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Abstract: Under the leadership of the Chinese presidency, the second part of the 15th Conference of the Parties to the
United Nations Convention on Biological Diversity (CBD) adopted 62 decisions, in particular Kunming-Montreal Global

Wi B 2023-07-06
E€WE: PEPAGAEY 2R A LG 2 )7 R LI (KFI-COP-001) 5 ERLA B 2 H4 % 151 (80016F2005) .
E—1EH. PRKI7(1985-) 1+ W5 7 AW 2 REME(S B2, (E-mail ) maofang@ ibcas.ac.cn,

CBEEE: SrF WL PR R T I O A ) 2 AR S AR A A%, (E-mail ) kpma@ ibcas.ac.cn,



8 1 B 57 % (R -SHR AR 2R AE Y 2 BEVERES) 2200 FL AR 5 3R E p PRI A7 sh el B0 1351

Biodiversity Framework ( KM-GBF ), which is based on the theory of transformative changes. KM-GBF, its
achievements, gaps, and lessons learned, and the experience and achievements of other relevant multilateral
environmental agreements, sets out an ambitious plan to implement broad-based action to bring about a transformation in
our societies’ relationship with biodiversity by 2030, and draws a new blueprint for global biodiversity governance. This
paper provides an interpretation of the three core targets of the framework — the “3030 target” for protected areas,
resource mobilisation, and digital sequence information of genetic resources, a brief introduction to the relevant decisions
to ensure the implementation of the framework , and recommendations for future conservation actions in China; (1) To
strengthen the mainstreaming of biodiversity conservation. Revision of China’s Biodiversity Conservation Strategy and
Action Plan (2011-2030) is an opportunity to involve the whole government and society in the process and to take
action to promote the goals and targets of the KM-GBF; (2) To further develop detailed conservation plans, clarify the
scopes, purposes and management measures of conservation areas, and implement responsible authorities and specific
measures for implementing the plans. Researches on the Other Effective area-based Conservation Measures (OECMs) are
needed to incorporate into the management system for biodiversity conservation; (3) To develop an operational indicator
system and monitoring plan in accordance with the monitoring requirements of the framework targets; (4) To continue to
strengthen awareness and education on biodiversity conservation, raise public awareness and attention to biodiversity
conservation, and promote sustainable production and sustainable consumption in society as a whole; (5) To promote
international cooperation vigorously to explore and promote Nature-based Solutions on a larger scale, and find pathways
for economic and social development that have positive and beneficial effects on nature.

Key words: Convention on Biological Diversity (CBD), Kunming-Montreal Global Biodiversity Framework, global

biodiversity conservation, protected area targets, recommendations for conservation action
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Abstract; Kunming-Montreal Global Biodiversity Framework sets out key actions for biodiversity conservation worldwide
in the coming period, including integrating biodiversity and its multiple values into economic and social activities. As a
party to the United Nations Convention on Biological Diversity (CBD), China has made unremitting efforts to promote
the biodiversity mainstreaming, integrating biodiversity conservation into top-level national decision-making and major
strategic planning, and integrating it into the policies, norms and assessment mechanisms of ecological environments,
natural resources and other relevant industries. Different functional departments, scientific research institutions,
enterprises, social organizations and other organizations have carried out extensive and in-depth researches based on
multiple aspects of biodiversity conservation and management. Benchmark the objectives of Kunming-Montreal Global
Biodiversity Framework and refer the advanced experience of biodiversity mainstreaming practices in other countries, we
discussed and analyzed the conceptual connotation of biodiversity mainstreaming, summarized the practice and stage
results of biodiversity mainstreaming in China. Then focusing on different actors including governments, enterprises and
the public, we propose the implementation path of promoting biodiversity mainstreaming in an all-round way for China in
the new era, including: (1) To import a consistent action framework which is mitigation protection hierarchy with four
steps, contains avoidance, mitigation, recovery, and offset; (2) To give play to the leading role of government
governance, and to integrate biodiversity conservation into government governance systems and industrial development
layout with the help of various planning and policy tools; (3) To support enterprises to take joint actions and internalize
ecological and environmental hazards into business operations which can promote sustainable production and
consumption; (4) To raise public awareness to promote broad participation in biodiversity conservation, establish a
system of public participation in biodiversity conservation through various publicity and education actions, to guide the
public to practice a green and low-carbon lifestyle, and to translate into real benefits of biodiversity and climate
mitigation and improvement. By taking the above actions, we will strive to integrate biodiversity into the policy
mechanisms of government departments at all levels and social production and life practices, so as to provide references
for improving biodiversity governance decisions.

Key words: biodiversity, value, mainstreaming, Kunming-Montreal Global Biodiversity Framework, ecosystem services
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Table 1

®1 BERPERBIER

Mitigation and conservation hierarchy conceptual framework

A IE Procedure

178h7R B Action sample

Wb HEiP Y 2 RN | G R TR I

Step 1; retain biodiversity, avoid negative impacts

B BAMURNR G R

Step 2: minimize and reduce impacts

5= IRE RO

Step 3 restore and remediate impacts

S0 SR A AR R e LS B
TR A ) 2RV T 07 Bl il 25

Step 4: renew biodiversity, offset any residual
impact to achieve “no net loss” or “net gain” of

biodiversity overall

A AR LLLL ; ARG LR 4P 5 A 455 IR R A B A5 A 40l 5 R ) 5 8 g 55 49y o

LIS NSk

Ecological red lines; protection and control of protected natural areas; wetland protection; no-
fishing plan; restrictions to international trade in certain vulnerable species; gene banks for
landraces/traditional livestock breeds; avoiding damage to intact ecosystems; biosecurity to

prevent introduction or establishment of invasive alien species

AN R LRAP TR, A JRAHRAN A B 29 A 5 TRl ool D 285 T AL HE e 5 DAKT 0 2% Ji
AR A A 2 1) 30 2o 0 B R A 7 7 5 D0 AN T A 2 4 BB LR R ) B
BRIV IN LS
Agri-environment protection schemes, develop agroforestry and nonintensive shifting
agriculture, reduce the use of pesticides and fertilizers; shifting from reliance on virgin raw
materials toward products that are produced via circular processes; demand reduction for

unsustainable wildlife products; control or management of the impacts of invasive alien species

VIt M AT e (R R IB I A A5 R s SR AL T b Al 2 i A P 0 e ARBR AN SR A
R 5 B A 1) I A7) b TR A Al

Species conservation translocations; degraded ecosystem restoration; reforestation; chemical
decontamination ;

invasive alien species eradication; better bycatch handling and

release practices

VLER S H B 8RS | E (550 B 5 L R A 58 A0)  IREL R A S R 40 LI
R X 5 & J AR 28 BB AR R B

Species introductions for conservation purposes ( including assisted colonization and ecological
replacements ) ; rewilding; ecosystem creation; greening cities and urban areas; developing

innovative technologies and systems to enable sustainable consumption

o AW 2 FE VR 2 i RS (1 18 2 2 T
FZAT 3R E N ( DEFRA, 2014) . Uk 25 2 0k 5 FF
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32 REHMGENESIER

HRAE CBD #YASE | Az W) 2 6 1 323t 1k LLBURE
SR T HESh AW 2R P SORS )Z TE BY ER
b, 5 S0 R ok - 4F [ 52 A W) 2 R O 5 AT
31 71 4 ( National Biodiversity Strategy and Action
Plan, NBSAP) & i N #H & Hia VIgtrsh, 7
JE 17 S B R 2 o) S e B ek 2% B 2 A W) 2 A
PERA B H AR, 4 1 A5 SR8 i 3 3 1 AR ) 2 R
PRAPE R TR, A [ 547 8 H AR 5 AR H be R
—H, HIEZ 58| kB ELT 8T,

B A=) ZREVE N A A5 GBUN FIE T 2 R ML)
HE LA, 2% MCH #EEHESR i £ 8
TRIFTLTER | A SR DR 55 T A 25 2% () Y AT 4
A AR DR AR A ) AR R R R



8 i SIS (RWI-SR AR 2R A ZREVERESR) 45 51 T b [ A ) 2R R R AL SCE AR /T 1363

it LASD B HC A DI, SR BROBE T 3 AR A i e O R
( Nature-based Solution, NbS) LA N A %Y FE T X 15,
AR # i ( Other Effective area-based Conservation
Measures, OECMs) %5 4= ¥ Z2 A K 52 i) J7 48, Pk
S WA AN AR 25 (R 1 A= ) 22 FE

e Z FEPE G AR ARl Tl | BRI 55
ZETFHR T R 1) 3 AL ( Whitehorn, 2019) . B ALA:
W RN R PEAG 554k, s A REA R
Y, I A TH TR 5 3k SCHr BUR D3R, 2
HESUA BUR () BT, T R A2 W) 2 R P PE AL T TE
5 LA IR S THE Y Z AR IS RE T
56 5 A W HOR BR8  A E BRAL I HE B A IE AP
3 5 T AR st A% B U5 SR S A% 8 AR T 7 A= 1Y
HAd

PE A= W) Z2 REVEIG 5 0 0 SR AR AL R
A SRR AR SR 1 B [ 3G 2%, 4 T 6 A )
R AR AL RIS R, B
G ORI PR 5 VAN FIT H BR5  e DF A 45
R TH ) 58 35 S R R) K 3t B 52 it XF A= W) 2 4
P 3 B Y 52 e PFH B 1 AT AL, DR Sk B 7 4 A
W R R RS R GRS I RE IRtk #8E5¢E
5 03 I W T S Bt SRR B R (o R E A A (R
P, S AE Y Z R AE S R RS 476 4
LA FE VR bR v, S BURE R 58 AN EhAT 32 BE R 22 K
PN SHE

T Z AT B PR I TR B A
TR ] ORI 28 5 W AT FR S 2 A P R vk
P By 90 Rk BE T e ¥ T 3758 b 45 3 1 A2 )
WA, ST E R 2R BB R AT
Wefm B WA ERESRNELLEYEG, K
ST F ARG IRAN A A R B, AR AR 24
PEIG B G 85 A2 W) 22 AR PR DR AP R O A 2 R
PPe 5 T 4 SRy (BN BB L H AR B IR BT
AT TR T AT 8 5 ) E AR R IR Sk
Y2 FEEAMEAIL
3.3 B REERETTEN

PEGEIT, Bk — 1% GDP I B 5% /& AR T
AR (WEF & PwC,2020) , V72 Rl s g A4 7 22
I o A i 4 b R A 2 2R 5 55 mHE R
FEQE M E, T AER A4 7 & B TE B ik
WAV ZREVER IR . K R W) Z AR A AR L Tk
T U, A i 8 T AL 2 m R 2 R i)
fili, WES — LY Z R R AT S HESE R

Tl 375 B 3 Y A= ) 22 R P XU S5 ), S SR T
CIES- A EEgLRel RS W ES /N NEZR) 3 U KT O
AR 2 R T DR AR S B
FNERAL A Al 208 K TR ) Z R AR A Oy T
7% ¥ HEAE ] (Herity et al.,2018)

Al 3o 1 e PN ER AR W 22 R R R A AT B3
R, A=) Z R R A A b DS DA o A
AP AE SR Az 7 808 A P T G B AT RE X AR ) 2
FEPHE 7 Az 1Y 52 0 £ 435 JRURS: R, 1 X M 18 o AT
IR AT Al AT ERAE B AT 3h B AR SR MR 52 5 R
FR Y O 37047 3l 4 DEAS 45 R A H AL 25 5%
RSB LG B3 aE I Xk & A 07, A 8 T
Je 7 Al ok A Wy Z2 A VR LR AP AT Bl H AR 19 S F5 ot
MR Al N ER Y B R A BRAIL R EL 4 O R AR AE W)
ZREE R PATRE T, IS T RE IR D 5 A2 W) 22 RE PR A
A2 W2 A A R AT Bl KU, S TE IR TR L2
77 AR N R fefE AL A A O 1 AT S

MCH BEEHESE A Aol B2 T —Fh 4218 25 J& S
PRS2 14 T B, I SRR 20 B A [6) J2 20052 il 1) 47 3
R B BT 10 4, A8 BRI We P A | PR B A
TEFERIE 451 35 I A 45 1 B8 v 25 pE I [ 427l B
77 i SRS 00 A2 ) 22 R R A 28 R B IR 55 1 T g
S, 9D Al 28 T 15 Bl 0 R 5 AP IR (] A A £
AR Y Z A AR R G IR 55 A5 B AR (TR
A 2022)

T3 KA A R ) AR B A2 W) 22 R 1 A
BEAY A AR A W 2 R Y A i Bl Uy
AT Y DG BEEAE T o ¢ 4 5 A B B % 2l o 28 55 R A
BRCES R Y Z R R b, RS e
R B B I R A Z R F Y i AT
W HE G5 Y &g H Ll e et ) 2 2
AV Z R 5 ] RS A TR IR IE
34 REAKRBIRURHET Z85

EYZHEERUEATFARN LS,
(EZEHERY 1730 B br 21 W 8 2SR 1 08 2 A BE 18
R sf AR A ) 22 R P AR OCHCHE {7 B R R 2
KANsRAL B, B R F I S AR A
BN NS Y Z R n B IO B iR 2
(] N7 Y M I R 4 i S A N5 A SR RS 3
Az R IR R U A S F 2 5178,

FERARBE RIS RS 5 WHETE, BUN B4
W R THEZHEE RN ELRARS 50
Mk TPRRAY Z R G A M B2



1364 ]

MY

43 %

AR MR 22 ) FE ORI H R A AL M, E
RATAEY ZFEHIR A, PR B AR AL, & 45
PR EAEN, e ZHEERPEAR
LAY ZHEE R DURHE 2% 2R S5 I i
A= 0 T ACHE A A AR TR AR 8 BB A, B2
FRRNSHE, #ARS 5EMEZHER
AT, 52 AR FI A 2 AT A4 38 3k R 9 A Y R P
INEUL A Z RO 5 AT R S A R Tk
Kok 1
BRI E AT o), B AT S e Ik 1 A 7 75X
EANRBHH L, MCH B SHELL R A AR A
W) ZREPE AU ) AR 0 T R A T UL Y B Rk
o R T PR 98 2% AT SR RXE [l A B4 AT, R A [ i
FFIAT 58 4= O W 77 i 2 1 J8 3 B9 976 28 ( Sandin &
Peters,2018) , LA AR XS A W) 22 HE 14 A 47 1 1E 1)
WHFAT BT B Al AE A 48 T T AR R R
FFHE B A Ak ARk 09 A 1 7 Kb A 2
FE M RS 2% oA 38 1 S PRl £
B E T A BRI R AT ) N2 & R,
AEBFEY) 22 R N ML, EA A S A
REVE R, B W) 2 BEPE 9 A 45 SO/ A T Y
R FWMBELER, (BRFEMER) B, WY
ZREVE 30 A $E 4L T e HL S5 S AT 3 H b,
MCH M EHESE N S LE W Z PR 32 T 42 1L
T RGERY AT AT o A W] {5 B AT S AE
B8 R GE R e — el 22 — 1R 2 - 1T A= W) 22 FE R S
PN E G, 3 E AR T HEE AL 21780,
{EAT TG A TR 2 0 B 5 i | R J7 kA FR
FZN kR, Y 2R E R LR R S
HEZE)2030 4FF1 2050 4F 5% H A5 19 O, 45 MK
RS Ak AR AT 2 5 2B 2 R IG B
118 b R AT A7 AE 1 22 BRURIE IR 2% ik 20 4 S A 3K
A PR BEAILER S R SEHESE ) AT 4 A 7 ) BUR (R
B St A W) 2 AT ORI R R IR R
GEMEAE WA BRI A o D 3R 4 2 T Y
3, VS AN B AN 44k 2 1 B2 IR e L W AT 8l
W EAE, S IR E AW ZHEOE ERE Z B
NS B ARFIE A 19 SE4F Rk .

SE Mk :

ALBRECHT A, SCHUMACHER J, WENDE W, et al.,

2014. The German impact-mitigation regulation — A model

for the EU’s no-net-loss strategy and biodiversity offsets?
[J]. Environ Policy Law, 44(3) . 317-325.

APOSTOLOPOULOU E, ADAMS WM, 2019. Cutting nature to
fit: Urbanization, neoliberalism and biodiversity offsetting in
England [ J]. Geoforum, 98, 214-225.

BISHT IS, RANA JC, YADAW R, et al., 2020. Mainstreaming
agricultural biodiversity in traditional production landscapes
for sustainable development; The Indian scenario [ J].
Sustainability, 12(24) . 10690.

CBD ( Convention on Biological Diversity) , 2010. The strategic
plan for biodiversity 2011-2020 and the Aichi Biodiversity
Targets [ R]. Nagoya, Japan: CBD.

CBD ( Convention on Biological Diversity), 2016. The Cancun
declaration on mainstreaming the sustainable use and
conservation of biodiversity for well-being [ R]. Cancun,
Mexico: CBD.

CBD ( Convention on Biological Diversity ), 2018.

Mainstreaming of biodiversity in the energy and mining,

and  processing  sectors

infrastructure,  manufacturing

[R]. Sharm El-Sheikh, Egypt: CBD.

CBD ( Convention on Biological Diversity ), 2022. Kunming-
Montreal ~ Global [ R ].
Montreal : CBD.

DAMIENS FLORENCE LP, PORTER L, GORDON A,

Biodiversity ~ Framework

2020. The politics of biodiversity offsetting across time and
institutional scales [ J]. Nat Sustain, 4(2): 170-179.

DEFRA (Department for Environment, Food & Rural Affairs) ,
2014. Review of biodiversity offsetting in Germany [ R ].
London: DEFRA.

DROSTE N, ALKAN OJ, HANSON H, et al., 2022. A global
overview of biodiversity offsetting governance [ J]. J Environ
Manag, 316: 1-15.

GAO JX, XUE DY, MA KP, 2018. China’s biodiversity: A
country study [ M]. Beijing China Environmental Publishing
Group: 530. [ i &, BEiATC, B 7, 2018. HEAY)
ZREAPEETEUTTE (M. Jbat: P EEREE I AT 530. ]

GEF (Global Environment Facility) , UNEP ( UN Environment
Programme ) , 2007. Mainstreaming biodiversity into sectoral

[ R]. Plans and

and  cross-sectoral  strategies

Programmes. Module B-3 Version 1.

HERITY J, MELANSON R, RICHARDS T, et al., 2018.
Global business practices for mainstreaming biodiversity
[J]. Biodivers, 19(3/4) : 20.

HUGE J, BISTHOVEN LJD, MUSHIETE M, et al., 2020.

EIA-driven biodiversity —mainstreaming in  development



8 i SIS (RWI-SRR AR 2R A ZREVERESR) 45 51 T b [ A ) 2Rk R R AL SC AR /T 1365

cooperation; Confronting expectations and practice in the DR
Congo [J]. Environ Sci Policy, 104; 107-120.

HUNTLEY BJ, REDFORD KH, 2014. Mainstreaming
biodiversity in practice; A STAP advisory document
[ R]. Washington, DC: Global Environment Facility.

HUNTLEY BJ, 2014. Good news from the South: Biodiversity
mainstreaming — A paradigm shift in conservation? [J]. S
Afr ] Sci, 110(9/10) ; 1-4.

KARLSSON-VINKHUYZEN S, BOELEE E, COOLS J, et al.,
2018. Identifying barriers and levers of biodiversity
mainstreaming in four cases of transnational governance of
land and water [ J]. Environ Sci Policy, 85: 132-140.

LECLERE D, OBERSTEINER M, BARRETT M, et al.,
2020. Bending the curve of terrestrial biodiversity needs an
integrated strategy [ J]. Nature, 585; 551-556.

MILNER-GULLAND EJ, ADDISON P, ARLIDGE WILLIAM
NS, et al., 2021. Four Steps for the Earth: mainstreaming
the post-2020 global biodiversity framework [ J]. One Earth,
4(1) . 75-87.

WHITEHORN PR, NAVARRO LM, MATTHIAS S, et al.,
2019. Mainstreaming biodiversity: A review of national
strategies [ J]. Biol Conserv, 235; 157-163.

SANDIN G, PETERS GM, 2018. Environmental impact of
textile reuse and recycling — A review [ J]. J Clean Prod,
184 353-365.

SULLIVAN S, HANNIS M, 2015. Nets and frames, losses and
gains: value struggles in engagements with biodiversity
offsetting policy in england [J]. Ecosyst Serv, 15 162-173.

The State Council Information Office of the People’s Republic of
China, 2021. White Paper on Biodiversity Conservation

[EB/OL]. Beijing. [ "4 A\ RILHFNE E % Be#t M A=,
2021, HE A W) ZAEVE GRG0 B A5 [EB/OL ] b5t ).
http :// www.scio.gov.cn/ztk/ dtzt/44689/47139/ index.htm.

UN ( United Nations), 2015. Transforming Our World: The
2030 Agenda for Sustainable Development [ R]. New York:
UN, 2015.

WEF ( World Economic Forum ), PwC ( Price waterhouse
Coopers ), 2020. Nature Risk Rising: Why the Crisis
Engulfing Nature Matters for Business and the Economy
[R]. Davos, Switzerland: WEF and PwC.

WILSON O, 2023. Putting nature centre stage? The challenges
of ‘ mainstreaming’ biodiversity in the planning process
[J]. J Environ Plan Manag, 66(3) ; 549-571.

XU J, WANG JZ, LI JS, 2022. Progress, approaches and
suggestions of business participation in  biodiversity
mainstreaming [ J]. Biodivers Sci, 30(11) ; 22078. [ #x45,
T, 2R, 2022, BS54 M2 HE R
iR B SHE [J]. B 2R, 30(11) ; 22078.]

XUE DY, 2020. Chinese wisdom in global biodiversity
conservation [ J]. Econom Guide Sustain Dev, 10: 25—
28. [ BEIATC, 2020, ABRAEY) ZHEMECR G b i b [ R
(1], AR 23 1], 10: 25-28.]

ZHANG FC, LIU WH, LI JS, 2015. China biodiversity
mainstream status and countermeasures [ J]. J Environ
Sustain Dev, 40(2);: 13-18. [3KXFE, XIXE, =R,
2015. EAEY Z RN FRALIUIR S X5 [J]. #EE5 0]
FrEe R, 40(2): 13-18.]

(RfEHE = 1 EBH)



f MR Guihaia Aug. 2023, 43(8) . 1366-1374 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw202303051

BT, KIS, B, 45, 2023, FIHIEET RN T BALH AW ZREEGRT [1]. )7 VEHEY), 43(8) : 1366-1374.
LUO M, ZHANG LR, YANG CY, et al., 2023. Utilizing Nature-based Solutions to promote biodiversity conservation [ J].
Guihaia, 43(8): 1366-1374.

MHETEANBRT R eEED S HFHEERIP

Z R, KWRY, HER, RIRH, W,
& OB, KW, OB, xEH

(1. ASRBEURAE G bl (A SRR LR GRG0 , A AR BETRER LA S S0 3, bt 100035,
2. BB FA G, ABRIEIIPIIENT, Y2t AR i b G, JEaT 100012 )

W OE. WS R A AR E G EE AL — 7L B B AR AR A Y Z R O B AR
VIARSCHLR T ST, Qo ey ok AR 55 v 54 8 LGB ) AL % AR ) 2 e R Y52 4 BT BRI
LTS8 (NDS) R H IR R M R SR RUE M TRtk AU P A0 0 25 M S DI, G Ay o) 4 Bk
FENLRE BRAR 2 GE S Hr LA RR )2 18 A= ) Z AR NBS 0GR, BT T NbS FIHWKE B RS
I G FNE SR GORAE 51 ALY Z AR DR3P I B8 A% 32 10 T R NbS A i Az ) 22 P OR AP 1 DL D e, — 2
VT AESRE S etk Rtk Hir, Z&RH AR AR, EH# NbS FA Y ZHEM: KR BIA
HIRY SRR L 2 SCGHE—2P R T NS MHEE PR 5 2B W 2 PER Y B AR — 30k, DL S NbS AR As 0] R
bz ) IRAE AS )6 A ) 2 REPE ORI A AR SE 7 325 VAN T NDS U AR W 2 BV 0 R N AR SE R R ), e T
NbS P [ 2 A ) 2 RO AR AR R ] R & S 1 2 T 55, JEEE T NbS 40 A4 W) Z e L 9
A L) ) S s, AR (e R I - SR R R A Bk A ) 2 R MR A0 ) SR HE SR B 24 Mk 30F NbS FE A9 Z R
PR3P F S %,

KB AT ARMNMI TR, AWM RY, ARG, ZRM, BRR

FESES. Q94 XERFRIRAG: A XEHE: 1000-3142(2023)08-1366-09

Utilizing Nature-based Solutions to promote
biodiversity conservation

LUO Ming', ZHANG Lirong’", YANG Chongyao', ZHU Zhenxiao’, SUN Yugqin',
MENG Rui®, ZHANG Lijia', WANG Jun®, LIU Yanshu'

b b

( 1. Key Laboratory of Land Consolidation and Rehabilitation, Land Consolidation and Rehabilitation Center (Land Science and Technology Innovatior
Center) , Ministry of Natural Resources, Beijing 100035, China; 2. Center of Biodiversity and Protected Areas, Institute of Ecological

Protection and Restoration Planning, Chinese Academy of Environmenial Planning, Beijing 100012, China )

s B H: 2023-04-30
HEWMB . HFRESVEITRITH (2022YFE0209400)
F—1EE: P (1962-) 1+ WF5 5, WF5E 7 10 T AR P 7 %2, (E-mail) luoming@ lerc.org.cn,
CEEERE RIS, A RIS RSO RO A SR 5B LEY AR H AR 2R A48 B, (E-mail ) zhanglr@ caep.org.cn,,



8 B FIHEET AR 7 S22 kA ) Z AR AR 4P 1367

Abstract: Biodiversity loss is one of the major crises facing humanity today, and with none of the biodiversity targets
represented by the Aichi Biodiversity Targets being met, there is an urgent need to promote transformative change to halt
and reverse the trend of biodiversity loss. Nature-based solutions (NbS) have emerged as an important way to address the
global crisis due to its inherent principles involving holistic and systemicness, diversity, stability, sustainability, trade-
offs, and compatibility. The relationship between biodiversity and NbS is analyzed from a mechanistic and functional
perspective, and the pathway of NbS as a proxy for biodiversity conservation is revealed by restoring of ecosystem
complexity and trophic levels to put nature on the path. We here propose the dual intensions of promoting NbS for
biodiversity conservation, as (1) the goal aimed at enhancing diversity, stability, and sustainability of ecosystem, and
(2) the tool involves use natural processes. Based on the above understanding of the link between NbS and biodiversity,
this paper further compares the conceptual connotation of NbS with the consistency of biodiversity conservation, as well
as the NbS methods for biodiversity conservation including natural, agricultural and urban area. Practical cases of NbS
for biodiversity conservation or synergy of NbS for biodiversity are summarized in align with differentiated typical
ecosystems. The multiple benefits of NbS for biodiversity conservation, climate change and sustainable development are
discussed. The vision of integrating NbS into strategic planning for biodiversity conservation is presented to provide a
reference for promoting the implementation of Kunming-Montreal Global Biodiversity Framework and the mainstreaming
of NbS in biodiversity conservation.

