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Abstract: China is characterized as one of the countries with the greatest diversity worldwide, mostly be-
cause of its vast area and heterogeneous topography. Meanwhile, the long history of human activity hasled to
the decrease of populations for considerable species in China. To protect these species, the Chinese govern-
ment proposed a list of the first batch of Wild Plant Species with Extremely Small Populations (PSESP). In
this study, we developed a fine-resolution distribution database for 120 PSESPs, explored the distribution
patterns, and evaluated the in situ conservation status of the PSESPs by overlapping species distribution with
terrestrial national and provincial nature reserves (NNRs and PNRs) in China. We found the greatest richness
of PSESPs in the southeast regions of Yunnan, the southwest regions of Guangxi, and the southwest regions
of Hainan Island. On average, NNRs covered 21.5%, while PNRs covered an additional 10.9% of the distri-
bution areas of PSESPs. However, 35 PSESPs (29% of the total) were not covered by NNRs and 17 PSESPs
(14%) were not covered by either NNRs or PNRs. We proposed that nature reserves specifically designed for
the PSESPs need to be constructed in the Yunnan and Hainan provinces.
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AR E AR OR T IX W 2 7 T 5% 1 g 3 [ 8% ) H
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Kullberg & Moilanen, 2014). %A ifigh ® =, HAj
RE WY X N EEUARTEAE RS T H, b7 EiE D
B 1RARA S (Grenyer et al, 2006; /N, 2012;
Wu et al, 2013; Zhang et a, 20153, b).
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— M) — 5 10-30M At AE W) A7, R U
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FROT A7 1% FRBR, BN T I 25 BB A0 K A 1 e s, AR 2%
Mg (Parrotia subaequalis) 1= £ & = (Yulania zenii)
LK E SRR, ARHARZETE . S AR
e P ) i, T 52 3 Rl 2R 1) XU (A N B R [ AR
AV JRy, 2011)0 B ZEARMEJR) HH A HH AR /N B BB A A
PI(Wild Plant Species with Extremely Small Popula-
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oA K2 205 TR R e 4 230 AR
R ECRE B> . A S ME R R D, 24
I T A8E A7 15 F PR 19 B /N T A7 3 P R T i I 53 i
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NEWAR T A0 R AE B YDA KA < T
ARG RGN L 2377 R AN T Ak B 1 45
%o B, RIFINFREEE B T REZY P K 4, 2t
FER P, RAEBHR, RIFAESTRSKRE, Xt
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Z—(H =55, 2012) 9 T V& SRR INFREE 0 OR A T
1B, WRIEZ BN R S &% . B, USSR &
(Yang & Yang, 2014), (4= EEAFEY & H R IRY
X @ TR SRR e 1 EHE SR 1

120Fhtl /NPPEFET AR AE YD, Horb o B KI R AR DY)
36/, EFKNHRY Y268, 4 % E SR Y
58F. FEAFELLT JLARAL (1)EFSMFhEEEE R
/NG PR FEWISG . BRI A KA fE S (2)4 58 SRR
AESTEREAE; QBRI MMEAIG . H KN 5]
ECIERI R . BRI PR #E ST IME IR
EPNIERETES =i POE/UN G PN 1N ESp WA
2011).

AW T, FRATE I S AR R B A 5 120 s
AR A FEYIA010 km x 10 ki 9 R 20 A5 B0 22,
M T R RN A R A o A R, e —
SV T H R INFR R T AR A o R I EIUIR
B B DL P A ) (1) H AR N B AR A )
P ATAEMIRLL [X IR (2)1X L& bl /NPl B AR A ) AE [
(RO A 10L an ] 2

1 BIEMAGE

11 Mo HRENEERMEEENITE
Hh [ A AN T ) A 44 ok BB 5P R IR il
(http://www.forestry.gov.cn/) . it LL FigZi s T
X e b 1) B3 o A R (L) B AR R RS
(http://www.forestry.gov.cr/); (2) 5 2 . 44 2% e b 7
W&, & BERRI X A5, BFoh e a4 25 M
B T N €©) I R E I G = 7/ g N
(www.cvh.ac.cn); (4) o B A=W 2 FE PR 4 B 4 %
(http:/Awww.zhb.gov.cn/gkml/hbb/bgg/201309/t2013091
2_260061.htm). Pk s 4—LAFlora of China
e SRTT, X T AR, BRI AT
Bl 2 S A Ve, PR A 1A B e o3 A H
HEAL10 km x 10 kmy #2434 I BLA BRAE
3 A0 BN T G Y B A A 1 AR SR R R AN AR A
KA I XA o 3K — 23 FRER A T2 S A X 3 [
FRE T W00 A A28 DA R AR 3P VFAk R 9
(Irannezhad et al, 2015; Zhang et al, 2015a). H. A4 i
BN SRR SRR 0 o A ik BN BRANE &
A KA 15257 (Flora of China Editorial Committee,
2006) . SR Ja AR /N AR B B A B LA
43 A7 € (1:1,000,000) (1 A2 e o L P 2 266
12, 2007)F0H [E 7 = 72 B 2 (DEM, 30 m4y
e, http://reverb.echo.nasa. gov/reverblredirect/wist/)
HEAT BN, R 2 A 55 R AN o A g4k R R
WS HR A ZA R o3 AT, TR AE RN S AT 1)

