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Prediction of Potential Habitat Area of Polygonatum kingianum in China
Based on Maxent Model
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Agricultural Sciences, Zhengzhou 450008, China)

Abstract: Polygonatum kingianum, as one of the important traditional Chinese medicinal materials in Yunnan, has
seen a decline in its wild resources due to over-harvesting, and the research on its artificial cultivation is relatively
insufficient, which has seriously affected the protection and utilization of its resources. Therefore, predicting the
spatial changes of its potential suitable habitat is of great significance. The potential suitable habitat of P,
kingianum in China was predicted by using Maxent model and geographic information system, combined with 63
valid distribution records in China and 15 environmental variables. The results showed that the area under the
receiver operating characteristic curve was 0.971, indicating that the model had good predictive ability; the
suitable habitat of P. kingianum was mainly concentrated in the southwest region of China, including Yunnan,
Guizhou, Guangxi, Sichuan and Chongqing; annual precipitation, precipitation in the driest quarter, altitude and
the lowest temperature in the coldest month played a key role in the geographical distribution of P. kingianum; in
the future, the center of the suitable habitat of P. kingianum will gradually shift towards Guizhou. This would be
provided a theoretical basis for the in-situ and ex-situ conservation of P. kingianum and the selection of artificial

high-efficiency and high-quality cultivation bases, and has important practical significance for the protection and
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utilization of its germplasm resources.

Key words: Polygonatum kingianum; Maxent model; China; Potential suitable habitat

I RE (Polygonatum  kingianum) & (P [E 25 i)
(2015 FR)“FERE 11 3 AN EEA . —, HAFVIIRM
TENBIE IR Thall, Th o m a2 2 —123,
AR ORS00 A X AL 2 %, SR 2 AR e 5
)8 LE B SN A Sy (G G UE e =1 LN 5 a4 !
KIE, MipHRkElREA, HBTEEERYE, BE
BHIRHTETT = Ty A o 17 H BTE RN AR T
X R R, R G DX A S AR AE (R A 72 00 55,
TG VE RS N L i R0 355 AR AR

PR3 A 157 (species distribution models, SDMs)
DL PP O 0o A A BRSEIE - HIgER 155
BORME SR H R B RO R VA i A AR A
fr, mJEdATHRE, CARFEYIMIE R XA . LA
VIR AR S MR (Maxent)™ . Bio mod2D),
Garpl¥l. Climex %5, Maxent #iY3E T #1558 —
ERL, TEVIMIELE AR e, @R DL
FERAEKAE LD RS, @R ARG RS
5 R IS P R 745 2 IR W o ) P RH B 858 2 TR) (1) 2
ERFR, HEWAG T B AGE. Maxent 7E A2 )
Pl AR b BRG0P R AR RN, f2
S P G PO AR, Ao it f= P 25U i I Maxent A5 78 T
MK WM (Fraxinus mandshurica)iEERX, A
|20 G A X AR () A TR - N K R 75 ARttt
WA /N R (Quercus chenii) b ERE 73 i ) R 1 &
TEAPE K ZRSOCCEEEEZAE A, AR
ARG 5 (Ephedra equisetina) M 38 73 A7 1) 32 2L K+
NERBEE . MR L AP EIR

AR Maxent #5584, 4545 ArcGIS 10.8.1 #ff:
XV BRI AR X AT AT R 2 DA SBEAULHE I HE R
VB UKIH(Last Glacial Maximum, LGM, ZJ 22 000 4F
A« 4sgrttd #IMid Holocene, MH, %] 6 000 4ERi)
(AR, TN ERS AT (1960—1990 4F)fIIEAE 43 A1
XA 2050 £EFH 2070 AFEHOTELE M X o ASHIT T B
TAECTEORG 3 2 A I L X SR B AR SRR, SR
TSR Pl SR R SR ER f— 3R It

1 ARERN 52

L1 B IR SRR A A
FEA AR 73 O B AR 2 A0S Y R AR

2022—2023 FEXF = F 203 SC s PEXUR AN PRl
BT, BHE. K& BB RHEL, dhk. Bl &
SO BS VU R BB A5G T R R RGBT R IR
WA SR AR, 3815 205 S E SR BT AN A 10 3% 5
W k&, TR E B K bR A BT EF & (NS,
http://www.nsii.org.cn)_F A5 2% 38 15 I R 20 A7 il 3%
429 1, it 634 . SR, 2202
JiiExt 634 A5 BHHTIE, LR, oA S
£ B F R IE5 S, LL 10 kmx 10 km A M4,
ANUREAREE 1 AN A s AT e X A0, RAF U
H5 BT HME 2o A 63 N 1).
1.2 FBEHEF IR KA

