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Abstract ; Peirocodon Hance is one of the famous ornamental flowers, but most of them are assessed as extremely dangerous
(CR), or at least above vulnerable (VU) due to climate turbulence and strong interference of human activities. To
reconstruct the temporal and spatial changes of the potential suitable areas of Petrocodon since the last interglacial period,
and explore the response of the suitable areas to environmental changes, which provided theoretical guidance for the origin
of Peirocodon, the study of geographical differentiation, the conservation of unique germplasm resources in China, and the
development and utilization of gardens. In this paper, combined with 120 distribution records and 17 environmental
variables, the optimal MaxEnt model and geographic information technology (ArcGIS) were used to simulate the suitable
areas and distribution pattern of Petrocodon in China and Indo-China Peninsula. Based on stepwise multiple linear regression
analysis, redundancy analysis and Monte-Carlo test, the dominant variables affecting the current geographical distribution of
Petrocodon were evaluated. The results were as follows; (1) The prediction accuracy of the optimized MaxEnt model was
high, and the AUC value was greater than 0.96. The potential suitable areas of Petrocodon for the present distribution are
continuous from Southwest China to North Vietnam, scattered in central and southern China and blocky in North Myanmar,
of which the South Yunnan-Guizhou Plateau in China was the most suitable. (2) The environmental variables which restrict
the geographical distribution of Petrocodon included precipitation of the driest month (biol4) , precipitation of the warmest
quarter (biol8) , precipitation of the wettest quarter (biol6), SD of the temperature seasonality (bio4), min temperature
of the coldest month (bio6) and altitude (alt). (3) Under the climate change scenario, the expansion and contraction areas
of the suitable habitat of Petrocodon were located in the north and northeast of the current potential distribution area, which
were sensitive areas susceptible to climate change. During the last interglacial period, the suitable area of Petrocodon
expanded on a large scale, but there was almost no suitable distribution area of Petrocodon in the dry and cold environment
during the last glacial maximum. After that, with the aggravation of climate warming, the suitable habitats of Petrocodon
increased rapidly to high latitudes, while the suitable habitat in low latitudes decreased. (4) The centroid position of the
suitable area for Petrocodon migrated northwards from Yongfu County, Guangxi (110.10° E, 24.69° N) to Chengbu County,
Hunan (110.29° E, 26.05° N). To sum up, global warming has a positive impact on the potential distribution area of
Peirocodon , but extreme warming will cause the suitable habitat of Peirocodon to shrink, and the niche of Petrocodon will
narrow. Southwest China to North Vietnam, which has the advantage of mature karst landform, may be its main refuge.

Key words: potential suitable area, climate change, environmental variable, MaxEnt model, distribution centroid
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WA AT LU E & (P. luteoflorus) ( Fan et al., 2020 )
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A SR 2R, (1) IR B AMH A (2)
TR AS RIS A0 45 b B 5 A ) A A T
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2060 414 F1 2070 4E (2061—2080 4EF-14) .
13 A~ - 390 B B ok FORARZH 4L (I I M
&l 4 41) ( htips://www. fao. org/land-water/
databases-and-software/hwsd/en/ ) it T 5 + 58 £ 45
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Table 1  Description of all environmental variables
Type Description
K biol AR R AR E Mean annual temperature
Climate . "
bio2 R 2 H ¥ Mean diurnal range[ Mean
of monthly (' max temperature-
min temperatura)
bio3 IR SRR U E Isothermality (bio2 / bio7x
100)
bio4 WAL 2 SD of temperature seasonality
bio5 A O fe i TR Max temperature of the
warmest month
bio6 % A ki Min temperature of the
coldest month
bio7 AT B AR AL Temperature annual range
(bio5—-bio6)
bio8 o 2 T 2R Mean temperature of the
wettest quarter
bio9 fe 2 Y Y I Mean temperature of the
driest quarter
biol0 Fe TR S 38 IR Mean temperature of the
warmest quarter
bioll iR 2 B KR Mean temperature of the
coldest quarter
biol2 A A [ TR Annual precipitation
biol3 T T ) B TR A Precipitation of the
wettest month
biol4 T T H B Precipitation of the
driest month
biol5 WA AL T 22 SD of humidity seasonality
biol6 T T 2 A T Ak Precipitation of the
weltest quarter
biol7 i T 2 [ Precipitation of the
driest quarter
biol8 Fie PN I S 34 [ R Mean precipitation of the
warmest quarter
biol9  Fed® ZE - B Y it Mean precipitation of the
coldest quarter
+ 4 t_ph T0UJZ - 9 7 el Topsoil pH (H,0)
Soil t_clay TR AL+ i Topsoil clay fraction
t_sand  T0UZ HIEV AR Topsoil sand fraction
_texture  T5)Z 1 38 5 b Topsoil texture
t_caco3 THJZ HIEmRMRLL & & Topsoil calcium carbonate
t_gravel T JZ & R AR E 4 e Topsoil gravel content
t_oc T90)2% - A HLRR 7 1t Topsoil organic carbon
s_ph S 2 A SR Subsoil pH (H,0)
s_clay J)E IR A Subsoil clay fraction
s_sand JE)Z VSR Subsoil sand fraction
s_caco3 Ji&JZ TIETRIRER & Subsoil calcium carbonate
s_gravel JEJZ HIEREA AR 43 Subsoil gravel content
s_oc i JZ XA MLRR & i Subsoil organic carbon
WIBHE  alt IR Altitude
Landfc
andform slope W Slope
aspect  Hi[A] Aspect

