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The simulation of geographical distribution and distribution pattern along with

climate change of Chamaecyparis hodginsii
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Abstract: Climate change has an important driving effect on the geographical distribution pattern of species. Global climate
change and human activities have seriously threatened the living environment of Chamaecyparis hodginsii, and its wild
resources are increasingly scarce. This study predicted the history of the geographical distribution pattern of Chamaecyparis
hodginsii since the last interglacial period, and explored the influence mechanism of environmental factors on its potential
distribution, so as to provide scientific basis for the resource protection and sustainable management of Chamaecyparis
hodginsii. Based on 160 modern distribution sites of Chamaecyparis hodginsii and 10 environmental factors, MaxEnt model
and ArcGIS software were used to predict the potential habitat of Chamaecyparis hodginsii under different climatic scenarios
in the past, modern and future, and the influence mechanism of environmental factors on its geographical distribution were
analyzed using contribution rate and permutation importance. The results showed that; (1) The current highly suitable

distribution areas of Chamaecyparis hodginsii were mainly located in southern Zhejiang, Fujian, the junction of Hunan and
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Jiangxi, the junction of Hunan and Guangdong, and the junction of Hunan and Guangxi. (2) Under the four future climate
change scenarios, the total suitable distribution area of Chamaecyparis hodginsit showed a shrinking trend compared with the
contemporary distribution range, but its highly suitable distribution area showed an increasing trend compared with the
current period except for 2090s-SSP126. (3) The mean diurnal range (bio2), the precipitation of driest month (biol4)
the precipitation of warmest quarter ( biol8) , elevation (elev) , and the min temperature of coldest month ( bio6) were the

key factors that restricted the geographical distribution of Chamaecyparis hodginsii.

Key Words: Chamaecyparis hodginsii; SSPs scenarios; MaxEnt model; potential suitable area; climate change
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0 Bf,FC=QPT,RM= 1.5, B S EC P BRI R, TEIXSHCT, 000 AR 2R A [5] B 30 938 A= X 00 A 4%
Jay, Hod 2440 U125 AUC FEX{E N 0.976 (E 2) , KRB UKI] AR B vkIg] 48 i 3 DL KR ok 4 S0 5=
I AUC SE41E 439120 0.978 .0.975 .0.976 .0.975 .0.977 .0.975 .0.975 , YK T 0.9, FE B Z5 7 JE 5 M

# 1 Maxent % ENMeval &L iEM 545
Table 1 Evaluation metrics of Maxent model generated by ENMeval

Y154 AUC 5

FHIEE A (FC) PRI (RM) w/MFEE 109631235 s

el Wial4E AUC

. Feature Regularization TN AlCe {}J\Eﬁ% 3 RVE

Type combination multiplier Delta. AICc TERH Avg.test.orlOpct
P ke Avg.diff. AUC glestortlp

ZRIA Default LQHPT 1 107.1393 0.0085 0.1469

ek Optimized QPT 1.5 0 0.0057 0.1219

AlCc. Akaike {5 B 57N The akaike information criterion corrected; AUC; ZikE TAERE 2 T X The area under the subject curve; test.
orlOpet: 10% IRE = 10% test omission rate; LQHPT; ZEPERFAE+ TR BURRAE + e BARARE + e BB + R (MR AR AE QPT. TR TR + T
%RE!4#?E+I&J{E‘T’M%‘—?E, Delta.AICc; AICc The minimum information criterion AICc value; Avg.diff. AUC; Average difference between the training and

testing AUC; Avg.test.orlOpct: The average 10% test omission rate
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Fig.2 Receiver operating characteristic curve of Chamaecyparis
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*2 BEEMARERYPMNEEEEER/ (x10°%km?)
Table 2 The area of the suitable habitat of Chamaecyparis hodginsii in different periods
T Area(x10 km?)

Ejf,d fRd B 5% PP A T A BE ST A BE
Less suitable habitats Middle suitable habitats ~ Highly suitable habitats Total suitable habitats
KKK Last interglacial 40.62 11.42 2.29 54.32
ARUKIZVKIY Last glacial maximum 57.24 15.85 3.41 76.51
23801 35 Middle-Holocene 43.43 12.94 2.48 58.86
2448 Current 54.48 13.06 3.12 70.66
2050s-SSP126 47.43 15.08 3.25 65.77
2050s-SSP585 51.51 12.84 3.48 67.84
2090s-SSP126 50.27 11.67 2.91 64.86
20905-SSP585 52.69 13.99 3.34 70.01
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Fig.3 MaxEnt model predicted potential suitable areas of Chamaecyparis hodginsii in different perids
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TEAE T 14 T AR R e 2 AR, Horp 2050s-SSPS8S SHH i AL N 4.12x10% km? 35t Xl FAm ) A& I B
HEAL | H PR R A Hb 43 HY; 20005-SSPS85 F I T AU A 5.08x10* km®, WiV AR FA B AR AR FE IS AR
BB SN AR R S AL VY R S50 Lk S A A Y X

®3 BEMARAMEEERHZTEENL/ (x10'%km®)