BT 19 MR AT | MR R, 3R
DRE 1.4 AR F HAEEE FE (http:/worldclim.
org), HIL ArcGIS 10.8.1 BRI AL R T 147 H K
FE MR, e RGN [R] RIS Hcah =
K2 L asc 4% AT PR A7,

L EE R A, SR P origin 2021 B4 () Pear-
son AH 2% R HON 20 AN R R F-EAT WU AR 1 2
B FOEH S NF] Maxent 3.4.1 b, BALE4T
5%, 193] 20 MR T TTER S, 4G TS
FUFROGNE, e F ERRES R 1314,
1.3 Maxent FE7) 2 57 FKE AL 10

KF Maxent3.4.1 BCHFTRINE B 76 H 1075
TEAM AT o FNETEORE A 2050 A ml ALFR B B S ZE3E
B FEE, BEPLERE 75%EE 3T 2R, 25%%
PRI B, 8 5 AR 10 000 UK, HEAY
FHEIEAT 10 W%, JEIE TJU)EE RS N FidkA7 AR LR,
I AH B i 2 R T P T

K2 IRE R I Z(ROC) T AUC 1 (BUH
JLFE N 0~1)PFfl Maxent A5 7S T R dERf PE . o
AUC<0.7 FRFEER %, 0.7<AUC<0.8 FonkifE
—#%, 0.8<AUC=<0.9 F/RFEELF, 0.9<AUC<1 K
IR R AT, AUC HBORR TSR iy, HE
AR X FIANIE AR X 2 (8] X 43 T4 P ek )
1.4 ERREEA XI5

TR LS AR BE R F— A 5\ Maxent
340 B, AR ORI S IS B FR A (HSD).
SR EI T, B HIS AE KT IR U Fl
R S R I A AR ) X I E SR S B X



622 P ML AT R 2 1 33 %
~
Q e
. ;f x
W F 341X \, Ml \“L;/..irx.xﬁh/u/ o~
| CH e
s
NUEANT R &
v o vﬂ\ o P b
! Sanad WrE
- * . N B
AN ) )
N Weas o . L] _‘}mf MJI
/ LY e, ® ./\L‘V\/N\j /
4 L] t
¢ o ZMH . ‘f/:j /ﬁi/ ;hﬁ\,
I . ® e, T
‘“ ~ . V\a'w\
T“" 2;_ .‘: /J. JUVEHERE TR X
}\\ TR e "o - P e JRAE
} o ® St
T e LIRN
® Polygonatum kingianum M .; b7
0 625 125 250
— — S GS (2024) 0650
1 EEORSET A 9040
Fig. 1 Distribution of Polygonatum kingianum
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Table 1 Environmental factors
45X F Environmental factor 1#iA Description H1437 Unit
S [RF Climatic factor biol FiE Annual mean temperature x10 C
bio2 P35 F 22 H P AE (e vl - B AL ) ] 10 °C
Mean diurnal range (mean of monthly (max temp—min temp))
bio3 S Tsothermality (bio2/bio7x100) -
bio4 5B A PE (R E 22 100) Temperature seasonality (standard deviationx 100) -
bio5 1% A 4 55 Max temperature of warmest month x10 C
bio6 A A HRARIEE Min temperature of coldest month x10 C
bio7 i Z Temperature annual range (bio5—bio6) x10 C
bio8 BOITR T A< Mean temperature of wettest quarter x10 °C
bio9 TR FIRE Mean temperature of driest quarter x10 C
biol0 %2 #4515 Mean temperature of warmest quarter x10 C
bioll AT Mean temperature of coldest quarter x10 C
biol2 fEF#F & Annual precipitation mm
biol3 i H %7K & Precipitation of wettest month
biol4 T H %7K Precipitation of driest month
biol5 [ 7K Z545 1 (22 57 &2 %)) Precipitation seasonality (coefficient of variation) -
biol6 i ZEf% /K& Precipitation of wettest quarter mm
biol7 T Z[#%/KE Precipitation of driest quarter mm
biol8 EEZE[#/K & Precipitation of warmest quarter mm
biol9 e ZE[% /K& Precipitation of coldest quarter mm
HiJE K F Terrain factor elev 14Kk Elevation m
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3R 10 FN S5 P48, HERAFN ASC #% 3K,
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Fig. 2 Heat map of correlation of environmental factor in current period (1960—1990). *: P<0.05; **: P<<0.01. Environmental factor see Table 1. The same below