M A T R ok I B R B
(https ://www. worldclim. org/ data/worldclim21. html ) ,
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MG —47 BUA R 3T B8, O BAT 58— i A% %L
#E1%ITCK/1N(0.008 3,0.008 3) i HH AL R FR (WGS
1984) LI M # 52 Ak Br &2 ( WGS 1984 EASE Grid
Global)

TESEAT Y b 3050 A BLADLIE Ay 1 A 4 R Y
7tk 22 T R P T e ST R I 45 SR Y o B LS
[, 1 5 @ 208 05 4T MaxEnt BB, GE i
Jackknife ( JJY) 1 ) K6 56 ¥4 58 A2 5 1) 8 M Ko 5Tk
ROBRTERR N 0 B2 (Zhu & Qiao, 2016),
PR AR AN AL 2L B T A ArcGIS A2
THPH sample T HIEATRAL S0 B2 2 50CH
Excel &%, SRJG7E SPSS it Al EHE B 5
PRI i 22 [A] AR DG  FHOC R BOR T 0.95 Y FREE
AR AR LAR B . B J5 FH ENMTools X BRI AZ i
AT BEORFRAASCAE A, T AE R P 2] B2 R AR AH S
I (BT YAHSC RO T 0.8 I, R8O S50 57
BRRB NS B AR 9 A28 5 (bio2
bio3 . bio4 . bio6 , biol4  biol5  biol6  biol8  biol9) .5
/l\j:i,-%%’}‘fﬁ ( t_texture\t_cac03\t_oc\t_sand\ S _
gravel ) Fl 3 A~ HiJE #5048 & (alt aspect ,slope) ,

1.3 BESE AL

MaxEnt B8 255015 B 19 2 2% B2 5 5% M 455 764 (1))
% HEJ1 (Merow et al., 2013; Qiao et al., 2015) ,
17 %% 7% BE I I 1 AR 180 2 i B 30000 235 SRS AT &g AR
MR B (R BKF R 7T HE, 2016) o BT TT R,
MaxEnt 158U (1) 52 4% i 5 1F | {6 3 £X ( regularization
multiplier, RM ) F14F1iE ZH & ( feature combination
FC) Z 805 VIAH 2 ( Muscarella et al., 2015 ; KRBk F
I 24 ,2016) . A LLE I Kuenm 48 424
£ RM Fl FC, 53T & BRI S50 52 R B, e U
F AT T 7% 7% BB 7 5 (4 528 22 850 (AR BKCT- AL 2R
##,2016) , MaxEnt B BINSHCA 5 MR, 73
AL (linear-1) | YK A ( quadratic-Q) | i Btfb
(hinge-H ) | 7€ 1 A ( product-P ) F1 & 1H Ik
( threshold-T) ; RM AY{E M 1,

£ R A, A Kuenm FHE 0L MaxEnt 5 7Y
(Cobos et al., 2019) ¥ 1E W fL L E M 0.1 ~
4 BRURIEIRG 0.1, — 3k 40 F 42 65455 R ] 6 A%
fEZH4A, B0 L. LQ \H . LQH ,LQHP ,LQHPT ( 4 ¥k -

FFT B4, 2016) . Kuenm 504 AL %) ik 31 = 40
FhSEA A AT, 24 2 pval_pROC I %,
15t R (omission rates) <5% , W_AlICc <2, delta_
AlCc=0, T F¢ ik 41 & #5258 4 5 A ( Phillips et al.,
2017; Cobos et al., 2019; Zhuo et al., 2020) ,
1.4 AL

W 20 T AT B0 17 A FREEAS EEFD 120 453
AiiE 3 B F A MaxEnt 3.4.1 v, BEEIS B E
W FEAILINR S A 25% ;5 2 il 855 i 1z £ AN 750
D53 A T 5 ) 7000 3k VP Ak 20 5 A8 B Y i 1 R
TTHR R ; i 4 XK Logistic ; RM il FC AR 45 455 8
ALZE RBE , BRI E S I 4T 10 U, 5 f i 25
RSN 10 WHFS(E, BRI Z A0, oAb X O ¢
BRINSH. e R ArcGIS 10.4 %A iy H 4 Al
6 b P AT P O G e, S AR 1R 0T B B R s A
TERE R Ju BN 0 2] 1, 2R J5 R H A 28 4 13k
(Jenks ) Xof 73 A P00 141 14 232 R P AE A1 X
PN AN EY AEEX (0~0.1) R A X
(0.1~0.3) FEidAEX(0.3~0.5) i X (0.5~
1) FEFH T shik i A T W (i, AS BF 508 5 i A
DX AR 3 A X SO R aE A X
1.5 ALEEREBAD X NRETEM X R

