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Abstract; There were 58 valid distribution records of Helianthemum songaricum Schrenk in China
collected by field investigation and consulting Chinese Virtual Herbarium, Global Biodiversity Information
Facility and related literatures. Based on MaxEnt, BIOCLIM and DOMAIN models and 19 environmental
variables, prediction accuracy of models was evaluated by area under the receiver operating characteristic
curve (AUC), potential suitable areas of H. songaricum in China under four periods of Last Interglacial
Last Glacial Maximum, current (from 1950 to 2000), and future (in 2050) were predicted, and
dominant environmental variables affecting potential suitable areas of H. songaricum were evaluated by
jackknife test and principle component analysis. The results show that AUC values of MaxEnt, BIOCLIM,
and DOMAIN models are 0.984, 0.837, and 0.962, and their prediction accuracy is good, normal, and
good , respectively. The prediction results of MaxEnt, BIOCLIM, and DOMAIN models show that areas of
potential suitable areas of H. songaricum in current account for 3.19%, 7.63%, and 5.62% of total area
of China, respectively, which mainly appear fragmented and narrow disjunction, and distribute in Inner
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Mongolia, Xinjiang, Ningxia, Gansu, Shaanxi, and Shanxi. In future, areas of potential suitable areas of

H. songaricum account for 2.95% , 9.55% , and 7.09% of total area of China, respectively, in which,

areas of high suitable areas account for 0.42%, 0.11%, and 0.49% of total area of China, respectively,

potential suitable areas decrease sharply to western Otog Banner and Wuhai City in Inner Mongolia, and

the junction of eastern Alagxa Left Banner in Inner Mongolia and northern Ningxia. Main environmental

variables affecting potential suitable areas of H. songaricum are temperature (annual mean temperature

the minimum temperature of the coldest month, mean temperature of the warmest quarter, and mean
temperature of the coldest quarter) and precipitation ( precipitation of the warmest quarter and
precipitation of the wettest quarter) , and the effect of temperature is bigger.

Key words: Helianthemum songaricum Schrenk; MaxEnt model; BIOCLIM model; DOMAIN model;

