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Abstract: Wild plants are an important part of the natural ecological system, and China is one of the countries with the
most abundant wild plant species. It is of great significance to study the distribution characteristics, protection status and
potential distribution areas of National Key Protected Wild Plants for supporting and formulating biodiversity conservation
strategies. Based on 1 032 species (belonging to 315 genera, 129 families) of National Key Protected Wild Plants, this
study used the top 5% richness algorithm to identify hotspots, and superimposed with nature reserves to evaluate the
conservation effectiveness and determine conservation gaps of current nature reserves. Furthermore, this study used
maximum entropy (MaxEnt) model to predict the potential distribution and range shifts of National Key Protected Wild
Plants. The results were as follows; (1) The areas with the highest species richness of the National Key Protected Wild
Plants mainly confined to the south and southwest of China, especially in central Sichuan, southern and southeastern
Yunnan, northern Guangxi, northern Guangdong and Hainan. (2) The conservation effectiveness of hotspot grids showed
that 171 (85.50% ) hotspot grids were efficient protection (including 80.50% of total species), and 29 hotspot grids
(14.50%) were not effectively protected (including 51.20% of total species). (3) By comparing the potential
distribution area of National Key Protected Wild Plants under current and future climate scenarios, it is found that
potential distribution area would expand to southeastern of Xizang, southwestern Guangxi, southern Guangdong, and
southern Fujian in the future, while those around Sichuan Basin, southern Yunnan and southern Guizhou would
shrink. Therefore, it is necessary to strengthen the dynamic monitoring of biodiversity and pay continuous attention to the
impact of climate change on National Key Protected Wild Plants in the region. Based on the analysis results of hotspot
grids, conservation effectiveness and potential distribution areas identified in this study, strong data support and
reference can be provided for the identification of diversity priority protected areas for National Key Protected Wild
Plants and the formulation of conservation policies.
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(RCP2.6) climate scenario; F. Potential distribution areas under future (RCP8.5) climate scenario.
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Fig. 1 Distribution pattern, hotspots and potential distribution areas of National Key Protected Wild Plants



1410 I I G| 43 %

60°E 70°E 80°E 90°E 100°E 110°E 120°E 130°E 140" E 60" E 70°E 80°E 90°E 100" E 10°E 120°E 130°E 140°E
A §E%2GS(2020)4619 B

& 2GS(2020)4619

Polgn(iinl distribution area anzm distribution area
1§ i Low (0)
W 7 High (226.19) ¥ ¥ High (226.19)
O i O @i
Conservati i i
WA R , WA AR {
lelinciﬂ nature reserve Pn?vincml nature reserve
! IHER AR 0 250500 1000 WIS AR I 0 250500 1000
National nature reserve — — kM National nature reserve km
m R m R
o i -

60°E 70°E 80°E 90°E  100'E HOE 120'E 130°E 140°E 60°E WE 80°E 90°E 100°E HoE 120°E 130°E 140°'E

H7E 5 GS(2020)4619

FE5GS(2020)4619

Potential distribution area
3 4 Low (0)

i 7 High (226.19)

EAEF A XA
Shift of the potential

distribution area

| b Decrease (-33.18;

O R
C¢ ti 591 Increase (33.94)
W2 AR { -
Provincial nature reserve L e =
Naion s 0 250500 1000 Conenatonses 0 250500 1000
sioua, e — — 0 s — —
8ap
60°E 70°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E 60" E 70°E S0°E 90°E 100°E H0"E 120°E 130°E 140'E

E ymeacs202004619 N F HEEGS(2020)4619

40°N

AT

Shift of the potential

distribution area
liﬁw Deerease (-57.10)

0
By tocrease (67.59)

WG

Conservation gap 0 250500 1000 0 250500 1000
O s — — km — — kM
c i i

A. U (1960—1990 4F ) U 5T A HETE 73 A7 DI T2 BT 5% 2 R | AR TR IX ;. B. AR (RCPS.5) MR 3 T 1
TTE ST XY U2 B INET 5% ZREMER L BARRYTIX ;. C. SRR (RCP2.6) AN 51 T M E 4347 DX 1) P12 B NG 5% 2 R AR
HoBARGRAX; D, AR (RCP2.6) UM 5 T TR /345 XML B R B N 2R E. ROk (RCP8.5) AU 5 W 740 1
XA 11 J2 & I 5% ZREMERAT; FOOR 2 FAR DR AR B M A =E 5 oA A JR)