2 ZHEM 20 NI T TR

Table 2 Contribution rates of 20 environmental factors involved in modeling

KT TR KT Tk KT Tk K7 Tk %
Factor PC /% Factor PC /% Factor PC /% Factor PC /%
biol 0.1 bio6 8.1 bioll 0.7 biol6 0.2
bio2 0.1 bio7 1.2 biol2 21.6 biol7 332
bio3 1.7 bio8 0.3 biol3 0 biol8 0.2
bio4 6.4 bio9 0 biol4 0 biol9 6.0
bio5 0 biol0 0 biol5 0.1 elev 20.1
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Fig. 3 Receiver operating characteristic curve of model fitting

R 3 PRI T

Table 3 Environmental factors of Polygonatum kingianum

T B2 2= 1 (biod, 9%) A& 1% (bio3, 3.2%), X 6
K7 RIHEIE 94.9%; B H Z{EPDHERM I HETH
B H 0 B AR IR FE (bio6, 81.6%) K (elev, 7.9%)+
TEE % (bio7, 2.5%) & TZ=FF /K& (biol7, 1.8%).
SRR E(bio12, 1.7%)~ Ix?& ZEfF/K & (biol9, 1.4%),
HEIHMER 96.9%; AU AL S (AUCOo) AT 154U
I, X AUC B 50 S K R PRl B T 2R P /K 2 (bio 7,
AUC B4 0.94)Fl 574 2= % 7K & (bio19, AUC fH N
0.94) 3% 3, B 4). FlKkE. B TEHRKE. &A
A3 5 AR U FEE 0 4 o 52 el L BEORS 43 A1 1Y) EE BEEA
B

XK E (biol2)s T ZEFF/KE(biol 7). i
A A AR (bio6) K (elev)ZE 4 AN 7 HA
T, AIEAEMEE>0.1762 I REAX), boil2 id
HAH A 871~1 934 mm; biol 7 i& FH{HZ) 33~107.2 mm;
1 H elev 214 372~3 178 m; bio y-2 ‘C~10.8 °C
(F 3)o M AFAEMER =0.6 B (FiEAEX), biol2 A
1367~1 372 mm; biol7 4 47.8~70.8 mm; bio6 A
3.9°C~6.9 C; elev A 1732~2 066 m (& 5).

IR T TUHRE /% HHEZEE /% AR & EAE XA
Environmental factor PC PI AUCo Range of threshold value Unit
biol2 27.6 1.7 0.93 871~1934 mm
biol7 25.6 1.8 0.94 33~107.2 mm
elev 19.2 7.9 0.79 372~3 178 m
bio6 10.3 81.6 0.93 -20.2~108.1 x10 C
bio4 9 0 091 1 178~7295.5 -
bio3 32 0.6 0.71 21.4~58.6 -
biol9 1.6 1.4 0.94 34.2~112.6 mm
bio7 1.3 2.5 0.93 100.6~292.7 x10 C
bioll 0.8 1.3 0.92 31.5~207.4 x10 C
biol 0.7 0.1 0.89 121.4~231 x10 C
biol8 0.2 0.2 0.92 450.9~1902.6 mm
bio8 0.2 0 0.79 167.4~281.6 x10 C
bio2 0.1 0.4 0.81 37.9~126.2 x10 C
biol5 0.1 0.4 0.85 45.9~95.4 -
biol6 0 0 0.89 445~2 689 mm

2.4 HAEREEEA X ERZL

VE RS AE 24 BT 1 (1960—1990 4F) (78 78 1& A
XEESME oM o DU HRER
T, B AEIE A XA AR A 75.29%10% km?, o, (K
EAKX 20.98x10 km?. HiE A X 43.22x10%km?, 75
EAX 11.09%10 km?. M7 52 B A R B THIAR S 40 R
F, ETEORS RN IE A XS TH AR S R N )

#; 1 CCSM4 RCP85 15, 2050 F{HHFEIE A
DX AT RN 89.13x10* km?, AT 24 HTZI3E 1 13.84x
10* km?; 2070 “Fi&EA XA 102.59%10% km?,
FEXF 4 RT 2948 0 27.3%x10* km? (8 4).

