit
A347E Annual mean temperature (Biol) C AEYIRAS ALV Temperature annual range( Bio7) C
W H %25 Mean diurnal range (Bio2) C AFF%7KE Annual precipitation ( Biol2) mm
S5 PE Tsothermality (Bio3) — Fe i A %7K & Precipitation of wettest month ( Biol3) mm
WRLEZ= 15784k Temperature seasonality ( Bio4) — [ 7K A8 5 2B precipitation seasonality ( Biol5) -
T H M B IR Max temperature of warmest month ( BioS) C WK elevation m

1.3 HHRHERAF

4 Ff A= A B BT PR . 36 F GARP BRI 1) Desktopgarp ( Version1.1.6) , & F Bioclim Fl Domain £
RITIU DIVA-GIS( Version 7.5) ; 5& T fe AL T 4% /4 Maxent( Version 3.3.3) ,

B BRI TA « Excel JHT 0340 B0t 10 5% LR 4% U 4, DIVA-GIS ( Version 7.5) I T 2 4% U
2, ArcGIS( Version 10.2) FHFI&1)JZ2 ) b BRAVECHE (A% e,
1.4 BEAYHIN S G )5 vk
1.4.1 GARP BRI

FE PR N 53 A B A5 5 Desktopgarp BERUERAF SZHp A% =X, il B AU E /4 Upload Data Points T
REINZL , B8 70% 109 73 A BB AR R N REE  HAREARE AR 5080 IR0 ase SCPF3E i Desktopgarp
M%) Dataset Manager ZbPRF%4iY, Desktopgarp FI 1R 5 4% X raw , DAEHE 42 112 2k 2 i,
1.4.2  Maxent A57 Fi]

AT BRI AS TE Excel 840 csv A8 XTI Y i3 Browse 2L E] Maxent #/Frh, FRfE
10 NEREEAR i ASC I SO A EHE 38 4+ Browse JNZEE] Maxent #04r, FfiH— 20 F FH Maxent 05X 42 4%
FATEAR YR VKI (LOM) AN A% (2070 4F ) Z5fF FEATRE A4, FEHT ArcGIS 10.2 SDMs Tool #5441
G RS AR UK B VK B M J 1) o A A AR A
1.4.3 Bioclim Fl Domain L5 5347

7E DIVA-GIS " S . shp 48 AN ZREE 5, 194 10 A BREEAR f SCF ASC I e 4 il. grd A% 2, AR K
stack ZHE4E . 7E Modeling-Bioclim/Domain B RN stack #% =X A PR R B LE | IR PEAT Bioclim Fl Domain
BRI
1.5 FEBRITI 45 A 5

ZARE TAERHIE I ZE ( Receiver Operating Characteristic, ROC) Fll Kappa G148 12 F TA AU B 1 K56
AR S H R EE ik R DIVA-GIS #0464 10 41 TR B 1125 R 850 Fi 4 Fhass 700 30 0 45 21 (4 40 4>
T 5345 A AR stack B4R , -5 AR R KHIE AT shp ST, 550515 A A1 AUC {ERT Kappa {A .,

ZARH TAERFE 2 T TR AL RIS~ AUC {H ( Area under recriver operating characteristic curve, AUC) , AUC
FIBUETE Y 0.5—1.0,°0.5” U BA 0 25 SR A BEHL 34, TIN5 8 000 &4 R BORG o . — Bk
e it (Kappa ) 20 PIFR 5 500 45 3R A — SRR 0 dEA T A 30, UV R 2 [ -1, 1], =17 BE B P U I 1B Y
SR GE A2, 17 U P UCHI BT 9 45 R 58 4 A — 20 (EDBOR — BOpE By, 38 1T 19 2859072 ) 52 Kappa KT 0.75
FoR—BEL /NT 0.4 FoR—EBEEY
1.6 SR A= o0 A A BRI -0 A