climate change; potential distribution
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Table 1 Basic information of 58 populations of Helianthemum songaricum Schrenk
R IV 233 i WHR/m o ORIREY
No. Location Longitude  Latitude  Altitude  Resource"
M52 HIR X Inner Mongolia Autonomous Region
1 BRIRZ W SR TLIE Otog Banner, Ordos City E107°11' N39°22' 1220 [29]
2 SRIR Z Wi i SRFE 7E i Otog Banner, Ordos City E106°48’ N39°52' 1300 [29]
3 R Z Wi 4B IX. Dongsheng District, Ordos City E107°12"  N39°30' 1130 [29]
4 LT )1 X, Haibowan District, Wuhai City E106°57' N39°20° 1200 [29]
5 BT 53K X Uda District, Wuhai City E106°40" N39°29' 1200 [29]
6 R Z Wi SBHE TEHE Otog Banner, Ordos City E107°12"  N39°30" 1537 [30]
7 RIR 22341 11 %R FE 7E i Otog Banner, Ordos City E106°58' N39°54’ 1426 [30]
8 TRIR Z Wi TSP FEFLIE Otog Banner, Ordos City E106°55' N40°03' 1218 [31]
9 L3, T )75 X, Haibowan District, Wuhai City E106°49’ N39°36" 1773 [32]
10 R Z Wi SBHE LI Otog Banner, Ordos City E107°04" N39°21' 1401 [33]
11 BR/R 22T ER4E FLE Otog Banner, Ordos City E106°59' N39°38' 2144 [34]
12 BRIRZ Wi SR TLE Otog Banner, Ordos City E106°55' N40°03' 1213 [35]
13 BR/R Z2 T E RS X Hainan District, Ordos City E106°53’ N39°32" 1299 [36]
14 BRIR 22 Wi SR4E LA Otog Banner, Ordos City E107°04" N39°22' 1395 [37]6
15 BT EN S X Haibowan District, Wuhai City E106°58’ N39°54' 1443  [37]6
16 TRIR Z Wi i SRFE 7E M Otog Banner, Ordos City E107°05’ N39°55' 1568 [38]
17 BR/R 22 T IS AR AL Dalad Banner, Ordos City E109°19° N40°19' 1129 CVH,PE01953832
18 BRIR 22 Wi SR4E FLAE Otog Banner, Ordos City E106°59' N39°38’ 2144  CVH,HIMC0022441
19 BTN X Haibowan District, Wuhai City E106°50" N39°39’ 1200 CVH,BJFC00012138
20 WA DR T 46K M 48T Ergun City, Hulun Buir City E120°46’ N51°15' 693  CVH,HIMC0022445
21 L9517 %35 X Uda District, Wuhai City E106°43" N39°30’ 1106 CVH,XJBI00022071
22 RIR 2241 11 SR FE 7E i Otog Banner, Ordos City E107°21' N38°52’ 1293  CVH,HIMC0022437
23 B 7 36 BA BT 17 3 Z2 i Alagxa Left Banner, Alagxa League E105°56" N38°49’ 3188 CVH,WUKO0156299
24 A DR T F 764117 Yakeshi City, Hulun Buir City E121°02"  N49°04’ 699  CVH,HIMC0022446
25 BRIR 22 Wi T P4 9K L Ejin Horo Banner, Ordos City E109°21' N39°40' 1408 CVH,HIMC0022442
26 BRIR Z i SRFEFLE Otog Banner, Ordos City E107°00’ N39°49’ 1441 CVH,PE02031622
27 FRIR Z Wi i SRFE 7E M Otog Banner, Ordos City E107°07' N39°21' 1404 SEZBRIEA Field
investigation
HrimdE B /K HIA X Xinjiang Uygur Autonomous Region
28 BRALG % T8 [ 1AM R T B Tekes County, Ili Kazak Autonomous Prefecture E81°59’ N43°14' 1318 [39]
29 TR B 58 A B ML B Gongliu County, 1li Kazak Autonomous Prefecture E82°28’ N43°35' 1010  [39]
30 RIS B0 F AN 4 72 357 B Tekes County, Tli Kazak Autonomous Prefecture E81°56' N43°12' 1166 [39]
31 AL BE 5T H iR M FTR B Xinyuan County, Ili Kazak Autonomous Prefecture £82°34' N43°34' 952 [39]
32 PRBLA 5% 55 VAN R 7 B Tekes County, 1li Kazak Autonomous Prefecture E81°45’ N43°10’ 1246 [39]
33 PRI R T 3 VA ML B Gongliu County, Ili Kazak Autonomous Prefecture E82°28' N43°25' 855 [39]
34 BRALG % 5 [ 18 M T TR Xinyuan County, Ili Kazak Autonomous Prefecture £82°37’ N43°27' 829 [39]
35 A BE 5 A iR M T B Yining County, 1li Kazak Autonomous Prefecture £82°03’ N43°41' 1220 [39]
36 H/R¥E RIS 5 A MR T Bole City, Bortala Mongolian Autonomous Prefecture  E82°03’ N44°49' 566  GBIF
37 AL 5% 58 B IG M ILEE B Gongliu County, 1li Kazak Autonomous Prefecture E82°15’ N43°29' 1049 [29]
38 PR 5 VA MR TR B Tekes County, Ili Kazak Autonomous Prefecture E81°49' N43°13' 1250 [29]
39 AL 25T H iR M T B Yining County, 1li Kazak Autonomous Prefecture E81°35' N43°43' 1010 [29]
40 AL B2 5T H iR M FTR B Xinyuan County, Ili Kazak Autonomous Prefecture E83°13’ N43°26' 1210 [29]
41 AL 25T H iR M I FR B Zhaosu County, 1li Kazak Autonomous Prefecture E81°10’ N43°07' 1490 [29]
42 AL % 5T HIG M2 # 5T & Nilka County, Ili Kazak Autonomous Prefecture E82°31' N43°47' 1 180 [29]
43 BRALG % T8 [ 1AM e B 78 B Nilka County, Ili Kazak Autonomous Prefecture E82°31' N43°35' 792 CVH, XJBI100022073
44 BHARLIAEE 5T B 1AM e #1522 Nilka County, 1li Kazak Autonomous Prefecture E82°34'  N43°34' 1197  CVH,XJBI00022070
45 AL BT iR M ILEE B Gongliu County, 1li Kazak Autonomous Prefecture E82°24' N43°29' 892  CVH, XJBI00022064
46 AL BE 5T H iR M FTRE Xinyuan County, Ili Kazak Autonomous Prefecture [£82°58’ N43°30' 813  CVH,XJBI00022067
47 AL 5% 5T H IR MR EL Xinyuan County, Ili Kazak Autonomous Prefecture E82°30’ N43°20' 2 113 CVH,XJBI00022063
48 RIS =50 H G N 727 B Tekes County, Tli Kazak Autonomous Prefecture E81°54' N43°14' 1165 CVH,XJBI00022062
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P i 2353 S WH/m SRIED
No. Location Longitude  Latitude  Altitude  Resource"
49 PIAUABETE VA MNEE TSI Tekes County, Tli Kazak Autonomous Prefecture E82°20’  N43°13’ 1015 CVH,XJBI00022066
50 BHALGEE SE A VA N A SO 38 R 50l A VA B Hoboksar Mongolian Autonomous  E85°22"  N46°35' 1415  CVH,XJBI00022072
County, Ili Kazak Autonomous Prefecture
51 A5 H iR M ILEE B Gongliu County, 1li Kazak Autonomous Prefecture E81°31’ N43°55" 914  CVH,XJBI00022068
52 RIS B2 5C F AN ILER 2 Gongliu County, 1li Kazak Autonomous Prefecture E82°00’ N43°35' 1000 CVH,PE02229897
53 RAUEETT G LB B Gongliu County, Tli Kazak Autonomous Prefecture E82°29'  N43°25’ 1068 CVH,PE02229900
Hil4 Gansu Province
54 L EixE R Yongchang County, Jinchang City E101°58" N38°14’ 1961 [40]
55 I B 81 H 60 7k 55 2L Yongjing County, Linxia Hui Autonomous Prefecture E103°01"  N36°00’ 1573 [41]
56  4BTiAKE E Yongchang County, Jinchang City E102°16" N38°19" 1730 [42]
T H % H IR X Ningxia Hui Autonomous Region
57 BT LIX Shapotou District, Zhongwei City E105°11"  N37°30" 1226 [40]
58 th T P33k X Shapotou District, Zhongwei City E104°57"  N37°27’ 1300 [43]