A SPSS 20.0 H A BEAT 138 1 GE it ok 23 M
A7 R 0 AR XA U AL, O R 2 S R B
(CV) K M & & S A2 i 10 248 5 2 ¥ (Fang &
Yoda, 1991), 7008 17 MM E R S A IIE S
J& PR AR AR E AT 38 20 2 oo M IR A o3 i, O e
CANOCO 5.0 Bffrp 5k A A2 i 5 2 26 JE AT
TUARSIHT (RDA) |, JF 2R I 52 4 K 3% ( Monte-Carlo )
o 0 et A A M 728 1 0 LU T b 3 3 A Y DT
R, DA R T K52 e A Ll R H AR A Ay
AR,
L6 BEESHRZEREE

YR AFFERERAE = 0.30 (1925 8] BT 8 XN A7
L R A DX, PR A AE S4B <0.30 1y =5 [/ R
TCRIN R R AN G A X, ST TS AT R R
SR A 1B R T TR B 0 AT A AR AT
FECO, 1) 46 M, 3 B AR B9 W 7 RO A 7E M 1H
(1), AEEA BT R A FEERIE(0) . VA
TR 0.1 kit JE— 2D o3 #r 1 ad ARk R
B S T A LS R 3 A XS [ A R i A8 A,
ST 4 3 AR XA AR B O AR XA RO A X
B A XA AR X, o 25 AR SR 1 Tl AR Ak
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SRR MR 1L R il AR S A
1.7 ROEB S

T, FH B0 7 A A2 A ok B ) b i R
AR R 7 1) FEE 25 ( Zhao et al., 2021) , &
J& , R R 4 A9 Kuenm 0315 7 R YK ] 7K |
ARV VKB A3 thE v 3 |2 A OR R X Y
23 [8) 28 Ak A3 B X 4 14 JUAR] 520 A & ( Bateman et
al., 2016; Laurent et al., 2018) . &/, Fefi11# F
SDMs T ELBRBR U B R 26 B | LAKS: # K 8] s 30 A
L& T 1 o0 o7 B TR B0 28 2 B A A O
— A HEFE B (Cong et al., 2020)

2 R E M

2.1 WBRAL B w0

BT A INE BRI 120 A5 50R 17 A H5E
A dg I MaxEnt #5285 AR ADLUFD T 322 Ja 4840 1) v
FEIEAE X, ARAEEAILILE R (3R 2 ) i 2 pval_
pROC=0 B4 E M it % =0.0333% /T
5% ,W/NF MaxEnt £ 8 ERINE . W_AICe=1 /N F
2, 5HXF M RM=0.1 fil FC=L,

Zik & T AE F5 1 i 28 ( receiver operating
characteristic curve, ROC) L/ 0.5~1.0, —BIA
 AUC {HAE 0.5 ~0.7 I, B2 R F00 o] S5 PR 78
AUC 0.7~0.9 i, BEAL T ) S8 1 v 55 AUC KT
0.9 K, A7 75000 o] 544 ¢ 55 ( Hosmer & Lemeshow ,
2000) . FATHIRFFEL R F I N2 IHH AUC [HE)>
0.9(1& 2 ), RUIBAI TR AT 5B
22 REGETEESHEEENIFELTE

AIE H & AR RS R 5 2 ] B 2
LR WNEOC RN 3 PR A 1L E &8 A
TEME AR 1Y 7K 53 728 e A e T H BE T i (biol4) (I
V& 25 B2 V- P [ T A (biol9) | fie # 2 i - 1 B R
it (biol8) (IR Z=FE T & (biol6) ; AE & 8 i A
B 22 F M (bio2) B4 25 5 4F I 22 T E
(bio3) B AZ fk )7 2% (biod) eI A 17 i = il
(bio5) s MB AL 1A 13K (alt) (H[A] (aspect) 5 1
AR B T2 R PR 5 (t_caco3) ik 2 T 11k
A 7 (s_gravel) (T2 AP & & (t_sand) T
}%:tﬁgﬁii&(t_texture) ° ULIEFEE%*%ﬁg
5 98.1% , H 45 3K B4t % K (P<0.01) . 3
J¥ (slope) \ T0JZ A HLBK (t_oc) | I B A fk J7 22
(biol5) 3 AR AR L4 oo B v A B, R IX 3

AR B A 1L R B AE AR R N

h T R 1 R A R AR S R
AR O &R, 6 DL L B AR B 14 AN IR AR
120 20 ic A 2 A 4, 78 CANOCO 5.0 B v it
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K, UL, 2 A 1L S R B A B S
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P R AR > MU A8 >k A AR
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ST 2 A 3 2 Tl i B3R 53 00 R 73.32% F1
90.27%, Hh 2 (X) 5 biol4 biod HIEH £
X%, 5 alt bio6 biol8 R A KK FR, 5 biol6
ANAK L5 (Y) 5 biod biold RIFH LK ER,
5 biol6 , bio6 2 A1 L K R, 55 alt, biol8 ‘&
A