FIFH Maxent ZAFH A« J1 V17" (Do jackknife to measure variable importance ) A DLk 7R H PR 4%/ 55 245 & X
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T 4 AR AN 3 A Y Tk . oAl 3 FHEEAY (GARP | Bioclim , Domain ) T 4R 4 AN 45 4347 2455 PR 1o $5300 4 A1
STHRAINRE , N K GARP  Bioclim ,Domain 55 3 FSRIEE T 10 SERE A5~ T A9 3 A XA S s BRZHL, 20531 LA
“TIYNE” Sy W s MR B = FRIE N 1S B DR, sl DA S ] AT o 0 < e P ) 3 A4 X, A T BT 45 SR 119
e

2 ERE5S

2.1 4 FEERLFN 45 2R

M\ GARP A5 AL F [ v (] 1) AT LA HE 4 R A 7 T [ A9 3 A X R R FE VTR WYL 2B VTP T R L T
A6 IR BN DR DU I AR R BV e S LA B 2 g L il X, B A A FE 24.43°—33.35° N il 106.41°—
123.42°E 2 [a) , 148 4 A RE AR AE 27.27°—34.05°N F1 108.41°—121.80°F Z Ja],,

Maxent T 5347 ] (&1 1) S 4 R4S iidh X B AL i AE VLR A i e g 3 1AL R i T vh b e LA B e
TEPGAGHR . 2R R 3R b B AR X MUY B R, S5 I BBl [ AU AR VL7548 SREBH T, 1 g 28 00 e 5 L BB 5 65, e
PURTIRE PR T T M X, B AR TR Wi T AR R H Ll

1k DIVA-GIS #) Modeling iz 845 H A Bioclim AR T ] ( 1) A1 Domain A A F0 (& 1), 7]
2 1) AR 3 Sl DX ) 2T DX a7 5K R RS 7R o o 25 /N B, Bioclim FR0IU 9 7 115 B A /0N , 87 4 RS 1T 75 7
VL RS B B I R S A R VPG PG BE TS A . Domain AR FUIN 45 540 A5 5 FBL A K, RAR S GARP
RS0 43 A7 305 4220 | 20 6 5 B3 A0 A Y5 B 5 Maxent AHAL  (BZEV RS 3T £ R BA LA M2 2= B S WD 1 900 0 3% 4
X,

2.2 AS[RIRERY TR MR I TR AR

ARSCRF 10 NGB s Al 5o X 4 A REARLHEAT ROC #2640 #7 All Kappa — 3K K, GARP 557
AUC XK 0.922, Maxent #% AUC F-X{E 4 0.980, Bioclim B AUC F-14{E 4 0.957, Domain 1% [
AUC SE¥IE N 0.940( L3 2) e i S BEALEL AL ( AUC=0.5) , I H. 4 FERLE) Kappa BI{E#S KT 0.75,
FW] 4 PSR TN Y — SR PR R A B 2 WOMORS AR . 4 FIAEEY AUC A9 45 e DR 22 HEJF 4 Bioclim > Domain
> Maxent >GARP

Fz2 4#ERK AUC {70 Kappa &
Table 2 The AUC and Kappa values of the four models

FZAXFE TAEFRAE ML 1w — BRI G 1 ( Kappa)

fﬂﬁ Area under recriver operating characteristic curve Consistency test statistics

Groups GARP Domain Bioclim Maxent GARP Domain Bioclim Maxent
1 0.911 0.955 0.937 0.981 0.813 0.806 0.792 0.732
2 0.923 0.967 0.962 0.980 0.821 0.831 0.801 0.754
3 0.915 0.936 0.963 0.984 0.780 0.830 0.789 0.744
4 0.907 0.928 0.944 0.976 0.794 0.821 0.796 0.715
5 0.933 0.955 0.977 0.984 0.811 0.810 0.804 0.729
6 0.945 0.934 0.979 0.977 0.805 0.827 0.821 0.806
7 0.906 0.927 0.959 0.981 0.828 0.856 0.814 0.760
8 0.922 0.928 0.968 0.983 0.794 0.832 0.810 0.720
9 0.915 0.931 0.922 0.980 0.757 0.800 0.783 0.769
10 0.943 0.943 0.956 0.981 0.792 0.790 0.797 0.768