RS



ks

574 4 ¥ % ¥ ¥ Biodiversity Science

26 %

L3 Hh i 38 R 9 2 AR PRI A, AT SE B B3 0y
A BE FE AL 10 km x 10 k43 HE2 k& 40 AT B85
AT — FLUCEE T 12040 B /0N b B BT Al A L
74345k W& oy A s

YIFh = BRSPS (R AR 1
1.2 HEBRARIFX=E S HE

B E 20145 K, FEHL 72,7002 4 H AR
1IX, HA 4074 B X AN8TNN 4 L it Hh 48
R X . BT EFERE R AR X E G 7
B i b SRR X TR 1 92% (X #6455, 2013),
MK 22 H b 17 0 F0 L 2% B SR OR3P X I A 15 3 R 47
(R B (BUEESE, 2009), - HLI £4 1l 17 20 1 B 4 fR 3
X B8 S AT 23 B G 4645, 2013), (AL AR A
Fo IR B R AN Gt B AR PR X N A A 1
PRIV - BT, FRA WSS H B 10 T H 4359
AN X A1 8354N 44 2 ki H AR AR X, il T H
25 B oy AT HHE 2
1.3 BN FEHRIP X GRIPIK TS 24

AR VEAS FRIH8 A5 R AN T B E AR A0 1) B 8 DR A
X7 % . T B SR RY XXA NFP A 1
B R, WATE BAGRY XE(EREMER) S5
P Am B Z i, tHE N NFREEAEY) 7 A AR 2 AR

PIXAE F AT, IR BN R R A A,

YrhEEE
Species richness
1
I 23
4-5
I 68
911

Bl FERNHEFEEYEEESHIER

B0V 73 A S ] R AR DR X 7 7 O DX

KBTI it o #AERBAF(R 2151, R
Development Core Team, 2013, http://www.r-project.
org/) AT, BT KB s BT EArCGIS 10.0%1 1
(ESRI, 2012) 5 .«

21 WNHEBEFEEYMEEENST

W/ NFhBEEF AR )2 A0 A T o B R X,
EZFARIZREEER | 78 0 7 R s R e 5 1) P R
ARENEEE, WALl b, 35 B o 1 R AL
THmEEPIK. REREARE, ¥WHLLM. £
NI EIR. . VP, KA AR A
FEERF AR o0 A, Fw EAELE A, HAhh oy
JUT-3 76 W /N b B S AR R A2 1) A (L 1) o
22 BARRIPXII RN FPELEF £ A RIFIR
W

] 5% G 1 SR AR A7 XX B /N ot 5 B3 A A 0 ) A
X F)F- 45 78 o5 3R 21.5%, 47 35F (i A H i1 299%) A
ZATMER R AR X BT AR AR R X
AR /INF R T A AR A 23 A X 1) 35) 78 5 % M 10.9%.
5 ANE LTRR/INFRRE BT AE A A (1 S B 14%) K A%
H AR X 7 75 (12)

Fig. 1 Distribution of richness of Wild Plant Species with Extremely Small Populations (PSESP)
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Fig. 2 Freguency distribution of percentage of distribution area covered by national nature reserves (NNRs) and provincial nature
reserves (PNRs) in Chinafor Wild Plant Species with Extremely Small Populations (PSESP)
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Fig. 3 Digtribution of richness of Wild Plant Species with Extremely Small Populations (PSESP) not covered by national nature
reserves (a) and by either national or provincia nature reserves (b) in China
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FIfR$(Wilson et al, 2005; Pauchard et al, 2006;
Schipper et a, 2008; Tognelli et al, 2008). A<M 5 H
BT B R 2 B SRR X KB HE T 13.7%11)
E AR, RIS O S T
4= [F 3% 52 B P % = (Zhang et al, 20150). Xt
AR /INFIE R R A 75 N 7 TIN5 (1) 05
RS TAE . mr A 5 B 2 K2R X
T 5 A /DN b B A A DA R HE 22 RHE I AE N
)52 B ) (Zhang et al, 20153, b), K]t AR A5 7E 24
by SET IR B AR ORI X B S 4 I R A A
ANFRREET AR R AR AR X, [FIB s R X A
P DLHE = I ORI X B ZPE (Armesto, 1998; X
JUHESE 2013); (2)5E IR TAE. KITHIAHE
VIR RS E B, 1R AR N R T R
R, BIAERRE . = IR DU, HE
BlREm B IARAR BKE, YT AR
YRR, FEINSRXT AN YR B I ThRE . W&
GFRRRE W E A LA R 552 i PR B /N b )
Fh i MG A (Michelia odora) f1 ok # {6 M 4 2
(Calanthe sieboldii)%%, & ZAKFERHIT BT A