HTRE6 AN FHEAE S A IE S &
PN YOG F , 38 2k 22 1) 2445 e 10 i 2k i RS
FIAEAEME R MR R A R 2 LR (K4 ), K
rh 3 AR XA R A AR 22 (biod) 3 Ll 98 ~
920  Fe 1 Z= - 2 [ W i (biol8) AY I il /& 185 ~
1 207 mm V3K (alt) B8 FlJZ 70~2 084 m f T
H M & (biold) B HIE 1 ~54 mm iR Z=F N
i (biol6) M I Fl & 406 ~ 1 207 mm & H &Ik
TR (bio6) VL FEJE-6.17~3 C, 6 S EFAH
B2 S RN 17.20% ~79.37% , 5 5 1 0y Fe K T
(bio6) MY 7E 5 2R E R K, Fe W 2= [ TR £ (biol6) 1Y
TR RPN, GEEREERRSCEE, AL
R B H A X R I HLG IR B S R
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See Table 1 for description of environmental variables.
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Fig. 1 Pearson correlation matrix of all environmental variables

% 2 Kuenm £ 4 B #J MaxEnt # 8 {3 E M 3545
Table 2 Evaluation metrics of MaxEnt model

generated by Kuenm

FAEALE  IENfLoRe%

YRS SR
E33 Feature Regularization = ”ﬂ% %‘
L L Omission
Type combination multiplier al
(FC) (RM) e
PRIAE Default value LQH 1 0.192 3
A (E Optimized value L 0.1 0.033 3

23 ALEERE SRNEAMIE S RIS
Xt 120 L FEAE BAE ArcGIS Hh k4T 5E 0, 45

TN N TS M o TR s A U 4 1]
A E VY R AR A e B AR, B A TR
T A X B oA (&5, 6) B, 120
MAIEEE S L AT A 103 A g S 7
TRTE B8 BT DX P, 6 B 0000 &5 SR 15 S B o A AR
TRAF—3, 7R YRS &N, Ed A X T AR

1.87x 107 km?, (& v [& A b w2 5 Bl b 1 AR Y
11.66% ; = it A= X A R 9.98%10° km?*, [ B 5% IX.
S B T ALY 6.21% 5 Fead A X T LA 8.76 % 10°
km?, R AR 5.45% , 45 200, Y[l 1 e
HERIEA X 104°—112° E| 18°—32° N,
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& B4 Mean (AUC=0.978) B B FH Mean (AUC=0.972) B 5 Mean (AUC=0.969)
L I S bR X £ s m R Y L s W bR T L s
I 5 L 443 Random predicition W [ FLAREH Random predicition I 56 HLEE 41 Random predicition
e F B Specifity ¥ BB Specifity ¥R E Specifity

D E F

2 z 2

2 2 2

> = =t

W w w)

= = =

Q [} [

1%} 1%} %)
£ - ]
ﬁ B T f Mean (AUC=0.968) 3«% B P 3948 Mean (AUC=0.966) ﬁ B F44E Mean (AUC=0.972)
L B T s ™ W T L s L O R T

I i HLKE 8 Random predicition 6 ALY Random predicition I 5 LB Random predicition

¥ F B Specifity

H: 55 Specifity

H: 55 Specifity

A KIRIRIVKIS (LIG, 54 120 000~ 140 000 4F) 5 B. AR PKEEM (LGM, K24 22 000 4E R ) 5 €. 4 v 1 (MH, K 29 6 000 4F
B 5 D. 247 (1950—2000 4E) ; E. 2050 4F (2041—2060 4EF-1) ; F. 2070 4£(2061—2080 4EF-37)

A. Last interglacial (LIG, 120 000—140 000 years BP) ; B. Last glacial maximum (LGM, 22 000 years ago) ; C. Mid-holocene (MH, about 6
000 years ago) ; D. Current (1950—2000) ; E. 2050 (average for 2041—2060) ; F. 2070 (average for 2061—2080) .