T35 Average 0.922 0.940 0.957 0.980 0.799 0.820 0.800 0.751

2.3 SUMAE A X FREE R4 pr
BB AR O T 42 R AN A AT B ST AN IR 2, 76 10 DIREEIN T-rf AR IR ( Biol ) X T4 8- WA 43 A1 1Y BT ik
R AE K & (Biol2) (el H Bk & ( Biol3) Al #f H # 1 iR ( BioS) X 4 R 707 2t LU B0 K TR
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Fig.1 Potential distribution of P.amabilis based on four ecological niche models
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Fig.2 Import of environmental variables for prediction based on jackknife test
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(Biol ) A TIN5 SRAR X A HE , BERAE R (Biol ) X3k 3 FiSi AU Y F0I 45 RAL AR AT 35 A5, i T4E e
KR (Biol2) 5 =i A FE/K & (Biol3) PR PR3~ B T 2 A AT -5 16 AR IX 2 S 80 , HL =B 2 2 [ %o HE F3T
O3 1 28 SR, BERH I R PR A2 i 2 B SN 0 AT S A5, K Biol \Bio12  Biol3 544 2[R 52 i
PRI1~, 3 A 5 ) 03000 A Pl -5 ST IO ) 3 A DX 0230, U WX 3 e P 2 0 o A 45 2R PO 77 A S
S, JEHGE Bioclim BB, "SR SE LTS A, TR (Biol ) YN M 5 3 D735 5000 23 A1
RO, 3 — P UE AR R (Biol ) X 4 R M TN 20 A “ HE 2R AR AT, i HeAr PR 58 A 3% B A 2 %)
e R

0 1000 km

3 =MRERTFERUER
Fig.3 The results of the other three models
[# al—a5 4337 GARP BRI FET4EHIE ( Biol ) AEME/K i (Biol2) iR A FE/K i (Biol3) . =[H T (Biol &12&13) DL K X B0 45 5% | 18] b1—
b5 235K Domain BB IEFAEIR (Biol ) AEFE/KIE (Biol2) il A /K (Biol3) . = T ( Biol &12&13) LA K X B LA L5 5 K] c1—c5 43
524 Bioclim LA EEFAE i ( Biol ) AFFE/K & (Biol2) (i H BE7K &t (Biol3) . =T ( Biol&12&13) LA KXt HZH 45
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SR AR B K T2 S 1, 43R Y B 0] B B8, 40 A 4 5K IR AS 21 178510.08 km? , b 43+ 1 ]
ARSI , IR E] 122865.39 km® i34 Y AR Y K T 55644.69 km?, M YT E] 2070 4F 434 3 ] 2 Bk
giad ) FE R R AR X R AR |, 353 246396.07 km?, (5 AR 0 G B AY 14.45% , 1 a6 7K68311.77
km? AR TETRRY 27.72% , 43 A Ju FEIISCAE T 178084.30 km’ (Kl 4)

0 1000 km
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Fig.4 Comparison of the distribution changes of P.amabilis based on ArcGIS and Maxent
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3.1 A ERANIE A