Table 3 Spatial variation of suitable habitat of Chamaecyparis hodginsii in different periods

o TR Area/ (10 km?) AE{E 3 Change/ %
Period 3] Lk e Ak 73 SN e
Reserved Lost Increase Change Reserved Lost Increase

KUK B VK] Last interglacial 9.18 6.36 4.38 -1.98 56.71 39.30 27.09
RV Last glacial maximum 11.97 3.55 6.92 3.38 74.00 21.91 42.79
S Hr1itH Y Middle-Holocene 11.38 4.20 3.68 -0.51 70.31 25.94 22.76
2050s-SSP126 12.17 3.38 5.82 2.45 75.25 20.87 36.00
2050s-SSP585 11.68 3.91 4.12 0.21 72.19 24.14 25.47
2090s-SSP126 11.05 4.54 3.09 -1.45 68.28 28.06 19.10
2090s-SSP585 11.73 3.80 5.08 1.28 72.53 23.50 31.39
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Fig.4 Migration patterns of potential suitable areas of Chamaecyparis hodginsii in different periods
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W28 et A K Rl ZRRERR K R IR Ve H i I UL R 52 WP AR S A M B O3 A1 6 SR Y SCBE PR B R
MaxEnt A£48045 R R B B X700 4 A AR 5 v B S SR, STk e R - B iR 22, JF Hofe
Y HRMVR B B P HEA S TR AR R B R AR BOG IREE & T
H 2493 5 8 A 22 T LU AR F) A KR 20 SRR S B 1) 4 2 2 S ORI A 437 0 A BEKF- E7
FEARFISE I AT R ARTR AT T AR AR AR R R I RURR S A AR B A AR R AL
HPAE -8°C - 15C AR IS SRR T, 2 2 i ™, R WIAR @A 7E KA IR IR PR 85 vh B A A7 KUK
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Table 4 Various parameters of the environmental variables

e A DR AR E A
Code Environmental variable Contribution rate/% Permutation importance/ %
bio2 R R 22 Mean diurnal range 30.1 20.7
biol4 T A K&K Precipitation of driest month 21.5 2.4
biol8 BeM% 2 FE [ 7K i Precipitation of warmest quarter 17.1 4.5
elev 4% Elevation 12.7 27.5
biol3 Bl H Bk B Precipitation of wettest month 5.2 9.3
biol5 [ K i Z= 35 A5 1k Precipitation seasonality 5.1 7.8
bio6 e H 5% IR Min temperature of coldest month 4 23.1
bio5 Fe I H F 15 SIR Max temperature of warmest month 2.7 2.4
biol AEHTIR Annual mean temperature 1.2 0.8
bio3 SR Tsothermality 0.4 1.6

BRI M b | R 7K R XA AR 385 A5 i AR e B RS Z Y E T . AR 5E 45 e R W e T B
KT HEA S = X RE S TR0 7K oA R i A AR AR A AR K S A0 T G, T S 4
FRIB IR RE 1 548 AR 52 SR EU T4, (AP B AEAE R 2 R ELAR A L B DRI BT 1 RSk 7
TRAREE T, BA R AR, AR T HA KDY AN, A 2 5 UE DA e X 7K 3 B i A2 4 B D)
FET 0 AU B 1 R 2 B R K R R e T H Bk 5 i s A B A0 A R /K o TR, SR
2 5% e 3K [ At A B AR A B A3 A YOG B DY 3R, 0 W) B A ( Thuja koraiensis )M | B M ( Thuja
sutchuenensis) " 4%, B ABIFSE & BUAR @A S0 & A K S 3—7 A MoK IIHESE

AN A BIFE A TSR e e O PR T DR 1 R T A . BTG [ S S 4 2 e A A AR v 0 A 1) 32
HIE 150 4k , WX FR/AA ( Juniperus sabina) L R Juniperus tibetica ) T 2R R B 1) B 4y
A G SR R SRR SRR R BEARSE, (HAF—PR AR R E AR R B AR I S5 5 iR 5
MV PR 2R B DA SE T T D VA o 24 A b 3 AT SR 1) S B R

58 2 BRI AT R TP A L b o3 A A Sy Wi S I Bl AR ZE R K B 22 5, BRI N R T
g b DX AR /K 5 A A T PG A PR i DX AR K A /N A i T A e, EL /A AR Ak 5 R B IR
JIE 3 DX (] R 25 B Y ST S A A T K R 2 R A K L ) A A e A KT L b e P
Pk 5 P R 25 5 Fe v T SR AR AR O B T i e ot ZR 0 ] — R A
32 RS E A B AR L

ARG T A ERALE AR U B K] SR UK At b 0 S DA S AR RS [R] S AR A 1% 5 R i3 i
A S5k 2 SR SR AR UK B U B3 A 45 2 A T A T 43 b DX VA T D BN 3 e e
DL P R 8451, FLK 55 A A ) HE BB 1ty R AR AR DL, A R A A B B s T VAR 7 i —
R £ IR R I T B 0 A A A R AR S AR X R I A b X A SR YR ) K A T R
TR AR AT ) e BE RS A X