Key words: Nature-based Solutions(NbS) , biodiversity conservation, ecosystem process, complexity, trophic levels
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g R AW AP SO AR AL 1) B 55 = G b R gt
JRE NS AR AL DA K T B K J (AT U RN S R
2021) , A=Wy ZREIE AP 2R ARG B0 A S o1 fE
PEUE LRI AR RGNS, X TR S R G fd
FINEEZE I HZE (Le Provost et al., 2022), £
FEPERR S5 T N ZE AR AL Y [R] B At AN W 52 3128 1 el
AR R EACC N2 ((Anthropocene ) PASK, A
ST Bl FUBORIR B2 AN WG 0, %k A2 ) 2 R 1 A Bk
ARG R S5 H RN ER REHR 7 AR T A R B 5 e
(Steffen et al., 2007) , T LA H IR Al fil
ARl 3t T 5 B0 A 45 4 2k AR AR R AR R R 2R
JEJ) A et e AE G s b AR Z R
B RGNRSF BURN AR BUR - 55 (Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem
Services, IPBES) flR 5 4 th, A W ZFEE IEAE LA A
7 5 EATART I A AR B B T i, 423Kk 100 1
FhBAE ) 1A 52 30 1B 55 BIVRE I 2% o 3R i 1 R0 TR
IRAEZS RGN, MR UL S 1970 4F LR X A
SRAAHXS B0 TS 0 i K ELHESR B I &R O
BFH (IPBES, 2018) .

Ry T i R 2 A AR ) 2 RE P R O Y
PRI T UK S B (Y2 HEA YD)
( Convention on Biological Diversity, CBD) k5|49
—RIVEY Z RV AT, BARIUS T —E W

AR, AEL B B U A B A R DR A H BRATS SR A7 AR A A
YRR ZEHE(CBD, 2020) , 4ERA Y 2 FEHE R
IS5 TR IR AN IR, TR AR R — 4 78 i P o L 22 %
(Stokstad, 2020) ,

ITAEK , 3 F H R 19 e J5 % (Nature-based
Solution, NbS) & ¥ 5 A F FRAt 2 )32 WA [R] 5 W %
— RV AL PR 0 2R 4, NbS DL A SR
W % BRI N ARG TIF R IR FR 7 K
SRR RS T A R 22 Pt 2 Pk AR T i 4
TENZE AR AL AN A= 8 2 A . NbS R Al 3 2o fR 7
FRAr B R AT B4 e ) e B A I )
JRE 3 R 3 30 1 e 4 4 AR W) 2 AR, SORT i
T 7 AR R 2 A 72 b R H T e R A 5 ) 5 e 1]
PEHERF 2 e . AR SCN NS FAEY) 2 FEPERY
PR BRERIDTIE R RGEESS T NbS Y Z
FEMECR T SCHE, 7M1 T NbS I X 22 % #k % 1 [
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P, Je—E DX BIr A AR W Rl 2 S s AL A8 S A
Y15 R A Y A A R G 2 S D RS A G A
A 2 R SR (AR AR IR R, 2021) , A=)
Z R BT RN 4 F7 AL ] R 2 25 2 Sl 7% i A
Mz —(EPMEE, 2022)

ANFEHLUKF- ) Z e A HE 2 2
SCHVE T ol oAy 5k TR 8 728 A B T 35 1% 22 41
X T RS BT BOCHE S, AR 2R
B W R 2 5 A R 2 h i Y Rl 2
FEPEAN T, 2 X — g DX sl oA 0 e 1) S A fR 2 1 4
i MEHEXS fE Vs H LUK T, ARG
F 2 AR U 6 21 ) Pl N A A ) R R AR A
B 2R DL RS RGN A 22 5 A S
AL ZAEME (B3, 1993)

AR W TE N I RE Z R 2 W AR 5
BRERGMREMELN R, RAZHE FUL
FEME SR RA B S8 X, I B2 872 K iE
( Lefcheck et al., 2015; Le Provost et al., 2022) .
12 £ B RE5EMESHMENTEXR

W ZREPE S AR S R GUIR 5 FR I AR
B — DO N, BB X (form ) 5 2 BE
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S AR RGEYREZ B BA E U E R =
HHLIRS R R F ARl 2 ), Ry RV 1 2 4
PR LA K B ey 32 380 DCIBORE 7% 100 39 45 0 T Bl 22
REE AP 2 RV RE 2 00 2 (RS, 2022)

FETS N W) B 22 (8] AH BLAE FHJE BT 2% 25 44
RIREE 4540 (£ MG 5 2022) , BV 5 AT 78 1
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ERRGHA WA H N IT L T B R &
e Z& HAT A& W g ae Jr  BoA 3 ) e ke
SRR LA K i JBE 1 S A P (SR 45, 1998)

HEERGENAY S AT — RS
R SC RIS A2 A=Y B R 58, 450 T
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HAIFE P AT — R G0 & 1k, Ak T
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SR AW Z AR AT B IR (T8 1)
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] —JZ2 AN 5] J2 11 19 22 B PR X 2R G0 R 1 1 52
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HBRG S0
Bcosystem &% ] R Landscape B S 32 PR e8h
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B : ®© HEARRERA (BREGIIE)
chcnd Species Ecosystem type (shade of green)
C DIRERF v THERIE Cln b A RE T ] e B 20 ) _
l-unmon.:l group Indirect connection (e.g. species movement through matrix)
—h— ECHERIDE (AnBE R / )
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N, EHESER GUT AR
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Bl 1 NbSHELESTREMRPENZHEHNIEE (K% A Bullock %, 2022)
Fig. 1 Pathways of NbS for ecosystem restoration and biodiversity conservation ( modified from Bullock et al., 2022)
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AR B H A B IR AE 09 B B8 (IPBES, 2019)
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BB I AL 1 OOE OFHESE NbS, 42 1 32 4% J7 A ]
) NbS & S, Bl 5L H AR A0l DR 07 58 3l 2 >R A T
SR FRP WRSE RT RS R A B A AR &
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BRI T NbS k55 TS RGIKE 1AM £
FEPE RO B AR

A H SR R 37 B ¥ (International Union for
Conservation of Nature, IUCN) il & i) NbS H) 4Bkt
YHE B AT I FE B 12 04 8 10T J5 A o T A 7 11 28
TR AREC) TR R b & 4% NbS /Y S AR,
W T AW Z RPN EME R, H
o HEN 3 K AR AR BB RG T NS (9 R H H
e LY Z R A S R G SR Ok 4 (P
B4 ,2020)
2.2 NbS ALY ZHMRIPHE T 2T EERR

LG A 2 FE PR AP FE O 2 A R
EBRGEHARRI AR, X T AKRAE
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Hu AL XA AR T, A AR ORI 3 A B & NbS 1)
BHAR DR A SRR S R G5 T RE A0 5 B PE A
KM IR A=) 2R, (H2, A BRI A SR IR
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MXERE (TUCN, 2022) . 38 i £ 1% A4 45 B3, 4%
AR DR AP 175 i B0 B A SR R 4 3l 1Y) 2% 2 4
S S it M DI U AE B 4 (] B IX e R A ) 2
PRI W6 B F BL Z — (Saura et al., 2017) , NbS
ARG E Ik o T4 S
F G0 WA BT 12 A8 2] S8 03 T AR 2SR G 1Y
FRA TR R

5 lR] ] 4 B S 0R 37 3t LA Y AR W) £

FEPE X OR3P A H 2 5 SO H At 1 DX 9 A % R £
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BT A AR S R AP 2E NDS A2 2 i b H A A7 R X
I3 37 #5 i (other effective area-based conservation
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XTI AR S R SE, NS $R 4L T 4045 5 4 (o
Bl TBE 7R PN Y R Bl it T2 ) 19 i 3 4 2 1)
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TR, 3G SR AS A= ) 20 b | AR 2 3 T R e
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NbS JFiEMELE R T 55 TS RGN A
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Y, 302 2 ol 3t A 28 2R 40 AN S A Al i A% 0
( Cohen-Shacham et al., 2019)
23 NbS EREWMSHEERPSHMBFRAHE

Y Z R AR A RGR A,
AT RRLE 2 e 52 B A5 — 22 4] 4 3K A [m] 18 I %) B 85 1
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FlEM™EM HE S BAmE R, 5 ANKEfFMEe
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WAZBT R R R EE AR R 48 25 5 10 O =X, e g
XA 2 R R A5 AR A RN S A A A 2
Py B[R] B2

NbS 50 H 47 8 A [6] T 4l 44 O 4747 30 2 A
HOE b B 7 LA — Tl 8OR T B 3 0 1 1
J5 2 X Z RS PR B NI ( Cohen-Shacham et
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NbS & 52 3 (R 5 [ A 22 A HE R 2 29)
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514> (Intergovernmental Panel on Climate Change,
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NbS A] LAy 2 C (Y 5 H bn 5Tk 37 % B 08 2 <
AL [ AT F) TR AP A ) AR

] 4k 23 S 45 R HI NS B Xt A= #) 22 4 kA 4
MAAARAEAF Z TPk 8, U] T NbS & 1A B X
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Table 1 International practical cases on NbS promoting biodiversity conservation
R Hosd it %54
Type Location Action Outcome
bRt ARG FRFIK = TR E AT IE R ML K IR SRt R A A RS IR T IR A LE  Z RE PR POR

Urban ecosystem

SRt ARG

Urban ecosystem

PR Ay Ning )
Coastal mangroves
ecosystem

Milan, Ttaly

W oF LA

Lisbon, Portugal

odeaRisYatis
Coastal zone
of Vietnam

A XA R S A, T AR SRR E R
A T AR

Enhancement of hedgerows and walkway systems,
restoration of urban green space to protect native
species, reconstruction of windmills and restoration of
wetlands, creation of ecological corridors to expand the
right bank of the river

BNk 6 BB LN, S T M AR W) 2R
B 20% W T AL TR R B AR AR AR
AT LR

Increase of urban green infrastructure with 20%
measurement, reporting and verification ( MRV )
urban  biodiversity  into

target, integration of

urban planning

Ry AE ZLLMM, G FISEAR T 25, A5
Fr A LR A TEAR W 5 52 30 A 27 i

Protection and restoration of mangroves habitat,
attraction for engagement of stakeholders, meeting the
international organic shrimp certification standards and

S AL M R BN A Bl T By ik A K T
Urban biodiversity restored and habitats
protected and improved, regulation on

flooding and water quality promoted

HARAI B AR X B AR IS 0 15% , kT
Lt 3% 3 M S AR T

Urban green areas increased by 15% , urban
green space connectivity significantly improved

LI A S R GE T AN D R AL ; PT 722
ol RE I $ T RS W) 2 R
Area and function of mangroves ecosystem
restored, capability of sustainable fishing
improved, coastal biodiversity improved

realization of added value of eco-products
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FE A S AR T AR T BT
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) RS AE BRI B E TAERNEARNG, 2021
A TG0 25 U i R 6 A AR b 5 AR S R B AR
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LKA FH 8 5 23R G 06 AT A OC TAE

TECRUCE BRI Y (1 51450 F A L 7K bR E i
YRR B2 TR (LU R AR ik TAE”)
TE“ =X VU Ay 44 IR TR E T 350
TVT5 b, B2 T 7 N0 Hedk A= ) 2 R
TRAP AR 2 205 & SR B R], BT AR VI & [ <
FAESIRE AR B LRI 51450 3 8
B P R TRV H, Ll K T AR AS B SR A NDBS
IF&E 4 b E S #E 4T NbS A Ak HESh T — R 5
NbS SZ#, 7K TR AR 4E NbS 09 J7 0] 5 45 v, R
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2o, MG T NbS By SO R EE T (P BAE, 2019;
JAWFAE 2021 ), ok T8 i 5 AR5 0 f &R Se ik
P is T — &5 NbS T H Ay ¥ &2 18 1k 19 7%
AR R TR AR A A A A B A
ASHRIE , 28 H 0] S A= Ml 1 A A 32 AL B A B
) B AR B M O IR A X AE S R A £
FEME BR0E M RREEME B AR S AR ) 0 A 8 A e
U (FWIAE2020)

NbS FEAE A543 (8] ARk 25 6] 08 25 ) /) A ok
TG T RO 2 M T b E W E £ 2 BRI =4
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TEAES 25 0], FU B A8 DR AP 5 TR B 4R, D9
WA H SR A 358 1 A2 0 XORN S BE W) A, NBS X AR 25
RGN P A0 S O 0 St LA AR A
AR AR OR I AT 4R DR A IE N R AR AR AT BB
WAL T HA EET BRI TR 15 D
LB, FEArzs ], BRI BB T NbS 5 F A A
TR K 15 £ T REIE, 4 P AN s fin e i b iy B
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SR B AR AE B S 7 vy, R Ak A W) R Ty Rl 3
INAAEDIAS B 1) Z2 8 A0 AR F AR AE ) A & B 1)
B R 2, DR B [ AR e A A b i
G MAR L 4, B, B4 ALy A NbS 1
H X 22 4 b iR Ak i ] 81, SR BT RS FF B 35 38
FH () NbS 178, 76 F5FF 2 55 FH B | R85 5 K iz 5] 1
B e w RN 6 £, AR TR, 5
AR 20% F1 77 5 38 55 5% ~ 10% , Wi 151 550 5 19
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T PRI T B 00 K FE B LK Bk 4% 3l a4 4
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HENE IR NS AR RN EE T
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12— R A UE . NbS 5 IR EE L AW
fege AR UL LL S N5 SRR 3 A | 1l 7K AR H
A iy G R A S AR S SO B A B R,
NbS 17 F 2] B 4 25 fa) B0 | i K bR HE R v — 14
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Discussion on digital sequence information
on genetic resources

SUN Minghao', LI Yingshuo', ZHAO Fuwei'?"

(1. Nanjing Institute of Environmental Sciences, MEE , Nanjing 210042, China; 2. Research Institute of
Environmental Law, Wuhan University, Wuhan 430072, China )

Abstract: Digital sequence information on genetic resources ( hereinafter called DSI) refers to data generated through
sequencing technologies. It consists of a broad range of genetic sequence data, which includes the digitalized details of
an organism’ s DNA and RNA, and chemical structure information of natural products. Considering its significance, DSI

has become a hot-button issue of discussions around international treaties such as the Convention on Biological Diversity,
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the International Treaty on Plant Genetic Resources for Food and Agriculture, and the Pandemic Influenza Preparedness
Framework for the Sharing of Influenza Viruses and Access to Vaccines and Other Benefits, with particular focus on its
access, use, and benefit-sharing process. Since 2016, fruitful discussions have been made among stakeholders about
DSI’ s access and use, albeit disagreements remain in some areas, examples of which are the connotation and denotation
of the placeholder term, DSI’ s relevance to genetic resources, the definition of open access, the monitoring of DSI
use. Through analytical research of DSI itself and controversies arising from it, we come to the following observations;
Science advice alone is not enough to mitigate the differences originating from the conflict of interests between
stakeholders; DSI’ s placeholder status has made the fulfillment of the benefit-sharing obligation to it more complex; The
large variety of domestic regulations around DSI that exist in parties implies that the setup of a feasible, multilateral
international system is no easy task; An approach that coordinates different framework conventions is urgently needed to
tackle the ongoing challenges facing DSI. To effectively cope with the challenges and opportunities brought by DSI’ s
access and use, China, as a major provider and user of DSI in the world, should intensify efforts made in the following
four areas; (1) Fundamental researches on DSI; to this end, we should encourage the adoption of interdisciplinary
approaches in DSI research and introduce pilot demonstration projects on access to and benefit-sharing of DSI; (2) The
timely establishment of biological data administration system; we should construct a comprehensive system of biological
resource data made up of crucial components including classification, convergence, sharing, research, utilization, cross-
border transmission, and benefit-sharing; (3) Infrastructure development that increase the openness, safety, sharing,
and reciprocity of the production and storage of global biological resource data; we should strengthen international
cooperation in this regard; (4) Better use of the cross-departmental coordination mechanism that involves organizations
represented by the China National Committee for Biodiversity Conservation (CNCBC), we should continue to increase
the synergy effects originated from China’s greater participation in international fora on DSI.

Key words: Convention on Biological Diversity, Nagoya Protocol, genetic resources, digital sequence information,

access and benefit-sharing
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JIF B 5t 1% B IR AT 7 S A% B ((digital sequence
information on genetic resources, DSI), H A BRI
KA NN E L, H 2 DAL G DNA  RNA 458 %
Yy 7 9 A BN R AR 7 WAk 2 S5 Al B 55 2
TEFE H 20 2% ( genomics ) | 7K F 5 2 2% ( proteomics ) |
1L 4H 2% ( metabonomics ) %5 A Ay BE 24 1 W 27 BF D
MRS T, LR A5 B R A E LR
SRR A SRl A, DN AR AR
DSI AT LARE T3 i A= 9o | ol A 7 | By T2
gl 55 22 . AW Z2 RV R A SO AR, HE
GRS REY/E 2 = 2 c Ok Bu Y IR AC NV RS
B AW AR BT B 5 | PR AR A% A A5 2 W T A= B8
AL B AR 5 5 S AR AR Wi Al 22 R
fEERR 28 S o 2 (PRSP ANEE AT, 2019) , DAER
7 DA USR], R I 1A P AH F R BE 6% 1) ]
TEHCAR RS DS HvHE A 5 8B AT AR P 1
Y LB B ( Dormitzer et al., 2013) , Jf HiX F &
TS BETE DT AR B8 0 AR 7 i [R] L A
FH S5 2 3l W) 15 57 00 i 18 2 A AL, T iE G

H: 77 BE T ( Suphaphiphat et al., 2016) , H F LA
AR A AN A W) B R 82D A0 3K S T i A= )
ZoPFIEAE RN AR K E R 22T 4 4 U 1 4%
DNZ, DS E 28 R A2 7l — o % 1 A=
FEEEER TR DST AR ORUR L B e it 7= A= 1 )
gt 7 BC ) 2 22 O (CCE W Z R 2 2) (LA R i
PRCAZY) ) B URTER A

1 (%) DSI # w3 B

(Y B H SR T 3R Bt A% 96 I RN IE F A
S A B R AR AR A R BGE ) (LU
fIFRCBLE ) ) #E 7 7 LUE % A, 53 58 015 )
oL R R AR T A4 B ah R BE R Y 3t 1R
IR IS B 45 4 A B (BEIAIT, 2011 X A,
2022) . X HIEEAE A R A E )T Kk
Jo v AR AP s AT BE IR, O 40 5 B g fR L
T B AT A FE B AR T B AR A BRI A
N ff45 DST A 7™ 5z S DLSEEE, 2 % AT fg
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BT s A SRR R . Rk B R AR J v I K
FE DS AR ARAFE WFFE A lb I & SR A7
FLOR 2250 DSI 1) FF 808K R A1 AR 7T AR 3 2 &
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=R (COP13) ¥ DSLAE R ATREW S ( A2 =
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(RZFMELR) ) —H5r, AT i — 588 2 h L
I R 2G5, COP15.2 #E— B e sE | %57 DSI H
% 7 AN PR OB 03 44 BRI T AR 4H (ad hoc open-
ended working group on benefit-sharing from the use of
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T HUASER, 0 E PRt SR T AT T 2 8
1 TEAR Z2 3 M AR P B R | B3R RN 125 A ) A i 2
g By kg, X e @ el e R E DSI £
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P58 A 122 55 47l 38 8 T #Y9 DST AH
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HA5 BB , I DST A R st AL e i, 4 i
i B (ALY BILCBUE A ) AT BT, 50 8
WA —IUEAER AR IR DSI 45 705 L 173
5 (Kobayashi, 2019) . A WA R, < Hifl sk 57
AIRERL & DS, A WLAIA S, DSI AN 2 g % Bt
P, S a8 AL % UR A (atilization of genetic
resources ) ¥ fiil J5 N FH A1 B ol f& ( subsequent
applications and commercialization ) B9 45 5%, 1 H 1%
JE A5 TG A ) AR RS B A S == LU B o R A
) AL [ R R T A A IEMr E A, A
K DSI 58 A5 BEIROC A 19 g AR it LA U2 DSI
S IE FH A 2 B o QUUE 5 ) 7 1 3RS
T A3 T B %) ISR ) A A R O T R v [ K
ORI £ H 28 7 1 09 80E 15 %800 ), T
AL IR R SO A YR e i I K g A R
W5 DB X — E A P R AR AU AR B
2.3 FEHALER LAY A

FF iR B (open access, OA) J& 4% J5 7F % R 1
TR IR W A 56 DS AR BUHL I 0% J5 ) v 3 31
COP15.2 UK T Hi FORCETT (—AHi%#3 | ]
B 5T RS B0 | MR AN Y T B A Y
B TELEFE AR AN 3E Aoy A AR B R R 2) KA
( Wilkinson et al., 2016) , 3 &8 F R B | E Fr
Bhegthes BKG FE Z0P CH 25 1 bR 2k F Y
Bhop Bt 36 B 32 S 0], B w] & BE (findable ) ”
“nJ 3k B (accessible ) ” “ 0] 22 H. (interoperable ) ”
“ Al H M (reusable) ”, SRR FAIR JEIU” it
Sb, 4Bk A BRI R (GIDA) 42 ) 19 CARE Ji
)RR B AR F) 25 ( collective benefit) ™ 44 ffil] AL FR
(authority to control) ™ “ 37T ( responsibility ) ™ “ /& Ff
(ethics)” , A 2440 FAIR BRI A4 FE . 46 2005
K20 31 WA T U] 9 DA AT 28O BB 58 4 24 445 % I
ORI AE . A= BOR S #E | DST A7k 3 A 7
A 77 5 14 1) 2 A ] 3 TG PR ) ) T 7S AR EC DS, AT
P HERF 22 BF 58 FAR ¢ [ B & A, K DS A (8 e K
o MIAEYIERAFAE S H (DS AE At 73 B 1 fig
5553 P 1) 58 8 AR SRR I TR R AHL ] A Sy I ik 3R

WROEANSE 6] A H AR I, I 1) T R B0 R
PRUERIZOR, XEEFEF R AEVWEZHENEEDY
WAL TR S AL AW SO A% B R R
I8 77 TET Pk PR SR B 7 0 B R 0 55 R R Y
W RN I B R A SR R R IR TR o 9, B PR 2H 4
Pt AL S % COVID-19 1y By 45 R X & # 1 H
HAEH (Harrison et al., 2021) . X =Fp W & 00 4+
R AR DSI 225 73 5 2 W HLHI Y 5 26 .
2.4 % DSI M7 A

SN B CUUE A3 ) HEAL T 38t 4% B 3K
W5 B A o =BG ML == R DS = A 1Y
i, T 0 DST AR IR E LK 7 A 1% DSI st
FRBEIR . AW, Wall DST A9 4R BURI R FHAAAE
BARIRIR, 5 5 S B L EWATECE ], OF BT es
P, PR RR A PR B (INSDC) B 52 3
B A SR id B 5% 5 (accession numbers, ANs)
FIECT X G5 R4 ((digital object identifiers, DOIs)
S TR AZ Ry 1) 6 (NSD) YA, it 4
R R 7 B 4 B2 A1 4 4 e i i R LA
Ry e RS e 1) 35 4% 9 I S HOR R, 4R T77, INSDC
12 6% 11 2% H 5 24 TF 1382 4% 55 I8 A BT Rf 3k &%, A
16% 1425 H e H 51 B T 2K IR [E ( Rohden et al.,
2020) . HiT DSI % (s SR MERTCIE Jm 1, B
A XT38 1% BE IR S 1 M I S B v LT AR X
B 2, WE i DST AR FH 5 K ast 14 9% 5 ==
KR g5 BRI 58 F0 R M I & R 4 5 55 DG P B
7, AR 2 E 5 A B AE B IX e Bs 45 3 1915 B HR
FEECT BB I H Y, b Bk JRAE 2 A AR iR
A0 7] K DST B 25 73 55 AR 51 44 AR5 T
R hitt—P 1k,

