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Abstract

Aims Previous studies on the globally suitable areas for growing the medicinal plant Gastrodia elata is lacking.
This study aims to predict the global areas for potential distribution of this plant based on multiple ecological
niche models.

Methods A total of 220 global distribution points of G elata and 19 ecological variables were compiled and
eight environmental variables were selected for the model training. Three ecological niche models, including
BIOCLIM, DOMAIN, and MAXENT, were used to predict the global areas for potential distribution of G elata.
The resulting data of different models were analyzed and compared with two statistical criteria: the area under the
receiver operating characteristic curve (AUC) and Kappa value.

Important findings The predictions of the three models are basically identical, showing that the global areas for
potential distribution of G €lata are predominantly in the range of 20° N to 50° N in Asia, mainly in China, South
Korea and Japan. A small proportion of the suitable areas occur in India, Nepal and the European countries near
Mediterranean. The most suitable areas distribute in provinces close to the Sichuan Basin and the central East
China, the mid-eastern parts of South Korea such as Chungcheongbuk-do, Gyeongsangbuk-do and Gyeongsangnam-
do, and the Kyushu region and the Shikoku region on Japan’s main island. Therefore, these three countries can be
used as the main production areas of G elata for its commercial development. The AUC average values of the
three models are all above 0.9 and the Kappa average values all above 0.65, justifying their applications for pre-
dicting the potential areas of G. elata. Among them, the MAXENT model appears to perform the best, followed by

AR E WiReceived: 2016-12-12  $:5% F W Accepted: 2017-05-31
* Ji@ {5 1E4 Author for correspondence (E-mail: caixiangxie@163.com)

©U 00000 Chinese Journal of Plant Ecology



DOMAIN and BIOCLIM.

HKEAE: BT ARSI R R ARG X 771

Key words Gastrodia elata; ecological niche models; potential suitable distribution area; model evaluation

Citation: Zhang Q, Zhang DF, Wu ML, Guo J, Sun CZ, Xie CX (2017). Predicting the global areas for potential distribution of
Gastrodia elata based on ecological niche models. Chinese Journal of Plant Ecology, 41, 770-778. doi: 10.17521/cjpe.2016.0380

Kk (Gastrodia elata) == F}(Orchidaceae) K Jfk
B, N AR PR R E, ERE, Hi
ER—MARTRZy, B EXIE. PR, 4%
RUBZE M ThAL, # TR kB B RARRRA
PR H R R SRE (M 2, 2008; SEERAE, 2014,
ERAMEG12x, 2015). RRHEIRZIACN T bR
B ORAEET A, 5 BEAIES 5 NN RE 7 T A 354
TAER . Bl X R B0 53 S 2GR AE FH IR
WA, RBR B AR 75 K 5 DL A CRAEE ot FH 2t 7E AN
. HAr, R O R 250000, [ A1)
T SREL2 T —VKEE, 2001; Kim et al., 2003;
KEFEE, 2013),

RIFRAR—FRICARTC I 1) 5797 22 R HEY), HoFh+
B R I 32 B EE A3 AR AR N LA PR 11 28 TR B B 22 3R 15
B IR RIRSEILILAE B EE A T W ARG B &
FETH I kb, = H WA E . whE
HAFME D Wi R X, =g ERZ . TAER
JBR it ST, fH I 2 ARl B0 B R, R H
WAk, WAy ERRKZ KRR T N TS B
B TE R R 55 28 7= W R R ADAEE VT 2 1) R, ek
JBR~ AR BRI R B AR AL, R R S B0,
B R TR D, PEERI R R AT S, BRI ™
B IRA AR R, P R R BRI L K
(CETNAE A W 75, 2013; #4R %, 2013; $H2RTH,
2015). ITAERA R 2 1 Py AMNE L3512 B R B R %)
YKo AT B EE R, a0 T3 5 s ma iE
VI R S & KR, TEh eyt
S A K M 79 A (Engler et al., 2011; ABEER!
MR, 2011). RIFKJEFIRMEY, HAKMM T 2
I 23R8 57, (B EIME A K223
358 PR - (Can ek B2 RN B ) T B2 (PN R4, 2007), ]
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Fz1 AR
Tablel Climatic variables