D CVH N BT AR AN, HG A5 MARAS 1 4585 CVH represents Chinese Virtual Herbarium, and the subsequent code represents bar code
of specimen in the herbarium; GBIF KA ERAE Y ZREVE(E B M4 GBIF represents Global Biodiversity Information Facility.
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Fig. 1 Area under the receiver operating characteristic curve
(AUC) of prediction result of potential suitable area of Helianthemum
songaricum Schrenk by MaxEnt, BIOCLIM, and DOMAIN models
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Fig. 2 Potential suitable area of Helianthemum songaricum Schrenk in China predicted by MaxEnt model
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Fig. 3 Potential suitable area of Helianthemum songaricum Schrenk in China predicted by BIOCLIM model
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Fig. 4 Potential suitable area of Helianthemum songaricum Schrenk in China predicted by DOMAIN model
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EMNRME(CR) MEHREEME(PI)

Table 2 Contribution rate ( CR) and permutation importance ( PI)
of environmental variables affecting potential suitable area of
Helianthemum songaricum Schrenk in current used for MaxEnt
model prediction

EVD CR/% PL/% EVD CR/% PL/%
BIO1 10.34 15.17 BIO11 1.83 0.27
BIO2 3.26 4.48 BIO12 7.59 3.85
BIO3 3.39 4.05 BIO13 0.64 0.25
BIO4 9.91 3.42 BIO14 0.05 0.00
BIO5 1.70 5.52 BIO15 5.45 2.45
BIO6 9.14 1.78 BIO16 6.67 0.88
BIO7 1.77 0.28 BIO17 8.59 15.02
BIOS 4.33 5.53 BIO18 8.11 0.92
BIOY 9.15 20.56 BIO19 6.59 15.20
BIO10 1.49 0.36