B 2 MaxEnt 2] ROC 15
Fig. 2 ROC test of MaxEnt model

R4 FRTENIHFERBER

Table 4 Monte-Carlo test results of environmental variables

x3 ALEEESGARAHRETENRERESIT

Table 3 Descriptive statistics of environmental variables

in the distribution regions of Petrocodon

B4 ) N Explain  Contribution FAE Significant
A HoR &R W il 22 9T Environmental -
NP AZ : . P TEEIR AR . rate rate F value difference
Envi tal Correlation F1H Significant Durhi variable
vwonmental . e fficient F value difference urbin- (%) (%) (P)
variable N p Watson
(R%) (P) biod 71.1 77.9 436.0 0.002
biol4 0.981 614.805 <0.01 alt 10.7 11.7 103.0 0.002
alt 0.980 615.079 <0.01 biol4 3.9 4.2 47.3 0.002
aspect 0.973 506.831 <0.01 biol6 1.1 1.2 14.7 0.002
bio3 0.960 406.324 <0.01 biob 4.4 15 30.5 0.002
t_caco3 0.953 382.767 <0.01 bio2 0.3 0.3 4.7 0.020
s_gravel 0.945 366.896 <0.01 2.03 aspect 0.4 0.4 6.7 0.010
bio4 0.934 346.409 <0.01 ! 02 02 3.9 0.062
slope . . . .
t_sand 0.916 313.274 <0.01 bio3 0.2 0.2 14 0.072
D10, . . . .
biol6 0.897 301.240 <0.01 biol9 o1 o1 4 0.104
io . . . .
bio6 0.870 289.865 <0.01 3 o1l o1 - 0.12
biol8 0.824 273265  <0.01 oo
S > 2 2 2. .092
bio2 0.766  287.581  <0.01 texture 0 0 8 0.09
{_texture 0.632 303.394  <0.01 biol3 0.1 0.1 24 0.134
t_oc <0.1 <0.1 0.8 0.412
VE PRSI A L i
U SRR o XA 1, T s_gravel <0.1 <0.1 0.3 0.674
Note: See Table 1 for meaning of environmental variable. The
t_sand <0.1 <0.1 0.2 0.778

same below.
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<
N
3
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X. Longitude; Y. Latitude.

Table 1 for meaning of climatic variables. The solid arrows indicate

+ indicates locations of Petrocodon. See

the longitude and latitude of the dependent variables, the hollow
arrows indicate the climate variables of the independent
variables. The angle indicates the correlation (acute angle indicates
positive correlation; obtuse angle indicates negative correlation;

right angle indicates no correlation).

B3 ALEEEHMESHSHETEHN RDA HF
Fig. 3 RDA ordination of geographical distribution
and environmental variables of Petrocodon

NG RRES i e SRS 4 R A e S o 2
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24 5 EFEZUTALEEES HiRFMEAME
=L

R A5 214 I A b B 3 A 1 53 R B 85 B0 | 42 il
T E SRR A X E (S, 6), K
YR I P 38 AR DX AR R T AR Y 10.73% (% 6)
FE 24 [ A 0] B A X1 LAY 3 Rl LB R
2.26% , R FH 3.96% , Hii F/NF LK, K
A 38 A DT AR 7 Bl 11.66% , o s TR
WA VK, (R, YA 38 B AR 35 19 40 A oD A B
VR B UK 3 1o R 6 B L X, O HLE E X
e, BRI vK S 5 1 108 7E 43 A IX B %
JR R AR VKB 0 TL-F- 1% A6 R AT 038 H Y
X, e 35 11.71% , 38 K TR %, <

BRIELTHARM T ALEERMARK, 2Fdh
W15 250 M L, % R A S R SR AR S
ARARL, 318 A= X 1 A 5 H R 10.33% , 81 385K 0.86%
TR 3.26% , Fiilh H /N T2k RUZH S
BRI AR T AILE S B ERK, FEEA
AT, AR VKA LK, o E = 5t i 2
T S R R 3 A X B A A i R

FEARE MG =T (7 ), F 2050 A 10 E
BIRHE AR 5 (14.66% ) ik 2 WAE | 5715 R
2.61% , 1253 0.04% , #7 35 X I AL T 24 7 B 1 38
A X HLO I AR ER . 2070 ARG EAE S N LR
14.17% 2R 2.72% , K% 0.24% . AR WA
ik ST 34 DX sl 3 A7 A B 0 3 2 5 A b R
IRHR ST RIRT A R A AR b S ) BB DX
XX 6 R o BB X R, R, A AE 2050
SRR I RN m il A X R A A
It HA B E R Y B o A 7 — 2 B EE T e
Rl A T RRORRCIR 285, B3I 2070 K 2> bt 25 185 1 Tt
e 1 A X T AR T RARAIK
QS RBREUEETALESEBES P OK
EREE

AU BT K38 B X5 (& 8) o T P 7k A
H.(110.10° E 24.69° N) , K W &) vk i 16 75 JL 1T 5%
S FHEE R (107.94° E 26.16° N) , R K 7K
AT EEE] =I5 (109.60° E
25.54° N) At rh A 1) AR b Oy i B =R
A AT (109.95°E ,26.24°N) |, Z Ji [A] 35
TR E W r WA B (110.29° E.26.05°N) ,
2070 4F it o0 A5 1) AR RS AE RS W IR P 2R B
(110.19° E,26.30° N) , A UK Al oKW AH b >4 5 1]
MR 179 km; AR U K8 1A B 24 A ) VG i B
194 km ; 287t A I AH LY 6 19 79 #3087 km,
IEA1,2050 4E [ AR AL RS 25 km, 2070 4F 25 7 7 17
EH 40 km, ARKEKBILOE, A 1LE &G H
A B R [ R 4 M X T RS 3 RS W R 4 R
AL, I HAA R T I AR R E R

3 WwE5EE®

3.1 EEBESH

MaxEnt #5271 () 2 50 BRI % B & mad Xk B 6
ASHB X 1) 226 i) i ) AS ) B 4R 0 A7 I i A=
ALY (Phillips & Dudik, 2008) , i ROC HiZk ¥
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Fig. 4 Response curve of environmental variables and probability of presence of Petrocodon species distribution
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Table 5 Descriptive statistics of environmental variables in the suitable areas of Petrocodon