SMFAF R Climatic variables HA7 Unit
FEFHIEIE Annual mean temperature C
H ¥R %75 H Mean monthly temperature range c
ZERME Tsothermality -
IRPE 2T PE Temperature seasonality -
A I IR Max temperature of warmest month C
A A HRARILE Min temperature of coldest month C
FEiREALER Annual temperature range C
BIRZTHIEE Mean temperature of wettest quarter T
TP Mean temperature of driest quarter C
B Z TR E Mean temperature of warmest quarter C
A2 IS Mean temperature of coldest quarter C
F[F/KE Annual precipitation mm
H i A %Ki Precipitation of wettest month mm
T A4 %K & Precipitation of driest month mm
%K Z=F5 1% Precipitation seasonality -
TG Z%/K T Precipitation of wettest quarter mm
T2 /K Precipitation of driest quarter mm
P 7K Precipitation of warmest quarter mm
222K E Precipitation of coldest quarter mm

AR B R Tt S A B s JEE (http://www.worldclim.org//) o —, JCH
("

Climatic variables are from Global Climate Data (http://www.worldclim.org//).
—, without unit.
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Fig. 1 Global areas for potential distribution of Gastrodia elata based on different ecological niche models. A, Based on BIOCLIM.

B, Based on DOAMIN. C, Based on MAXENT.
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Table2 The AUC and Kappa values of the three models

HREAE: ST ARSI R BRI EEX 775

¥ AUC Kappa
No. of groups BIOCLIM DOMAIN MAXENT BIOCLIM DOMAIN MAXENT
1 0.914 0.954 0.979 0.700 0.829 0.670
2 0.945 0.972 0.980 0.829 0.851 0.651
3 0.926 0.974 0.979 0.795 0.859 0.717
4 0.902 0.943 0.985 0.759 0.829 0.637
5 0.948 0.966 0.979 0.819 0.822 0.575
6 0.960 0.967 0.981 0.833 0.806 0.664
7 0.938 0.953 0.981 0.789 0.827 0.757
8 0.940 0.962 0.980 0.806 0.883 0.816
9 0.935 0.955 0.980 0.780 0.819 0.664
10 0.949 0.963 0.977 0.800 0.851 0.790

AUC, i3 TAERFE 2R T (AL, BIOCLIM, BIOCLIMAEE!; DOMAIN, 3#i%; MAXENT, & AMA .
AUC, area under receiver operating characteristic curve; BIOCLIM, BIOCLIM model; DOMAIN, domain model; MAXENT, maximum entropy model.

AUC [ Kappa

—_
o] o
T T

~

SEHYME Average value
°© o o o
N

)

(=]

BIOCLIM DOMAIN
H SN Ecological niche models

E2 3SR AUCHKappat) FiME. AUC, Zik¥
AR fh £22 F (91 #1; BIOCLIM, BIOCLIMAAY; DO-
MAIN, 3% MAXENT, SR @iknd.

Fig. 2 Average values of AUC and Kappa for the three eco-
logical niche models. AUC, area under receiver operating char-
acteristic curve; BIOCLIM, BIOCLIM model; DOMAIN, do-
main model; MAXENT, maximum entropy model.
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Folt 43 A1 15 2955 1 B K IR A « DOMATINASE Y ) i1
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ROCHIKappat v & 42 P 8 Tt kG B2 1 7
FhOTIE, TEDF O AR BIVEN R 315 20 T T iz R
M CEEAE, 2009; 5KES, 2011), KA CE
PRI BRI R IR AR 5 o AR SR A 1020 54
HEAT RN G5 IR AH S (1) 10ZH IR 25 8 12047 3611,
GE RPN —ShE B, VRIS e, HhE
e T & o (R M3 AN AR TR 17 ] FH SR S0 R R 1) 8 1 2
AAlX . FHECECTT 5, MAXENTHRS R 1L 5 4 (K 2L
R, HAUCFHME &K, R HKappa F ¥ EAH T
/N8 {H & Kappadt T & 2 2R 51 ERE I 3 RE 1)
BONAE, B SCH N RE T, T AUCHH B B (1) 2
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Sl 6 77 5 AN 1 A BRI AR 9 40 ) B8 A — 5 i,
AUCHH FIASSZ F W [ (L 52 0, 7] 5 e 1 1 [R]— 4
P A RIS (1 Ll 3t 9 (R 38 A2 2%, 2007).
32 RREIKBEEEXSIFIFME

A3 X BRI B, RREEA X B
— L[] (4 BT, SRR E TR
ENAME, EEEREZWN, LFEAS TR, g
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