A. Layers of the potential distribution areas under the current (1960-1990) climate scenarios overlayed top 5% diversity hotspots and nature
reserves; B. Layers of potential distribution areas under future (RCP8.5) climate scenario overlayed top 5% diversity hotspots and nature
reserves; C. Layers of potential distribution areas under future (RCP2.6) climate scenario overlayed top 5% diversity hotspots and nature
reserves; D. Layers of shift of potential distribution areas under future (RCP2.6) climate scenario overlayed diversity hotspots; E. Layers of
shift of potential distribution areas under future (RCP8.5) climate scenario overlayed diversity hotspots; F. Distribution of the richness of

species unprotected by nature reserves.

2 EBREAARPTFEEVHRPELERPERURBESHXEN
Fig. 2 Conservation effectiveness, conservation gaps and shift of potential distribution
areas of National Key Protected Wild Plants



8 RUVLHEAE - [ S DR B AR AR ) 0 £ 7 BDIR B B A 20 A1 DX T 43 1411

3 Wws5E#

migE

P 5 T DR AP B A A ) A S ) B AR T A T
r A PG e B A R A X 5 T RIS BT E 1Y
] ¢ F AU PR A B A A ) A DR — 3 (R
B B 5~ ,2008) o eAh, R A 45 (2001 ) BF
FER T [ R AR 22 R b SR X AR A
FERA I DCER 43 B i, T LR T S DRy R o 1 ) A
I3 AR 10 PR H — S8 1 2 AP G W
FHEZR A5 bt oAy [ 2 o i O 4 B A i Y o S ) 4R
SUDCHI T A R AR AL 43 AT, A BIE 5T I
BN T 5 PR B 2R A ) 22 R PR IS BRI 1)
Ml 1) 43 A 2CRE 33X R B I 1] 45 4 0% 43 A AR TR
25 TTAE P 0 b 22 B P 0 B4 0 A A% Jm) vt B A
it (Xia et al., 2022) . BRIEZ A, ABFFE TS 2 )
[ K o S DR AP T A A 2 AR RS 2 AT A% SR 5
o [ 32 BB Y ( Zhang et al., 2015)  H [E R R
FHEY) (Huang et al., 2016) DA K [E & S HEL Y )
P ZHEAE IR KL (Zhao et al., 2016) B A A% JE A =
JE R —F0rE o X PR A A% R B TR T B8 5 4 e
DX b T 1) v B2 S o P RS R ) A KR B A
FATA G AR T Z A RS S T Y RIE
Mt ey al ge k. Rt 78 B o< 8 S IR 4 B A=
FPIL et TAE T, BE 2% AL 48 Y
2P DX 3 Y R T o R R B AR ) O3
A KA A 1 — L 2R A
3.2 RURPRES LIRS § X ER P

F AR ORI XA RS2 R 4 B 58 o S O 4 B 2R A
Yrde AT RN T7 XOF & 4% T B EAE AT (Xue et al.,
2021; Yang et al., 2021) , AR5 R BN, WA
(1 SRR XA T 97.30% (¥ Fh, 85.50% ) #4
FUH DA DR DAY 43 A1, 308 B S i 19 3 SR f
DA [ 58 B AU PR AP B A A ) 0 DR AP O TR 4% T
PR, BRI, ATH8R A 14.50% 1) 34 15, I % 43 A 1
T AR XA LR W 2% 2 Ah R )i
25 PR PG AL B | U S A S AL | B 2R L
TS LA B i VI A 5 45 b 3k 4 4 a8 Bl b [X A 4 T
51.23% (1) 1= X E SR AP BT AR AR Y HAA 28 R
BARWH KRR X R, B, A )5/ 2 AR X
L i DX STORT A PR X DA R R S AR B A