S Bt -

95% A% IX.[i]
95% confidence interval

s "
. e R AB M PN
Environmental . cv .. g
. Mean Standard deviation Minimum Maximum
variable (%) TR BR
Lower bound Upper bound
alt 710.42 413.71 58.23 649.40 771.45 70 2084
bio14 28.26 16.07 56.88 25.89 30.63 1 54
biol6 741.52 127.51 17.20 722.71 760.33 406 1207
biol8 653.90 164.14 25.10 629.69 678.11 185 1207
bio6 -1.47 4.31 79.37 -0.144 -0.087 -6.17 3
bio4 596 156 26.22 573 619 98 920

L 5 Jim 9 A A DX 0 AT 45 R g

YR BRS FE  (HZ X T 45 5 W) i BIF 5, 101 &
WERU S G A U N /NG o S R S
( Anderson & Gonzalez, 2011) , 7] L7555 M 5% 62 1
JERIA (Zhu & Qiao, 2016) . EALAY MaxEnt 4559
TOUIN 25 A5 3] - 1 5y me iy i 46 B AUC =0.96, 3%
AR A 2 R LA e 5 32 Js A ) s B A7 %
AR AR AR Y WA L (R BKF- AT 256, 2016)
A LA PO L 0 A, X R WL T A

32 ALEEEREESERIRASH

MaxEnt #5578 F00 25 B 2% 7% A 1L E & R A /Y
T KT REME , ASREHERG 15 1 4 P B S 04 43 A Y 1]
TR B 08 AE 43 A X, AR S5 R F W] AR
WA UK (LIG) JF 4R & 2070 4E 285 6 AT, A4
LUV e T A XD VY R A i 8 & R R LR
T W0 A7 ] e 0 R B Rtk 4 A 4 A AL



5 0]

A,

A LB T AV AR S A DR e LA 358 0K 5l A%

809

N

A

HES: GS5(2019)1822%

E i Legend
- TEER (0~0.1)
Unsuitable area (0-0.1)
l:l REERX (0.1~0.3)
Lowly suitable area (0.1-0.3)
BEER (0.3~0.5)
l:l Highly suitable area (0.3-0.5)
RIEER (0.5~1.0)
Most suitable area (0.5-1.0)
—

0 625 1250

HES: GS(2019)18225

E i Legend
- TEER (0~0.1)
Unsuitable area (0-0.1)
l:l REEX (0.1~03)
Lowly suitable area (0.1-0.3)
BIEER (0.3~0.5)
l:l Highly suitable area (0.3-0.5)

RIEER (0.5~1.0)
Most suitable area (0.5-1.0)

—-— e — 7

HES: GS(2019)18225

A

%l Legend
Bl #Exx (0~00)

Unsuitable area (0-0.1)
|| WEER (01-03)

Lowly suitable area (0.1-0.3) 3

BEER (0.3~0.5)
Highly suitable area (0.3-0.5)

REER (0.5~1.0)
Most suitable area (0.5-1.0)

0 625 1250 2500
D
N
A BES: G5(2019)1822%
&%l Legend

TEER (0~0.1)
Unsuitable area (0-0.1)

| feEER 01-03) Mia

Lowly suitable area (0.1-0.3)
BIEER (0.3~0.5)

CI Highly suitable area (0.3-0.5)
REERX (0.5~1.0)
Most suitable area (0.5-1.0)

-_— -
0 625

1250

0 625 1250 2500
E
}N\ HES: GS(2019)18228
4l Legend

FEER (0~0.1)
Unsuitable area (0-0.1)

REERX (0.1~0.3)
Lowly suitable area (0.1-0.3

|:| BIEER (0.3~0.5) 4
Highly suitable area (0.3-0.5)

REER (0.5~1.0)
Most suitable area (0.5-1.0)

0 625 1250

HES: GS(2019)18225

%) Legend
- TEER (0~0.1)
Unsuitable area (0-0.1)
l:l REERX (0.1~0.3)
Lowly suitable area (0.1-0.3)
BIEER (0.3~0.5)
I:l Highly suitable area (0.3-0.5)

RIEER (0.5~1.0)
Most suitable area (0.5-1.0)

1250

AL RV (LIG, BE 4 120 000 ~ 140 000 4F) 5 B. RUCPKEEMI (LGM, K2y 22 000 4£HT) 3 C. 4t 1 (MH, K2 6 000 4
Ai) 5 D. 24A7(1950—2000 4F) ; E. 2050 4F (2041—2060 4EF-44) 5 F. 2070 4F (2061—2080 4EF-1) .
A. Last interglacial (LIG, 120 000-140 000 years BP) ; B. Last glacial maximum (LGM, about 22 000 years ago) ; C. Mid-holocene ( MH,
about 6 000 years ago) ; D. Current (1950—2000) ; E. 2050 (average for 2041—2060) ; F. 2070 (average for 2061—2080).
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Fig. 5 Potential geographic distribution of Petrocodon
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A. Current relative to LIG; B. Current relative to LGM; C. Current relative to MH; D. Current relative to 2050; E. Current relative to 2070;

