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Abstract: Phoebe bournei is a rare and endangered plant under second-class protected plant in China. It is not only a
valuable timber tree species, but also has important ecological value. It is of great significance to predict the changes of its
potential suitable areas. In order to establish the optimal model, we use the maximum entropy ( MaxEnt) optimized by the
Enmeval data packet. Based on 186 distribution records and 9 environmental variables, the potential distribution areas of six
climatic scenarios in 2050s ( average of 2041—2060) and 2090s (average of 2081—2100) were simulated. Integrating

Jackknife test, important value and contribution rate of replacement and the limited environmental factors, the
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environmental factors affecting the suitable distribution area of P. bournei were discussed. The results show that (1) the
parameters of the optimal model are FC=PT, RM =0.5, Maxnnt model has high prediction accuracy, the area under the
receiver operating characteristic curve ( AUC) of 0.9846 +0.0037. The total suitable area of the modern potentially
geographical distribution of P. bournei 54.32x10*km’. The modern highly suitable areas of P. bournei are concentrated in
northeast Guangxi and southern Hunan. (2) In the prediction of the future suitable growth areas, the potential suitable
growth areas under the six climate scenarios all expanded northward, with the exception of 2050s-SSP585; the other
scenario suitable areas increased slightly, especially under the scenario 2070s-SSP126, the highly suitable areas will be
reduced by 40.32%. (3) The precipitation of the driest month (biol4) , precipitation seasonality ( coefficient of variation )
(biol5) , minimum temperature of the coldest month (bio6) , precipitation of the warmest quarter (biol8) , and maximum
temperature of the warmest month ( bio5) are important environmental factors restricting the distribution pattern of P.
bournei. (4) The geographical distribution range of P. bournei in different periods was quite different, which indicated that
P. bournet had poor resistance to climate change. Deforestation, habitat destruction and self breeding problems may be the
important reasons for its extinction. Fujian, Jiangxi, Hunan and southern Zhejiang are stably suitable areas and future
climate refuge areas for P. bournei. The central Taiwan, Fujian, Jiangxi, Hunan, southwest Hubei, and southern Zhejiang
are ideal introduction areas of P. bournei plantation. With the aggravation of climate warming, most areas of Guangdong,
Guangxi and Guizhou will no longer be suitable for the growth of P. bournei, and it is suggested that priority should be given

to the protection of the population in Guangdong, Guangxi and Guizhou.

Key Words; Phoebe bournei; MaxEnt; potential habitat; distribution pattern; Enmeval
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Table 1 Evaluation metrics of MaxEnt model generated by Enmeval

Al FHEH A PP He/IME BHEN AICe Y AUC SitsE
Type FC RM delta. AICc AUC Z{H avg.diff. AUC
#KIN Default LQPH 1 15.79 0.0087
4k Optimized PT 0.5 0 0.0036

FC: HFEZ0 A Feature combination; RM: JE# {545 Regulatory multiplier; AICc: Akaike {5 B 2 #EN] The akaike information criterion corrected ;
AUC: ZiR ¥ TAEEHE A ZE R 1R The area under the subject curve; LQPH : ZEVEHFE ( Linear features, L)+ Z IR BUHAE ( Quadratic features, Q) +3€
FHEVRHIE ( Product features, P) + Bt ALAHIE ( Hinge features, H) ; PT: e FHBEIFFAE ( Product features, P) + B {E M FFIE ( Threshold features, T) , delta.
AlCc : /M5 BAEN AICe The minimum information criterion AICc value; avg. diff. AUC; Y| 2545 AUC 5iX 4 AUC 214 Difference between the
AUC values

22 MBS RE M

JAFE 2 AT, BTk R B T LAY 6 D FREE T BT ik 86% , IR 4 B Bt H K & (biol4,37.4%) ,
WEHEIE RN KT 17.93 mm; K28 55 280 (biol5,15.8%) |, i& HIG B N KT 46.75—68.35 ; 54 H K iR
(bio6,12% ) , & FFLIE A -3.32—6.31°C ; fiehE ZERF/K & (biol8,11.1%) 3l FYL B A KT 72.32 mm ; ¥ 25 5 -
IR (bio8,10.2% ) , i HLIE FEl ok 40.69—81.86 ; B 25 H #4{E ( bio2,9.6% ) , i BLIE I /T 8.89 C, &
P LA LR AT 6 7 1 Fed? AR (bio6) (e T BEK & (biol4) i 2% BT3B (bio8) \MFHK (elev) |
IR (bio3) AUE R 2E H A (bio2)
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Table 2 Environmental variables and their main parameters of P. bournei