3 DSI & %5 4 Z & I 0 3k B

3.0 HEFARZSHNEARENHRHEE

H AR DS I AR I DST 5 i & W IR & |
FFIBCAR B P i DST P M 0 258 o 4 iU B 28 T 35
R K N PR (BRSNS R 5 N =S
58 YR AR BB A T ST B4 295 B 25 R

DSI i [l FLA TG — B e, (8 k&5 Rl 2 T
PP B 2R A 8 AL U IR AR G 1Y BOHE AN A B T
Fil, AR B 20 R P Al i Rk 2 ) L, O 22 ) 2
i T 0 BT Wb 0 ) S, R AT A ik DR 4K
W f5 B AR BUE B 2208 A RISk, Pl g8 T
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e Xof ik DXL P 5000 1 BIF 5 R T 2 o B A (B 79 32
B PRERY BN AR Y MR BRSBTS AR A
ORH S [R) L) i D ( Gaffney et al., 2020) , Kb,
TEHCRI Z 4 19 Sk ATS SR 46 1) 2 4 0 55, A BT |
J& DSI 2 BEFIAR OB 7 58 305 7 5 28 4 =2 1) )
T (R 1 AME 2 B, o5 S 70 H008 48 HL 5 T T80k M
Z M) AR i, DST AT M 0 A b P AR Ae]
D M 0 B R LA S 22 T AL A e A
YIMHG, DSIA% 48 T« Bk o 72 JF 45 B 15 B
FORMA TN 5 0 LS55 15 B3R A
PPk AT 4R R E PR R AT A E P (R 5, 2022)
AL AR B RS2 W B I bR ELA 35 4% T RE Y 5L B
TE , LI W) 5T A RE BN e Sy 35t A% % R I O B
DL AR & e 35t 4% 15 8 A B0 0R iy A= R
Jo& 3 1 5 AL 50 2% A AR R B (R A%k,
2020) , PN, DST 58 1% B 0 5 3R 2 4T3 R 2 A
i IR R Z —,
32DSIfFIEMEMT A EEHENS FE

DSI A Ay 38 A% B8 I e 19 7= 1, o™ A - fit
FIR I 205 B A R T RALE AR, 78 HAE
FIARTE |5 3845 % P8R OC 2 55 SR A Jm M 25 R 1 o
R BT, ACRT W s H: 5 R S S % A AR E gt
TR RPRL AT BEAAAE — @ R AR .l , B IR e B ds
A 4 2 B0 B | 22 ok R A R A, 6 T i
B AR S S BOR B R AR — B A
5 R ATREAAAE 2 A Bl K7, LA K AT B 5 B W)
S e SN U DS 3 €/ E =R S i -7 N
kB L T 2L DS RN B ) B3 A7 o LA B Bl i
TR R, DSI 7 A R TR A K A R b 3
“CHHE” 5 AR R DG FR AP A A E
BE . WS BB AR fb RN A 3 R AR Rl A 2 —
EORTTRE, B8l e iy e 4% |38 8 3% R0 A8 B3 %)
DSI 45 SR it S5 (B An o] 78 1, 02 25 7 2 2
LRI E T DS B IEN R E
3.3 BL4T DSI E 5 e 5 B B 6l BE 138 X B K

LA % PE (legal certainty ) J& DSI i+ A S
HHE RN R Z — AE RN BHY
FEAS) G275, DSI RIS 2 4 20 5 B bR oAl ) A fi
LA AKX [ 8 B A ST AT T A
B, R DS FRIR 1 5 35 5 HI O
HATHERZ P HE AL 16 A E 5 & A6 S 1
DSI [ 748 BRI . A7 K5 DSI 5 52 1y 38t 4% 55 U
FRSS -, 8 VF AT UE A R % DST A A it fin 29 3K

WMPPK LT | TV Hy 104 35 42 98 U5 1Y 45 3L
JitE ™ g B R 35 DSL, WA BB, A Y
HARFLAE DSI A ik A 28 45 53 =5 L 55, {H X DSI
ARICA it B 1, an EL 95 EPRE . A Y38 i A R Bk
W B 145 3 DSL, 4n Bk BE | B 1 ( Bagley et al.,
2020) . KL, AT 09 58 DSI W 4 24 it 2
(N25) T DSI Z AL a1 T 2L\ B 5T FOA £
{14 [ L, A 780 22 A 1) 6] P 4 BB B3 T #9  DSI
Z AL ELAARAE 2 2 = 1 R
34 DSIMEAAME+H L ERHEKE
ITPGRFA #3712 i1 B 15 47 = AL DL & PIP

MEZESCTF PIP A=W 4 B B 4R B B 25 43 ZE ML 34
AL E DS Y 2 45 40 = (BOH 55,2017 ) . FAO
T WHO 7 2 32 56 F DSI [ 8 it ie T 2 5 (A
29y K H W2 A5 ) DSI B B 2 72 AH B 8 ( WHO,
2019; SCBD, 2021, 2022) , HEFIAY 35 14 B I

B143 (CGRFA) ¥4 DSI A S [ EUE fy Ho 25 1R
Z— IR BAESE ; ITPGRFA & FRALAE 45 + \
Jo 2O DS AN A H Z AR 0 TR 8, Hooe T
58 22 300 B 2% Ay 2 AL A 2 AR oK B R % R DT [A]
B (SCBD, 2021,2022; FAO, 2022) . %t 1)@t
BT AR 2 e il SR WHO b 45 2 BF 58 4 5L 1 )%
G154 ( Genetic Sequence Data) 24 A PIP HE4E B 75
Sy ML (WHO, 2017) ; WHO A1 EHF5E 12
N AREUS B 25 4 2 ST IR BT I BRI 28 T 2=
P SRR AR 7 4 BRI R T RN N X FR 48 (GISRS)
S5 R — B8 [ 52 DL K WHO A4 w0 22 1l iy 3t
LU B AR B Y S0 ECE g B AR 2 T
NI S TR S 6 LA B 5E 26 1 B0 R ) BRE AR 11
AR E A PE (WHO, 2019; SCBD, 2021, 2022) .,
YER 2300 E Brig 3n 2L 7] O i A S S 2 A
LY Pp[RI N T % 38 40 B DST [7) 5 4 35077 78 0 B,
BBNJ P il i, & 58 A8 R 1R DA AR X 3
AL BT IR 1Y DSI AR B 15 43 5 [ By oA 0 45 2
L, (R BIE B A B HL |38 B bR v ARt
A FARTEAF S A A DST AR IS IR Ay W 0 g B
JE B THE T B2 L3 4 IR AR Y
o7 M 4 20 7 R S AR IS B 25 oy = &
DS E . BARIZ PN e 1EIE F X 23
ALY S EPRSIE TS EZE S, By
AN HAEVS Je DSI AR B 2 4 4 =5 1 [ B sC 4,
BRI 0B X (A 29) (FAO . WHO %5 [H Prit iz T
DSI [R]85 1) f S8 R AR ™ AL s Y A8
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4 DSI B L & 35 4 F 7] B b 3 5K B

H ARG g & 75 78 DS 3B S B 35 43 =2 40
W2 A W22 W UK L — 1, H Pk BOKE £ i DST
JEEETE, H A DSI RIS B 15 43 == 2 AL )
WAL, BERHBATEE SR EZ S, S A
B BBNI B 4 [l B i 2k e 681, BRI 47 78 1
FEW ., FEHTFRCE B EF IS LT TAE,
4.1 fn3& DSI X E/MAR

DSI #2573 =ML A =0 850 S it , 7 2 AE LR A
FCBET AL ) 4 I 2] L A5 W R T
WA S T R T R AR O, 238 A0 B DST R A W
RN FF R B DG i, Bl 2E AR @ B SRR B
IER 3 I E R U ER LV R IR N S U 7S )
e, W TF AR P E 2 18] B AR B GE— , M R R
17X e tlp i £ X H % ( Kobayashi et al., 2020)
I, DSI AR DGR T R A A 118 DSI [a) 8 Y 5
BRI ORAR b B E 5 — sk ik
2 G AWIE B R E R DSIAE G E A i T
TAE, R R T E R A s 2= B 5T, O DSI T A1
SRRl ) 2 JR LA B AR I [ 5% A B it 7 i
FE RN ST HT 2R SE R, B [ B o i %) 8 ), B
B3R BN 48 A 19 57 5 N SR B SR g, D TR E S
5 ak WA 5140 DSI ) 8AH 56 5 B g 1 19 1 e 4 4t
Bl S H . tesh, PR DSI B 35 0 = £ i pL i ik
SSFSE X B2 4 G 8 7 R D PN o A R 4 S
3R S P e A S
4.2 RGEHMEEREY R REIESTIENE

DSI 1Ay [ 52 8 2 AR BE IR, il e IF 8 A0 8
DSI B 48 BFE i L L E 2 2014 4F, AR 1R
PERAEISER TR G ED & (O T s x 4h 5 1E 5 28
T AE st AR IR A 5 B R A SRS B R N )
A5 B VOB VRN “ A st AL 3R i — 84y, B
FERIE H 2506 BR 0 2 W st AL SR IR xS Ah e i 5 A
Vi, B 1k 5138 1 A5 Py a8t A2 B 5 O 2 ) A ( g N IR
RN E AR EIE, 2014) , AR, T E K
ERF A B TE R 28 4] ¥ b TR O = (R 2R B
EILINE Y TR T B8 R4 038 R
L= 5 R A (e N R R E R 2 R
2018) , (AW ey Wl e T BB A Yy IR B
S FNE B L B e A k) B B i R
) B 5 B SR o s A I =X T DA B G R R A 5

PRI A A SRS E R, BT
COP15.2 &L Xt # 7. DSI RS 5 45 43 5= Z2 1 AL il
T R TR N 3 B ) S A A 0 R AR 0 A B
FE, R0 E A W B IR B 2 AR = B
EMIDEIN 3 X TN S R S
43 HERAEM A BRBIFEEMIZHEREIZ

PR BT R 2H T 3L 4l A 4% 20 A
B B2 B TP, T A S BRI R ) e I
B S BT IR T &t AR W B o
(WDCM) ™, DSI $ 4l B f g 15 B F & B AW
St (MREESE 2021) . 2020 4F, 3R E kS 4Bk
Bl 2B B 2R R R MZ 2IFEN R
W R 2 4 B R e P AR LR
P 40, — 7 I, B PR R, & A
L HE A R AR ) B IR A T A
Tl st , 8 7 B A LA A RS Rk
SR =R FR R A AR BB 43 A AR
Re B E . oy — Ty I, BT X ke T DA 3R
Sk 0 A DR A T B R R, S A AR
FE )RR [ R AL R Al g e AR YRR IR AT 4
VR M, A R AT e A7l & A A 1 0 IR AR
FE PR A VEAB 1L, 76 0 8 A 9 0 DR B0l 22 4= ) [ B
Fe DBl 4 BR AR 1 9 VR A S RN AE i AR i A
BRBHE A1, 76 2R AE W B8 05 5005 36 22 b o ik
S
4.4 MEERZ LA EEB AL

DSI R 5 25 43 22 ] @UE R (A 29) (FAO
WHO (Bt BV TR A 20) % 24 [ bR ig 1s L ]
FVE MR TR I, 4598 35 22 18] A9 8 R R A 42
e FE A6, COP15.2 — 5 T K DSI Y 3R B
HHE A G, BBN] Btk DST 99 A =A%
il B, 1 WHO \WIPO &5 1E 7 JF & 1) BT 18] #% 7
WAZ B, I RA N e, E—iis T
5 DSI [n) 75 A Jl S5 ik e, 359 07 S Hoth 4 56 8 15
T ie S H M E, REAUE INSDC 5 K
FHPE 02 (A 20) 55— KR P B2 Bk — K
PEE[E ( Rohden et al., 2020) , B S AH 3¢ [F Fr 41 21
D ES ] T e VRS A i W E A A B S 5 SR N
it 25 8CE 5] GAEC B PRig iz T DSI [l
THE . BRI S 5 ME 2 50 & AR HE
Y BRREE B, DA 7 i PR 3R R BRN 7% 55— 3K
() DS [ 52 % 7 W, N7 38 43k #5 1 n vb [EL A= 9
R ORI [ 5K 25 51 23 45 T T D R AL AR T
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Abstract ; Biological culture is of great significance to the conservation of biodiversity. The formation and development of
botanical gardens have reflected the plant culture which formed by human beings due to material and spiritual needs in
history. Modern botanical gardens have made outstanding achievements in plant ex-situ protection, while the plant culture
construction is still a little insufficient. In the process of global biodiversity conservation, the important roles of
traditional culture in biodiversity conservation and sustainable use of biological resources have been increasingly
valued. At this background, this study emphasized the close connection and co-evolution relationship between biocultural
diversity and biodiversity, and reviewed the implication of plant culture in early botanical gardens and Chinese classical
gardens. And through the analysis of the main functions of 3 085 modern botanical gardens around the world, we found
that only 7.36% of botanical gardens carried out ethnobotanical research, while 11.18% carried out conservation biology
research, and 17.18% worked out a plant conservation programme, which revealed the improvement of the protection
function and the weakening of the cultural function of modern botanical gardens. Based on the demand for the
construction of plant culture in the effective protection of plant diversity in the current botanical garden, this study
further analyzed the deficiencies of plant culture construction in hotanical gardens in China, including: (1) insufficient
plant culture information data in plant species diversity information; (2) lack of consideration of benefit-sharing of
traditional knowledge in biodiversity conservation; (3) lack of theme parks that display plant diversity with
culture. Focused on the goal of plant diversity conservation and management in the China national botanical garden, we
put forward the following suggestions on plant culture construction in the China national botanical garden system from
three aspects, in order to provide a reference for the construction of a national botanical garden system with the
characteristics of Chinese ecological civilization. Plant diversity protection and utilization; to strengthen the consideration
of plant culture in the construction of plant diversity information and germplasm resource bank, encourage ethnobotanical
research. Benefit-sharing: to establish access and benefit-sharing ( ABS) standard procedures covering traditional
knowledge to ensure fair and equitable benefit-sharing. Public participation; to consider display the regionality and
uniqueness in China national botanical garden, and add ethnic plant culture theme parks or exhibition halls.

Key words: plant culture, traditional knowledge, ethnobotany, benefit-sharing, China national botanical garden
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5, 2017; Krishnan et al., 2019; Smith, 2019) ,

] B 38 4o A 4 el © 280 A ) SC Ak A 1 A
HEY) Z REVELR RN RMIE T A, A S 54k X a2 AR Y
Zpa e, Bian, 38 B IR BAE Y bR T Bk
I R AR Wy ] AT P Bl 2 MR A T R
AR 29 LU SR DGR AR, O 5 2 s R —
il 5 B A A 25 3OR) 1 SCAR I PR AP (] B I
JRE ) RO AE W) 7 WF 58 A S 38 0 S o ) A R A 1
oy vr 2 M A fE B (McClatchey & Gollin,
2005 ; Rakotoarivelo et al., 2014) , #HrinyAg4) el 1
2018 AFEHg T ROGAR Y bel e, i R TR
RSO TG 300 Z R, IF AL — A R
T 2F Y8 0 ( Franco & Mustaqim, 2021) , #°F
2008 4E 2 BARY) bl & B o 1 5 HAEY) 2 e
AF S b BT R SRR T s O NS AR TR S HOOT
TAER B R Z — (Dunn, 2017) ., EEFEZR
T IE (R IR K27 ) 400 [ B A2 52 141 BA [m] I 2
AR R L Y At XA A, ML e my “ AR 25 H 7
eac s | DU AR ) P foe AR S A AR A IR A IR
A A 2R 9 A AR A A 2R PR 1Y 52 6] ( Dunn,
2017; Kassam et al., 2018)



1388 |1 I W/

43 %

32 REMKEYEEY ZFEERIPPED K
BEFENAR

FEHAC A FE B WY 4G T 20 12
(WIZERAL, 19975 BUESCHIBEREF, 2022) , 24 C
KIEZE 162 AP, TRy T 3 E A L5 5
HLY) W) Bl B9 60% | W 5 S 52 i A 00 00 ol ) 39%
(FEBHS, 2019) , FFRar TP EM Y K", H
HIE AN 1 122 SEAE Bl | 1T LA 4 2 A8 el 1) 4
PPt A5 B E 5 AN R BOR S, 3R AR Y
ZAEVEORP R4 T AR, 7R TR E AR A &
b FE R 2 B T OB 9 B R T i ST TR
JGEAEHIX P25 AR bl i i T RR 25 ) Bl X
JEAE W bl 1A v 5% L AR SCAR AR

FRAT T T 1 1 S R, A ) B AR R TE AT
Mo PR A T AR S AR EAE ) SCA i R A
i E I B 5 MY 2 R R A LA SR
3.2.1 A % AT B T AL AIE 8B
R AR BEE E B AR P R e, T FE AR Y
Fel 75 LB W) Z2 AR AR DA TR T K AR, K%K
AR YF g B FrA PRI B SRS
e st T Mg AL UL R R R A i T ag . Bilan, i
FE A bl (7 B, b R BEAE A DTS T ) (R R
FE A bl (h E R BEAE r A b ) | E R B
EL BT 52 T | b [ B2 e e DUAE ) Bl v R
e P AL i S AR IS LA KT PRI R AR X
ERLABE ) PR ) BIF 5T I IR 5 LI 0 LR 278
P07 (https ://www. plantplus.cn/cn) 18 T “Hi
Yy 4 QBRI < AR S KBUR “ T R F
RACHE” = R0 B v I A W el Bk R
(CUBG) Bk& [ PN 22 5 A8 W el A4 A < v ] 3 e
PR KEAE 57 (https://espe. cubg.en/) | 1% 5L
P15 SCIR T MW e AR < R W AL A R A
JE A LAY A S R A R R A T R RO I
Fy FE AR ) el (A el ) At < R AR
(http://ppbe.iplant.cn/) , LA HiZAE 9 el F1_L i=
Ll bl 3R] FF i 0y o BB SR AR AR
(https://cth.ac.cn/ ) BN T K ALY P A2 445
BAE . BRI R e A v T AR
PPAEY) B & W4 5 SRR Y R AU,
FEXFEIAR 4 BOE L 25 ] ChoRE ekl A RESE
N E T X0, H 2, 3 & (O B T (b A
Pyi&) WICE A AR B J5 4 15 B B kb 52,
EATEER HA 5 T Wi A Ay 4% S W0 5L FH 34 1 1 B 0%

H Bl Sefb e P50 A 3t X ml B e | SR A (25 4
PRI
322 Rt A SHRBEF PR L LIRR S
FHFEE 2010 4 (ALY HEHIREEA T RS B
IR R BUE ), iR 5 TR A 4 R
RIS A3 S £, MW FE AR b 4 Bk Al
Y L REEAT LR A S I R IR 0 = R E R
ol b X 22 () 38 4 o 5 9% Y R HL A% S U i) R AL
¥ ( Davis et al., 2015) , A% el 75 5 H A HL A 43
R R IR AL G AR B R (A R E
Y MZLR  RIN G0N S5 4R X Fh B 25 =
BB AL R S AL G AR R A A A 25, TR
A4 el 4 2 v s 4 T R B ol R R U (AL TR )
FRAGCA LY BLRE , TT IR T R4 A8 - S 5 58 L
TR B A5 0 T AR HE 20 T 58 4L 9 IR A DG 1Y
LG AR ) 25 4 2, B /D 5 4% G R 56 11 < 3R
BU5 M) 5475 (access and benefit-sharing, ABS)
323 BV AXAEAMY FHERG EAE K
FE AP Hh DL L 25 9 R B SO Y & 25 1 s &2
MEFAEYE (AR ) B H R R T EF
B IUAE ) el (1 41 ) el R0 A ] A e ) SR A 4 el 1
2 ] 5 P XURR 4 A A e A e [l 4, G s
P FE o BT — KM (T A FRAE, DA 5%
FSHE P AH I 1 SCAL (28 AR 5 T 2 B i A 4 o
B, B2 DASCAb R IR Y £ ke B R
JUTPRA , TR RE L 48 SCib b i i 55 i A 1 )
PR R 5, Tk T AL R £ 57 B
(Lin et al., 2019) ; P4 5 7 FESH RIMEAE Y A 16 Fl
(Ding et al., 2022) ; 7K % FH F il V78 il 0 B A A
135 103 F1( Hong et al., 2015) ; P4 XUAR 2% 78 1k 19
SEARKE I R SAET (R, 20115 TR AREE,
2017) . GNEEBELLIX HE AR O Jk fili A4 2 A 4 SC Ak
FUE e T b0 R Bk 9 S Ak R Y ) R 2 R
PER A, KRB D) P Fh OR3P A% Gt SOk A 7R R A] 5
S FH B A RO A IR A AR
33 EYMSHMERPMEZEEZTR TEREY EE
AHEY X EIE

2016 47, P48 50 Be + X R el 2 T 3 A
i, Z e e 3 Al b it — 25 BB R T AR
el 5 22« A R0 R A 9 22 B 1 o A N2 R
JEXERE B BRI, 2021 4F | [ 45 B A AR L 5
7 [ A el 52 S v R [ SRR W (e
IR LA ) A AR Ay S TR B 5 T A



8 1 ZBRRAE [ G Y bl AR ) SO B S AR ) 2 B OR A R A B 1389

Py R0AR [ P AR SCAL” B RS 7 | 2R [ A )
bl YFer b AR 32 b AR SO R AR W) 24
PRk 17 o AT TR R R R B W s RE 2 [
5 e A ] 2 2% THT R SR g s A A0, AT R T A
bel A 22 B 1 () N 2R AR A A SCA AT 3 AN BT
AR FR 1 oA W el e 3R AR B AR 4 F0 A P AR
YRl e Rl 5 o — 20 5 BN 2 R R
SRR R M SR R R, DR, FRATT AR 1) 22 B
PRI AA A AR AL A RS 3 AR X E
FAE) Bl 1R ZRAE ) SCAL A Hh

3.3.1 MM SRR AN EE  TEMECS
29) =R Hbr, HIEB R W -SRI R 2R AEY)
ZRAEHER) 1730 AR (A BRAE Y fRIm ons ) DL K
(P EEY Z RO P SO 5 17 3h TR0 ) (2011—
2030 4F) O T ARG R “ AL BT < 1A
MM T5 #E DX B 5K, I A2 0 R U i 5 7 A
Yy Z AL AR AR 5% I 2 A B b R A SCA Y 2B
it R LR A ) 2 R DR T A 2 R
RGBT IRAR IS B 45 0 55 O 5 ) O AR S A
B H AR, S b 1A 2R T R T A 65 A G
05, s Il A Tl e SR R RRBIE N B DL B Hb
K BHIFBE BT DR 37 4L 20 A R T i R G A )
FTST R B R R G R A SCIR I 5T, T
BAH R E IR AL, BURAHSCRIIT R . ) 3T 352 1%
GEUR AL SR g H AR i, 58 0 s R BE A
GC A Y RE R 2 BIF 58 R AR R A o SR %
A BAE DA R0 B IR AR PG S R A R
-5 FEAT I AL BT IR AL G R B A A BT A
HIE . ARG H R I B 0 X R AT
FREe M 5 30 ORI ST AL 228 SRR R B
h SR LA e H A ) S AR A

332 MM SEHMEREF EE IR Y
SUA R 1) 555 =5 $ b 1 35 AR 0 A1 RE, DL RAR O
58 IR R RE A5 2] Lr 4 A B A8 B0, 0 ST
G IR ABS AR Y . 2 IREREE 2 27 & 1Y
“ABS T EHAf” (Williams, 2022) , 1% br i f5 5 7] £
BN AR N DL BUR AR e 0 RS, e R N
TATTZ PRI 2k TAL G M RE BAUE 5 X AR A%
GEPUE BOR TR AN o = R AT a0 5%, I R AT B BR MR
A AL GE IR d B, 3 B A el - 4 e
A 3T 5 56 A1 [R] & A5 (prior informed consent,
PIC) Al I [A] 7§ 2 2% #F ( mutually agreed terms,
MAT) B3O 5 A GE RO A 45 73 5= D08, ot

A1, 20 20 BR 55 A8 4 el E 4 3% 1 R & 4B 4 ) Fh 5 |
A HP R TREFMY R # 7 FKE 1 700
Z Y 900 Z R R Fh (RE B 4, 2013), —
Ao L )35 A2 B R SR AR g IR E AR BUE 1A
AR B X S AT A el A I, PRI O TR AT X
X L 20900 H A 35 A% 9 U R S AL A R R
A B BRES AN WS, IR AR A5 58 =7 F TR
TE A B BESRAT NP0 1 1Y B 4 70 2
333 M SR ARSE EE ETREMY
SCA R TR S AE W T R N 5T 43 R
FIE R U174l 3 P Rt R | 2 i R AE ) SO A 3=
R S RN AE BN, 7R R L SN TV A 4
TV e b X R R AR ) Sk R AR )T AR 0
FAAE P SO R | 58 A1 215 2 b R A B
W H SCARA B R SCAL /R 16 B, 3k 28 M9 SC
b B IR BERE DL 2 FhE =8 B R Sk R XA 0 9
)R FH RO #3545 (2 JE AW 2 FEE 5 N A
PR AR IS BB DG L R 25 A OB ML 2
FOG AR A 2 B I 5T AR, LE 2 A% B Jon 4 g A ) %
TR AR 3 R0 AT 5 22 1) X T 0 S AR AL AR
oA NSRS ) ) B R

“ N5 BRI b [ AR 5 AR 5
PR, TR ARk R E A A 2 AR, B
IEINCANAY B+ TR A T KR4 B BA T
R AR -SRFUR R A Y ZFEHERESR)
T8 A BERATE 2030 4 Z Fi ey 252 B0y AR ) 2 4 1
R4 H bR, 3 0 HEZRBEFR A < N5 A SR 0 FF- B
B SRR E 2 3P AE A SO R AR ks GUE Y
RIL, 2022 4F 3K [F [E A R R s I I
bR TR EAEY Y R E AR Y BT — N R
BB, xR B A S SC I i B R X, anfar
FEA RS A W) 22 R P 0 [ B R N2t & 5
KN A SRR A R A X —
Wy B B LR A, A L, 3 TR A& K D7 s S
HH IR B 1) R S Ak, FR L A ) el A ) 22 R
PRAP G SR AR W) SCA R, N TR LR AR
ASCH R E AP R R

SE .