WEE, MBI T, STIAARAL PP A A
7=, B RS TR, ZMIEEE (B,
2015).

SE 3

Armesto JJ (1998) Conservation targets in South American
temperate forests. Science, 282, 1271-1272.

Bamford A, Green RE, Jenkins M (2003) Measuring the
changing state of nature. Trends in Ecology & Evolution,
18, 326-330.

Brugiere D, Scholte P (2013) Biodiversity gap anaysis of the
protected area system in poorly-documented Chad. Journal
for Nature Conservation, 21, 286-293.

Editorial Committee of Vegetation Map of China (2007) Vege-
tation Map of the People’s Republic of China (1:1000,000).
Geological Publishing House, Beijing. (in Chinese) [ [E }
B b B R R W R R & (2007) [ R Bk AR
(1:1000,000). b AL, B3]

ESRI (2012) ArcGIS Desktop: Release 10.0. Environmental
Systems Research Institute, Redlands, CA.

Flora of China Editorial Committee (2006) Flora of China.
Science Press, Beijing and Missouri Botanical Garden Press,
St. Louis, Missouri.

Grenyer R, Orme CDL, Jackson SF, Thomas GH, Davies RG,
Davies TJ, Jones KE, Olson VA, Ridgely RS, Rasmussen
PC, Ding TS, Bennett PM, Blackburn TM, Gaston KJ, Git-
tleman JL, Owens IPF (2006) Global distribution and con-
servation of rare and threatened vertebrates. Nature, 444,
93-96.

Huang H (2011) Plant diversity and conservation in China
Planning a strategic bioresource for a sustainable future.
Botanical Journa of the Linnean Society, 166, 282-300.

Irannezhad M, Chen D, Klove B (2015) Interannual variations
and trends in surface air temperature in Finland in relation to
atmospheric circulation patterns, 1961-2011. International
Journal of Climatology, 35, 3078-3092.

Kullberg P, Moilanen A (2014) How do recent spatial biodi-
versity analyses support the convention on biological diver-
sity in the expansion of the global conservation area net-
work? Natureza & Conservacao, 12, 3-10.

Liao JY, Peng CL, Tian XM (2015) Study on the current situa-
tion and protection countermeasures of PSESP plant re-
sources in Hunan. Chinese Botanical Garden, (18), 47-54.
(in Chinese) [E%jlH, #2F R, HBEHH (2015) 1w B/
Tl EE B A M) BEUR SR AP X ST . P E R, (18),
47-54]

Millennium Ecosystem Assessment (2005) Ecosystems and
human well-being: Synthesis. Ecological Management &
Restoration, 3, 226-227.

Monastersky R (2014) Biodiversity: life—a status report. Na-
ture, 516, 158-161.

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB,



Fe RO EE AL o [ AR/ A A R DR BUIR PP A 577

Kent J (2000) Biodiversity hotspots for conservation priori-
ties. Nature, 403, 853-858.

Pan HL, Feng QH, Long TL, He F, Liu XL (2014) Discussion
on resource condition and protection technique for rare en-
danged species in Sichuan Province. Journal of Sichuan
Forestry Science and Technology, 35(6), 41-46. (in Chinese
with English abstract) [{&£LTH, Sk, B, 17, X
MR (2014) U )1IAE 1% NP e BT AR R A B VR IR B AR
AL, PRI REN, 35(6), 41-46.]

Pauchard A, Aguayo M, Pefia E, Urrutia R (2006) Multiple
effects of urbanization on the biodiversity of developing
countries: The case of a fast-growing metropolitan area
(Concepcion, Chile). Biologica Conservation, 127,
272-281.

Quan J, Ouyang ZY, Xu WH, Miao H (2009) Management
effectiveness of China nature reserves. Status quo assess-
ment and countermeasures. Chinese Journal of Applied
Ecology, 20, 1739-1746. (in Chinese with English abstract)
[BUE, BRFHE =, DA, Hi (2009) HE H AR X
EHAMERICREN S0 K. MHAS TR, 20,
1739-1746.]