TP PR LR, A, 25 18 3] [ 5K S O 4
A AE AR o0 A TR B /N R R BRi /D AR SR
R AL ™ F A TR, R T 9 R AT L4 DX A RASL A
T DR b ] B b ST AR AN X R A T
JIE AR AP i M O A BB R S A 2T
s [ 58 S AR B AR A Y A R
3B3RBETUBEETEREARIPHFEEDHR
POk

SARARA X T A 0 o A A s, AR
AT AEALLRT LTI 4 o A A ok A AR AL 8 L
Gy AR DX 43 A, X T AR AT IU I A 4 2 6 1
(PR B B R R S, AR ER 4 [ K
SRS T A AR ) TR 1 0 A S A X T 5 SR
AR A R E SRR AR A A
FHE K (F EIEE 2020, 5K 02 2021) , 4R
77, 33X O A5 A 2 XA S i, X F A AR A
X [ R S AR AR ) B AR S AT R AN TE R AR
WEFEXT 772 B 5 S R B > 1T 5 ROk A
FEA AR X TFJE T 100, F 5% 45 51 s, v Jo e A
FE 43 A1 DX 32253 A 7 v [ R 0T 1 i b 2 5 5
TP 1] R SR A A, U R AE S AR B )
ANV RSB U R A VAR b EL A R X S Y
TRTEAIAG X o 43 78 LA b DX i) 0 8 10 4% 78 24 i
FIA R 32 S A5 AR Ak 11 5% Wi A G A58 /N, W] 25 g gt
S~ SR X DR A S L S I 2 L DX [ 5K
AR AR AR R

SR AT 51 P Fh oA AR A, K280
Pl SR B B% O W DA IE N S A% AE 46 ( Parmesan &
Yohe, 2003) , L, % &2 AW 75 0 B9 R 250
HRR XS A 6 T A A DX A X A 1% 1 1|
S RS9 s o s 05 KON 15 7 1= 0 A 45
AT L K A8 2R T A L s 2 X e 0 A
T R S AR R AR A W AR 2 B A (E
TRAE ST X0 T A F P IR 7 AR AT R 23 th 30
P AR AL T 5 | RS 1 ) e B8 1) Pk A, dn ] S B
XTIA DR3P X B R B KA R P A TR B 2
FEMER Y B AT 55, B L, i i sk 26 X35 A 9
Z R Y Bl 25 W 4R B 56 T A5 A8 A R X B
P R A DR S A R B R D e T — 25 DA
AR AT AN DX AR ) 22 A T R ) e A5 0
HE,

FESME ARG SR, KER 43 A AR IR IX i £
1 RCRSOKE T I Pk R, T B b ] O % A AR



1412 |1 I G/

43 %

W TRITIER 258G % 18 5 G R BT A A
AT IR RIS A 0 A1 DX e 78 ARy i) e Y A O A
DX A 208 D ) X I8, [ G A7 AR 22 Ak T AR 9 8
AR R A A 0 A A DL R R B DX
1M, 33K 2 DXk DAY ) R e O A% il A ) 7 A s 1 IR
A S DX B B R R R B T G O s
A B4 51 75 5 0, an i AR AR AT 2 AR S B B A
B, PR AP DA 25 2R G0 2 A DLW A 78 A X [
SRR AP AR Y R PR

SE .

ADHIKARI D, BARIK SK, UPADHAYA K, 2012. Habitat
distribution modelling for reintroduction of Ilex khasiana
Purk., a critically endangered tree species of northeastern
India [J]. Ecol Eng, 40. 37-43.

BROOKS TM, MITTERMEIER RA, DA FONSECA GAB, et
al., 2006. Global biodiversity conservation priorities
[J]. Science, 313(5783) . 58-61.

CHEN YH, TANG ZY, FANG JY, 2009. Distribution of nature
reserves and status of biodiversity protection in China
[J]. Biodivers Sci, 17(6): 664—674. [ FEMERG, FE&SE,
Ttz , 2009. 1 [E H ARG XA BUR B G B SR Y
Bt (1], AL REME, 17(6) : 664-674.]

CHI XL, ZHANG ZJ, XUA XT, et al., 2017. Threatened
medicinal plants in China: Distributions and conservation
priorities [ J]. Biol Conserv, 210: 89-95.