BLACKMORE S, GIBBY M, RAE D, 2011. Strengthening the

scientific contribution of botanic gardens to the second phase
of the Global Strategy for Plant Conservation [J]. Bot J Linn



1390 |1 I G|

43 %

Soc, 166(3) . 267-281.

BRIDGEWATER P, ROTHERHAM ID, 2019. A critical
perspective on the concept of biocultural diversity and its
emerging role in nature and heritage conservation [ J]. People
Nat, 1(3): 291-304.

CHEN J, 2022. Some thoughts about China’ s national botanical
garden system construction [ J]. Biodivers Sci, 30 (1):
22016. [ BRIE, 2022. 56T 3 [ [E 5 AR 1 bl (4 R e vl —
SR [T]. A2, 30(1) : 22016.]

CHEN Y, 2021. Study on the expression and application of plant
culture in botanical garden [ D]. Changsha: South University
of Forentry and Technology. [ BfFH, 2021. #E#[El L& 2[5
HY AR FRIE S R BESE [D]. KU P Aol RHL
N

CHENG Z, ZHANG Q, LONG CL, 2022. Research status of
ethnobotany (2017 —2022) [J]. Biodivers Sci, 30 (7):
22372. [ FE&L, TKHE, JedEdk, 2022, RGHIVIFATTEBUIR
(2017-2022) [J]. AEWIZHEME, 30(7) ; 22372.]

CHU YN, LIN C, MAO WH, et al., 2022. New progress in
biocultural diversity studies [ J]. Biodivers Sci, 30(10):
22463 [FEHERT, MR, BICE, 45, 2022. WS
PERFFORTIEIE [1]. AEMIZHEE, 30(10) : 22463. ]

CRANE PR, HOPPER SD, RAVEN PH, et al., 2009. Plant
science research in botanic gardens [ J]. Trends Plant Sci,
14(11) ; 575-577.

CRISTANCHO S, VINING J, 2004. Culturally defined keystone
species [ J]. Hum Ecol Rev, 11(2): 153-164.

DAVIS K, SMIT MF, KIDD M, et al., 2015. An access and
benefit-sharing awareness survey for botanic gardens: Are
they prepared for the nagoya protocol? [ J]. S Afr J Bot, 98
148-156.

DING XY, GUO CA, HU HB, et al., 2022. Plants for making
wooden bowls and related traditional knowledge in the
Gyirong Valley, Tibet, China [ J]. J Ethnobiol Ethnomed,
18(1): 13.

DODD J, JONES C, 2010. Towards a new social purpose:
redefining the role of botanic gardens [ M ]. Leicester:
University of Leicester.

DUNN CP, 2008. Biocultural diversity should be a priority for
conservation [ J]. Nature, 456(7220) : 315-315.

DUNN CP, 2017. Biological and cultural diversity in the context
of botanic garden conservation strategies [ J]. Plant Divers,
39(6) : 396-401.

FORBES S, 2008. How botanic gardens changed the world
[ C 1//Proceedings of the History and Future of Social
Innovation Conference. Hawke Research Institute for
Sustainable Societies: University of South Australia: 1-6.

FRANCO FM, MUSTAQIM WA, 2021. Introduction to
Ethnobotany of the Mountain Regions of Southeast Asia
[M]//FRANCO FM. Ethnobotany of the Mountain Regions
of Southeast Asia. Ethnobotany of Mountain Regions. Berlin;
Springer: 3-28.

GARIBALDI A, TURNER N, 2004. Cultural keystone species:
implications for ecological conservation and restoration
[J]. Ecol Soc, 9(3): 1-18.

HEYWOOD VH, 2017. The future of plant conservation and the
role of botanic gardens [J]. Plant Divers, 39(6) : 309-313.

HILL R, CULLEN-UNSWORTH LC, TALBOT LD, et al.,
2011. Empowering indigenous peoples’ biocultural diversity
through world heritage cultural landscapes: a case study from
the australian humid tropical forests [ J]. Int J Herit Stud,
17(6) : 571-591.

HONG L, ZHUO J, LEI Q, et al., 2015. Ethnobotany of wild
plants used for starting fermented beverages in Shui
communities of southwest China [ J]. J Ethnobiol Ethnomed,
1(1): 1-22.

HU N, WANG PY, LI X, 2022. Research on plant species and
plant allocation in the inner court garden of Beijing imperial
gardens [ J]. J Beijing For Univ, 44(2): 100-114. [ ##§,
FHE, AEE, 2022, Jbnt RGP MK N AE AL FE AL R 2
ISR/ TV 0] D B B | 7 N A = <= o
44(2) ; 100~114.]

HU ZG, 1997. Hsien-Hsu Hu and the course of establishing the
Lushan Arboretum and Botanical Garden [ J]. Chin J Hist Sci
Technol, 18(4) : 73-87. [ WAZ=HI, 1997. Wb 5 ) 111 7k
AP AR A (1], T ER R, 18(4) : 73-87.]

HUANG HW, LIAO JP, 2022. On China’ s national botanical
gardens; Building a comprehensive system of ex situ
conservation of national botanical gardens with task oriented
disciplines [J]. Biodivers Seci, 30(6) ; 22220. [ #73C, B
507, 2022 TR E E A A R B DUES R
FydtE Z A bl I MR i 2R SR R [T]. AR 2RI,
30(6) : 22220.]

JARIC 1, ROLL U, BONAIUTO M, et al., 2022. Societal
extinction of species [ J]. Trends Ecol Evol, 37 (5):
411-419.

JIAO Y, SHAO YY, LIAO JP, et al., 2019. Status and future
strategies of Chinese botanical gardens [J]. Bull Chin Acad
Sci, 34(12): 1351-1358. [#E[H, #i==, B, %,
2019. 7 FE AR Pel BRCAR B oA oK e JRe skeiis [ ). b A2
BT, 34(12): 1351-1358.]

KASSAM KAS, RUELLE ML, SAMIMI C, et al., 2018.
Anticipating climatic variability: the potential of ecological
calendars [ J]. Hum Ecol Interdiscip J, 46, 249-257.

KRISHNAN S, MOREAU T, KUEHNY J, et al., 2019.
Resetting the table for people and plants: Botanic gardens
and research organizations collaborate to address food and
agricultural plant blindness [ J]. Plants People Planet,
1(3): 157-163.

LI W, ZHAI CF, XU DW, et al., 2021. The embodiment of
plant cultural connotation in Chinese classical gardens
[J]. Contemp Hortic, 44(24) : 132-134. [Z=3C, &L,
VPR, 45, 2021, A9 ST AT TE H I ot el b i 44
BT, BUCRZ, 44(24) : 132-134.]

LIN F, LUO B, LONG B, et al., 2019. Plant leaves for
wrapping zongzi in China; an ethnobotanical study [J]. J
Ethnobiol Ethnomed, 15; 1-16.

LIU HJ, 2017. Promoting plant culture communication in a
botanical garden from a natural history perspective [ ] ].
Biodivers Sci, 25(9) : 938-944. [ X4E7s, 2017. MIdi#)~F
PUAR A W) el A ) SC A AL 1 [0, AR W) 2 AR,
25(9): 938-944.]

LOH J, HARMON D, 2005. A global index of biocultural



8 1 ZBRORAE [ G Y el AR ) SO A e S AR ) 2 R OR ORI A B 1391

diversity [ J]. Ecol Indic, 5(3); 231-241.

LONG CL, 2022. What kind of national botanical gardens we
expect today [ N]. Guangming Daily, 2 March 2022 [ B &
M, 2022, AR, ATTFERERE YR [N]. 69
Hilz, 2022 4F 3 7 2 HES 10 i7" #4H. ]

LONG CL, GUO ZY, LIU B, et al., 2017. Folk useful plants in
China and their associated traditional knowledge [ M ].
Beijing: Science Press. [ & MK, ?K?f\ﬂ“(, X1 4 /%Ef,
2017. Hpi R [A) G PAR Y B HAR SRR [ M), Jbat: By
Rt ]

LONG CL, MA KP, 2017. Challenges and opportunities for
botanical gardens in a new era [ J]. Biodivers Sci, 25(9) :
915. [ AR, ThFi -, 2017. 557 ALY B A ML F Bk
i L] B2, 25(9) : 915.]

LONG CL, PEI 8J, 2003. Cultural diversity promotes
conservation and application of biological diversity [ J]. Acta
Bot Yunnan (Suppl. XIV): 11-22. [ o HEM, I,
2003. SR Z R Z RV ER BRI SR (D). =
FAEYITTIE (BEP) XIV) . 11-22.]

MCCLATCHEY W, GOLLIN LX, 2005. An ethnobotany
research training workshop in Madagascar [ J]. Ethnobot Res
Appl, 3. 309-328.

MILLER AJ, NOVY A, GLOVER J, et al., 2015. Expanding
the role of botanical gardens in the future of food [J]. Nat
Plants, 1(6) . 1-4.

MILLER JS, LOWRY PP, ARONSON ], et al., 2016.
Conserving biodiversity through ecological restoration: the
potential contributions of botanical gardens and arboreta
[J]. Candollea, 71(1) . 91-98.

PEI YS, 2020. Research on the artistic characteristics of
architectural decorative patterns in the Liu Garden, a
classical garden in Suzhou [J]. Art Educ Res, 227(16):
100-101. [&50Az, 2020. F5vH oty 8t bl b B8 Pl 2 35055
ZUREZRFFAEME ST [J]. RARF TG, 227(16):
100-101. ]

PIKIRAYI I, MAGOMA M, 2021. Retrieving intangibility,
stemming biodiversity loss; The case of sacred places in
Venda, Northern South Africa [ J ].
(4) : 4524-4541.

POSEY D, 1999. Cultural and spiritual values of biodiversity
[M]. United Nations Environmental Programme, Nairbi.
QUMSIYEH M, 2017. Nature museums and botanical gardens
for environmental conservation in developing countries

[J]. Bioscience, 67(7) : 589-590.

RAKOTOARIVELO N, RAZANATSIMA A, RAKOTOA-
RIVONY F, et al., 2014. Ethnobotanical and economic value
of Ravenala madagascariensts Sonn. in Eastern Madagascar
[J]. J Ethnobiol Ethnomed, 10(1) . 1-8.

RAVEN PH, 1981. Research in botanical gardens [ J]. Bot
Jahrb Syst, 102(1-4) . 53-72.

SHEN X, LI S, WANG D, et al., 2015. Viable contribution of
Tibetan sacred mountains in southwestern China to forest
conservation [ J]. Conserv Biol, 29(6) : 1518—-1526.

SHEN X, LU Z, LI S, et al., 2012. Tibetan sacred sites:
understanding the traditional management system and its role
in modern conservation [ J]. Ecol Soc, 17(2): 13-23.

Heritage, 4

SINGH S, BHAT JA, MALIK ZA, et al., 2019. Sacred groves
in Western Himalaya, India: community-managed nature
refuges for conservation of biodiversity and culture [ J].
Ethnobot Res Appl, 18 1-21.

SMITH P, 2019. The challenge for botanic garden science
[J]. Plants People Planet, 1(1): 38-43.

SONG Y, DONG Y, WANG ], et al., 2020. Tartary buckwheat
( Fagopyrum tataricum Gaertn.) landraces cultivated by Yi
People in Liangshan, China [J]. Genet Resour Crop Evol,
67. 745-761.

SPENCER R, CROSS R, 2017. The origins of botanic gardens
and their relation to plant science, with special reference to
horticultural botany and cultivated plant taxonomy [ J ].
Muelleria, 35; 43-93.

STEPP JR, CERVONE S, CASTANEDA H, et al., 2004.
Development of a GIS for global biocultural diversity
[J]. Policy Mat, 13(6) ; 267-270.

SUN H, ZHU SG, YIN ZH, 2016. The ancient and modern
changes of cognition of chrysanthemum culture [ J]. Contemp
Hortic, (17): 102 -106. [ ) ¥k, & it H:, & & 48,
2016. B SCANIRIY o A A2 5E (1] B Z, (17)
102-106. ]

WEI Y, DONG ZY, CHI M, et al., 2023. Approaches and
methods for china national botanical gardens to contribute to
biodiversity conservation [ J]. Landscape Archit, 30(2) ;.
28-33. [ BEE, #ANME, WAk, A%, 2023. [EZAHY I B )
AW Z R R R R AR S Tk (1] KU BE K,
30(2) ; 28-33.]

WILLIAMS C, 2022. Rights over genetic resources and ways of
monitoring the value chain. A case study from the Royal
Botanic Gardens, Kew [ M]//Global Transformations in the
Use of Biodiversity for Research and Development; Post
Nagoya Protocol Implementation Amid Unresolved and
Arising Issues. Cham Springer International
Publishing, 509-523.

WU JY, XUE DY, ZHAO FW, 2013. Plant genetic resources
collection of some botanic gardens in the USA and UK from
China [J]. Resour Sci, 35(7) : 1499-1509. [ A5, #¥ik
JC, BE R, 2013, RGAEYFE S | b B AR A8 1L T IR R
BIETE (1. SRR, 35(7) : 1499-1500. ]

XU ZF, 2011. Tropical rainforest ecological culture in Dai
Communities of Xishuangbanna [ M ]. Kunming: Yunnan
Science & Technology Press. [R5, 2011, P4 XU h 499 4=
RIS SO (M. BT = p Rk . ]

YANG XD, 2011. A comparative study of flower culture in folk
houses and literati gardens in Ming and Qing Dynasties
[D]. Beijing: Beijing Forestry University. [ % 0% %,
2011 W RJE5 S A B ARePESCAe iy HEAERTFE (D], b
s | nv N NE

ZHANG YY, 2019. China’s strategy for incorporating traditional
knowledge associated with biodiversity into international
multi-lateral agreements [ J ]. Biodivers Sci, 27(7):
708. [Tk, 2019. A=W ZHEPER AL T AR Y [ PR fg
P E SRR (D], AR, 27(7) « 708.]

(REHE BLE IEH)



&M% Guihaia Aug. 2023, 43(8): 1392-1403 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw202304013

W, RZEE, AR, 55, 2023, AR E SAHYI AT R SGT R E [T]. ) PUAY, 43(8) : 1392-1403.

XIE D, ZHANG YQ, REN H, et al., 2023. Plant introduction and ex-situ conservation in South China National Botanical Garden
[J]. Guihaia, 43(8): 1392-1403.

EtmEREDEEWSIF LIRS

oA, REFE, £ Y, AT BEEE

(1. HEBFBEREEDIE, M 5106505 2. 4EEFEFMYIE, M 510650; 3. HEEMELGE R BUCRLRRE2ERE, JLIT 100049 )

O LT E A AR SRR IC S %SO T T AR S Rl AENE DL R R Y R R E
B, GEHEFEM . (1) A 1956 4E LK, L5 Fh4E 4RI 19 154 Fh 99 7 F 136 257 (80 597 %) , k@ T 325
.3 952)& , BIAETG 11 581 Fh 52 WA 80 A8 (24 352 5) /8 T 290 Bt 2 777 J& ; 51 Fhic st vb M [H K &
SR I A 565 B (AFNE 421 Fp) B E T MM X ER —RE S AT AEY YL 94.7% (36/
38, 70 29 Fl) E R R E SR A B RN Y 76.4% (269,352, FE TG 229 Fh) LI 32 A A B A G
54.3%(547/1 008, F7i& 414 1) o (2) NG FblckF 51 AT REY R % (7 193 5.2 523 i) , Hk
TR (3 6585 1593 Ff) J774 (4 744 5 |1 559 Fl) Sl ih4s (IX) |, Jiilid 548K 61 A E Z M5 | Fh 34, 3K
BT — B[] 45 B KIS AR, (3) AR 2B 4F 17 AS LI 2R 8k B g A7 i o A B 19 & 25 Il KA
5 AR AT R 5 TR AL TR Bk o (4) DRI A7 16 50 A0 5 | RO AR DG PR 235 (r = 0.85™)
(5) 4Erg Hh X A AR5 A0 Wy R %) 5 | b 7 6 s T L X, Rk, A8 e [ SR ATL ) Tl A6 A 90 1 b R B T4 Hp g
WE (D TEPRA i B PG FIBESE 0 3L aE T 5 A2 W2 i X S0 WA Al ) A Al P R 28 55 A 0 1
IR | i — 2 B i i b O BB R T o 5 (2) 57 A8 R b XA ) b LR 3P I 28 AR R A R DR A X I
WIAEY) Z2 FEE 5 (3) 20 50 36 1 M R 7 ek it 18 i A 1 A4t v 1 B0 38 B/K O DA THT HL O B 803 5 (4)
58 [E PRAHIE G A R Rl 28

XEER . MR, TR, dEEREY, HSIRh, T

FESES . Q94-339 EEARIRED . A X EHE . 1000-3142(2023)08-1392-12

Plant introduction and ex-sifu conservation in
South China National Botanical Garden

XIE Dan'?, ZHANG Yiqi'?, REN Hai"**, NING Zulin'**", LIAO Jingping'”’

(1. South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China; 2. South China National Botanical Garden,
Guangzhou 510650, China; 3. College of Advanced Agricultural Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Based on the analysis of introduction and survival records, this paper reports the status of introduction,

survival, and ex-situ conservation of plant species in the South China National Botanical Garden (SCNBG). The results
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are as follows: (1) A total of 19 154 species, 99 subspecies and 136 varieties (80 597 accession numbers) of vascular
plants belonging to 325 families and 3 952 genera have been introduced since 1956, of which 11 581 species, 52
subspecies and 80 varieties (24 352 accession number) belonging to 290 families and 2 777 genera are surviving
currently; the introduction records include 565 species of National Key Protected Wild Plants (421 species survived) ,
covering 94.7% (36/38) of the first-class National Key Protected Wild Plants (29 species survived) , 76.4% (269/352)
of the second-class National Key Protected Wild Plants (229 species survived), and 54.3% (547/1 008 ) threatened
species (414 species survived) in South China. (2) The most species are introduced from Guangdong Province (7 193
accession numbers, 2 523 species) , followed by Hainan Province (3 658 accession numbers, 1 593 species), Guangxi
Province (4 744 accession numbers, 1 559 species) and other surrounding provinces (regions); the SCNBG has
obtained some precious plant resources from the same latitude regions by introducing and exchanging species with 61
countries around the world. (3) 17 specialized gardens for ex-situ conservation based on plant taxa (e. g. Magnolia
Garden) show a high level in terms of introduction quantity and survival rate. (4) The correlation between the number of
surviving species and the frequency of introduction is extremely significant (r = 0.85" ). (5) The survival rate of
introduced species distributed naturally in South China is higher than that in other provinces. In the future, the SCNBG
needs to strengthen the ex-situ conservation of plants through following points; (1) On the basis of investigation,
cataloguing, evaluation and research, strengthening the introduction and collection of rare and endangered plants, native
plants and economically important plants in tropical and subtropical regions, further improving the quantity and quality of
ex-situ conservation; (2) Establishing an ex-situ conservation network system for plants in South China to effectively
protect plant diversity in this region; (3) Improving the infrastructure construction and information management level of
ex-situ conservation for higher efficiency; (4) Enhancing international scientific research cooperation and species
exchange.

Key words: botanical garden, ex-situ conservation, vascular plants, plant introduction, survival
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Bk 1193 MY I 2 58 O 4Bk 173 m AR (36
Y AR T ) 1 AT H kB (S0 F T BR 4 4,
2022) . FE 160 4 HE Y AT R 4 A
23 340 Fp (AT AL AR BT 2 TR
(BEZSCHSRAE, 2012) , R it —25 s Ad ) 2+
PELRY, D PG ECEM Z A ) H T+
HREGA T KT N2 FE A AR B L E
Mo P4 5 T R AR 45 A 0 SR st s
FEFMYEAREE, IR T IR EEY 2R
AV

T FE A A AR A P A s D R (8 77
SCAE 2015) 4R A AT MR B R R S R W el AT
PR S I b T AR AR el | BT S AR R
el 45 (6] P 35 44 M40 el I ob L RL 2 Be R R A 9
(lnAEmgRa 4 e | 2 DUAE W T PG SO 44 A A )
el 25 ) HB Al R TG AL 5 RIS I 2 A T A
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Yy | B EE KA LA KB 25 AR ) 2 RE PRI R
SR (AT FBE 19K, 2017 5 #253C,2018) , K JE
T8 TR [E AW Bl b A 7 PR A0 LY A A 51 ol 42
S5t B8 B, BHF R TR T E A A T
WY BB ARG (PIMS) |, #5714 bl 5 A5 4
B gm A R T AR P BR AR R )
(B 305 ,2019) IS T R0 51 Rl 8 Fn i
Y AE FEERE AR . PSR S SR ST AR
Al A X &, B AR TR R R ) AT b AR it R T
B B W) AL AR, BB R A
SRR AR AL . ST, TR E AR E AN ]
by B DX 8 B S A 1Y 2R ) Bl AR &R LA A
Y3k Hl A 4 ) 2% 1R R DT 4 R A b O B RS0R
SR, & A e AR SR AP A TR MR B RIEATE 51
TR ZE 50048 £ 8 R 2 55 ) A3, i i = A G AE ) el
IR SR E RN REMR

e [ A W el (DL fili BR A e el , SCNBG )
Hikb N7 A6 %8, 47 F 113°217 E.23°10" N, J&
T WA ZE KU, B2 R 2 TN A R
K, AZERBE W RN, FHRE 21.8 C, )%
Ui ey it 38.0 C, i i Al IR 0 °C, 4F SR &= 1
600~ 1 800 mm, JrfE X2 i B i LA et o 4
W AR R AZ O 40 A X, i 7 875 Tl JE | /K B 4%
PR AR ) 2 REE 5, 4Erg e T R 4E T
KB T 2R WG Y5 | Pl 82 53T
PRE TAE, i 4 60 RF MG P MR T, LA
TRRFRRGIF AR E A REAE TR, A5
R PR e 1956 4F DL 2 A4 W 5| Rh
FUAE S B A ) 51 3% LA B 2 Tl ) ol £
BGOLHEAT 20 MT, AT 24 A 9 A R BOIR AN
FELEMAS I, LA kg A g [l DA S G Al A 4y el o) o
FE 5 | P A0 OR35S M 2 i 2 2% R4 S A
Pl AT b PR 47 3 i FIROR

1 BE L5 F %

AT T P K 1) A 2 B Sk 4 e [l g A 5 e
sk (1959—2022 4) A B X #) i A7 0 I %
(2014—2015 FEE A, Z G i 22 A 3 ) |, [H
%% & b [ AE 9 B {8 PE (PPBC, http://ppbe.
iplant.cn/) WCSR B X AE D15 B (&% HAR 4040 )
X WL S B e B AT R EA T AR B . (1) MIBR 51 Ah
ISP AR B 5 R LA B 2% A8 Bl (AR TR R 2%

AN AARSIGEEHT) 5 (2) Z [ Plants of the
World Online ( POWO,
kew.org/) XF 4 FRIFEAT HIC NG — ;5 (3) X T 4y #
R AT B[] B 7 7 0415 0, N B3 b T A7 i
W R A RS Tl DLk G T A et (4) #T Rk
TS0 g By Hh 5| b Ay el 5 46 G 3% 0 D 3K DY 2
A g S 3% RSN A S L2 5341 5 (5) #bFE AN
FRIET R H A5 2 [ A0 5 Foks af 32 B 58 HL D) 3 S
ISR, NG RORE B 248 (X ) H AP SGie 5%,
A LA B 24 LA R 7 HEA T I 5% 5 (6) MR
(HEZE R 2 5) (B RIS, 2021)
AN ] v A5 A ) 32 U W) R 44 s ) (R T AR
2017 ) Xl () OR-AF 55 ORI 52 B S5 AT AR FE
25t LIRS B AAT 80 597 AT R (B
) FI 24 352 KM IL R (CBERT) . ET
AR 5| b s AP BhAE 6 A0 5%, X 46 g el Al )
SRR A LS L 2 bl XY A O B 1 L AT 2 #T .