MA VIR HI(LGM) ) 4 th HF A (MH), 5
WERm StML 7o, PO)I. SERMIEAEEAEX
B N; CCSM4 RCPSS 159, 2050 SR TR
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5754 Environmental variables
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Fig. 4 Jackknife test for environmental factors
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Fig. 5 Relationships between each dominant climate factors and the distribution probability of Polygonatum kingianumin
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BEUKIALGM) At HMB) B S AT, HEE G NSO R SN T RS, R
& HASE D) MEARIER, BREES 25208 127.2 (2050s CCSM4 RCP85)#1272.19 km
127 184.01 1 115.97 km; 2471 %] 2050 481 2070 45,  (2070s CCSM4 RCP85) (K 7).

£ 4 IR AR BE A X AR AR 16 (<104 km?)

Table 4 Change in suitable area of Polygonatum kingianumin at different periods (x10*km?)

EAEX KUK EIKIH At 3 il 2050 4 2070 4
Suitable area LGM MH 1960—1990 £ CCSM4 RCP85 CCSM4 RCP85
k&4 [X Uninhabitable area 913.43 897.81 884.71 871.86 867.41
fiiEE X Low suitable area 17.02 19.68 20.98 22.61 26.41
13E 4 [X Medium suitable area 21.71 35.15 43.22 55.04 61.07
&£ X High suitable area 7.84 7.36 11.09 11.48 15.11
JIEHA: X Total suitable area 46.57 62.19 75.29 89.13 102.59

A X
C I AEEARK
 REAE X
. X
A [l
E ! % a E'/ :-:—km
: 02 4 8 12
HE5: GS (2024) 06505

Pl 6 VEECREAS RN UIE(E I AL X TR T . A R UKAEUK I CCSM4 30s; B: A Hith bl CCSM4 2.5m; C: 24i(1960—1990 4); D: 2050 4= CCSM4
RCP85; E: 2070 4= CCSM4 RCP85. F[A

Fig. 6 Predicted potential suitable areas of Polygonatum kingianum at different periods. A: Last Glacial Maximum CCSM4 30s; B: Mid Holocene CCSM4 2.5m;
C: Current (1960—1990); D: 2050 CCSM4 RCP85; E: 2070 CCSM4 RCP85. The same below
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N B A R A RIS R R (R 5, ’8), R
VOB VKIHILGM) 2] 2070 4, JEFOREIE B A
NI RS, S E ARSI AN LGM K
1.76x10% km? £ 2070 51 25.1410* km?, 3TN
MREEY 1 CREF TR 2RI ISR NS, Rk
TAAEZEAN s ANEV S5 AR R AR IR A ZE A K

RS NG 5RO E A X 2 R A2l

SARSKE R E 5 AT LGM #2070 4,
HLIRW A SN T R s o E R R S B AR
58 BT 1) 2 B FI AR AL BRI PG AL R X3 B 42
A 85 RN 15 P i B [t B i s D W DR PR
XIS R AR X R EE . PR LA
VBRI VG 0 IX 4 A T B AR BRI R

Table 5 Changes in suitable distribution area of Polygonatum kingianum in different climate scenarios

INg:E] T Area (x10*km?)

Period 340 Increment {R Retain 2k Lose AF{¥. Change
KIREIKH LGM 1.76 13.91 13.94 ~12.18
Attt 4 MH 241 18.91 8.82 —6.41
2050CCSM4 RCP85 13.24 18.94 7.78 5.46
2070CCSM4 RCP85 25.14 13.82 12.90 12.24

20704F
S
B

127.2 km

Al /

AU

P 7 FERSTEAS I 1R PO A AR

N

A

N
0 20 40 80

272.19 km

UV R

Fig. 7 Potential distribution centroid of Polygonatum kingianum under different climate scenarios
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Fig. 8 Spatial variation of suitable habitat area of Polygonatum kingianum under different climate scenarios.
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