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T P 1t L A 5 S AN B A L3 A1 1) S IR BE R 7, S5 SRR il R 76 ENMeaval 27 A HEA TR R 0 4k, e 2400 5 FC =
LQHPT,RM =4 fiALSHUS (ARTADR B0 T BOIA S BT BLBORE B2 . DA S (00 MaxEnt A58 500 30 128 450408 4 Fil 25 58 4R
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(11.21%) ¥4k (9.38% ) J TRk (6.28% ) AR (5.49% ) AETE S T (3.10%) 3R)Z LWk 7 (3.01%) 5F
TRVE(2.44% ) 32+ HERRFRER B IR & it (2.32% ) \FRJZ T HERR DI (2.02% ) FIRes H IR (1.32% ) J& 820 DU 45 A 43 A
M FTREEH T, S HT R IR, B SARBZ AL, VUGS AR 35 A= I RRURE 23 28 A5 ek, IR VB 8 20 38 A X T REAR 82 HL Rk 1 sk
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Abstract: Tetraena mongolica is an endemic relict plant species in China and is known as the “giant panda” of the plant
world. Due to human activities such as excessive grazing, over-cultivation, and deforestation in the early stages, this species
was once on the brink of extinction. Predicting the impact of climate change on its distribution range can provide a scientific
basis and reference for the conservation and sustainable utilization of wild resources of Tetraena mongolica. Using 27
geographical distribution points and environmental data from 18 factors downloaded from the WorldClim website, the
dominant environmental factors restricting the distribution pattern of Tetraena mongolica in China were predicted based on

the optimized MaxEnt model. The results showed that by calling the ENMeval package in the R platform for model
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optimization, the model accuracy with optimized parameters ( FC = LQHPT, RM =4) was higher than that with default
parameters. The Area Under Curve values of the optimized MaxEnt model for the test dataset and the training dataset were
both above 0.98. The total suitable area for the potential geographic distribution of modern Tetraena mongolica was
approximately 124.45x10* km® | with a high suitability area of about 3.35%104 km’. The high suitability area was mainly
concentrated in the north of Alxa Zuoqi and Etoke Banner in the Inner Mongolia, south of the upper reaches of the Yellow
River, east of Wuhai City and Bayan Nur City, and west of Ordos City. There were also a few distributions in Shizuishan
City in the northern Ningxia Hui Autonomous Region and at the northern foot of Helan Mountain. The main environmental
factors affecting the distribution of Tetraena mongolica were the driest month precipitation (36.95% ) , annual precipitation
(14.83%) , surface soil organic carbon content (11.21%) , elevation (9.38% ) , average temperature of the driest quarter
(6.28% ), annual average temperature (5.49% ), human activity factor (3.10%), surface gravel content (3.01%),
isothermality (2.44% ), surface soil carbonate or lime content (2.32%), surface soil PH (2.02%), and lowest
temperature of the coldest month (1.32% ). The analysis revealed that with climate warming, the additional suitable area for
Tetraena mongolica would gradually shrink, and the current potential high suitability area might still be its future refuge. Its
distribution center might shift eastward. The study provides a scientific reference for further clarifying the geographical

distribution pattern of the suitable habitats for Teiraena mongolica in China and formulating effective protection strategies.

Key Words: Tetraena mongolica; climate change; MaxEnt model ; distribution pattern; Enmeval
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AT Enmeval G ELIEAE MaxEnt AL 8 SA RIS 01 F PUA AR A2 X, 2 ZMF S Hr LR
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1.1 FEAREURE 84 5k

T A B CVH o EECFAE Y bR A (http . //www.evh.org.org.en/) (NSII [E Z AR A& (http ://mnh. scu.
edu.cn/ ) BUHE PE DA B4 DU & R ASE AT & R SCRIC R L3045 94 ZIUA AR fiid sk, %3
SFUN P K TR A AR A D SR A TR B, R BRE AR BN R TARET I 5 S B AR EURE D
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ARV (LIG) RYEVKIT (LGM) (At i (MH) (3R ( Current) FIZR R 20505 ,2070s #51 5t<
i KRB B T 2T WorldClim 048 %2 (http ;. //worldelim.org) , PRI PUG AR 24 K F 50K Z2 Wi B v L,
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TF 7 CCSM4,, 3R TR U5 T P [ B2 Bt g o 380 5 i S 088 1) v [ = 38 855 4 (hitp - // westdc. westgis. ac.
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T AR DU A TR 1 A X TR RO LA AR AR 0—1 SN, 10 2R IX, 11 A X
e B AR A MR S ArcGIS 10.4 BEh 1R HE DU A AGE A X 23 [l A% AR L TR