AR i Variable PC PI TRGO TRGW TGO TGW AUCO AUCW
I T A R
32.9 4.8 1.826 2.684 1.854 2.584 0.93 0.972
Precipitation of the driest month( biol4)
A7 =iy
Wkt 17.9 5.2 1.607 2.666 1.662 2.626 0.927 0.973

Precipitation seasonality ( biol5)

RV A kiR

12 58 1.765 2.654 1.78 2.57 0.933 0.972

Min temperature of the coldest month ( bio6)
9 7 4
i 1T . . 11.2 10.4 0.826 2.619 0.78 2.572 0.825 0.972
Mean temperature of the wettest quarter ( bio8)
1 st S Az ] .
Tl =R K it . 1.1 3.2 1545 2684 1625 2608 0922 0.973
Precipitation of the warmest quarter( biol8)
ST, (i
4&@1%}% Hff . 6.3 2.8 1.622 2.696 1.687 2.612 0.925 0.973
Mean diurnal range ( bio2)
JET VR 22 ATV 2 |

Bi{m% JQE{EL§ bR 4.7 7.5 0.633 2.668 0.622 2.616 0.789 0.973
Isothermality ( bio3)
2o B e
S Bt . 2.4 3.5 0.691 2.682 0.644 2.608 0.791 0.973
Max temperature of the warmest month ( bio5)

IR
itk 1.4 4.5 1.486 2.697 1.484 2.609 0.913 0.973

Annual mean temperature ( biol )

PC: 5Tk Percent contribution; PI;  # T Z{H Permutation importance; TRGO ; Ff i Ff11% P 719 IE WAL VI 25 14 25 the regularization training
gain using the factor alone; TRGW . i FH R It A S oAt 7 ) TE WAL I 5384 25 the regularization training gain using other factors; TGW : f Fi [k 1t LA 4
HoAt PR T A MR 25 the test gain using other factors; TGO : BB FHZ K T AR 25 the test gain using the factor alone; AUCP ; B FH %725 5 1
B2 1R TAERAE M2 T the area under the working characteristic curve of the subjects using the variable alone; AUCW ; fii & it A AP HAt R

32108 TAEFFE AT ZE R 12 the area under the receiver operating characteristic curve using other factors

x£3 AEMBEEEEXRTREL/ (x10* km?)

Table 3 Changes of suitable area of P. bournei in different periods

i SN 2050s 2090s
Period Modern SSP126 SSP245 SSP585 SSP126 SSP245 SSP585
—JBEiE LEIX Less suitable habitats 29.35 29.29 32.44 29.17 31.75 29.47 27.3

FEE L X Middle suitable habitats 21.6 21.53 21.93 32.45 19.11 23.93 21.73
15 B3 A2 IX. Highly suitable habitats 3.37 3.75 3.21 9.72 3.31 2.86 3.62
4t Total 54.32 54.57 57.58 71.34 54.17 56.26 52.65

SSP ;. L ZE A 2 2P 4% Shared socioeconomic pathways

2.4 ARRWEAEE A X A5 A AR ek o

W 6 A ARAS RS A5 5T T AR 3 2 X114 28 B0 A% Ry 5 B0 BB AR A X A 7% LA (2 4 (R 2 FNEL 3)
SEILFRM WS A IXAE 2050s-SSP585 HEUIE 52 N 40 A0 I AR K, B 28 5] 81.32% , B 1 AR F B 4L v 7E
IR T SR AR e B A X 2R 42.17%x10% km?® , IR 1.69 4%, 45 B T A 21.78x10* km? , {4 B %
ik 87.21% ; TRAETE AR X324 AR A /D | 722K 3.01x10° km? | 228 R4 K 12.06% , FE ALK X B )P0 HE 5
AR ATV

http ; //www.ecologica.cn



8140 JAE = 41 4

2090s-SSP 126 HERUTE 5 T, B4 1 AL /N, B R
K 29.32% | AR 32 EE AR b T e R A LS P AR LA
R ARHE PGS, i RS A X 22.42x 10 km® 5 i A 1
TEAETE 2 i U K, 3K E 10,07 x 10* km® | 22k KKy
40.32% , FEZ 5 X A FE ST M TP R &R TP AR LR
T T PO VTP R AWV R R