DAWSON TP, JACKSON ST, HOUSE JI, et al., 2011. Beyond
predictions: biodiversity conservation in a changing climate
[J]. Science, 332(6025) : 53-58.

FERRIER S, 2002. Mapping spatial pattern in biodiversity for
regional conservation planning: Where to from here?
[J]. Syst Biol, 51(2): 331-363.

GRAHAM CH, FERRIER S, HUETTMAN F, et al., 2004.
New developments in museum-based informatics and
applications in biodiversity analysis [ J]. Trends Ecol Evol,
19(9) . 497-502.

GRAHAM CH, MORITZ C, WILLIAMS SE, 2006. Habitat
history improves prediction of biodiversity in rainforest fauna
[J]. PNAS, 103(3) . 632-636.

GRAHAM MH, 2003. Confronting multicollinearity in ecological
multiple regression [ J]. Ecology, 84(11) . 2809-2815.
HOU MF, LOPEZ-PUJOL J, QIN HN, et al., 2010.
Distribution pattern and conservation priorities for vascular
plants in Southern China: Guangxi Province as a case study

[J7]. Bot Stud, 51(3): 377-386.

HUANG JH, HUANG JH, LIU CR, et al., 2016. Diversity
hotspots and conservation gaps for the Chinese endemic seed
flora [J]. Biol Conserv, 198 104—112.

HUANG JH, LU L, DAI NH, et al., 2014. Diversity and
geographical distribution of endemic species of seed plants in
China [ M]. Beijing: Higher Education Press. [ HEEAE, B
AR, BUAERE, 55, 2014, rPIERP AR T B Z AR A

B [M]. dbnt: mAEHE . ]

HUANG ZQ, LU L, DAI NH, et al., 2014. Vacancy analysis
on the development of nature reserves in Jiangxi Province
[J]. Acta Ecol Sin, 34 (11): 3099-3106. [ # 3%, Kk,
WAEAE, 45, 2014, TIPYA F ARG DX R AT Jay 25 sk 23 A
[J]. A28, 34(11) ; 3099-3106. ]

Institute of Geographical Names, State Bureau of Surveying and
Mapping, 1997. Gazetteer of China — An index to the atlas
of the People’s Republic of China [ M]. Beijing: Sino Maps
Press. [ FZMZ R4 WF5E 0T, 1997, thAe N RILHIE
R RG] [M]. dbat. drEH L. ]

JENKINS CN, PIMM SL, JOPPA LN, 2013. Global patterns of
terrestrial vertebrate diversity and conservation [ J]. PNAS,
110; 2602-2610.

JIANG HJ, LIU T, LI L, et al., 2016. Predicting the potential
distribution of Polygala tenuifolia Willd. under climate
change in China [J]. PLoS ONE, 11(9): e0163718.

JIANG MK, WANG Z, QIN WH, et al., 2006. Effectiveness of
national priority wildlife protection in nature reserves [J]. J
Ecol Rural Environ, 22(4): 35-38. [ ¥R, 8, &1
e, A5, 2006. T H ARG XN E K R R RS
BESRE [J]. AR SR IE R, 22(4) ; 35-38.]

KUMAR S, GRAHAM J, WEST AM, et al., 2014. Using
district-level occurrences in MaxEnt for predicting the
invasion potential of an exotic insect pest in India [ J]. Comp
Electron Agric, 103 55-62.

KUMAR S, STOHLGREN TJ, 2009. Maxent modeling for
predicting suitable habitat for threatened and endangered tree
Canacomyrica monticola in New Caledonia [ J]. J Ecol Nat
Environ, 1(4) . 94-98.

LI PX, ZHU WQ, XIE ZY, et al., 2020. Integration of multiple
climate models to predict range shifts and identify
management priorities of the endangered Taxus wallichiana
in the Himalaya-Hengduan Mountain region [J]. J For Res,
31(6) : 2255-2272.

LI R, XU M, WONG MHG, et al., 2015. Climate change-
induced decline in bamboo habitats and species diversity:
implications for giant panda conservation [ J]. Divers
Distrib, 21(4) . 379-391.