F. Distribution records of Petrocodon. See Table 6 for abbreviations of different periods. The same below.
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Fig. 6 Changes in potential suitable areas for Petrocodon in historical and future climatic scenarios
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Table 6 Percentage of suitable area of Petrocodon at different periods ( Unit: %
g p
s A AEX IR AR X e A X Bl A X S A X
P ” q Unsuitable Lowly suitable  Highly suitable ~ Most suitable All suitable
eno area area area area area
AR KIE VK Last interglacial (LIG) 81.55 7.52 4.08 6.65 10.73
g
RWIKEM Last glacial maximum ( LGM) 83.62 13.40 2.56 0.42 2.99
St P 3] Mid-holocene ( MH) 80.02 9.66 5.96 4.37 10.33
4B Current 80.27 8.07 6.21 5.45 11.66
2050 78.47 7.24 5.19 9.09 14.29
2070 78.74 7.09 5.25 8.92 14.17
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Fig. 7 Change rate of suitable areas of Petrocodon o e
under different scenarios 9 100°E 110°E 120°E
&l 4] Legend
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S 25 AL 1 o 7 R X R4 R - cuangx |
N NN 25°N :
B SEE 54 (Ren, 2015) , H & L] 2 55 W5 3 4 4 I B | Joiakom

SR B AT B A DX, R Y X I A
AL S DL K e 2 XL AR I 2 XU JE oK
28 JA R 28 s ) X A SR 8 LU VAT A 5 e T R A
SR X (ZEBAE 2017) 3% DX SR Bl e B e T
PR HUE M AR i 2 AR AR SR A R T A L E E R
AR S5, AT BRI X AL EEEA
AR T I 2 R A KR RS
FRORIAEE . IR B2 B &2 B, e W 22 MU 5—
7 HSREE B K (S R 4, 2017) , RO 2= X 6—8
H B e K (R MEE 2013) , 75 b KOF 3 ZE R
5—9 H o BE fe K (22455 ,2014) , 78 2= KA F &
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A. The study area; B. Migration route.
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Fig. 8 Migration paths of potential distribution centers
of Petrocodon under different climatic scenarios
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SEHh B 2 T LY 2R KU L
33 NETESALEEEBEAEMESHATUY
X7

I 1L R A B 1 AR B AR T A A B
PRFER M, 1 A A3 A T i b DX s 5 ol Jeg 35
RS, FERNRIETHA N, 2w A 1l &R A
- A AU b A AR R, R S B K B,
17 Sl A 10 B 3 R A A X AR AR Y T B T A
A b () B B0 Bl DL B N 28E s sk 20 4k, 24
A, 2040 LB R B A A ) R R AR
BT H W i (biold) | B #4025 B SF 1 B& FR &
(biol8) fx I 7% [ Wi & (biol6) | i FE A8 b Jr 2
(biod) % H H AR E (bio6) WK (alt) . W]
A, R R g 7K A Ay T B ) A BT AR i (S R
A &R A R AE A E I R
VSRR AR et EL A G R o A P R O R
43 TC % 7K RN i B K 52 B (Lambert et al., 2010;
Wang et al., 2014)

AINEER 5—9 AIF1E, 10—12 B B
PR BEAE A K IF AL S5 R B BLOE b 5 5%
XEEFEREA, FHiL, TREMERFERES
(ST P T R 7/ N N O = 5 A A =
(biod) Flf % H F KR (bio6) I E S HEE L & 4
T —EiR2E MR EEYNAERK KT
FIFF A B 8 2298 #  F Z — ( Khodorova et al.,
2014) fHRE X T-6.17 CH IR IR AR T4 1L
[EX=Y LS NNTE- A B <y L NGl P ]
MRy, PR R 1L A DA B 0 A DX T
X, TREAN H A5 IR FE VR AL (Li, 1996), &
U, e A I E &R 5 R R b, R BUE kT
AR T 5 P A A R it o 3 Y b IR AR Ak T 2
e A e AR, PG 56 18 8 5 8 H I IRk
-6.17~3 °C BT 250 98 ~920 Ay IX H,

A, Lin 55 (2017 ) B 5% 3 B [ 7K R 35 # A
23 B 3R T 1 R ) B A A A K (E R AR
R, & T H K& & (biold) e A ZE T3y
R W I ((biol8) | i W 2% [ TR & ( biol6 ) Fl V4K
(alt) AT LT 5 8 B b 300 A 7 & 3 2 i
FIRESE T A L B R 32 A K A R A R
I, B A S AR B (185 ~ 1 207 mm) 7] Jifl 8
APEH AR W HAREERETEZ
FIFE5 (FRHAE 2018) A LB & I8 A7 76 HE R
WiV A 1) I T s 1 e A LU A HE B AE IR