2 HEREAH

2.1 Y5 FiER

XTAERG B 80 597 255 Fiic sk AT 4E 143 M &k
B, 558 B BOFP R — B 51 R SR 2 R SR Y
74.3% (59 905 2% ) , o 4 5 B Ah— L1 59 512
2 WA — R 169 2%, A8 B — G0 1)l 224 4%,
13.4% (10 771 %) (51 Fid sk 4 e 2))m — 4, 7.3%
(5 881 2%) [y 51 Fic s 4 5 BB — 2 T4 5.0%
(4 0405%) M5 P Sk AR 4 e, BETTEA R
ic s B = EAE S A E S AA2 05555, 51 B E 4
DIRC A 4 209 &, TEIXELIE P AR S
PLZNVE (9 748 25,69.7% ) AR F/f1F (2 781 4%,
19.9% ) J 3, ARG 10.4% (1 450 5%) . &
YOER T R D SR S dE A ) 325 B 3 952 J&
19 154F 99 W Fh 136 AEFf, H BRI Y 36 Ft
133 & .795 Fi 4 AP 2 AR R, BRFAEY 11 B 65
J& (333 Ff 3 AE B, B AR 278 FF.3 754 &
18 02671 95 AP 131 ZEFp (£ 1), EX¥&EyIFic
S T IR AR B 2 1 FHE 22 B (Orchidaceae,
1 086FH) , Hiyk b &l (Fabaceae , 1 015Ff) il A%
Bl ( Cactaceae ,835 Fh) (£ 2) ., MNERMAEXRE, 5
F oy Fh g5 HES 1 — 10 JEAK U BR 22 )8 (Hoya, 237
Y. A 8 ( Dendrobium, 162 Fh) F1 #% )&
( Eucalyptus, 161 F1) (£ 3)

https://powo. science.
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Table 1

Introduction and survival current status of vascular plants in South China National Botanical Garden

R i %

Number of families Number of genera

Number of species Number of subspecies

Number of varieties

Byl Category
GlE aaT] Elki e

Introduction Survival — Introduction Survival

Introduction Survival

Gk e 517 71 51 A i

Introduction Survival — Introduction Survival

BRIAEY) Preridophyte 36 35 133 104
HFAEYI N Gymnospermae 11 10 65 50

B FHIYI A Angiospermae 278 245 3754 2623
At Total 325 290 3952 2777

795 519 4 1 2 1
333 157 — — 3 —
18 026 10 905 95 51 131 79
19 154 11 581 99 52 136 80

®2 LFEREVESIM/FEOFHBEN TR
Table 2 Ten most speciose families of plant introduction

and survival in South China National Botanical Garden

ki 71
B LR B LR
. Number of . Number of
Family . Family .
introduced surviving
species species
22} Orchidaceae 1 086 iR Cactaceae 752
B Fabaceae 1015 228} Orchidaceae 639
AR} Cactaceae 835 JeAT R Apocynaceae 467
JeTBEEl Apocynaceae 594 Bl Fabaceae 465
1ERERE Arecaceae 586 KB} Crassulaceae 410
2458} Asteraceae 561 RAE} Poaceae 395
KRB} Poaceae 544 JRZLEL Bromeliaceae 302
S KBl Crassulaceae 467 Bl Asteraceae 274
KFLEL Bromeliaceae 430 FBl Zingiberaceae 265
BEE AL Myrtaceae 415 FEMEEL Arecaceae 252

®3 EHEREVESIF/FEOMEENHHE
Table 3 Ten most speciose genera of plant introduction

and survival in South China National Botanical Garden

Sl#p PG
i PR | YA
Number of Number of
Genus . Genus .
introduced surviving
species species
ER>2JE Hoya 237 Bk>2JE Hoya 212
£ fit& Dendrobium 162 K2%JE Magnolia 147
Y& Eucalyptus 161 KikJ& Euphorbia 120
K& Euphorbia 154 22 )& Tillandsia 112
FKG 5B Begonia 152 £ 5B Dendrobium 104
K22 JE Magnolia 150 A RERIE Mammillaria 102
A 5248 Bulbophyllum 135 REEEE Primulina 93
WHEILE Primula 134 EALE Echeveria 89
B2 & Tillandsia 130 £ 5 =% )& Bulbophyllum 83
FiZE)R Aloe 120 2R Aloe 80

Gl APl % ¥ K E K E AR B A AR Y 565
P, Forb [ R — S R B AR AR 73 FP R K
TR AR AR A Y 492 B, BIFMCREE T
AEREHLX (AR P R L RT) A A A
F— W SR B AT 94.7% (36/38) (B K
T SR B A 76.4% (269/352) . I
A, 51 I 5 B 55 T A R Hb X A7 B AE W) Y
54.3% (547/1 008 ) , H 4k f&: (CR) 67 | ¥il f&
(EN) 182 F 15 fE (VU ) 298 Fift,

FTF 59 905 4 (19 389 Fl, 5\ Fh K A Fif ) %
FE BB LD — G5 Al s, X R 5| R
K (—DERSIEN 1 IR) #1758, K 86.9%
(16 853 Fl) M AL MW 51 Ak g F 5 k.
W ALBI Rl 1 R B R X 52.5% (10 170 Fift) L 5]
Tl 2 R EGHIFIR 16.7% (3 241 Fh) | 51 R EALE 50
KLLER IR 35 B, 51 R EGE T 100 KG9
FiA 14 R (B 1) o 5IR B Z YR R T
( Roystonea regia ) , & ik 230 WK ; H kR
( Mangifera indica) 207 YK F T8l - ( Dracontomelon
duperreanum ) 173 IR (£ 4) ,
22 FHMERTIER

4 i el B A bR B RO B AR AR 290 B
2 777)& 11 581 Fh 52 AP 80 28 Ff (21 746 =)
Horp BRI 35 B 104 J® 519 A1 WP 1 AS
Fl, BRFAELY) 10 Bl .50 J& (157 B, 84 ) 245
B} .2 623 J& .10 905 F 51 WFf 79 RN (F£ 1),
1716 R RO B 2 BB A AR (752 ) 3
WM 2Z (639 Fi) FJe AT BEEL ( Apocynaceae , 467
F) (%2), SR R 78 50% LU EEIRHT 208
A H B RS %3k 100% BIFHE 37 A, dn i s
AFE} ( Didiereaceae ) F1 i 2% £} ( Menyanthaceae ) 43
BB Fl 8 AR T AR, BT AR E T, Bl
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Fig. 1 Number of species with introduction times/survival accession numbers in South China National Botanical Garden

EHEREYESF/FEEER Y

Table 4 Ten most speciose species of plant introduction and survival in South China National Botanical Garden

¥4

Scientific name

5 Ry T g
Number of

introduced species

4

Scientific name

FENE PRI AT
Number of

surviving species

KEME Roystonea regia

IR Mangifera indica

N F Dracontomelon duperreanum
REEA Mangifera persiciforma
RN AR Sindora tonkinensis

A Tectona grandis

32 A5 Roystonea oleracea

W Allamanda schottii

%% Livistona chinensis

H Bk Syzygium acuminatissimum

230
207
173
150
130
127
126
121
119
119

KEME Roystonea regia

NIi-F Dracontomelon duperreanum
KEEA Mangifera persiciforma
25 Mangifera indica

Rt iR Sindora tonkinensis

X T4 Roystonea oleracea

WA Tectona grandis

i %8 Livistona chinensis

H ik Syzygium acuminatissimum

TR Allamanda schottii

219
171
142
138
130
118
117
117
114
109
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FRAEE R AE 50% UL T IRHG 117 4 iR E A
B RN 35 4, Hrh AIEL ( Winteraceae ) 5| F
13 W, WA ZBHE Y O Flr, ¥ R A7 16 5 ) 5% 46 B
( Loasaceae ) F1 X F§i Bk B ( Dipteridaceae ) 51 Ff ¥k %l
SR T R0 WK, SRRy 4 B ok
PRE LT, 1715 R B HE 44 1 = 0 8 Rk BR
22J& (212 F) K22 )& (Magnolia, 147 Fh) FI K
J& ( Euphorbia, 120 ) (£ 3), 5| 7 1% 18
50% LA WY R A 2 394 A, Hodh 5] F A7 G RN
100% @A 1374 4>, SIFRMMEILA 1 175
A, o K FR 25 B} ( Casuarinaceae ) 5 A ik ¥ &
(Allocasuarina) 51 # 16 Ff  #F} ( Cupressaceae ) 32
PNAAIA J& ( Hesperocyparis ) 51 F 13 Fh LL K 7 il B}
( Arecaceae ) K H: M J& ( Hydriastele) 51 10 Ff, 34
RAENG o PIRAETE B 5 5 R0 R AH G P A . 3
(r=0.85, P<0.001) (K 2), EEXSREZM
PRl KRR (219 5) , 5G] ik Fok 2 M0 —
FHWRCO N F (171 5) MEBEAKR (142 5)
B R F G SR A A 421 O
o R — G SR AR A ) 58 R (AR ML IX A
YA 29 B ) E R R E SR A Y 363
Tt (FE R HIIX A 43 A5 9 229 Bl o T MR AR
R IX A2 B A ) 414 B 5 2 X8R0 A A2
TP EEL ) 41.1% , A s Fh 49 Fp i fa Py #h
135 Ty fa ) Fh 230 F,
23 HESIMEELEIEE

R EE T 1956 4F Se R T T RO KA
B OHE T RIER R (1956—1966 4, #i% 2
10 4) MR AR R (1973—1987 4, #ik & 255 10
AN K E 4E 4 A (1988—2002 4F, H ik L2 6
AN) L BEBR & JE I (2003—2021 4, #2212
AN PUAS B e L2 R 38 A, Bl H 2022
ﬁ@,ﬁfﬁﬂi/\@%ﬁ%@&ﬁa‘%ﬁ UL 2 4

o EFE Al B AR A AR Bl SS 4 LA Y
/\}\ﬂ A B WSRO R T R 51 R, Xt 61
664 A5iC A AN G IRl H 00 5 1 Fp 5 BT /041 &
P AR R A AT (1957—1962 48) /U & & 5| F,
JE 3 (1963—1966 4F ) i & Ji& , I F 1964 4FTE Al
T—A/NEE (SR 1555 5) X — LS| Fh 4
788 5 31967—1972 A AT R B 5 HH s VR R 4R
%ﬁﬁ%lﬁﬂ;%ﬁiﬂ,@f%lﬁm%&f 1 000 K
RSl A 1986 4EFT 1987 45 | FgE D X —
BHAILE R 13 397 5 B2 4E 37 1 1 (1988—1992

r=0,85%*>

200

150

100

50

{715 ¥ 3% Survival accession number

0 50 100 150 200
5| #h % Introduction times

B2 &£EEXREWESIMES
BERSEIIMARHEXXE

Fig. 2 Correlation between survival accession numbers
and introduction times in South China

National Botanical Garden

) AA D g R BAR B S AR E R £ 40 T 100
WA WE R 82218 1, IFF 2001 4EJE AL T —
AN EE(HI AP 1 708 ), 3X — B AE G [ R 7 158
55 H 2003 A A B R DLk AR BE T | Fh ik B
ZFE 1 500 LA B HAT 6 YOt 2 500 ¥k, Ho
2004 ,2011,2010 443 551 LA5 | #3 4803 411.3 026
WAL JERT =, X —BH L5 34 414 5 (B 3)
A Y 38 AL 8 el X DL KA ) 4 A4 2l
DXHUA 17 A2 DURE W 25 B R L 30 47 A ) 3
Ik 7 I I N T I 7 I N N R
B X 22 b XA fe AR A el | R 2 B A e
iz b fk RS b | &R g b AR ARHE X n+$+*ﬁ%
X VB XM SR Y LIS (L) .
XX 17 A%*li@?ﬁ&#ﬁ%*ﬁﬂﬁ%lﬁ/ﬁ
TG FRECRAE G R Gt a5 R (2 5) KB, bRl
H#} (Santalaceae ,42.8% ) AEHEEL(43.0%) . & F)
(45.8% ) AR FHEY (46.7% ) 4b , HiAe L 250 X fp
W KB YRR B 5| B A7 16 R HE 50% UL L, Herh
AR ZERH 5 B AE 15 F8 05 18 98.1% , H Sy fs Bl il
1 . Bl ( Bambusoideae ) , 7§ & 5| i 77 16 K ¥ K
75. 3%0 SR TEY R R R Z 8 =R (1 086
5,639 ) HYCHEARN(1 015 %5 465 ), HiX
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Fig. 3 Number of accession numbers in different years
in South China National Botanical Garden

x5 EHEREVMEERERXS I/ FEOFHHEE
Table 5 Number of introduced and surviving species
in the Specialized Garden of South China

National Botanical Garden

Group Number of Numbe? of rate

mtrodgced surviving (%)

species species

2%} Orchidaceae 1 086 639 58.9
T} Fabaceae 1015 465 45.8
18R} Santalaceae 14 6 42.8
FHAR} Arecaceae 586 252 43.0
PR Bambusoideae 600 452 75.3
KELEL Bromeliaceae 430 302 70.2
%P} Zingiberaceae 366 265 72.4
T MY Gymnospermae 336 157 46.7
18} Lauraceae 251 189 75.3
FERSAERL Ericaceae 227 114 50.2
583 Bl Fagaceae 166 106 63.9
A 2£F} Magnoliaceae 155 152 98.1
11258} Theaceae 100 75 75.0
FRIE Cycads 96 69 71.9
248 Ardisia 66 57 86.4
WY Preridophyte 801 521 65.0
#& YU} Pandanaceae 13 8 61.5

( Lauraceae) LA } 52 3 Bl ( Fagaceae ) 55 KBl 5| Fl/
YRR 2 P E A ) R Flora of China H
LB IR E A PR AR M AR OR R 22 8, U
PETF Ry B bR — L 2l X 4 AL 2 (24 B A
PAGETT b)) BTy B g AR 22 R | 2RI IR 5 |
ot/ 5156 ) BRI 6 8 A 35 oy, o [ 1N 93 A ) 7o
{OFE SR Y=
2.4 5| #RIRESHT

FEL N S IRPOEC(BPA S I FP2E50)) Z B4 (IX) 2
3 T [ 5 L X, S5 FRL sk 28 691 %57 173
g i ARG IR () S E(7 193 ) FI b
Bk (2 523 Ff) AL SRS — , KON =73 (5 838 %5,
2 068 Fi) ;) PGS 5 (4 7445 ) RLFE SR =, W) Al
He(1 559 Ff) (LJm S I 5 i g WA B2, BAR 51 Fl-s
H(3 6585 ) (IR TT 74, AEHAFhEL (1 593 Fi) 2w =
TIHE(K 6) . MY SCHAM KT | [ N 2Z et
Y5 BORN ) e 50 T = A BILAS) g e AR 2 B 7 AL
WA R AE I B (1 262 5 571 F) (v ERR B R
WAL el B9F 5 BT (635 5 (409 Filr) 1 b [ B~ e AR
PIRTFE T (551 %5 388 F) (£ 7).

*k 6 EEEZREYEMNER/ESH5IF

MHBEMTHE(X)/BER
Table 6 Top ten provinces (regions)/countries which

introduced the greatest number of species by South China

National Botanical Garden at home and abroad

PSR B B = . DR B Z % DDA oG, &%
YU BT | Bh /A2 15 P AP B e /D By 28 R an
HIZE Bl ( Theaceae ) | 1 % 46 Bl ( Ericaceae ) | F B}

A 51R/ S/
A (X)) YA gL YA
Province Introduction || A EZ Introduction
(region) records/ Other countries records/
in China Number of Number of
species species
J7Z Guangdong 7 193/2 523 || #F§ Viet Nam 1 061/192
2 Yunnan 5 838/2 068 || FhE Peru 807/63
J7PE Guangxi 4 744/1 559 || ENJEJEFE Indonesia  683/430
¥R Hainan 3 658/1 593 || 32 United States 495/296
#iF Hunan 1791/595 || Z&[& Thailand 378/178
HHHE Fujian 1 122/390 || E>EPHIE Malaysia 325/101
VLPY Jiangxi 1 056/536 || AKFIW Australia 3107118
14t Hubei 796/640 FNYE Singapore 190/138
Uil Sichuan 621/288 || i€ Cambodia 144/23
PG Xizang 521/167 P4 Brazil 141/85

E A g R stk 5 428 4%, WS W R 1 802
B, W61 NEZ, HApg | Rk BGE L 100 K
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Table 7 Top ten countries/provinces which exchanged the greatest accession numbers with
South China National Botanical Garden at home and abroad

AR (X TT) AT /WAL BT /WL
Province g Exchange HAhE % y Exchange
(region, Iﬂl}ﬁ i number/ Other I}lﬁ@t . number/
municipality ) nstitution Number of countries fstitution Number of
in China species species
= T LR 27 B P SO 2 B4 AEL) el 1262/751 || WFKFII By e A el 202/157
Yunnan Xishuangbanna Tropical Botanical Australia Adelaide Botanic Garden

Garden, Chinese Academy of Sciences
=H i A B B A A Y 5 635/409 eS| il 2 A A 4y el 187/160
Yunnan Kunming Institute of Botany, United States Fairchild Tropical Botanic Garden

Chinese Academy of Sciences
Jest rh E B BE AR O 5T B 551/388 B Y5 55 e (Il ) 151/126
Beijing Institute of Botany, Chinese United Kingdom  Royal Botanic Gardens ( Kew)

Academy of Sciences
Bl Hh [ k2 B X DR el 547/318 ENJEE J2 76 T WA Ay 149/110
Hubei Wuhan Botanical Garden, Chinese Indonesia Bogor Botanic Gardens

Academy of Sciences
e JE2 ] el A ) el 542/321 = RERF YR 148/94
Fujian Xiamen Botanical Garden Thailand Nong Nooch Tropical Botanical Garden
I FOUGH I B3R X R B 482/306 I 2 el FAEL) el 135/88
Guangxi PEAE YIS BT Australia Kings Park and Botanic Garden

Guangxi Institute of Botany,

Guangxi Zhuang Autonomous Region

and Chinese Academy of Sciences
IR TRINTH AL W) Ay el 459/279 HE2f {78 e S0 S A A el 133/115
Guangdong Shenzhen Fairy Lake Botanical Sri Lanka Royal Botanical Gardens,

Garden Peradeniya
HIL BUA A b 423/304 WA . A BT HE R i A 4 el 121/98
Zhejiang Hangzhou Botanical Garden Australia Brishane Botanic Gardens
L] PR A A DX 24 A e 356/248 (e FPR—IR FH AR A P bl FAE I 1 1197107
Guangxi Guangxi Botanical Garden of Germany Berlin-Dahlem Botanical Garden

Medicinal Plants and Botanical Museum
[ ifg L AE i el 341/267 o8]l WIS it A4 e 49y el 114/83
Shanghai Shanghai Botanical Garden Israel Jerusalem Botanical Gardens

EEREH 12 (KM TEZE 6 4>, pIE AL
MEZRL 2 4 AEMHMEERERE 1 4), 5l
T R 22 1 B 5 2 B (51 1 061 k), Hiik
s (807 UK) AIENJE JE VY IE (683 ¥C) . 5l
Wy b B 22 0 1 5 2 ER 2 JE PE I (430 F) |, Hik
I (296 Ff) FBERG (192 Fh) (£ 6) . [ESk
SEHRE T (B SRS ) e 22 B BIL A Ay 8RR IE BT £
SKEAEAG ¥ btl ( Adelaide Botanic Garden, 202 5 ),
HW Ry 5 B Y il 28 £AH 4 ) Bl ( Fairchild Tropical
Botanic Garden, 187 5 ) 13 [E 2 Z A ¥ bt ( &R
ft ) ( Royal Botanic Gardens Kew, 151 %5) , T3
) B HC R T =AY 0 S Al B G A ) T (160
Folv) | B 4 S 4 A 49y el (157 ) A0S B (126 Fif)
(%£7).

2.5 I MIEERS

SiG (P ERYE) (hEEY S g B 2y,
1959-2004 ) . Flora of China ( Wu et al., 1989 -
2013) (HEAEYYIF LSS5 Y)Y (P
PR Be A W 2 K% 22 01 45,2013 -2018) DL K&
POWO 7EZe I 3 i 48 19 0 Fh B 48 43 A B8, Xt Tiel
X SR 19 389 FhLEEHIYI DI FIAEIG RS A R 5
i ML e R VAT oM (T 4) o I 4 T %0, [ ARy
AT YRR 5 FPAE 6 R AE S1% 22 A7, [ P 43 A1 9
IS R E 1% R TE 65.8% LA b, 3T Bl %5 W) Fh (A 9% 4%
A8 (X)) B B3, P Fh 5 | B A7 16 % 5% i 4 7
HEGETE 75.0% 2247, XAk o0 Ais 9 Fl ( 16 Y AR
— A (X)) A H R A YRR ) 051 Fh A7 TG R
FE53HT, 2 BN 25 51 Rl 6 0 P A7 S5 o g, >
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79.11% (125/158) , Fo ik B 77 P4 (77.59%, 187/
241) FI¥ERE (73.10% ,261/357) , 5| A£G R B AR
)R B 95 (22.34% ,21/94) (£ 8) , MR 7,
HEFE M X SRS A R 0 5 R TR R B T
kb IX H SR 53 A (0 ) F, OF B R 3 SR 43 A5 b A
FEBRATE | 5 PP AT R

*8 LHEREYESIMFEERSAEASMUHIXR
Table 8 Relationship between survival rate and natural

distribution of introduced species in South

China National Botanical Garden

x99 LBEREVESIMEFERSSIFMHMAXER
Table 9  Relationship between species survival rate
and introduced provinces in South China

National Botanical Garden

5| Fh FE N
A (1K) PRI way R
. K . Survival
Province (region) Number of Number of al
in China introduced surviving (r;e)
species species ¢
J"ZR Guangdong 158 125 79.11
IV Guangxi 241 187 77.59
R Hainan 357 261 73.10
2 F Yunnan 893 593 66.41
315 Taiwan 169 101 59.76
PuJI| Sichuan 79 39 49.37
VU3 Xizang 117 55 47.01
B3k Xinjiang 94 21 22.34

51 17 .
L (1) L S S
. . - . ourvival
Province ( region) Number of Number of al
in China introduced surviving ale
. . (%)
species species
#Jt Hubei 191 137 71.73
I Guizhou 66 46 69.70
tH % Fujian 212 126 59.43
#™ Hunan 425 195 45.88
¥ Yunnan 765 350 45.75
J" % Guangdong 2 494 1 040 41.70
YAl Sichuan 202 75 37.13
MR Hainan 786 265 33.72
YLVY Jiangxi 478 159 33.26
J"78 Guangxi 489 155 31.70

TE: AURRSI TR SR T 50 B (X)), FIA.
Note; Only provinces ( regions ) with introduction accession
number greater than 50 are shown. The same below.

A LA IR (IX) S HIT, 2T 6 108 i
SETEEE R UEE BT 48 2 vERA 09 5 R E B X P R s
PRI 26 5 5 Bk U5 M 19 5C R EAT 40 A, e A 45
HRW AL LA 71.73% (137/191) B9 W) R A7 06 %
BB AL, HR R 5t M (69.70% , 46/66 ) Fil i 1
(59.43% ,126/212) ; i 4 7 1o X (4 ) 7R | ¥ 7 A1
PGS ILL 41.70% (1 040/2 494) 33.72% ( 265/
786) F1 31.70% ( 155/489) FIAE 1% AL B S 46
SN AL (£9) , Xk gedy (X)) Ji4F 5 ity
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species are distributed naturally in South China National Botanical Garden
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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.

Key words: distribution pattern, hotspots, conservation effectiveness, gap analysis, potential distribution area,

climate change
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A. Richness distribution pattern of all species; B. Hotspots identified based on species richness; C. Richness pattern of 772 species used for
predictive analysis; D. Potential distribution areas under current (1960-1990) climate scenario; E. Potential distribution areas under future

(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
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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.
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Fig. 2 Conservation effectiveness, conservation gaps and shift of potential distribution
areas of National Key Protected Wild Plants
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Abstract: The genetic diversity of species is a key factor in their adaptability and survival capability. Habitat
fragmentation is recognized as one of the key factors causing biodiversity loss, and it has significant impacts on the
genetic diversity of plant populations. Hydrocera triflora is an endangered species. Its genetic diversity is unclear and
endangered mechanism has not been reported. In this study, 34 samples of H. triflora from seven populations were used
to obtain single-nucleotide polymorphisms ( SNP) by Restriction-site Associated DNA sequencing ( RAD-seq). We
discussed the endangered mechanisms of H. triflora by analyzing population genetic diversity and structure. Additionally,
we combined these results with historical population dynamics analysis and predictions of potential species distribution in
different climate scenarios. The results were as follows: (1) H. iriflora had low genetic diversity (H,=0.156 9, H =
0.1654, w=0.186 5) and high genetic differentiation coefficient; AMOVA analysis showed that genetic variation mainly
occurred within populations. (2) The Mantel test indicated that there was a significant positive correlation between
environmental distance and genetic distance, as well as geographical distance, with respective P-values of 0.041 2 and
0.008 2. (3) The effective population size of H. iriflora had been continuously declining since the mid-Holocene. (4)
The total potential distribution area of H. triflora change slightly in the future compared to that in the modern
climate. However, in scenarios of high CO, emissions, the high suitable area decreased significantly and changed into
low suitable area, especially in the Malay Islands where the suitable habitat was almost to extinction. The results indicate
that habitat fragmentation caused a sustained decrease in the genetic diversity and effective population size of H.
triflora. Therefore, the low self-renewal capacity, as well as detrimental environmental conditions such as human
disturbance and urbanization, are the primary factors contributing to its endangered state. It is recommended to
strengthen the in-situ protection of H. triflora, employing techniques such as artificial pollination to enhance gene flow
among populations and thereby increase genetic diversity, and at the same time, we should focus on protecting wetlands
from destruction.