AR YRS AR AT A B T AR A, R 22 4R v A Z8 -V L g b X, 90 L 455 1 1 3 DX g 0 L K
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SO EER WAL PU RS IR VLV s RS BUE AR AR B2 Rk S A SR AR R AR IR ( Quercus)
AEK5 i PRI 3t S Iz et v i ) e XA 7 A AN [ R BE A L ) B Lk EE A F
BRF W A R = R IS =Ry, KR = AU i, R AR BT A b P E
T3 T PUHET T AR AR Ak T AR AT A, A A B e s o O R AR B v R T
X' TR BRI ( Calocedrus ) 5 FEAR ( Thuja ) FIAE AN RS E 2 MG LN T L LR
i P B TR A SRAR B A A ) LA R B SR A VR VK U 25 0 T L e s X A T R Rk AR A A 3
X,

St R T AR A T TR R AR BT X BN B SR R S S H A . AR R
B, e 20T 5 7 DX 1 DU A2 AR L2 P B R 2 A B A RRE & LURE AR K (Alnipollenites ) R K3
( Pinuspollenites ) A &, 5 HE P HETE | J& #8009 K /R SSAE0AE , (0 S M) SETRARFHT | H AR YR 4 i I T
R RACEERE AR 4 Dy - - 4 T A D TR 2 G218 R IR A B X O R A A
AL T A HIGE B A I ST 38 SR W AR AT S i I LA A K R

Xof HE AR AN ) S A AR A S, A A B BT A0 A DX A B Q0 A 31 Pl 3 B S B At 34, (e 3 A IX o
2090s-SSP126 Ab, B Y iy I3 F 30t 7 34w 35 AT AR 0P 4 b ZE A R0 1L Bk A b, E SSP126 AR T S
T,2050s N d i, KRR AL, M E 2090s H 6 1 BUR T8 m AR A 5 50 . 7E SSPS585 Al &
2050s 5 2090s At P78 B 184 Th0 FRES o T2 R T AR, H 2050s 2 2090s 38 B AR B R R AR kA, x—
SEILATRE R Z MK 51 20, A B 5T BN 7E 21 28 J5 2 0, RCP8.S 1/ 3 T AY A S 24 W /K i 384 T i B2 K T
RCP2.6 55 F Y, H & 21 20 K WA7E RCP8.5 f 5 T I R liEh X A& Ze ik it i 3 n ', AR A M
T ECT R S A KSR R B — e R 1, U R e LA B B i ST R R AR A IS 1
I AT 45 A AT 25 5, DI B IR A SR B A AT b () PR 4 SR s
3.3 tEEHIR R S

X B T e TS AR X, WA T 96 g A5 b, A7 R TR W 25 T BE S BOICTE A SRR, BT 2 S [ R, 5
AN DX S EUT AR BA DX 1R 3 G Ay ] SN, 76 3 2 X ek 2 AR it AR AS R B G T4, O 8 A B AY 25 )
BRI, At e i AR A

X T AEBE R X R IBGT M R it 1 DR BT 5 5 N I 2k, AS RS TR A LR R K X
A IR AR R B R AT RP | 3% % 132 X s A 35 B AR K IR O, 8033l b

Xof TP A T A DX, AR 5 %o A A A M 3 A DX T 25 SR, S5 431 X 3 240 A 76 RS 7 X, T R4
FH HEE S AL ST S A KRR A S T DR IR o e L DX 3 ) R A T B ) R 1 A AR o A
KSR IEOR ST A AR ORI X HEA T M R . Pl T AR @A 7 AT — 8 S, E R B B TR A AE R
JEIBIHEA T ARG T 45 A A 0 T 2 S I W A 5 Sy, AN R B 1) S8 R B, 745 40 A1 X 22 ]
A ST AR AR ERTE 3% B AR 1) ARSI T LAl 4 8 M e BEARHE R 1) B7 T8O, sy R e RS RE .

4 it

AWFTEIET Maxent (D0 HAEEIBEIDUAR AEAT D 82 | 25 FRIR SR A [R] AR 5T A3 A IX 0 A7 4% Jey R AZ S
W R, AR s AR AT A R 2E 43 A X R B T AR AR P SN EE R TR VLT
B R R AR AE L e R 1L ML PRI R AR R RS DU R R AR A D i A RS I 15
ST AR B AR DX A R 2 2 5 B e e, (ELBR 2090s-SSP126 A1, 8 B 16 A= X 73 T AX
BOGRTRHHAR I 85 P RG2S R A oK i K i R e H iR R
M A B AT M SR (R SRR D 1 ASBIRSEAN 5 I8 1 A0 DR 1 B MRS DR~ 0o At s A e B A A6 JR B2, 6F
TN e O TR A 3R R BEA TG, A5 b 7 SR AR ST , e (048 AT S 4 IO ) AR Ak
AR R U S PR, BRI Z AN AT BA T A S S AR A R A PR P I a5 MaxEne AR A AR
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