>z

30°N

25°

2090s-SSP245 Fl 2090s-SSP585 fif 5t T, {# F i e '
BB R = BB 17,22, ST e
16.73x10°* km? , B #5353 68.96% ,66.99% . Hi4> . e A 1
T S A B X R T AL HE AR . A 10:;@g 110° 115° T —
A SRR I A DX 2 A T RS ARAE BRI, 22k IX 3 T70-02 E902-—04 £104—06 W 0610
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S 3% , e 2 BRI 3.1% . Fig.1 Modern suitable habitats area of P. bournei
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B2 MaxEnt ERFMNARSEEFERTAREEEER

Fig.2 MaxEnt model predicted potential suitable growth areas of P. bournei under different climate scenarios

2.5 ZIuHNEARARLRE TH AN i AN AR AL AR B 3 A

WE 4 FF7s, 76 2050s-SSP126 . 2050s-SSP245 | 2050s-SSP585 . 2090s-SSP126 . 2090s-SSP245 F1 2090s-
SSP585 4§ 6 MHEMUERAE T, AR 186 DA 1 s 0P34 2 JeA U 4378 2.53 119.17 ,10.03 15.46 . 7.46 F
-2.06, ZTCARBLE S B 69 15 e 9143 50 0 18.98% . 5.56% . 18.98% .6.48% .26.85% il 61.11% , 3¢ W] 2090s-
SSP585 HERL A ME T, M S R B i 5, 2050s-SSP 126 5 5K 22, 2050s-SSP245 1 5t R A S o 7 i e 11K
T 2050s-SSP126 1 5t T, BARIE Az DX P 8 A0 57 DX 3228 M BAE P b, S AN AR US54 bio3 il bioS, 7E
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Fig.3 Suitable distribution of P. bournei under different climate change

2090s-SSP126 1 5: T, BT A8 X P A9 A M5 S5 X 6 28 B ZE A6, e N AR A 54 bio5 \biol3 Fl biol5,
T 2050s-SSP245 E 50 T, BUARIE A X N A S e 7 X 32 2 H BRAE R LR, e AN AR 154 bio2 bioS Al biol5,
£ 2090s-SSP245 15 5t T, BUARGE A= X PN 9 005 S i X 3 2 B0 v I R RS &8, B AN A LR 58 bioS Al
bio2, 7E 2050s-SSP585 i 5t T , B Az X N A 08 5 7 X 3228 1 BLAE v | R AL 38, B AN AE AL AE 52K
bio5 F1 biol5, 7E 2090s-SSP585 15 5t T , IATIE AE X P B P ¥ R 2R 3 A B8 X Sl o | FLA 38 Ry oM S X, e AN
AHLAE T4 bioS (] S)
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Table 4 Changes in suitable distribution area of P. bournei different climate scenarios

_— TR Area/ (x10* km? ) 424k Change/ %
Period el (R e % A% Tk
Increase Reserved Lost Increase rate Reserved rate Lost rate
2050s-SSP126 8.40 16.45 8.34 33.63 65.89 33.38
2050s-SSP245 8.25 16.57 8.26 33.06 66.35 33.09
2050s-SSP585 20.31 21.78 3.01 81.32 87.21 12.06
2090s-SSP126 7.32 14.85 10.07 29.32 59.48 40.32
2090s-SSP245 9.42 17.22 7.61 37.71% 68.96% 30.46%
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Fig.4 Multiple similarity surfaces (Mess) of P. bournei under different emission scenarios predicted by MaxEnt model
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Fig.5 The most dissimilar variable (Mod) predicted by MaxEnt model in different emission scenarios of P. bournei
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