Key words: habitat fragmentation, Restriction-site Associated DNA sequencing (RAD-seq) , genetic diversity, genetic

structure, species distribution models, demographic history

PR3 K 41 2% ( conservation genomics) | S I
JEAE A L R L BN 7 12 0 ] T OR3P AR W 2 R
Fgy A O TAE o B — 175 B (Allendorf et al.,
2010) , FERAE T YA AL -5 08 57 5 s oF
o VEATPIRN AL Z2 R 7K1 B HAEAS 1A FIRE
ARV B8 53413 K6 SRy S8 32 ) Ao O B 3t A 0T 5 ) o
N4 (Hamrick & Godt,1996) ., 43 Tt f&hric & 1T
W o 5 R a5t A 22 A 1k O T L HE S AR it
iy R, BARIBAL 5 B 2 as HITE Wil fa )
RIS, AEL R 4 6 PR 40 0 LA K 1% B A id &1
JE e T 20 4 A JF 46 {8 ] (Supple & Shapiro,
2018) , B )t HUR N HIAE AR A v

155 18 1 ) $% AR (high-throughput sequencing)
(R A SR A T AT A R R ZE I R R R A
20 I F ( Restriction-site Associated DNA
sequencing , RAD-seq ) f&— 5 UL %) 17 £k 36 PR 2
R 3 Aok 0 IR ok e il U0 6 R BRI A R B, B
B R P AMRER A, EAXSH A
PILZE A BRI, BE R A5 K & A B R AE B AL
( single-nucleotide polymorphisms, SNP) ( Davey et

al., 2011 ;Narum et al., 2013) , HHJ, RAD-seq B
I T RIS S 4 1 R AE U, A4 4y
TARICTF K REMA 8 A% o3 BT 352 % P Ay ot 4
P IR M4 FNAEDE S5 (2022 ) 38 i 7] Ak 2 A
ZHI X W fE K W e i R 2R R (Adiantum
nelumboides ) BIPR I 3L R 4 22 5%, s 1 HPI A6
HLED . Cai 55 (2021) X H A7 B 28 B 4 (B A9 $ily
MR Ff I B XU AR ( Horsfieldia tetratepala ) 517
RAD-seq 7, il 7€ T A ZCAI ORISR0, i
Z5(2022) F] Fl RAD-seq X} Mt f& 99 A 3 1 A1 S
( Rhododendron hemsleyanum ) B35t & ¢ 1E 317 £ S
5 BEPRV2H 43 B, IE B X T JC 2 2 Bk TR 2 1 A /N e
HEEF A A5 ¥ ( plant species with extremely small
populations, PSESP )t n] H i £k 2 K 41 il )7 F Bt
FRILSNP 3 Fhric, PRI, A BF X T 2 2% 3 ]
ZH VARG P B AT 1 2 DR T DA BRAS AR R 1Y
LR, MR RN A SRR B T,
BEAN A RN AE /N B Al T X8 T O 4 R0 A B G
Yyfe T ik b RE 3h 2 LA K 0 35t 4% 8 A 19 O 1w A
AR EE MDD LS AR AR B N A e Y
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FIWFIE N A (Girod et al., 2011) , FEFhEE A
s B v, A A A 0 i ST S 1 4 SR A A
VE I 1 X5 Rl Y s A8 AR Al e 2 SC SR

Br 7R R B BRI S T S A R R
B ZFEE LI AN R B i Bofb L R AR 2 R
PR BN Z Z — (Wilcove et al.,1998) , 4=
5 BOAE A AL 25 T Bt 8 Z AR FEAR 1T 32 H 28
AR | B A a0 AN R R AR LU/ 4 ( Young et
al., 1996; % /N B3, 2000; Honnay & Jacquemyn,
2007) , 23 3 W) oA S, 1 0 /b | 5 e % b 2 A
it AL M R0 BB I B 38 DA 5% v ) o ) 22
FEVPE (Aguilar et al., 2006; Gonzdlez-Varo et al.,
2009) . A Bi b Bl g 45 i Al % Sk 00 A S k4
AN [) AR IR 9 7 B T o8 %) 38 1) 2 B4 Jmg
( Wilcove & Mclellan, 1986) ., HHT, K& A5
R EBE R Beflx 8t 4% Z2 R M7 A= i S 3000 2 T
TERONE (R AR R R, 2014) o ZERL B MG R
L1477 ( Dianthus deltoides) WF 57, & B A Bo Ak A= 15
A 7y A 45 S AR AT T RE 7 A F 32 b1 i gk
— 2 B I L A ORE (Y 3t 1% 2 A M (Jennersten,
1988) ., Wi fGAL Y Bankia goodii 5% "= 5% v Bt fb 5%
M), JHC B 300 0 40 b A 1A B3 ) B IR ( Lamont et al.
1993) . DR, 4 #i & ¥ Fb 18 52 A6 58 R B AL 2 i)
IF, i — 20 R 5 DA Gl P A 2R B R B Ak
QR[5 e KB ) 382 A% 22 R 48 s LA L IO 42
AT R PR AP SR

K f ( Hydrocera triflora ) Z Rl 4£ F}
( Balsaminaceae ) 7K ffi J& ( Hydrocera ) 25 4F- 4 7K 4 B
AREY), e AP E (RS ) CEDEE MR R A
MR e R SE | ok VU K BN SR VGO,
AT VE R EOK R R TR R A K A
TEVR IR VR A5 e I, BB AR AN e 1 O R 1L
KA B | i A K I R oK AR A A7 )
AN TR) AR B2 B REIR | 12 b o A 3 R BOR BB %, +- 73
FUL(EFCEE2017) , fE(TPEAEYZHEMEL A
2 e —— SRS (2020) ) PRAG 4R 5, K # b
TUWifE (EN) 9%, A KA1 I AH CHF TR 3 /b
2014 A v R B B DA ) 00T 58 BT A i 11 X
BRI T AR, X2 30 24 k% B AE [
PRI, KA JE FRALAE & (Impatiens ) 1Y 4E
RER T RANERH 55 50 163 & 0 Ak
B A8y TR BA 1 il 2B A e i 0 P 7 R 52 2k 1)
W EEAE e UL B AR R 1) 0 A SR — A i g 1 3 AR

(Janssens et al., 2012) , KA J&1E N RALLEFR Y
B R WY s A 2 AR AN AL AT LAV AL A B R
BeAb X A% Z2 PR 1Y 52 il ] B S RUALZE B 1Y
HEAL N R G 73 S S (A LAl B3

AWFTELASK FE DB IX 7 AT 34 K ff
AR R SRR R, 8 5 RAD-seq &) 16 35 B 410 )7
HOR AT REAR AL 400, AR LV TR N2 (1) 2
PRIZH K- T 7K f 0 5t 4% 2 REVE RS AL 454 5 (2) 7K
FAA ORI T SR A4k 5 (3) AR AR 55
K FA VAR S A1 ARk, U A 7K A i BT B¢ U5 1Y
PRI FI B 0 SR s 09 9 52 HE LB K

AR

1.1 SKEe#F#t

Xf o3 AR AR T YK M EAT BRI RAE (BT 1)
U ER] 7 ADFEES T 34 AFEAR, BAFRRYA
— I FEUEFR A, F7 BT TRINT 22 B P Or 47 oF 52
Hl bR AR 1 (CNOCC) o 4 A Bl B B 15 B 0L
%1,
1.2 DNA fZEUf0 RAD X EH##E

AT H FH RARAE ) 3 P 2H DNA 2 Bt 7] &
(DP305) #47 1E X4 ekt R J& XF r A A d 19 38 R 4
DNA BEAT PR, il 1 B A 55 I HL 9k A1 Quibit ¢
JERG S, 15 2 B T3 BE 2R A IR
WF . RH] EcoR 1 BRI P Ul 747 1t U Ay 2t
KL ITE 300 ~ 500 bp 1 XL )7 SC PR, 24k
J& B SC EAE Tllumina Novoseq 6000 mF -6 52 ik
A AT Al S DR 2
1.3 SREVEZFH R S 1% (SNP)

TE 5048 T HLE , FIH] FastQC ) F #8475
P AR BRI Sk | poly _A R B 1 1 £ dls , e e
153 13 i 1 B (clean data) |, FH TR 2200504
AW 5 ) Stacks v2. 54 %K 4 ( Catchen et al.,
2013) XF /K i RAD-seq ZUE 1T TS De Novo 4H
SRS SR, 43 3E 4T Stacks FRA4E N Y process_
radtags X FEABEAT 1 U8 BR 25 A& RAD AR% 19 )7
H o i ustacks X B A FEAS G N7 AL AR, B 1R
FEBCEC S5 M R 3, 454> A5 A ik AT 5 79 B /)
F BB m K 351847 estacks B8 748 H 41 5 Fir A L
FAR R catalog H s SCF B & A7 A0 E] LV 1Y B
FE KL n N 353817 sstacks P2 PR REAS b X 2 4]
P H % L il i tsv2bam | gstacks A K population
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TP E 575 2091 SNPs v 5 14 vef X, M
PRAE T U 7 89 T SE 4 {8 VCFrools v0.1.13 %X
4 ( Danecek et al., 2011) X Stacks K {4 o &6 0
i) SNPs it — 2513k ﬁﬁ——max—missing 0.9, Hp
BB H R 90% 5 ——maf 0.05 , K e /GG A S A
BRI E R 0.05; ——minDP 5, B £ 35 P B Jg /N iR
JBEO S o g A BT R SRR 38 667 4 SNPs
TR SEREA B AL Z5 A Y 23T
1.4 Bk E o

HT 34 UK RE B9 SNPs L A, s 1T
vef2phylip JAVAS 4 A~ 4% ] 9 358 % IR 55 66 B ,
IQ_TREE v1.6.9 {4 ( Nguyen et al., 2015) fifi
FASR B ( maximum likelihood , ML) #E47 2 Go i 1
s, R4S 1 000 YE A A PRE [ R (ulirafast
bootstrap, UFBoot) (Minh et al., 2013) 1 SH-aLRT
( Guindon et al., 2010) MRSk, 15 BB AW &
Gk B W, Fl H FigTree v1.4.3 ¥ A (http://
tree.bio. ed. ac. uk/software/figtree/ ) 7] F £k F1 4 55
Az LR S

W 2 HI AR AT 0 B Y SNP OB A 4R 1 T
VCFtools #5445 B ped Fl map SCAFJ5 #6473 U8
A i bed C 4, Al Admixture ( Alexander et al.,
2009 ) F 4SS 5 DR A TSR L 5 1L 45
B RE S K (E R 2 2 7 1500 F 09 2 BEAS O,
PR A W K A BT 19 e/ 28 X5 IE ( cross
validation, CV) 35 fcAE0BEEL

ffi Hl GCTA v1.26.0 # 4 ( hitps://yanglab.
westlake. edu. cn/software/gcta/ ) 4= W F PCA 43
Hro R, R 55 Y ggplot2 B0 2 il 32 i
Vi iNiERE S
1.5 Bk EESHEMED R

i i Stacks FXAFH Y Populations T2 ¥ 1B
KT 38 R EL (inbreeding coefficient, F\g ) , W%
4245 JE (observed heterozygosity, H, ), 1] ¥2 74 & Jif
(expected heterozygosity, H,) . [RIEf 3T rf (4R
FAE AR 5 AL 8B R 2 B % (nucleotide
diversity, 7 ) SF i E S8, HH R HEF MW
GroupGenome v2.6.1 F2£ /711 ( Pfeifer et al., 2014) if
SRR ] 15215 704k R EL(genetic differentiation among
populations, Fg.) , i f B AL 73K
1.6 Mantel 1 XK IGF 5 FHES W

T VAL T ASOK A R B 5 A% B R | b PR R
LK B4 58 5 2 2 1) 1 AH DG, R R B/ i

“raster” Fl“ redal” $& PCAEASFRE 25 09 ARG B, 1
19 A PREER - (9 PR 5 B B B, T geosphere”
g 2 b LR S ) L B R ape ” 32 RIS A% R RS AR
R4, aded™ X 19 9 46 4 2E 419 999K 1) Mantel
SRS, F ] “ ggplot” #EAT Mantel 6 %0 25 5 (1) 43
K, k4, Bl Arlequin 3.5 %X 4 ( Excoffier &
Lischer, 2010) # 17 4> 1 77 22 43 T ( analysis of
molecular variance, AMOVA) ., AMOVA %+ i1k
R ( evolutionary distance ) ok B I A Ay A
(SR PR ) B D B (] 9 7 22 (82) , 153 24 1]
1% 5316 2 H ( genetic differentiation among groups,
Fop)  HEWTRE AN [R) 38044 41 73 22 18] 9 728 S K-
1.7 MEBEH RS S

BET SMC BELALLFRRE Py s Bl 2 Y 75 vk J2 g AR
T e NA Y EARE JFAEH T LS
BRI MY FP (Li & Durbin, 2011) , 1 3 F 45
LA (site frequency spectum , SFS) [y 5 12 AN 4K it
TV 5 22 (8] ) 3% B B 22 PE ( Gutenkunst et al. |
2009) , - HxF 3 3 i R0 D s R /INAE A A B v 1Y
PR (Lin & Fu, 2015; Lapierre et al., 2017),
I, B B 35 15 A9 SNP %% 3 fiff I 3 T SFS Y
Stairway Plot v2( Liu & Fu, 2020) #fE30 /K £ 75 100
kya~1 kya ( thousand years ago) [A] i) Ne 281k,
BTG HR 2 H TG % 8 F- 1 (linkage disequilibrium,
LD) f) SNP %48 %, 5 VCF SCJH python JI A
easySFS ( hitps : //github. com/isaacovercast/ easySFS )
ST — 4k ( one-dimensional, 1D) SFS, ¥ SFS AR %
FEREN folded , LAGETH IR AF A7 HE [H (9 SFS, 6 #5 i
D B £ B projection {H i i SFS 15 B, K
SFS {5 B4 A Stairway Plot v2 15717 BT 5 B blueprint
SR, SARREE R 1.0x10°,2 48 —1%, 200
W JRAG 5 T3 Ne HP i 80K 95% &A% X 1],
4RTE R G hl AL,
1.8 BESm XN

FRYEATRE R A, oA T8 i GPS 52 M 5E v A
Ko E B FAE P AR AR (http . //www. evh.org.cn/)
MABk A ) 2 FEVE (S B M 4% (https ://www. gbif.
org/ ) S5 A U JE A BUbS AS SR B M 42 4 AR B
B B AR B K A AR AR B 200 R4S, XEETA
P F& B MaxEnt B & ( http://biodiversity
informatics. amnh. org/open _source/maxent ) 3R
Frbs bt B8, I H o T B 1 7E 3047 e KR L8
SRt B 00 B K AR 0 A B dE AT
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i, 7E 50 km® P AR SALORER 1 A4, 235 5]
29 B 2 2 FE AT B W K £ 43 A 50T B AR
CSV CfF,

M4 Bk S B JE WorldClim 2.1 (http://
www.worldelim. org ) 43 51 T 2% 4= 8 tH: H ] ( mid-
Holocene, MID; #J6 000 4F 7 ) . 24 1% (1970—
2000 4 ) Fl & K (2081—2100 4F) 1 19 4
A i BE 25 18] 43 PR 2.5 min (5 k 20 B
), AREAMEN I CMIP6 Hh SSP1-2.6 il
SSP5-8.5 ( shared socioeconomic pathway, SSP) [
PR | 7 B R AR IR ETE 1.4~1.8 °C
Fl4.4~4.8C,

14T MaxEnt ZRAFBIAYK M 7EA 8] S5 5t
FOVEAE 23 AT M Ry, B BN R AR 75% , 5
25% AT 3 M o K5 W) o o A BHE 5 UM PR 5
B — A MaxEnt W, % $8 J] U117k (Jackknife )
BRI 500 ¥k, 155 2% B0 58 A% B X 1) 0 A
JRI R BTHR AR 22 il o )07 £ 0T ) T PR 2
) ArcGIS 10.2 H, 4 HUZR F I X 35, AR 9 2 B8 0
‘B 48 %4 ( habitat suitability index, HSI) , %1434 D4
ANREG, Hrp HSI<0.1 HIEE X ;0. 1<HSI<
0.3 JAKIE X ;0.3<HSI<0.5 3 4= X ; HSI>0.5
i X, SR ROC i 2 DF- i 7 0452 3 1) o
P [) A AR 5 A B 1) T K 5 A W 5 o ) b o)
AT T B T

2 HEREHAH

2.1 I FF E R R

AR RAD f £k 56 P 20 42 R %) 34 47K
FREA BEATIN T, I )P 25 R L FASTQ (/iR fq) 4%
REAE AL T I 19 5 51045 8L R X R iy
P (5 e . et B RS A R e, 3R 37.91
Gb ) clean data B, V3R NFEA N 1.12 Gb,
FENFEAY reads 32K 7E 2 512 919 F 55 093 740,
Hh GC SR N 36.2% , T FEA K Q30 H41H
H92.9% , F= BN T 0 HE 4 o, 3k B S 4 A 1 B
K, i Stacks #1475 Z FHH 041 5, 15 )
KAl 34 DREA IS 5 K0 68 226, -3 A B

TIRE N 8.61 X, &3 VCFiools FH KT IE ST,

I 35 38 667 A~ % B SNP i 5,
2.2 BEEELE RSN

4T Structure 2387 & B, 24 K=3 i, CV {H

INCEL 2. A)  BEHH 34 ANAMETT 43028 3 At R 2K
(K 2:B), FIHEKRMIAE (ML) 5T 38 667 1~
SNPs fif & XF 34 A HE A 1 8 1Y 3 40 3F b W) 3% B
(B 2.C), BEAFRREE AR B R 72 R — A8t 4%
% B IR EA 100% M R, BREE (CWC) |
NIEAT (BMC) 2%k (DXC) By 38t 4% 25 1 55 A5 ol
J—# (Cluster 1) ; MEERF (BBC) | b 524 (BSC) |
SCHERT 2 (WXC2) W8t % 454 1 ) B 1Y) 0% 2%
FZ A T —4H (Cluster 2) ; CEEART 1(WXC1)
FHH 5 HA A BE AR —FE B 815 2544, A Cluster
3, ERAIHT (PCA) J2 AR 48 HE A 1 D 4y %0040
PR M B AN S R 8 R A0E 1) 2, T4 )RR AE ) 2
RIS R SRAG BEAR 3 RG34 DREMEE T 3
A 1 E RS 2 420 PCA B (B 3), Al b, &
DR M RE D, X5 REM 5L — 3%,
Hi DXC,.CWC BMC .BBC il WXC2 43 i #H %} 4
W 7E PC2 4B b, WXC1 5 H Al Fh BF 4R B 75 45
TG, 13X 5 structure 43 M7 145 5 —24

2.3 BHEKEESHEST

X7 SRR AL 2 AR (S B AT I ST A
BraRM (£ 2),34 (RT3 H H, #7535
7 0.156 9.0.165 4 F1 0.186 5, 4% F ik v 14 HL A 45
A A B F Y6y 828.29, Hith BSC G 45
Pr N f (1 445) [ B, 8545 (0.079 1),
BAF R Z MM () B £ W, 7 =0.01502 ~
0.239 9, 76 R £ Hb 7R 3 1Y Cluster 1 Ff #f ( BMC |
CWC f1 DXC) H A B &M w2 /M, Fg=
-0.006 1~0.168 3, F#E N F o FHI{EH N 0.061 67,
Hrp CWC F WXC2 Bk A, 158 B 33X 4> A7
A TR,

FTF 38 667 4~ SNPs i 5 ) 34 /K FAREAFh
BEMI LA 1 P HIT AR (R 3) R Fo h
0.203 5~0.584 6, i CWC 5 BMC Z[af) Fo, {8
H/N(0.203 5) , R BH AN R (] 119 358 1% 28 3 76
AR ) S5 ok A MR R R T 0.25 %
WK A8 7 A PO () B 352 4% o0 AL R B v . o,
WXC1 Bt K, 5 A 6 ASFRRE ] 935 1% 51
TR B R 0.528 1,

2.4 AMOVA 4 F 7 % 43 #7 #2 Mantel il

AMOVA 0 F 5 20 W 25 1 (£ 4) WoR, Y
87 K AFEE S B ib 3 A BRLRT, 9.35% 1t
7R S e A e 4L TR), JE 4 TR) A 3 A% A0 e R BN
F,=0.093 53, Ui BRI A s A b AN 3 0 F
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A. f£; B. B3, C.oAEEE,
A. Flowers; B. Fruits; C. Habitat.

Sl BAEER R OEm
—1

wai

1 KBRS HIE

Fig. 1 Morphological characteristics of Hydrocera triflora

e e

x1 KAERRERER
Table 1  Sample details of Hydrocera triflora

s E=N
iR R 1 i i
Population Sampling location Longitude (E) Latitude (N) samples
i) W 4 18 I H AR 110°10'43.36" 19°47'49.75" 5
DXC Dongxing Village, Chengmai County, Hainan Province
[SRIRES TR A4 I 10 T A 110°17'01.46" 19°47'12.71" 5
CWC Zuntan Town, Haikou City, Hainan Province
N VT A Vg D TIT R BB I A 110°1842.83" 19°46'28.75" 4
BMC Bumao Village, Xinpo Town, Haikou City, Hainan Province
N BEA A T A TR D BE A 110°2043.95" 19°46'50.12" 5
BBC Bubi Village, Xinpo Town, Haikou City, Hainan Province
b g T A M UTHT SS 38 D 110°23'25.58" 19°49'39.11" 5
BSC Bushi Village, Meirenpo Town, Haikou City, Hainan Province
SCHERS 1 VA 48 U 11 T BT e SRS A 110°20702.26" 19°44'44.46" 5
WXCl1 Wenxuan Village, Xinpo Town, Haikou City, Hainan Province
SCHERS 2 e 48 U 11 T BT SRS e A 110°19'42.72" 19°45'29.92" 5
WXC2 Wenxuan Village, Xinpo Town, Haikou City, Hainan Province




1420

70 MW

100 A C

o
L

S
o
=]

0.85

CVA{H CV value

0.80

0.75

0.70
2 3 -+ 5 6 7
K

1O 12°0"E 110°15°0"E 110°180"E 11021'0"E 110°24°0"E
l l L L l

CWC 10
BMC 14
BMC 11
BMC 13
BMC 15
DXC 03
DXC 05
DXC_01
DXC 02
DXC 04

1F51'0"N
1

19°45'0"N 19°48'0"N

DXC

N

Al

BSC

19°51'0"N

BBC

cwe :
BMCE,

WXcCz2

WXCI

1945'0"N 19°48'0"N

{4 Legend

# High:
l 1813m
fiE Low: |-

s
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AL R[] K AELFTX AL A28 IR TES DR EL; B B0 o R R AR R A R Nty B A, P ORIR AR AR e Y 120 €. 3T

38 6671 SNP HIfe KA SR LTI 45 Y K =3 B AL 2540 A 2%

o (B—HTBAGER | MEA R 1 ANREk )

A. Admixture validation error value corresponding to different K values; B. DEM distribution of best results in clusters. Pie chart represents the

genetic cluster of each population; C. Maximum likelihood tree and structural analysis based on 38 667 SNP and results of the genetic structure

analysisl with K=3. (Each column represents a sample, each color represents a genetic cluster.)

THEN BB AL A 5 oy

SR S 52.65% , FhRE A] 1Y 5

B2 KB EREERSITER

Fig. 2 Results of population genetic structure analysis of Hydrocera triflore

kya BOA BHHAI/INVER (K 5) o S T A8

178 5 3R 38% . T a5t A% IR B A 4 R B 1Y)
Mantel Kl , 2% 5 3% B W 2 2 8] 77 5 8 35 1 AH ¢
(R=0.4346,P=0.041 2) (& 4. A) ; 3 T fLHH
R MR B Y Mantel £330, 25 5L 0F B W & 2 (8]
AETE B FERIEZR (P=0.3393) (K 4.B) ; KT #H
35 PR 55 R B Y Mantel A 45 52 26 BH FA 6% 1R
B I B A O A OC, R X R A AR
RSRAYEC R (R=0.643 2,P=0.008 2) (K 4.C) ,
2.5 BE KNG ES

SWAE Stairway Plot H X 7K 1 1 B 1A K /)N Bl Bif
] A5 Ak HEAT HE D, B 506 077 2k B % 1 A SNP £ i
38 667 >, Stairway Plot #fE il 1% F #£ 100 kya ~ 1

11.7 kya R K VK (last glacial period, LGP) LA
Je P EEA W 4E e, AE MID B BRI AE 4
kya~2 kya, 7K A A ORI RE RN B0 S 7 T B
26 AEBETHEED GRS

PR MaxEnt B8 AUC {1 K T 0.952, % B
TSSO ) 3 B oA XA A SR LA T R, AR
WEEA R A R A i B AR B
AEP R4 BE R R BT 7 STRRR BOR, R E AT 2
SR K AR o3 A i EZE IR

SRR BN MID B4 (Kl 6:A,B AR
5) 7K AR B S AR TR R R BE Y 2L | S BERIAE
v A TR D 299% , o AR T AR D 349% , ok
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= BBC
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* CWC
* DXC
WXCl1
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Different colors represent seven different populations.