Rabb GB, Sullivan TA (1995) Coordinating conserva-
tion—globa networking for species survival. Biodiversity
and Conservation, 4, 536-543.

Rands MR, Adams WM, Bennun L, Butchart SH, Clements A,
Coomes D, Entwistle A, Hodge |, Kapos V, Scharlemann JP
(2010) Biodiversity conservation: Challenges beyond 2010.
Science, 329, 1298-1303.

Ren H, Zhang QM, Lu HF, Liu HX, Guo QF, Wang J, Jian SG,
Bao HO (2012) Wild plant species with extremely small
populations require conservation and reintroduction in
China. AMBIO, 41, 913-917.

Rodrigues AS, Andelman SJ, Bakarr MI, Boitani L, Brooks
TM, Cowling RM, Fishpool LD, da Fonseca GA, Gaston
KJ, Hoffmann M, Long JS (2004) Effectiveness of the
global protected area network in representing species diver-
sity. Nature, 428, 640-643.

Schipper J, Chanson JS, Chiozza F, Cox NA, Hoffmann M,
Katariya V, Lamoreux J, Rodrigues AL, Stuart S, Temple
HJ (2008) The status of the world's land and marine mam-
mals. Diversity, threat, and knowledge. Science, 322,
225-230.

State Forestry Administration of P. R. China (2011) Genera
Planning of National Wildlife and Nature Reserve Construc-
tion Project. (in Chinese) [FF 4R AR ILFIEMOLE (2011)
4 [E B A F R ORGP B B AR ORAP X A R R S AR
http://ww.forestry.gov.cn/ (accessed on 2014-05-06)

Tang XP (2012) Classification management pattern of nature
reserves and its effectiveness. Journal of Beijing Forestry
University, 11(4), 44-48. (in Chinese with English abstract)
[/ (2012) I ARDRS X 3 A8 PSS X K LA R AT
Fo. AbERk R4, 11(4), 44481

Teller BJ, Miller AD, SheaK (2015) Conservation of passively
dispersed organisms in the context of habitat degradation
and destruction. Journal of Applied Ecology, 52, 514-521.

Tognelli MF, de Arellano PIR, Marquet PA (2008) How well
do the existing and proposed reserve networks represent
vertebrate species in Chile? Diversity and Distribution, 14,
148-158.

Warman LD, Forsyth DM, Sinclair ARE, Freemark K, Moore
HD, Barrett TW, Pressey RL, White D (2004) Species dis-
tributions, surrogacy, and important conservation regions in
Canada. Ecology L etters, 7, 374-379.

Wilson K, Newton A, Echeverria C, Weston C, Burgman M
(2005) A vulnerability analysis of the temperate forests of
south central Chile. Biological Conservation, 122, 9-21.

Wu TY, Walther BA, Chen YH, Lin RS, Lee PF (2013) Hot-
spot analysis of Taiwanese breeding birds to determine gaps
in the protected area network. Zoological Studies, 52, 29.

Yang WZ, Yang YM (2014) Conservation priorities of Wild
Plant Species with Extremely Small Populations (PSESP) in
Y unnan Province. Journal of West China Forestry Science,
43, 1-9.

Zhang ZJ, He JS, Li JS, Tang ZY (20154) Distribution and
conservation of threatened plants in China. Biological Con-
servation, 192, 454-460.

Zhang ZJ, Yan YJ, Tian Y, Li JS, He JS, Tang ZY (2015b)
Distribution and conservation of orchid species richness in
China. Biological Conservation, 181, 64—72.

Zhao GH, Tian Y, Tang ZY, Li JS, Zeng H (2013) Distribution
of terrestrial national nature reserves in relation to human
activities and natural environments in China. Biodiversity
Science, 21, 658-665. (in Chinese with English abstract) [#X
I, WM, EESE, FRAE, B (2013) I EEK K
Fili 2t B SRR AP DX 4340 e e 5 N 2RiE S AN B ARFRBEIF 96 R
HEZAEE, 21, 658-665.]

Zhou Y, Jiang H, Yang WZ, Zhang SS, Xiang ZY (2012) Study
on stock of Pinus wangii, an extremely small population
species. Journal of West China Forestry Science, 41, 80-83.
(in Chinese with English abstract) [ =, %%, ¥ &,
FREIN, FI4RE (2012) M/NFRRERE A B R LA L O B
AEBPRGLITFE. PEEIMOL AL, 41, 80-83]

GUEHRZ: Wi E ST ER)

RS