1.6 Z JUIRSRARRLRE T A ds AN AR AS

M8 31 2508 i F 7 vk, 7R 2 % 1 i3 4T MaxEnt 8¢ @ (9 MaxEnt. jar 3C 44 7 # “ density. Tools.
Novel” , 15 2| 22 ST AR UL T (MESS ) Fl A AR & (MoD ) , W52 4007 Hh it 25 5 AR A M5 8 IX B 300
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2.1 EIRMEALLS

MaxEnt B HESEUNALES W2 1, delta. AICe \avg. diff. AUC B /NTBRIME , XAC RGBS 5007 D) AR
RIS BE I 2 | H. delta. AICc =0 i} FC= LQHPT,RM =4, IS A 7E M B E0LH & F A RIR DL 25 5 1%
L, R, ARSCE TG AR 27 A3 4i SO 18 DIEE A+, & FC=LQHPT,RM =4 #£17T MaxEnt 15 AU
PG AR £ AR AR TS AEIS A X, 10 IRE K T3 AUC {H 4 0.987 (K 1) , F/R AL 45 Rk e

#* 1 MaxEnt #2! Enmeval (£ iE 3645

Table 1 Evaluation metrics of MaxEnt model generated by Enmeval

YIgrdE AUC 5

Ay R ey T e/ ME BEI AICe 7
ype L ave.diff. AUC

2RI default LQHPT 1 67.1547 0.0298

Ak optimized LQHPT 4 0 0.0294

FC .20 4 Feature combination; RM; J¥ %1% 4% Regulatory multiplier; AICc: Akaike {55 B8 7f)] The akaike information criterion corrected ;
AUC: Zik#E TAEFE M2 T 1 The area under the subject curve; LQHPT; £ PE4FAE ( Linear features, L) + —KHFAE ( Quadratic features, Q)+
J BRI (Hinge features, H) +3FBIKFAE ( Product features, P) + 5 {E 14 FE i ( Threshold features, T) ; delta. AICc: f/IMi B HEN] AICe The
minimum information criterion AICc value; avg.diff. AUC: YIZRE AUC 54 AUC 2511 Difference between the AUC values

2.2 SENA UG ARSI AR I 2 BRI A

2% 2 PR N2 UG K43 A0 |, STk ( Percent contribution, PC) 1V JERT 14 F) EEIREE AR 8 | 1 5THRRAT 5
PR BT H Bk it (biol4,36.95% ) AERE7K it (biol2, 14.83%) (32 )2 1 584 HURR & & (t_oc, 11.21%) i
W (gloelev,9.38% ) fix T2 -1 IR ( bio9,6.28% ) ; B # # B E ( Permutation importance, PI)fij 5 137 A&
AEIIE (biol ,28.04%) dx T2 R (bio9,25.06% ) AR 7K (biol2,16.51%) fx T H BE/K & (biol4,
13.80% ) 5% H Bl (bio6 4.83% ) 5 HH 1] 2 AT feff ]S A8 s ik, TR ARG I 2R3 4 (B S R Y 3 478
I3 AR K B (biol2) (BT H BEK i (biol4) 4RI (biol ,28.04% ) 5 T2 P24 (bio9,25.06% ) |
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2.3 mﬁ*ﬁﬁﬁ?{qﬂé@{g&ﬁﬁig ' 0 012 0.4 0.6 0.8 110
PAT 332 3 AT, DO AR S Hi7E v 1 4 20 A HESHE Specificity

K 35.92°—45.15°N,95.12°—119.85°E, LY iE 4= B 1 Maxent HEE ROC Wi 2

X E */E{ é/‘] j‘j 124. 45 x 10°* kmz ’ IE & [ﬂ Eil + E iFR E/‘J Fig.1 The ROC verification curve of Maxent model

12.96% , 38 'L FE f5c ey W b 7 R 58l B9 | T 2 IRLUK

fen i AR X AR A DRI A DX T AR 33 24 o R A X AR Y 2.69% 22.17% F1 75.14% , DUA AGHE A X 32
TEFPE PGS, W s N5l o A X T B H ARG A S BEPE AR AE - X, A, DU AR B b A
A ZE DU R LU PG AT L I A A 1058 (EARHE MaxEnt BBV 45 5ok B 20T 2030 L PE 4R
A AGALF o AGE A PO A AR Ho ) S AR XTI L 3.35x10° km®, 32 B4 v P 5ty BT 38 A2 T
SRFE LAY, BT LA PRI DA RS, ST R DA SRR 2 i LAV 7 = Il L ia XA A
LT e == b A > o AT
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Table 2 The environmentals variable parameters of Tetraena mongolica