DEV. ¥F3575 i Environment variable. BIO1; 4F i Annual mean

temperature; BI02: 34 H 424 Mean diurnal range; BIO3. ZFi 1
Isothermality; BIO4. & & 2= 5 4 45 {b Temperature seasonality;
BIO5. fix #4 A & & I The maximum temperature of the warmest
month ; BIO6; #¥% H AKX The minimum temperature of the coldest
month; BIO7. L 4F# 2% Temperature annual range; BIOS: I
ZRJE I Mean temperature of the wettest quarter; BI09: #z T2
47 Mean temperature of the driest quarter; BIO10; fc#AZ= i
Mean temperature of the warmest quarter; BIO11. #5142 B ¥ il
Mean temperature of the coldest quarter; BIO12: 4F 47K Annual
precipitation; BIO13. i H oK A& Precipitation of the wettest
month; BIO14; &% T H [k & Precipitation of the driest month;
BIO15: [&/K 8 Z=T5 1481k Precipitation seasonality; BIO16: i
2 K Precipitation of the wettest quarter; BIO17 . T =R
7K 3 Precipitation of the driest quarter; BIO18: iz #4 2= i [ /K i
Precipitation of the warmest quarter; BIO19. iz & 7= J& [ /K &
Precipitation of the coldest quarter.

FHF MaxEnt A8 952 a2 H A8 440 76 18

A XIS 1 ] DDA B 25 R LI 5.t S af
U wﬁﬁﬁsﬁmﬂ BeAR A, e ? H AR IR ( BI06) 1)
IEFUAE I 253 25 A4 25 19 75 20 B i, BIOT A
E'V"éﬁ?ir@z%( BIO11) 14 1E K00 Ak 1 25 14 25 0 0 ik

25 AR A B IX 3 AN IR AR RN H AR
AR BIOT  BIO11 1 BIO9 A2 iR ¥ TAEF:
FEfh 26 N T AR K, B I 3 A4S BB AR & T
MaxEnt A5 50 000 B P (0 PFA5 AT T B 5200

SR B AR SRR A 1 T S A %7@
B ( BIOL, BIO4, BIO9 , BIO6 Fl BIO11) Fl & 7K
(BIO19) .
252 AT ERSHH  FEECEHAE S8 KA
ICSE MR AR IR AT R T, 25 R LR 3,
&3 0N WL /T 3 A A B T 25 TR R 4 Bk
44.95% . 30. 50% F1 13.77%, 23t J5 22 o1 ik K ik
89.22% , AT 3 A~ F L3 AT LARER 19 A5 A8 i
E/J ﬂﬁfmmxio
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WKHE A Test gain

W G5 0 R B PR AR i BRIZ PR S hk AT R AR R
LT P85 AR () TN 45 S Representing prediction results using
only environmental variable, all environmental variables except this
environmental variable, and all environmental variables, respectively.

BIO1: 4F #J ¥ Annual mean temperature; BIO2: 3 H %8 2% Mean
diurnal range; BIO3. SEIR M Isothermality; BIO4; & B2 A Ak
Temperature seasonality; BIOS; [ £ =i The maximum temperature
of the warmest month; BIO6: ¥ H fifKili The minimum temperature of
the coldest month; BIO7; /R 4424 Temperature annual range; BIOS:
IR ZEE Y Mean temperature of the wettest quarter; BIO9 . fz T 255
VR Mean temperature of the driest quarter; BIO10; e UZE B P TE Mean
temperature of the warmest quarter; BIO11. #x ¥% 2 & 4 J& Mean
temperature of the coldest quarter; BIO12; 4F[#7K & Annual precipitation;
BIO13; #i H /K it Precipitation of the wettest month; BIO14; T H
[k & Precipitation of the driest month; BIO15. [ K 1 2= AR 4k
Precipitation seasonality; BIO16: i 0 2 B [ K B Precipitation of the
wettest quarter; BIO17; #x T Z% i [ /K & Precipitation of the driest
quarter; BIO18; e P B [ K Precipitation of the warmest quarter;
BIO19: fixi®Z=E [ /K i Precipitation of the coldest quarter.