MR B (0~ 1 500 m), 5 52 BR 43 A i 4k (120 ~
1700 m) AH Bb 15090 43 A X9 [ B ), {0 2 i 0
1500 m 4R KRR FREZ80A 1L E &
MIA A IE a0 K 43 AR U BTN by, 7K 43 R B
AL [ 1 FH 52 ) 36 A 90 9 P oy A B9 A% JR) (Allen,
2002 ; Hawkins et al., 2003 ; Bradford et al., 2003
TGS, 2004a) BT LA, FRATTHEDN , i 4k X 3
FELERE RN 2R TARIR B AR T A K 1
WA R 0 A b S50 R 110 X2 b S5 65 4, B8
KGR G R BT I B T 1 A IR SRk Y R
FRHL A PR EE AN F A1 10 E & & 19 2E 77 (Hawkins et
al., 2003; i fH4E,2004b) . Wk, 7E A I E &
JE AR AR P S B v R Y M R K i L
T 0 VE fe A T Y B W & 0 I8 BOEUE N
185~1 207 mm  fx T H FEW EE FTHEMHE N 1~54
mm | 5 1 2% [ R 8 EUE R 406 ~ 1 207 mm (1)
HhR

ZE iR 45 WA B AR W o A L E
JEAEY 0 AR R R T, DT E— 25 5% e H 43 A 4%
JA. ESE, R AR G IR AR & K 4 AR A A
A R AR ATE N R REAER M+
AR R H g AN TR RE A I E SR Z
TE W% SR 1l DX A 3% T B AR B AR AR TR 7R R
ROBE K3 25 14 F - HE Ay BAL M A L LR A1 1l
EEBARKEZEFEN LIS, Hk, 75317 b B
O3B GE T DA S A B A S o R B, A I E
Ji L b, B A A 2 34Ok 1 v BT R L S (B AR
ANES) Wi, AILESEER(REEALER,
2R B RTALC LA A A T V8 IR B RN R R T
B B B0 PR Mg 1) BT R 24 A A [R] A g
Wrasb g b, FESL SR AE TR BE S S R g 1T R b A
T 500 5 B 1 25 53 R B8 DT R 9 b 8] ) b
AR PRI,
JAALEEREEERFESGREXMSIET &
B9 M) iz

FRHEAR TR 285 S MR W 8] oK 3 FF 1 21 R ok <
156 (2070 4F) 6 PGB, A 1L & R A P
T rb e 2 5 )38 AR DX TR R R VR KO 30 T R
fIC, a0p i B e A 3o, 2 J5 B som, B &
2050 A 13N, T 2070 4F H B8 R IR R
FUBARA ] = 45 B b X RS Bl ik B, ARl AR AR
SEMEMR UL, SN 3 & S B R IE , mifa e i<
B AE 23 38 0 — A4~ M X B 9 Ff 3 & B (Stevens,
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1989) , FEAYK[H] pKHH 8] | 7R W7 22 XU 3 58 | 5 TR 34
I, A BRI B AR R 5 24 1 8 B AH 2 AR DX Al
P AR A AR SRy o B A A DT ARAR G Y i A
b RTRE S PR Ry A 2R UK B) K AR A Y 2 5t 4R %
A6 T b DX KA R M AN J 3 (SR BRI R B, 2020)
TEAR ORI, S T8 T4 8 K AR T A
IWEHRMAERKKE, 3 3% 58 A4 X
PRAEIE 11.71%, TERWIKEI Z 5 2 ERA
Bk TR B 2R T vk ], ek SR B AL
HEA T AR R SE 9 40T Iz 3 (DL R 45, 2021)
TZ 1A A DX G AR R AR G BB 2 A S i A
AR T AR ik B 10.33% . 2 i & 2050
A TR EE B B TR AR T A Ll R A AR X
P FCE A DT AR LA B R 14.29%
VLB —E LB R A A T A EHE R
B HJ2 78 2070 4F 3 AR X T AR X A 20
U B A BR A58 1 1L 1T RE B %R W S PR AR 35
AR R A 1 R N A R 1 R A
PRESR (Liu et al., 2017) , B ATTME LR BR IS B A%
1AL .

SAER, AIEE B E A bRk S
XA E 1Y) 1y 38 A= X 32 By b [ S AR (P B
Mz T AR FE AR ) AR AL ER . 7R X 2 b X 5
PRI BE X A AR AR A X AT A5 1 SRS v
HEAL, I H AL E S R I A X R ) i 2
X RS 3 B9 B R, X 5 B 5T 4 2R DR — 2
( Sekercioglu et al., 2008 ; i #i = % ,2018) , i&
LA 55 Y W 4 AT ek A7 T 3 R DAY B R A
ARACTR 33X S Wy T xof <A 2 Ak B A AR X
( Thuiller et al., 2005; Diamond et al., 2011) , X
S XSl 7 2 0 R DN T B B R o B A Y e
SRR

gi bR BT A L R K 2 R0 I i e
ORI NG R S = DU i |- =S S P R T =
B R E SRV LE 1 A XS R G T 4 R A
THHEGALE TS A X RO ILE &R
SIFR TE R AN FWTSE, Ry Bel AR E A Y 1 o A
T

it EXZEFERMTEHFEIAAY
BERHT AL B R A RILR T &L BB
( Petrocodon ainsliifolius) #5 #4 09 2 4 JE W 3212 B
AR AT I F B A SRR P LA 4G B B
HMRRIKFARIREPEFTHAR L EH,
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