PG Hfﬁ{% ) PC/% PL/% TRG,, TRGy, TG, TGy AUC,, AUCy,
Environmental variables
biol4 T A Bk 36.95 13.80 0.52 1.79 0.79 2.62 0.84 0.97
biol2 AR 14.83 16.51 0.59 1.72 1.04 2.54 0.90 0.97
t_oc TR IS & 11.21 0.05 0.35 1.83 0.63 2.69 0.82 0.98
gloeley TR 9.38 3.78 0.45 1.81 0.85 2.68 0.87 0.97
bio9 BT EETPHSRR 6.28 25.06 0.43 1.70 0.88 2.68 0.92 0.97
biol LR 5.49 28.04 0.34 1.73 0.78 2.73 0.90 0.97
hfp NKEFH T 3.10 0.97 0.01 1.82 0.01 2.69 0.52 0.97
t_gravel KRB LB T 3.01 1.16 0.06 1.79 0.18 2.63 0.68 0.97
bio3 S 2.44 1.62 0.18 1.82 0.58 2.67 0.90 0.97
I_caco3 F)2 T IERRTRER 0l K P ik 2.32 0.00 0.10 1.83 -0.05 2.69 0.56 0.97
t_ph_h2o )2 LR 2.02 0.44 0.21 1.82 0.04 2.72 0.65 0.98
bio6 et H AR 1.32 4.83 0.26 1.82 0.65 2.70 0.89 0.98

PC: BTHkZ Percent contribution; PI; & #:TE B { Permutation importance; TRGo: S i 1% P71 IE AL VI 5454 25 the regularization training
gain using the factor alone; TRGw . i FHIR I LASMABH 19 IE WL I 2534 55 the regularization training gain using other factors; TGw: f#f FIFRILLASH
HABPE F AR 25 the test gain using other factors; TGo: FAAMH FZ K 79 I3 thetest gain using the factor alone; AUCo: HAM{H HIiZAE #HY
ZARH TARHHE M4 T 1 the area under the working characteristic curve of the subjects using the variable alone; AUCw ; i FHER 1 LAZM Al P T

TR TAERFE I T 1A the area under the receiver operating characteristic curve using other factors
2.4 WUF AT E ARAAE E AT XA R

Xf b 25 AN S BT 20 Al DS JRy (&1 4 3% 4) R, E R URIB1 DK LK, 4 A3 AR DX 1) 4R 7Y
7 1] 5 ok S A X2 11.79x10° km? , REBCZE A 52l TR AL AR L SRFE SO HEAR JL A B 5 K VD s A4 3k 7Y
FRLLRCH R AL, 249 5 UGS A IXTHIAR 21.34% , [RIE, HR AR AL Bevt bl 37 SR AR AN 500 P A o

http ; //www.ecologica.cn



34 AR A AU X DU A A X R = LT A% YR 1169

t_oc
t_sand
t_CaCOs
t_cec_soil
t_gravel
t_ph Hzo
A

aQ
=)
o
3
<

(=]

02 04 06 08 10 12 14 16 18 0.5 1.0 1.5 2.0 2.5
AL 282508 Ragularized training gain WIS IR AE Test gain

(=}

E%g% B BRUEE
bio6 LIRS
bio9 B PR

t_CaCOs
t_cec_soil
t_gravel
t_ph Hzo
A

0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95
SR TARRRAE i 4 F AR

The area under the subject curve
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Fig.2 Jackknife test of the importance of variables
biol : ¥R Annual Precipitation ; biol0; BB 2= Mean Temperature Warmest Quarter; biol2 AEFE K Annual Precipitation; biol4; H T H
[ K Precipitation of Driest Month ; biol5 . AT K Precipitation Seasonality ; biol9 TS ZREIK Precipitation of Coldest Quarter; bio2: BT
2% A ¥J{H Mean Diurnal Range; bio3 AR Isothermality ; bio6: % H 5K IR Min Temperature of Coldest Month ; bio9 . i T Z=E SR
Mean Temperature of Driest Quarter; gloelev;‘?@}ﬁ Gloelevation; hfp: AKX F Human Activity Factor; t_oc: EKETEEAYLR S B Topsoil
Organic Carbon; t_sand; 7% ¥)3 Sand content; t_CaCOy4 2 IR IR Bl K A Topsoil Calcium Carbonate ; t_cec_soil - IFE Y PH S AT i
fAEJJ Cation exchange capacity of soil; t_gravel ; )2 k4 & & Topsoil Gravel Content; t_ph_H,0 ;32 3R Topsoil pH (H,0)