E 5 BT MaxEnt BEFNHSZMEARLYREBEEERRETE
BRI AR

Fig. 5  Jackknife test result of environmental variables affecting
potential suitable area of Helianthemum songaricum Schrenk in
current used for MaxEnt model prediction
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%1 FRisrh, BIO1 AR FE /K & (BIOLS) |
w2 B /K 4 (BIO16 ) FlR #4282 24 (BIO10)
BIASo R VRIS 1 35 0 P R K R k2
HABI 73 A A B RS2 R 5 26 2 F Lo, e T H
/K (BIO14) fx T2 B FE/K & (BIO17) Fil BIO19 Ay
0y BB, LIS 2 TR K 2k HAE 1 5y
ARG 5 55 3 F s, B AR 322 (BIOT) |
BIO4 FIF-3 H 425 (BI02) B35 22 50, U B 4

®3 BINERST 9 NREEENERFHERY

3 AR X H LR o3 A A BRI

M H AR SRR AE X 1 6 > B
wAR N R ULE 6, M 6 AT UL 4R H AL RS
A XY BIOL A+ T 6.4 °C ~7.2 °C Zd], BIO6 4+ T
-19.4 °C ~ - 15.9 C Z [], BIO10 4 F 20.8 C ~
22.5 °C Z[8],BIO18 /~+F 71~ 124 mm Z[i], BIO16 4
F 71 ~ 132 mm Z[d], BIO1l /+ F-9.0 C ~7.2 C
Z I,

Table 3 Result of principal component analysis on 19 environment variables of the first three principle components"

Ibkﬁ‘ BB AR T S5 R EX Score coefficient of each environment variable
cir;iif:it BIO1 BIO2 BIO3 BIO4 BIOS BIO6 BIO7 BIO8 BIO9 BIO10 BIO11
1 0.96 -0.10 0.11 -0.35 0.85 0.84 -0.30 0.83 0.81 0.87 0.83
2 0.11 0.41 0.84 -0.71 -0.16 0.43 -0.63 -0.18 0.51 -0.09 0.48
3 0.00 0.51 -0.18 0.60 0.42 -0.30 0.70 0.44 -0.22 0.39 -0.24
EWIr HIREEAS R AYFS 5> 2L Score coefficient of each environment variable
Principal E VCR/% CVCR/%
component BIO12 BIO13 BIO14 BIO15 BIO16 BIO17 BIO18 BIO19
1 -0.84 -0.83 0.10 -0.36 -0.89 0.08 -0.90 0.08 8.54 44.95 44.95
2 -0.01 0.44 -0.86 0.83 0.30 -0.86 0.29 -0.86 5.80 30.50 75.45
3 -0.32 0.05 -0.40 0.36 -0.05 -0.41 -0.02 -0.41 2.62 13.77 89.22

DBIOL; 4E¥JIE Annual mean temperature ; BIO2 ; SF-3 H %% Mean diurnal range; BIO3; 251 Tsothermality ; BIO4; Y ZT5PE 28 4k Temperature
seasonality; BIOS: e =i The maximum temperature of the warmest month; BIO6: #:i% A f i The minimum temperature of the coldest
month; BIO7. REFEKE Temperature annual range; BIOS. % B2 47 Mean temperature of the wettest quarter; BIO9; % T Z R IR Mean
temperature of the driest quarter; BIO10; T P 1 Mean temperature of the warmest quarter; BIO11: 8 25 )35 1 Mean temperature of the
coldest quarter; BIO12: 4F[# /K & Annual precipitation; BIO13: fz{Z H [% /K & Precipitation of the wettest month; BIO14. i T A Ff/K &

IS =

Precipitation of the driest month; BIO15; F#/K & Z=45 A5k Precipitation seasonality; BIO16: {754 % /K Precipitation of the wettest quarter;
BIO17; f T ZJE /K & Precipitation of the driest quarter; BIO18: H#\ZJ¥ /K& Precipitation of the warmest quarter; BIO19: ¥4 25 /K i
Precipitation of the coldest quarter. E; LS Eigenvalue; VCR: 7 2Z TT Bk % Variance contribution rate; CVCR: 2 5 22 5Tk R Cumulative

variance contribution rate.
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Fig. 6 Response curve of 6 dominant env1ronmental variables affecting potential suitable area of Helianthemum songaricum Schrenk in current
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