LI ZP, TANG XP, 2006. Local protection of National Key
Protected Wild Plants [ M ]. Beijing: China Forestry
Press. [ 557, B/INF, 2006. [ 52 G AR HFAE A
AR [M]. dbst: Mol . ]

MYERS N, 1988. Threatened biotas: “Hot spots” in tropical
forests [ J]. Environmentalist, 8(3); 187-208.

MYERS N, MITTERMEIER RA, MITTERMEIER CG, et al.,
2000. Biodiversity hotspots for conservation priorities
[J]. Nature, 403(6772) . 853-858.

PARMESAN C, YOHE G, 2003. A globally-coherent footprint
of climate change across natural systems [ J].
421(6918) : 37-42.

PEARSON RG, RAXWORTHY CJ, NAKAMURA M, et al.,
2006. Predicting species distributions from small numbers of

Nature,

occurrence records; a test case using cryptic geckos in
Madagascar [ J]. J Biogeogr, 34(1) . 102-117.

PENG L, CHEN SB, PENG PH, et al., 2013. Geographic
distribution at the county level and on-site conservation of

National Key Protected Wild Plants in China [ J]. For



8 RUVLHEAE - [ S DR B AR AR ) 0 £ 7 BDIR B B A 20 A1 DX T 43 1413

Resour Manag, (5): 31-35. [ R, BREEE, 85, 45,
2013, [E 5 PR 4 B A A 7R B GOK T Y B0 A
BRI BUIR [T]. MO BEIRAEER, (5) . 31-35.]

PRENDERGAST JR, WOOD SN, LAWTON JH, et al.,
1993. Correcting for variation in recording effort in analyses
of diversity hotspots [ J]. Biodivers Conserv, 1(2): 39-53.

QUAN J, OUYANG ZY, XU WH, et al., 2009. Management
effectiveness of China nature reserves: status quo assessment
and countermeasures [ J]. Chin J Appl Ecol, 20(7) ; 1739-
1746. [ KU, BRFIE 2, $h A, 45, 2009. 1 [E A AR
P EA SR LRI S X [J]. BHIAES40,
20(7) : 1739-1746.]

SCOTT JM, DAVIS F, CSUTI B, et al., 1993. Gap analysis: A
geographic approach to protection of biological diversity
[J]. Wildl Monogr, 123 1-41.

SHRESTHA N, SHEN X, WANG Z, 2019. Biodiversity
hotspots are insufficient in capturing range-restricted species
[J]. Conserv Sci Pract, 1(10): el03.

SOLOMON S, PLATTNER GK, KNUTII R, et al., 2009.
Irreversible climate change due to carbon dioxide emissions
[J]. PNAS, 106(5) : 1704-1709.

SWETS JA, 1988. Measuring the accuracy of diagnostic systems
[J]. Science, 240(4857) . 1285-1293.

TANG CQ, MATSUI T, OHASHI H, et al., 2018. Identifying
long-term stable refugia for relict plant species in East Asia
[J]. Nat Commun, 9(1) . 4488.

WANG GZ, GEN QF, XIAO MY, et al., 2020. Predicting
Pseudolarix amabilis potential habitat based on four Niche
models [ J]. Acta Ecol Sin, 40(17) : 6096-6104. [ £ [E g,
WIS, Hdb, 45, 2020. 56T 4 Bl A0 4 .
PAVE A 1& A DX B [ 0], A & 24k, 40 (17):
6096-6104. ]

WU SH, ZHAO DS, 2020. Progress on the impact, risk and
adaptation of climate change in China [ J]. Chin Popul
Resour Environ, 30(6) : 1-9. [ 2281k, BZ:Tt, 2020.
RS AR XU 5 38 T BTk e (0], R A
M- SRS, 30(6): 1-9.]

XIA CY, HUANG YF, QI YD, et al., 2022. Developing long-
term conservation priority planning for medicinal plants in
China by combining conservation status with diversity hotspot
analyses and climate change prediction [ J]. BMC Biol,
20(1): 89.

XUE TT, GADAGKAR SR, THOMAS PA, et al., 202I.
Prioritizing conservation of biodiversity in an alpine region:
Distribution pattern and conservation status of seed plants in
the Qinghai-Tibetan Plateau [ J]. Glob Ecol Conserv,
32. e01885.