24.21x10* km? @4 X C 32, 29,5 IARIE A X T FH43.82% , A, A 30 g v 3 A DR H gt A X0 I3 ok
A 58 A8, A YR TR A v 3 A DCH R A AR, 72 IR T RE R AR A8 Dy v A DX i i A DX B s e 3
REANAEE AL X (B 3)  FEAR B TT b, VUG AV TE 70 A1 DS 1) P 583t P8 B 37 5k 3 A X 18
15.14%,

KgAK LA 5T 5 A TR A DA% Sy (BT 4 3% 4) XF LT 0, 78 RCP2.6 1 56T, £ 2050,2070
AEAR DU AT AR X HR A1 A0, 23 )4 14 3.88x 10* km? 6.36x 10* km? , 24 (5 BLACHY 10.31% ,16.56% , 1E
RCP8.5 15 T, 5 2050 2070 4EAR MU & AT A DCARHS A 4 msiia e, (B TE 2070 4 AGE A I BUR i b 8 22
F b 3.33x10° km? , 2 (TR 9.81% , BEAR, Ak 4 SR 5T Sl A AR 1) AR5 A%, H IS A X Y
TR ACHS A R E AR (1B 3) .

2.5 ZICERBEAR{RURE R0 e AN A AL AR B 53 A

PR AU ] UK 3 | AR VR R vk 391 0 4t Hh 399 S Rk 2050s-RCP2.6,2050s-RCP8.5,2070s-RCP2.6 Fil

2070s-RCP8.5 1f 5t T, WUA A 27 DA/ 1 1 T3 Z 50 AL 433l 2 -8.27 ,10.68 . 13.81 ,—0.28 ,13.58 ,
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Fig.3 The potential distribution for Tetraena mongolica during different periods based on Maxent model
LIG : AR U] 7K s LOM : AR U vk s MH ;238 i )
£3 AEAMENEREEXRERENL/ (x10* km?)
Table 3 Changes of suitable area of Tetraena mongolica in different periods
N 2050s 2070s
B3 Period LIG LGM MH AL
Current RCP2.6 RCP8.5 RCP2.6 RCP8.5
i Az X
{E&LEE[:, 113.81 73.43 107.25 93.51 105.91 98.19 120.67 66.90
Lowly suitable area
i [X
PIEER . 38.97 23.01 26.93 27.59 30.45 27.19 33.17 24.59
Moderately suitable area
R A X
'_{Lﬁz[; 4.51 2.76 4.16 3.35 4.53 3.56 4.05 3.09
Highly suitable area
A1t Total 157.29 99.20 138.34 124.45 140.90 128.94 157.88 94.58
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Fig.4 The spatial pattern changes of suitable area for Tetraena mongolica during different periods
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Table 4 The spatial pattern changes of suitable area for Tetraena mongolica during different periods

- TR Area/ ( x10* km?) A4 Change/ %
Period e N ek ik m (kS T AR
Increase Reserved Lost Change Increase rate Reserved rate Lost rate Change rate

LIG 11.79 19.25 24.21 -12.42 21.34 34.84 43.82 -22.48
LGM 9.71 21.09 4.39 5.32 27.60 59.93 12.47 15.14
MH 4.83 26.14 5.05 -0.22 13.41 72.57 14.01 -0.60
2050s-RCP2.6 6.51 28.46 2.63 3.88 17.31 75.69 7.00 10.31
2070s-RCP2.6 7.62 29.55 1.26 6.36 19.84 76.88 3.28 16.56
2050s-RCP8.5 3.64 27.11 3.68 -0.04 10.57 78.73 10.70 -0.12
2070s-RCP8.5 3.02 24.56 6.35 -3.33 8.90 72.39 18.71 -9.81
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Fig.5 Multiple similarity surfaces (MESS) and the most dissimilar variable (MOD) for Tefraena mongolica over the past three periods

predicted by MaxEnt model
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Fig.6 Multiple similarity surfaces (MESS) and the most dissimilar variable (MOD) forTetraena mongolica during different periods in the

future predicted by MaxEnt model
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3 -[,Tj'i@ Fig.7 Migration location of the center of suitable areas for

Tetraena mongolica during periods
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