UTAE SR P R4 AT AR RS 5 R T | 224 n] A4 7 9 B TR RR A4kl O 2 21 AR S a A RS 96 A5+ D A5 AR
IS T LA A A v e L TN S 4 AR B VB AESE A X (AUC>0.9) ,H GARP FiIN 45 SR AUC ¥l fe/D K R 2%,
XA RESE R REA SR 5D 8, e AR R AR R K 560 GARP TIUIN 25 SAS BE | R B2 B REAR 25
T, RA YA R ME, AUC ¥EA 28 THRUE (KT 0.9) . Domain FI Bioclim Tl 25 FAH
bl A AL A XU B/, 3X AT BE S AR 2 A AU B A OC , BB o A B 20k L TARAE  FEAS B G A7
FE—E bt B TAE 3 — BRI [ OB TR R4 TR AR i 8 B A PR A R AR A FEAS B L,
Bz R PEAC I HOR SRR AR S 3 A T RE S B S A AR/ ELS O I Ho R T 50t i X 4 4%
PAFPEEB AL ZREER R F 5 0 R R R X3 A At n] B R AR RS 0

Maxent A5 7Y 70 2% SR b HAAR Y S SR ARG A ( AUC ~EX{E 0 0.980) , A 2 SCHK 2 iE B Maxent 7E K /NEAR
BOE S AF T P REAR G M U P b 6 A X200 (B RIS TR J30 00 245 SR w] AAH B4R 722077 UnAE Maxent T
S A L TR RSN AR B KO 1L A S = B B W 34 T T 4 R A A I A2 X, 1717 Domain 5% Y s — DX I 1) 56 30
SRR X, 2T ) STk & BT s AR A5 FH R 1L & 2= i R I A 4 X 4 N Tl 51 Fh 4 R A Al 525
AR S RN IE AR X
3.2 SEM T E AR L

SRR R RKIEM TR, AR R RS A AR L A KRR 4—5 AR 8—9 H X BB BE Y
H IR H K A6, A S BRI A R BB & A SCEIAE YRR (Biol ) 54K i (Biol2) &4
RV A A DX SR A T R e R R T AR S A AR R T B DL B RS T ), R IR K A A
G510 TE A R 3 AR X AR B Ll R B L 2B DA S e VPG AL =4 A8 AL ) B L
R G A aREXE T 3k e i DX L A T 27 | /INA: 35 K ARAR A DA, A 355 B4 ARG T DK S A XA 4 43 A 11 5
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M, AV B UK (LGM) B 24 i S5 25 A1 A BRbi 0000 407 3 BB AR Ak vl 8, PR KO =2 5 IR TRT R, 4 R A 11
Sy A R R I R 5K . S ETE] 2070 A A R A B T 43 A i AR A v, RO AR o — e
FE ALY 5k (R AE R 5 HIR R R |, 46/ RS B 178084.30km” , Bl AR EAR TR IR iR = R
W R RS AR 40 43 A3 A% o A B A 5 A 4 43 A AR A A G e B, BRI T S i
It kb F SRR AIRE ST, DR I A A s p A A A Bl A RS B b 1 R
3.3 SERMEBEE A X S SR

SRINE WSS IR, A SR ARG BR , FLAE B2 20 4Rl , 837 &4k A AR X 57 [l vl LA
SR G ARRA T, L ARAR X 0T DL e KRR B B Lk A IR, b e vl LA A4 i e ol 9 IR R 58 4% /KO i —
RS, S Y RIS A B VAR SE O AR SO, A 2R A A SR TR N A R A B VAR A A X AT T K 4y
AAE SRR A3 BT X G ERAN O AP 1 DA 080, BR AT Wi VL PE K H 1L A R AN F ARG AP XA, 3 1 A6 V1 P4 4 5%
B TR 9K S B PH K LA X I A R A R A 0 AR DX N ST AR A X S R T R S B S A AR 2
G B R AR UG FPEE s 76 B AT SR A 4500 B X A S A R SR A T il A X, W22 b0 i m
T WAL AR R A M DX T A N TS R 2R AT TR A AR AE P B A BR AN L RS SC 56, AR R I LA Sy el MR B, &
Ji& Ry el AR AT, 1T 4 oA 20 0 T 0 Ay ARG DX sl AN T DX 174 1l 7 WS 38 s AT 4 s
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