B3 ET SNP KM PCA SR
Fig. 3 Results of the principal component analysis (PCA)

of Hydrocera triflora based on SNP

x2 KATAHBENEESHENE
Table 2 Genetic diversity for seven populations

of Hydrocera triflora

gl g e

i s fr KR Py

Popu]ation % RERE RE R gﬁé ﬁ ,%7;&
H, H, T Fi
Ap . s
BMC 162 0.1888 0.2074 0.2399 0.100 0
CwWcC 389 0.2105 0.1841 0.2065 -0.0048
DXC 1 385 0.1798 0.1770 0.1993 0.041 3
BBC 408 0.126 8 0.1609 0.1805 0.1155
BSC 1 445 0.0791 0.1438 0.1610 0.168 3
WXC2 756 0.1723 0.1501 0.1678 -0.006 1
WXC1 1253 0.1408 0.1343 0.1502 0.017 5
SFH{E 828.29 0.1569 0.1654 0.1865 0.061 7
Average

TE: Mg 5 LR 1, T,

Note: Abbreviation of populations are the same in Table 1.

KAE SSP1-2.6 15t N (Kl 6.C A 5) , KAMHE
FEA A SIS A RS AR N 174.74% , F2ERN
TEARIE A T AR 4R N T 33.40% , 7 SSP5-8.5
T (Kl 6:D MK S), /KM LI AL 5)
AN AFRE o 3 A AR R D, R A AR A Y

x3 KEMBEENEESLRY
Table 3
population of Hydrocera triflora

F, values between each

CWC BMC BBC BSC WXC1 WXC2

DXC 0.4454 0.3538 0.4450 0.4984 0.5509 0.5496

CWC 0.2035 0.4049 0.4974 0.5396 0.5206
BMC 0.2887 0.3944 0.4500 0.4142
BBC 0.3921 0.4987 0.501 2
BSC 0.544 9 0.548 7
WXCl1 0.584 6

x4 KARABDSFHRESH
Table 4 AMOVA analysis among the
groups of Hydrocera triflora

i B

55 b T msap o0

. . . . Percentage of
Source of Degree of  Sum of Variance ariati
variation freedom  squares components vanation

(%)

J
A 2 37703.709 283.672 04 9.35
Among groups
20 A )
Among populations 4 50 840.824 11 52.494 90 38.00
within groups
kiile! 97 408.600 1 596.862 30 52.65

Within populations

3t Total 67  185953.132 3 033.029 23
4[] 8 15 7 b &R
B, 0.093 53

WD T 23.34% , H iE A AR B AE D T
4.91% , MK A= ARSI T 72.94% , AT UL,
TEARKBEE CO, e BE ) T, 4 3k-F 240 B2 i 7
F, VTR T AR B AR A ™ B 6 K B
T A DA AR R Y 52 ), K Y ek A DX 2 e
B ARIE A 1X

3 W54 ®

kM EESHEE . AERBEUBRETKAEN
B SHME

A 20 et 90 AR LK, A 5% i Bk n) i fE [
PG 3Z B O, — R R A 2 R A A 2R 4
WM FE IR 22— AR e R RR MR P O R
(RA5E 2001 ; EB 05 ,2016) , WHGH FRARIK Z
(ZERLL5F,2008) , FEASIRIAESRE SR 5 05 () F
SEAL 2% (RAEG % ,2017) , BRI R L &2
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1.51 . 161
o e 7] .
| — | : = :
= 1.01 o Z 1.01 e —— 'qu- . e
e = %, | . : WS
7 E 05 | ‘ Eﬂ E 31 /
g 03 R wE : -
Ay K £ . .
i R=0.434 57 e £=0.206 08 = 44 . R=0.008 20
= ol P=0.041 20 b= ) P=0.33930 5 P=0.643 20
4 8 12 5 10 15 20 5 10 15 20
FRES B by P B

Environmental distance

Geographic distance (100 km)

Geographic distance (100 km)

A REIEES [ Fo/ (1-Fg) | SEREHEES; B, (LRI S ERE 2 C. SR S s

A. Genetic distance [ F/(1-Fg )] is associated with environmental distance; B. Genetic distance is associated with geographical distance;

C. Environmental distance is associated with geographical distance.

B 4 /kFEfERES IR S AIMERE B 2 B K Mantel #2745 R

Fig. 4 Mantel test results among genetic distance, geographi distance and environmental distance of Hydracera triflora

100
8071
60+
40 1 I«J
201

8RR Ne(1kindividual)

I 10 100

WFE Time (kya)
FZ N R E, BASEER 2k 95% B A X ],

Thick line represents the median, and shaded area represents the

95% confidence interval.

B 5 Stairway Plot EF SFS By7k Bk KN 47
Fig. 5 Change analysis on population size of Hydracera
triflora inferred by Stairway Plot using folded site
frequency spectrum (SFS)

BEPE  RAE AT DL S B ) 3 07 34 B2 AR Ak 1 98 i
HAR T LAk iy 9 15 31 2 VA 1 ) o B 14 A A7
T KBRS AT A W PEAL (Mable, 2019) . WF5%
KB, R T A AR R AT AS A SRR s B AR A T2
(R i A 22 B v T i B0 23 A B2 25 O R A R
fEIF (Cole, 2003) , 815 2 FEME A BARE — 1

YRR A 5543 A B 25 19 3 ik R A ( Gitzendanner &
Soltis, 2000; StHABHAF,2023) , % HF AR 2 4F 1 2
A A AL 2 B Y #E K F5 AR ( Catchen et al.,
2013b) , AR FIH SNP 7 FHnic Xf K 7 A~ Fh
BEIEATREAR AL 22 200, 65 R BoR KA B Bk
WL Z RN (=018 5, H, =0.156 9, H, =
0.165 4) , TESSGHE ) ff M- BRER IR B REIR 182 4% 70 B
T AR KB, HANEJERER T2 7 (H, FH,
5504 0.373.0.106 #10.135 (FhAEDLSE ,2022) . 5
ARAHE W) A L, B AR W) B A 00 Y 38t 4% 2 1
(Chung et al., 2020) , FIH RAD-seq T AMFFT A
FEA R AL RS AL Z AR VE R (7=0.241 0,H, =
0.226 7) (EfR#E5%,2022) . SRIFHADFAH L, 7K
R F-2 H, g 0.165 4, WA T HE A KAl AE
(Impatiens macrovexilla) ) H_(0.018 6) ( Zhou et al.,
2020) , [RIFHAHRFESS SR B, KA B H N T
VY H, RESIRES T EARE  HX R R
IKFAFPREPAFAE SR & T BRI F— s FE L L AT,
A8 R BeAb 8L 2800 B9 R L, Dixo 45 (2009 ) WF
FEk B, BV KUY Y R AR AR U R ( Rhinella
ornata) PG ZFEPE S SRR AL TR 2 IE A OC, A=
B R BeAR R 30 92 WG S5 Mt 22 T 1) 5 DR s 7 A 1 T
SO, A R BOAR S BORP RE 2 ) Y 35t 4% i 3 32 )
FRLA] , DA BOR A N E8 1 0E S sC 38 m, 5
BRSR A  FETTRE A 5 1L A1

AN [ RE (] 4388 1% R 25 A Bl T X0 A [] R 1)
it ZREE AT RS, o] F R IR T (A 35t 1 45
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A, St PR B M4 (1970—2000 4F ) S MEE 55 C. A K (2081—2100 4F) SSP1-2.6 A f& % 5 ; D. H 3K (2081—2100
4E) SSP5-8.5 S MM, (v R LR IR B 4 F /R Vi 5 VAR A0 X RO BICR BT, TRk (o R A SE A X TRak (0 F R IKadE A X

WOFRPIEAERX AORRREEX)

A. Mid-Holocene climate scenario; B. Contemporary (1970-2000) climate scenario; C. Future (2081-2100) SSP1-2.6 climate scenario;

D. Future (2081-2100) SSP5-8.5 climate scenario. ( Dashed circles in the diagram represent an enlarged views of the potential distribution area

of Hainan Island. Dark green indicates unsuitable area; light green indicates low suitable area; yellow indicates medium suitable area; red

indicates high suitable area.)

Be6 ARBERTKANBESFHIES

Fig. 6 Distribution of suitable habitats for Hydrocera iriflora under different scenarios

¥ 225, AN [RIFPRE 22 [8] 00 3F 1R 358 4% 22 1 Tl 2
F IHATHESE . 24 Fo i 0.25 DL b, R APt Rl A
TR K 3845 3 Ak ( Wright, 1978) . FE/K A 7 A Fb
HEPIG Z 8] B 21 XF Fo, WP A 20 4~ Fo KT 0.25,
FWI 7 A FPRE E] 0 352 4% 3 AL KOF B R . AMOVA
IR, K F 38% 1) 38t 15 78 53 & AR e 4L P AR
(], T A A PN Y a8 S T Ol 52.65% , 4TI
FFoAR WAT XK A 15t 2 FEPE R OF 5T, IRUANAE B

ALK A Ja AR AL T8 | X SE A W7 7y 2K 27 |
UG, PR, X U AE B 8 BF 52 45 2R a] DLy
KSR AE Z R T SR i — e B 1 2%, b
Z 955 (2014) FIHT ISSR X KUALAE R 6 BF 5% b &
B, 5 mE XU AE ( Impatiens hainanensis ) F $K F0HE HY
FLAR TR AREEN (92%) , FIREN] A 54070 (8% )
KAWA 52—y g R, VAR R 342 28 5
R o [ I A 0T SR T 7 IRUAUL A A A 58 v 2 B
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Table 5  Suitable areas of Hydrocera triflora under different environmental changes in different periods
o R IE A A fiiE 4 E|Srig
FESTRRITEA High suitable Medium suitable Low suitable Unsuitable
S e Total
RLALES sui[t)z:(:)le
Climate scenario area 1] FH b4 T FH L 15 T AL He 51 T FH He )
(x 10* km? ) Area Proportion Area Proportion Area Proportion Area Proportion
(x10° km?>) (%) (x10° km®) (%) (x10° km®) (%) (x10° km®) (%)
423 i 38 MID 590.61 116.84 3.07 205.76 5.41 268.01 7.05 3212.48 84.47
44X, Contemporary 416.75 82.95 2.18 135.65 3.57 218.91 5.76 3 365.80 88.50
A3k SSP1-2.6 436.51 86.55 2.28 154.05 4.05 292.02 7.68 3 270.69 86.00
Future SSP1-2.6
A3k SSP5-5.8 403.76 63.59 1.67 128.99 3.39 378.58 9.95 3 399.55 89.38

Future SSP5-5.8

TS A ISSR 43 B (24 4, 2013) , ib &l A
BT WRERIE IR B35 T 0 7 S A T T 1 5 9 ) 45
A ASE S, (inter-primer binding site, iPBS) tric R4
FeEA (Zhou et al., 2020) , FHLFPEE N (4 1815 2 4E
PR TP (] 0%, B 3 22 A0 A% 2 FE A AE T Fh
THE DA, 22 B B A A S o 0 1) A L SR T2
SRR, R RIS Hr AL 45 44 43 7 Al PCA 43
B, A58 e 3 04 1 K RE R TT 40 ol 3 4
HARFIRAGH 1, A 1778 3 6 OR [] 1 35
(S S [ I £ I 1 < i M o (A G
0.093 53) , % JEE|IK M B9 A SRR L S N
S AR AR N H B 1 A7 A 3R AT DI 5 B 1) OB
BT B SR A B I TR

XoF KA 0 B 05 R | 35t % R R R b BB S 6
Mantel #H 5 1 K 56 45 5 3¢ B . /K 1 PR BT HE B9 5 Hh
FHER R HA W E M IEAHC(P=0.008 2) , [F] T ER 5
PR RN 35t A5 R B AE E B M IE A G (P =
0.041 2) , EBRE K MAFEEZ M W8 1L b 5 EA
Z BB 2 528 06, I HLX FMpar s 22 57 5 i B
B 1) AR Ak DA G, (R R H B B Y AR
BV BEAHENE(P=0.339 3) , HIK f RhEEAY 35t
1 B 2 1 B 7 B 2 B 2 38 i mi 36 n . X 5 it
A RUAIIAE B SR 14 358 17 B Rt 29 B 2 5t I 3
(R AR G (r=0.952, P<0.01) H 22 5 (dh =%
55,2014) . X AT B K AR R Tz 0 K A Al

]t Kl S 2 Sl W) CRD DRI R M B B
AE S AL Fr) it A2 i, Pl RE S5 K A By B
3T AN )R 1] HG 3 3P e A G, AT

5K AR AL K B AL B S BRI
BAHSCAH 5 B AN AH & 3 1k B 7K A A R ()
(35 A% o3k 32 2 37 2 AR 5% 7 BEAR T 51 1 34 355 B
BRI T AN 2 b P PR S A S
3.2 KAMEELE . FEMRE N LBERE EK
AMEAXNARTEIER

YRR AR I s B 245 R T 2 7 B 7 Rk A
FIE AL e 2L [V 9 25 58 ( Hewitt, 2000) , BE il
W04 224 | AN R 2k 19 4 A7 7 (Hare et al., 2011)
AW 30 3 1 R B 4 SNP ARIC R 7K £ AT e A4
KNI 5007, B BUKFMTE 100 kya BIAR K VK Z
T, A8 ORI R R /N AR S R, TR AT 3 05X 5 45
TR, A BRE M SR W R S AR X RN %
BER IR K (B2 ,2006) o 7K F YA RFPBE R
INAR VK (LGP 2 11.2 kya) J5 JF 1A #5 22 F I,
BELEIAE, Bidb kol B 5w & 1% 3h T R & A e R
A2 JTAE (BEHLIAE 2004 ) | 3% 5 K fl A RCRI R
KANFF GG B Bof (] W) G, #3000 B b kL 0 1) i &
WS RTRE 7| - i IR A A B I At 3 855 A
FME , SEUK M AR R B, BRI T K A Y
FERAZ L, AE MID BT, 7K A 20R0 B /N TE B
8RR, MID J&—A~ 2Bk FE 806 3h 35K 1
FEAT, AR A, AR ST T WA
SR AR AT T 2 1 A AR AR TR A A X X 3R
Bem b= T HEE R, ER AR R 1
TRANRBE TS, SHEY S, YL RdaE
Wi R AR (R GER 42, 1987) . A 4%
(2002) X i e &5 A0 &8 i T PR Ry i i 9T, &
PRV 5 A9 Al 35 21 B 72 3 000 aBP il T G X
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(SR 7/ B SR al T A SR PG N oI 2 O )
RO R/ INTE Dy St 6 301 1 5 52 3 3 bk B
ARSI, T 352 B NS0 S 52 e, PR AR &
IS BRI AR A, R ORI R/ B sk
] SR E T H B AR 22 BRI B 2 G R RR A AY 15
I3 BT AN A 1 3 A 4 )R
33 KAMBESMER: T COHMBET KA
NEEEREETAREER

TEIREE A BT Rk 3 09 20 A b, AS BIF 5 23 e
o R R v O 8 e TR AR P 2
FERY B TTERR (5 ik 67.6% 3% 57K f 1A € i
JEART 15 C B Ik AR R AR TR ST PEA AT (£ R
45,2017) o MRS 1A DU R A STk 7.4% , R W
BRI K A 53 A0 1Y IR R 2 — WA R T
38 B RUANAE B BIF 5 HP AR 6 4K A 388 1% 22 R 1t Joe
o TR FE R R X — 45 2R U AR 2 52
FERBE DR i i BB LR 3R (B 20555 ,2014)

Xof AN [) e 7 K i I L IXC A8 K A R T TR
O3 AR IE AR X EAT RN 0 A, A5 R R WA MID I 48
B A, KA YR AR T AR ORI B b P
TR I AT AR DX e A DA RO A XY o A
W6 SR 78 SRy 2 AR B LA AR X 32 08 40 A A% )R
XD s B A o 4 R — B, R BT MID B
BTG KB AR 2 B b = A, 54K
SUBAR L, A8 AR SR A A2 AL TR JK A R8T A 0 A X
ST AR S Bl A K, B o R T AR 2 A T
33.40% ., FrAlEAE SSP5-8.5 MY MM 5T,
o0 18 A T AR IRAE I /D T 23.34% , UM AR 2 1 J2:
BB A RGN T 72.94% , Hob 7 T E ok #ES
A3 A XL 58 0 2Kk o AR BRORT 18] U 22 Ak %
'] & 51 & ( Intergovernmental Panel on Climate
Change, IPCC) & & B9 (2 75 WIT Al ik 5 ), 1E
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Abstract: Biodiversity is the material basis for human survival. At present, the conservation of biodiversity is mainly
carried out through nature reserves. As an essential supplement to the existing nature reserve systems in China, the mini
reserve is an essential means to connect fragmented habitats for animals and plants and maintain the integrity of
ecosystems. This study systematically collates and analyzes the organizational structure, system construction, daily work,
and preliminary results of the community-based Qunan mini reserve through a literature review and field
investigations. The results are as follows: (1) The construction of the Qu’nan mini reserve is based on the mindset of
“self-construction, self-financing, self-management, and self-benefit”. It is managed mainly by “equal discussion and
democratic consultation” which has been recognized and supported by local community residents, the local government,
and the outside world. (2) The establishment, construction, and development of the mini reserve have not only enhance
the protection awareness of community residents and increase the number and diversity of surrounding animal and plant
populations. It also improves the living environment of the Qunan community and enriches the spiritual culture of
residents. In addition, this paper also discusses the hidden dangers in the construction of conservation

communities. Some feasible suggestions are proposed to provide a reference for developing biodiversity and traditional

culture conservation, and other mini reserves in China.

Key words: biodiversity, mini reserve, community participation, nature reserve, Qu’nan
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conservation in mountainous villages. a case
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Abstract: Pseudolarix amabilis is one of the most internationally influential ancient relict plants in China, and faces a

multitude of threats, including habitat fragmentation, population isolation, and declining numbers. Fortunately, the
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Village Fengshui forests, sacred forests protected by Fengshui culture, has emerged as a potential refuge for the natural
population of P. amabilis. Nonetheless, the underlying mechanisms by which the Village Fengshui forests safeguards the
natural population of P. amabilis warrant in-depth exploration. To address this research gap, this study employed rigorous
field investigations and community interviews to comprehensively assess the recruitment status, conservation behaviors,
and extent of disturbances for the natural population of P. amabilis. Moreover, we selected the P. amabilis population in
Linjiatang as a representative study case to elucidate the protective and management paradigm of P. amabilis Village
Fengshui forests. The results were as follows: (1) The diameter at breast height (DBH) structure of P. amabilis in the
Village Fengshui forests exhibited continuity, and the seedling density was higher compared to other habitat types. (2)
Protecting effectiveness of Village Fengshui forests in the natural population of P. amabilis could be attributed to the
Fengshui and taboo cultures associated with Shuikou forest ( Village Fengshui forests near water sources), cemetery
forest, and Yangji tree (heritage tree near residential houses). (3) The development of rural tourism further contributed
to the preservation of P. amabilis Village Fengshui forests. In conclusion, in the context of rural revitalization, the
protection and management approach based on Fengshui and taboo cultures in Village Fengshui forests presents an
effective paradigm for safeguarding the natural population of P. amabilis.

Key words: Pseudolarix amabilis, Village Fengshui forests, conservation behavior, management paradigm, OECMs,
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rural revitalization

SRR DGR 2 58 09 T LR ARG b i g i
AR S IR 2GR S RNHIR XS R AT R AR AL, A= W) 2 A
PEORAP 55 ] A 2 A AR 4 A B N 28 (TR R
FEAN 520, 2021) o B KUK AR 2 £ R AEY) 20
PR 5 AT RESE R H () M8 SE 4] ( Teather & Chow,
2000; Yuan & Liu, 2009; Huang et al., 2020) , K%
RV WK R i G R T B AF 24,
FERE 2 R Rl 9 3 2 KT, R XK ki Bl 7
T HTHIAE F—it Ui 55 W %% U ( Tang et al., 2012,
2013; Chen et al., 2018; ¥ H 4, 2018), W4h,
(RSB - 52 R R R 3k A ) Z FE R HE SR ) 42 Hh 1Y
“3030 HbR” 48 SRIBCHAA R BE T X Sl A fr 4
8 Jiti ( Other Effective
Measures , OECMs) , 4R SZFL 3030 HAR” 004 2
(E18,2022) , AREEE2ER OECMs (19 H 24
B, AR 850z T8 AT R 2 DA Y A RS PR
iy Sofeas SOy A SR M s, 2 A% Gt SCA DR 4 X s A
W) Z2 RE ) L ARAR 3 (Salick et al., 2007; Dudley et
al., 2010; Stara et al., 2015) . Wi & KUKMAE S
TNl P 78 L F AR RS 2 TR OECMs W 7E
AR S R, HOR A= ) 2 RO A BT R X
AEAZ [ S <3030 HAR” #4EE KB 77 (Yuan
& Liu, 2009; Hu et al., 2011; =4, 2022), % F
ik R ROR MRS & RHR >, LR S R A Z2 4%
PRI AT BB

RN ( Pseudolarix amabilis) 3 E F5: A 1Y

Area-Based Conservation

Fofr s AR, 2 v ) e L ] o i) g B ol st A
Yz — B A E2 PSR 4 %, & E
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2022) , BT, &8 A SRFREAUA 5 A 5040 H,
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BERTT ) LR L BSOS (LA ) FR < OB
) R e 25 BH e Ak B YR B AE (DL AR T
JEEEL” ) (R FE, 20005 RS, 20125 Zhou et
al., 2022) . A ERbA F AR FIHE T Ab A 5% 25 78 W] DA
I3 R RIRAR WP KRR 1R B 1l ok 2 ARFD B A7 A
DU B 43 A A3 il A 355 S R0 A 4 R A SR A
A2 20 0% B AS T] LR 37 S 34T A 45 N A
[ ( E/RME, 2014; WA T, 2018; Zhou et al.,
2022) , MEIT A& KK AR A B8 19 48 A SR
FRE 4 1 B BT R 4T, FhBE 45 44 5l 52 % (Zhou et
al., 2022) . SR, F 75 KUK MRCEL A B RE B AR B A
PR o] 78 4 B AN A SR AN RE G O 4 rh K
PR, 33k 6 [ 30 v N AT
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T R GESE , o R I (Zhou et al., 2022)
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T ARBIETE LA 4 B b B AR FPRE g X 5 S ] BF b
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I LIMR G IR G BRAS FIRFIAE O () 4R R & B AN A
T KR LA A8 B A F 540 Il 2 LR (7]
R (1) AREST HAl AR B3 B v OK RO 75 0 48 4
Py HARFPREER AL T AR (2) TE S FHR S =
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RAFBON o AT 45 3] Sy 30 [ AL g o 22 il
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1.1 FHREE

SR FARFIVERA 5 i kb, 435 ok K H
INE R A SR DR X AR R IE RS 58 6 i XUEK
FRE SEA L, DA B RRAE | 7 o 45 R FL R T
PUAEE D A, A R bn B SR T b A= 35 2 A AT A
93 RN RIRIR s KRB | 1B B b Y A RO B A7 B
Pz, Ho ok Bl E S H SRR IX A RN H AR
FREEAL T R AR MR AR B2 v s PRI A 4 R A 1 SR il
FEAL T 0 7 KK AR B AT PR 28 AR B s 5P 4y
T R B ARFIRE [ R AL T v KUK MR B 477 A
PO AR 35 v 5 U A 4 R A 1 R b RE A T 3R B b
WA EMAR ZIBHE T 20 22 70 AR HE
BRI A A R AL [ SR Ak TR VR KUK AR
P (gD,

AHIE 5T T S 5E DX B AR R IE AT, LA Y5 7R
B L PR 800~ 1 000 m , S AR A, SR 7
B, HR SR S, B IR L X E AW GEN 52
— o MREIER DTS 300 A4, A 100 42 8, it
360 RN, ERRIE DR, EERZE AR, BT
SN EFEETRE N ERF R, Kk & LT
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Table 1

Locations and habitats of Pseudolarix

amabilis natural populations

A B

AT} Location Type of habitat

KHEIEZRE BRI
Tianmu Mountain National
Nature Reserve

KIRM

Natural forests

FEV& KUK, AT K
Village Fengshui forests,
bamboo forests

v MKRR , B AT AR
Village Fengshui forests
bamboo forests

TR b AR
Abandoned farmland
secondary forests

T 7% KR AR

Village Fengshui forests

R IE

Linjiatang Village

SRR
Maohuo Village

XA

Shuanglian Village

I

Qingtangpu Town

() A R A B AR BIHE B0 R A% 0 o3 A1 XL T PR B
IR ROK AR, © T8 B4 b iy i B, 9910 o 4 %
PAZE G BRI /N IX, LR MR B 4 RN A
G SRR (E 1)

1.2 AR F %

1.2.1 BEM T AE SN HIRFIHES A1
L E 26 N, HE T HAIR E N 20 m X 20 m
20 m x 30 m, RAGEAREERFESGE = 1.3
m [T A ARAFEY) e sk A 4 5 (H, m) Al
W45 (DBH , em) 5 H < 1.3 m (IR AR M Y0 =9
T N (%) o TR AR DT N IAT
5m x5 m SR (H<1.3 m) ¥EJ7, I 45
PRATET S BE o R IE s 45 RE T IR 26 B IR
e FdE A, ABFSOK H<1.3 m E A4,
1.3 m<sH<8 m &AM, H>8 m & N AEMAE,
1.22 2B RMRPATARTHREEZRAE SEN
B AR FEELR Y AT AT P AR B A A DG A B 2
T4 X UFR AR, HR A 45 A PR 2 N\ D1 52 L 5%
LA TR AN B . 78S [ ARFPHE 1Y B>
1A R FHOCEE AW U5 R (VTR AL 3~5 N),
BE TR o3 A b g A B S AL Y B R AR B AT
AT AT S5/ R, 78 AP ik
B L PS5 A MU A DU AS [R] G 1) 18 B
ANRARE, G e K H 1l E A R IR IX AL % B
() S HE N0 M i AR 3 XA BN L T A R R 3 A
TERE I SCHE W Sk 24 1 KUK Se AR Ja AR (%R KUK
M B L) W 224 il 51 DA B A% e iR I
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B, BT K2 0.81 bk BATAR &Iy i %5 B 5
1%, B 52K 25 0.98 Rk (E 3)
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B1 HRENESEREAMBROSHE

Fig. 1 Central distribution area of Pseudolarix amabilis natural populations in Linjiatang Village

2 AEEEEERMBAAMBNERERENSH

Fig. 2 Distributions of DBH class for Pseudolarix amabilis natural population individuals in different habitats
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NF. K&K, VFF. 9% KUK, AFSF. 38 8 U A Ak
BF. EAT#k,
NF. Natural forests; VFF. Village Fengshui forests; AFSF.