XU Y, SHEN ZH, YING LX, et al., 2017. Hotspot analyses
indicate
broadleaved woody plants in China [ J]. Sci Rep,
7(1) . 1859.

YANG XQ, KUSWAHA SPS, SARAN S, et al., 2013. Maxent

modeling for predicting the potential distribution of medicinal

significant conservation gaps for evergreen

plant, Justicia adhatoda L. in Lesser Himalayan foothills
[J]. Ecol Eng, 51. 83-87.
YANG XD, LIU B, BUSSMANN RW, et al., 2021. Integrated

plant diversity hotspots and long-term stable conservation

strategies in the unique karst area of southern China under
global climate change [J]. For Ecol Manag, 498(119540) .
1-16.

YANG Y, TAN C, YANG Z, 2021. Conservation of
gymnosperms in China; Perspectives from the List of
National Key Protected Wild Plants [ J]. Biodivers Sci,
29(12) : 1591-1598. [#77k , 1eH, %, 2021. WN(EZEK
o AR 4 ) BRI BRI (1], A9
LA, 29(12) : 1591-1598. ]

YING JS, 2001. Species diversity and distribution pattern of
seed plants in China [ J]. Biodivers Sci, 9 (4): 393 -
398. [ MARAE, 2001, H IR THEY P Rh A0 SRS A1
RJa [J]. A2 HEtE, 9(4) : 393-398.]

YUAN H, ZHANG YB, QIN HN, et al., 2009. In situ
conservation status of National Key Protected Wild Plants in
China [J]. Biodivers Sci, 17(3): 280-287. [ %%, K%
P, BT, 45, 2009. v E R 5 R AP R AR R Y
HPRAPEAR (D], AR, 17(3) « 280-287. ]

ZHANG YB, MA KP, 2008.
characteristics of national key protected wild plants in China
[J]. Chin J Appl Ecol, 19(8); 1670-1675. [ KBk, &
SV, 2008, H [ G A OR AP B AR AR W) B0 1 BE O A
fit [J]. BOHAZAM, 19(8) : 1670-1675.]

ZHANG H, ZHAO HX, WANG H, 2020. Potential

geographical distribution of Populus euphratica in China

Geographical  distribution

under future climate change scenarios based on Maxent
model [J]. Acta Ecol Sin, 40(18) ; 6552-6563. [ 5k%E, #X
W, EWE, 2020 BT Maxent BB AR AL T
WA E A TR B A [J]. AR5 AR, 40(18)
6552-6563. ]

ZHANG 7Z, HE JS, LI JS, et al., 2015. Distribution and
conservation of threatened plants in China [ J]. Biol
Conserv, 192. 454-460.

ZHANG Q, ZHANG DF, WU ML, et al., 2017. Prediction the
global areas potential distribution of Gastrodia elata based on
ecological niche models [ J]. J Plant Ecol, 41(7) . 770-
778. [3KE, KA, R, 4%, 2017. BT AR AR A
TR PR RIS A X [T]. PR, 41(7) .
770-778.]

ZHANG Y, WU JY, AN MT, et al., 2021. Geographical
distribution pattern and prediction of the distribution of
Paphiopedilum micranthum in China [J]. Acta Bot Boreal-
Occident Sin, 41(11): 1932-1939. [ #kJe, s H | 220
2, 4, 2021, HEIRE g0 22 W B A A JR S HER AR A A
DCTEI [J]. PYdbAEY Al 41(11) : 1932-1939. ]

ZHAO LN, LI JY, LIU HY, et al., 2016. Distribution,
congruence, and hotspots of higher plants in China [J]. Sci
Rep, 6: 19080.

ZHOU ZH, JIN XH, 2021. Analysis and suggestions on policies
and regulations on conservation and management of wild
plants in China [ J]. Biodivers Sci, 29 (12). 1583 -
1590. [ JE=EA, 4cte, 2021, H EEFAE A YRS BT
HOR GEHRI L T A L [J]. A 2R, 29(12)
1583-1590.

(REHE PHTIW)