Abandoned farmland secondary forests; BF. Bamboo forests.

B3 ARERSKRERAMBYERE

Fig. 3 Seedling densities of Pseudolarix amabilis natural

populations in different habitats

BN ST AL (0 P R AT AR
JAKAR A A 358 B 0 3 48 ke P ol R %) S8 i A
AR B LR OB —E R RIAE ], X
SRR A B R — b B OB R K B A B 5 I
A0S TR B 4 ke B 7E D't BRI K 43 B 4R B Hh S 4k
T34 #( Yang & Christian, 2013 ; Zhou et al.,
2022) . PR, 4 BN BB S B TP A R Ak
T PR 55 7 o 2E 85, DAY 1687 il ) 3 4 25 35 3
() 7 T &2 Wi ( Tang et al., 20135 Song et al., 2019;
Zhou et al., 2022) . AN A SR PP HE T LE A9 DU S
A B IR SR PRORITAE B b Yk A bR ER A T VR 1Y
PEAE A B AL B K & R AP ( Yang & Christian,
2013; Zhou et al., 2022) , 75T $0F2E B A0 A A 175 10
B, SRR S A TR 4, H T
REAZ & BLAY ) B S A0 FLJR B2 /Y 38T T] e 25
TE W PRIXEE 5 7 P 7 T S0 1P ) A7 R B R AL AY
WA Bl 5 75 45 R A &1y 1 T Il v i B2 ML E 1)
MR, RBORE A AN TR AT, P
RELES T 4l 185 A0, AT b ) v S AT BR ) 17 b
TROEIREE, RIS T e R B B A7 I

B4 MERFEANSEMRAERKKIIR(A) REAFBER(B) (HH(C) . HE (D) FRFSIE(E)
Fig. 4 Physiognomy of Pseudolarix amabilis Fengshui forest in Linjiatang Village (A) and its interior landscapes
of heritage trees (B), ancient well (C), ancient tombs (D) and tourist trails (E)
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R2 MIKENESERAFERKKEAE
Table 2 Uses of Pseudolarix amabilis Village
Fengshui forest in Linjiatang Village

ik AR
Use Frequence
57K IR Water conservation 12

5 Good scenery 7
[95 X, Wind proofing 4
{3744 FE Village protection 3
Y& ZAE Village symbol 2
[ji 7 Flood control 2
#rAk 23S, Air purification 2
A IREE Ecological environment 2
Jifk % %¢ U Tourism resource 1
PRFRIAIT Rest place 1
PHIEM Yangji tree 1

1

25 11 %5 5 Medicinal resource

(VFERIE A, 1982 s R 455 ,2003) , AHXT I &, A
vo KUK AR o 3 B2 B9 N T80, A RO BR T 4 i
T R] 58 4 25 340, W] IR 3 1 5 BT M BR B, i3 1 Ak
TOREREE TG 1 1 4 e b Al R 119 BT AN 4 4
25 LR A KUK ObR AR B OR 4 R0 A BRAR
S HARR ORI A A AR

R R AN A1, KUK MRGE Sy 17 22 L Ath 22 i Wil 16
R B BT AR B, 0 RS E WK ( Liriodendron
chinense) ., 9% 1§ FEEE B ( Sinojackia huangmeiensis ) |
T A ( Phoebe zhennan) . F§ J7 2L 5. 4% ( Taxus
wallichiana var. mairei ) X # 7¥ ( Ginkgo biloba ) %
(F 4B MKk LW, 2011; Tang et al., 2012,
2013; EMEAE, 2018) , XLEBHBACH F A &
FRE A1 22 1, G A S 0 A AR PR DXOHE L) 58 42
B, KoK MRAG 47 7E B SR DR 47 X2 Bl 4 6 i 26
R AL e B4 A2 B 1 R 57 /E H (Tang et al., 2012,
2013; LHHBAE, 2018) o HEAT LR ROK RS
s WAL A0 AR ) DR A A X B, AR, KUK RRORT
AN TR S H i e R o 5 4 00 AR AP AN ) 75 22 T
SRR I 22 WA T 5, 12455 KK
B a A ) R B 2L
3.2 MEER S HRMATERKKRERPIEERR
32,1 AT 2agy B hENGSE X
ENRF= 1 20, 7 B AR BRI A At 25 8 e vh 52 X
K EARR R, 3 RIE T — R A A At 2 S0l

P4 ——(5 2% 2 ( Colding & Folke, 2001; Hu et
al., 2011; Chen et al., 2018) . 1 HAfE LS5
AR IR AT P KUK MoK 52 20 RIS, 2 2
AN TIOR3 78 K AORE 237 K 4732 (Huang et
al., 2020) , IXFRAE AN K A 2 SC AL TR AR K S5 A 2R
BERAY) Z ek R g b e B o S AR B
R T AN B A i) B AE F ( Yuan & Liu,
2009; Hu et al., 2011; Tang et al., 2012, 2013),
AT ST AT A IK bR 2 1l AR A R A% = 5 T
TR iR TRR A A B 28 S S AR X Pk 52 0 AN R 9 XK PR )
TRAPVERT . (1) BREIER R v KUK bR b 3 R AL 22
O3 TAZAS — FU IR DU A 4 A bR BE R R4
FE R A SR B, Ty o = AT sz s A R B
FE3 TR Vg AR A, TR St A R R A TR AT
foefF AR R 1 E AR (£, 2014; Cheung &
Hui, 2018) , T B T 480 5 4 3t A R 5 ) 3t
A BRI K AR 5 (2) PRGEIE R A o XUAMRAR R
A 22 L Y R IRS e (PRI A AR R ) |
Xf T LM KUK AR, 24 3R B O X AR mT DL B
WE A, A ZE PCE R B (R R 45, 2009) 5 (3)
T PHEAR B B8 5 SO A 1 A5 PR S AN A T KUK
AR RS B R, Y ML AE S 2 G
TR IR B L 18 52 e N7 Al g, O EL IR e i
ALEEXAN 12 BT INE A X5 A R AT
NEARKAR T, DL S TR RO
FIMEEFE, MR H A E2 50 & BN % XK
ARG B i U, (3% 0 A M B B AN Rh AR AR B T
AR, XL T AL GEAE M AR PR3P 19 5
AAEZH DAY Z RO rp B B A E
AWFFE PR I ROK RS (5 I 25 = i R 3 08
X, GG EH M X 0 BRI, BANR
[Fi) 1l IX 9K 28 555 2 B[] (O #E4E FH IY SC A 2 2
ANTRD) WG R B | A i PG G L R R ZE A
AR AL FR Y e Ak, b HOH I A K 1
FEMRER 23 ZER, e ] PG 5 A Al 1L 28k o ] P XU
A 78 L DL R AT AR P XK AR S (Salick et
al., 2007; Frascaroli, 2013; Aerts et al., 2016;
Frascaroli et al., 2016; Kowarik et al., 2016;
Yilmaz et al., 2018) ,{H 2 Fr A 1Y H SR B35 #0 2 i
SEAEAE e SCAG AR A BE Rl B A R TR 38R DR 4
( Verschuuren et al., 2010) , X E6f&5 A1 24
Hukk X s R A s ZU R ORI 2 A AR F R E
V85 2 At A i) DR AP i XA LA S Ak Xy
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TEEZHEWRYIEXAREIMA R, AOF5Eh
T v XK RO G BRAS 1 AR AR 4 A A% R 4 5 2
BeAR M TR A I B SEIE
322 AT 2FARGKRYF B MREIEH A FK
UK A7 3 180 Ak A 475 4 B AN 75 N B9+ B
R I 2 DX O SRR, B AR L Y
PRI W I AR B R ST TR
R . N2 R D SRR R R R
BESR, PP LS RESTIISC , BR =B Ity B o €728 8 4
0, A R R Ak — 3 2 i A XS 26, P T\ 7 Y
PRk, o1 PRI G BRI RO 51 2, 75
HHHEUF S5 RILFEZ 5T, RN 2 E W
S ERAN WL B RN Dl —— G RN A bl . AR IE A
TRl B4 R FE AL AR o 1 24 M A IR ARG AKF-
W R B AL FE 1A BRXT 4 B A A v KUK MR Y
(Z37A

PG G BN v KUK MR 32 BURT R A B
PrArr TR I 10 e A7 ok AR P OB T A AR Y OC
o MEIER S A AE R R G BRI A B R
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harmoniously with nature.” Yunnan has extremely rich wild edible fungus resources, forming a unique “edible fungus
culture.” In order to improve people’s ecological conservation awareness, to promote the survival and development of wild
edible fungus resources, and to further promote the development of Yunnan’s wild edible fungus industry, we investigated
the current status of protection and utilization of Yunnan’s wild edible fungus resources based on the sorting of relevant
laws and regulations and policy documents at both the national and local levels through the literature review and
questionnaire survey. With the increasing popularity of natural mushroom products, the production and output value of
wild edible fungus have increased significantly, but the number of wild edible fungus has sharply reduced, and some
wild edible fungus populations are in a state of endangered and vulnerable. Weak ecological conservation awareness,
disorderly collection, and other factors all endanger the survival and development of wild edible fungus resources.
Meanwhile, the lack of relevant industry standards also greatly hinders the development of wild edible fungus industry in
Yunnan. In view of the above problems, we propose the following suggestions: (1) To accelerate the special legislation
for protection and development of wild edible fungus resources, not staying in the current fragmented or confused
legislative state, and not only satisfying local policy protection. (2) To construct a standard system for wild edible fungus
collection, sales (including international trade ), processing, transportation, etc., accurately protecting wild edible
fungus, especially for the collection of nationally protected populations, a collection license system should be gradually
established. (3) To strengthen the technical support for the whole industry chain and to promote the construction of
science and technology systems, such as wild edible fungus germplasm preservation, artificial cultivation, and advanced
processing. This study is expected to push forward the further supplement and improvement of the standards for wild
mushroom collection, processing and circulation, and the policies for protection and utilization of resources, and provide
the support and guarantee for protection, utilization and sustainable development of wild mushroom industry.

Key words: biodiversity conservation, wild edible fungus, industrialization, sustainable development, legal regulation
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Table 1 Endangered and vulnerable Yunnan wild edible fungus species and their distribution in the “Red List”
Y ik Wi = B oA X 3K
Grade Species Value Yunnan distribution area
Wife i far B aH A
Endangered Paradoxa gigantospora Edible Yongren and other places
o1& P S L T2 EPHAL A
Vulnerable Morchella tibetica Edible and medicinal Northwest Yunnan and other places

EA SRl i

Ophiocordyceps laojunshanensis

Hericium erinaceus

aH

Naematelia aurantialba

B

Edible and medicinal

Edible and medicinal

B
Edible and medicinal

SC UL A b

Wenshan Prefecture and other places

AR YL ) AR A5 L by

=R T . . .. .
0. si::n,sis Edible and medicinal High mountainous  areas such as Lijiang, Zhongdian
and Deqin
CIRBH H pSLINTTRINESE . 3]
Tuber huidongense Edible Dali, Lijiang, Huize and other places
e Tl AT 80| A s
EEIR I B (J';lonu-l s\}?zlljnﬂ: i?jlinl \EDLfniﬁ%an Chuxiong and
T. indicum Edible & » LAjang, 8 ’ &
other places
BB PR T BN e )
T. panzhihuanense Edible Qujing, Zhaotong, Huize, Yongsheng and other places
RN RS =H (I RN oY
T. sinoaestivum Edible Lijiang, Zhaotong, Chuxiong and other places
FEA A T TH DI i 3 )
Boletus citrifragrans Edible Gongshan, Vixi, Yongsheng and other places
. N Hr JH H &
Z R I b P YR E AL
. . . Central Yunnan, Southwest Yunnan, Northwest Yunnan
Cantharellus yunnanensis Edible
and other places
1% 3k 2t B TGS

Northwest Yunnan and other places

[ERLEAS )

Northwest Yunnan and other places

RN B T2
Ramaria rubriattenuipes Edible Central Yunnan and other places
ity [54] A5 4= =il P A
Termitomyces tylerianus Edible Central Yunnan and other places
P B TR A
Thelephora ganbajun Edible Southern Yunnan, Central Yunnan and other places
VB (RAHE) | b HP LS

Tricholoma matsutake

JElfA H

Umbilicaria esculenta

Edible and medicinal

B

Edible and medicinal

Central Yunnan, Northwest Yunnan and other places

TE: ARRYECHEEY SRR O 4 3 — KRB B A ) TPAG IR 0 BT 9 BE LK 2 ARG S L 5 & 3 e B9 B - 3 1 Y
FHT B AR Y BB — A BT, AR b 3 0 R s O 2 1 2 R A AT (R 2 ) R R

Note; Based on the assessment report of “Red list of China’s Biodiversity — Macrofungi”, this table screens the edible ( food and
medicinal ) macrofungi distributed in Yunnan according to geographic distribution and usage for the three categories of macrofungi listed as
suspected to be extinct, critically endangered, endangered, vulnerable, and near-threatened, namely, large ascomycetes, large

tambémomycetes, and lichen-type fungi.
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Biocultural profiles of Qinghai Regong Thangka
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Abstract; The loss of biodiversity not only means the loss of genes, species and ecosystems, but also threatens the
human cultural diversity. Thangka is known as the ‘encyclopaedia’ of traditional Tibetan culture, covering social,
historical, cultural, religious and medicinal aspects. Qinghai Regong Thangka is one of the most important sects of
Thangka, and has vivid and delicate depiction of images, and the numerous depictions of natural landscapes. By
combining the methods of literature analysis, work analysis and ethnobiological fieldwork, the biocultural aspects of

Regong Thangka are studied in terms of the traditional knowledge related to biodiversity in the painting techniques of

Yr#E B H: 2023-06-13
E&UH.: BRAAREHES (31761143001, 31870316) ; 1R K3 H (2023GJAQ09, 2022ZDPY10, 2020MDJCO3)
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Regong Thangka and the analysis of the connotation of biological images. The study revealed the biological origins and

production processes of the traditional painting tools and 12 natural plant-derived pigments for Regong Thangka; explored

the origins and functions of the biological images often found in the Thangka works; explained the ecological concepts

conveyed from Regong Thangka. In general, Regong Thangkas are not only resulted from nature, but also provide

feedbacks to nature in their content. In the future, we should pay attention to the protection and inheritance of the

traditional skills and biodiversity related traditional knowledge of Regong Thangka, and further explore its functions of

traditional knowledge dissemination and nature education.

Key words: Regong Thangka, economic plants, biological culture, traditional knowledge, eco-cultural protection area
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Table 1  Plant-based pigments for Regong Thangka
. > A A0z " ) ;
7l 54 S G TS 'S
. S Local Part for Lo -
Family Scientific name Color Distribution and origin
name use
BUSER LR Xi de Wl R AR, A TR 4 000~ 4 900 m Y L Hb R
Papaveraceae Meconopsis integrifolia Petal Pale Native plant, often found on grassy slopes at 4 000-
yellow 4900 m.
Iridaceae Crocus sativus Style Yellow Purchased from Lhasa, Tibet
R ik Da ri R WEEE ALY, WA TR 800~3 600 m i A 1L 7 |
Elaeagnaceae Hippophae rhamnoides Peel Orange A5 Hb T T PR M, 2 B0 BV T - e A+
Native plant, often grow in sunny mountain crests,
valleys, dry riverbeds, gravelly or sandy soils or
loessat 800—3 600 m
P AR i Ca R AR AHUAEY) , B THAR ARk A SR
Rubiaceae Rubia cordifolia Root Red Native plant, often grow in sparse forests, forest
margins, scrub or grasslands
EHEF B HE Ka jiu W e =gk W IR = I i R A N N = A L T R T S
Rutaceae Phellodendron amurense Bark Pale W
green Native plant, often grow in montane mixed woods or
along mountainous river valleys
R E3) Bala Ui W PN R AP
Zingiberaceae Curcuma longa Root Yellow Purchased from Lhasa, Tibet
T AER R Mo it e PNLE s )
Brassicaceae Isatis tinctoria Leaf Blue Purchased from Lhasa, Tibet
AL T Song dong wu A% B ARMAE Y, ZAEWFR 3 500~3 700 m Hb A7 2 R A
Pinaceae Pinus tabuliformis Branch Black 4li i
Native plants, mostly forming simple forests at 3 500—
3700 m
HR EAR (2 Ge i gen T e ASHUAE ) , B A AR AERD 5T 5, TR0 BE i b 1%
Asteraceae Carthamus tinctorius Petal Red Native plants, often grow in sandy soils, also can be
cultivated in gardens
L AR 1 Luo ma it i RN AV L 5% 2R 1
Symplocaceae Symplocos sumuntia Leaf Blush Purchased from Lhasa, Tibet
SRR X Jia 1i jiu R eyl AP AL B R
Boraginaceae Lithospermum erythrorhizon Root Purple Purchased from Lhasa, Tibet

TE I A2 s, YRS bR

Note: Local names in Tibetan (spelled in Pinyin).

2.1.2 2@ T A TR A2y i T B AL
A5 I AE G BD TR g =2 Ho R AR Y
A B R g | AR AR Y A i
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A3 e A (A e R 2 i ) e U
IR G TRIRAE 0 S35 5 | SO T B AR A L, P
O3 ) S B Ay CHLIE ) , Wi il v 2 (A S ) S SR 4T
P B i of RS A 1 A AN A R A Jo b )5 ) B
B A M TR ORAT o T AN [R]RE EE B85 3 1
BURHS A B A 5 B 00 = BURHE K BEROG
B o A A A R 2 SRR 28 (LI B
“Jiang shi gu” ) LL*“ 2" FILAEHIME D 1 em FIMER

(P72 T AE (6 35 128 50  Jiang xin™) I, B 5H
() 0 B8 B A 4% ol 8 B A T HE (G 3 1E A Tang
zhuo” ) IR [ , 4N4-tn 22 HI A il A 1 42 [ e (1]
1:A),

W THM#H L hfER TR #EFTHE
Frm T H MR T A A BUORE B RE 4%
(P 12 B) 1 il BURK %) 5 Jox 58 A ot 1Y) A B (1A
1:C) o Horr JE f RO 2 1) 38 0B R i T B
N A T BRI PR AF . BE i T EL A 456 A S5 [5] H A
H T A (ST IR AR X — 3R B ) By 3k
AT KA TR AL R RE R 1148 — AR
K23 m WARRA AR T — LK ARSA L,
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JE R I 2 A JBORE T2 M S A ) T A,
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AR DIBE SR Jr RO IRE Y (0 il fe
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a2 U ) A% — DT AN — S A B AR AU
2o RTTR R BB B — ik B AL R
( Lycium chinense) AWM ( Cupressus funebris) HJ 25+
A 4 M A S 3X 28 AR AT LA T, By 1k 22 1l
TS G A, 2B W AR REAE 3 A M 4 4k
B 0B Y N T) B A Wi AR, L AR RE DU AR 4 i 28
THRETI AT BT DX il 2] £k 55 7114 28 08 5 20K B 0
K EIBIR AN B A HE HA S, #R DT i R
FHRCAR I B30 15 1 22 B A 3k 2 T 5 LR 7
IBRHE(E1:G) ; G @B TN IR B 2K g
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PR S FRIERKE RO T T
B (B L2 H) 5 20 038 5 FH R R 4, 22 oK il B
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ZEHIE — 3% F I #E ( Betula platyphylla) (8 H #
( Populus przewalskii) IR T, 282 B AB 8 J5 it AR
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FUAY R s A VR 2 RIS A
22 REEFPHEDHER

TR R WA A YR 2 NI BE AT 23k
Pz, H—KAEWIL LK AR WECR, o
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HAT AR LAY, BT R b e H B 23 0l 2
SN PN RGN R Y P N R R
BRI AN mm B AR PR ST R

( Syringa reticulata subsp. amurensis) | & il & J& 1
HH A RN R R A% 10 A S 2 BB ((Shorea robusta)
(f& Bk T P A ) L OB IE A OC BG4 R ( Ficus
religiosa) o %% IR 1k 1B T SO IR TT LA B
oAby S IR AT i, o m] A o
I, AR K& WA E H E (Reineckea
carnea) , f&= 15Vt B 0 BE JE 7E 35 $2 W R A Y JE R
ZHL RIANE K A2 A ik B P, AR
BRI EEZ (Zea mays) FIFE ( Oryza sativa ) HAE
EERR R BE ) T e B RS R

BRILZAb B T S 40 R 25V U Tk 465 1) 20
R CAEpRpE I ) o i S U = L ) ) A= i 22
PR 2) TR B B ISR E R
E NS BN N OISR S Il -l Y R
AR X R R i U — 2P AR R e — P R 7
TR B AR IZWr BANAT Tk (K 2) .

BRI R R MBI RR B R 2 X E
W2 FEE AR AL G MR TE e fid %, g 5
(VYRR LY FR A2 T 900 £ K SR 24 W 1 R YR A
YRR R TT % VIR E R EW) R
191, 12 V1 220 1 24 0T i T 3 I D 0 B2
WOE3) . EBNICE T AEEY, WAL
W34 A5 RE VR JT 404 Fh s 1 & FAE Y L S W) Ao
A, B e L B A K A (Punica
granatum ) . $H W ( Piper nigrum ) . B & ( P.
longum) KM ( Capsicum annuum) %5 GEIR FERE 1Y 24
Yy B A K E 8 F (Santalum album) |+ U1
7 (Aquilaria sinensis) | 1Ll G.AR ( Euchresta japonica)
FREIRPIE R 25 R < 57 A Il B AR KRB
( Terminalia chebula) , AR K B2 mh 46 S0
NP Ry - T R R AT PSS R FEAW AR DI EINTH -
A 7 0 R 2 AR R 2 M 25 K R, BRitZ
Hb, ZUMRBI A AT FLAE RIS SR 2R TR AT KRR
e RS IR R 2R Sh e R

55 =IO T I B R e 1 AR
B, Hodr B R i 1Y 2 & ( Nelumbo nucifera)
Tl B I 5% 0 2 Al ST B8k AE SRR b A R
FRYEAL , FEALARTR R IR AN G R e 11 76 09 1 it
AR, AT H XAE g RO A S H AR K
B G2 Al 34 7 1 AR R 4 ) ( Paeonia X suffruticosa)
3 1€ ( Chrysanthemum x morifolium ) #£ 3, B (0, %
DIVREL A Aty 60 =, Wl B &x 408 Jm e )
( Meconopsis Vig.) (15 #8585 ELhr 46 ) A8 2 46 1) 3
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Ko RICEAE NI B AERTE-Rrh B, 7ER
DU R T LU AT 5 5 A B B AR 40 0 2
“ONFH” T B9 ARG (Aegle marmelos) (I% 1 1« 1o
AR AR IR ) = 2RKR . Ho ) R AE (8 ke
TNAESEIR ) W A T 2R vh dsc S pf 2R 1 B 25 A
WA WIER BB KA = A R, T
It F ( Sinapis alba ) . 25 Z ( Brassica rapa var.
oleifera) (1 FR 2 IF ) PRl , 8% FH >k 84 90 AT A
2 EEW K VIR Z IR, “ A i 25
SAKEAGR R, o DR R AL
J& ( Pyrus L.) . A1 ¥ ( Punica granatum) . 7F #
( Citrus medica ) P T N AR TSR ALBIE

S R F B R 55 T KE M, XHE 42 %1
AN A A SR T 1 Uil — S Y AR g A ]
TR b AR SE S 45 B A4S A RHRE R A TE N
) AR PR 5 St 3 3R O A 2 I SR AT
TEA A 1 T P () 25 o] 22 ), MRBE el o R AE AT
(2 A7 S5, G b L ) R R e 2 A 4 A TR Y
FE) AT 28 O My — R T B RS A7
T EERM T T 2GR B R R R,
R B 5 M F Ik ( Prunus persica ) ¥ B0 5 AR 3R
BATZ Hh, B G R 4 1 RUAR 1 A BT R TR R T
TG A5 BN =5 00 [R] B 4 25 1 22 4 52 b, L
RS B RIE MBI LA, e s
Bt e LA SE R 22 & ( Magnolia L.) TR RN HEA
FOU G0 W B 4 R 2R 5, B0 BAEFE TR A
PR, FFHE T AT S b AR 05 A Bl AR 5 1 AE
2.3 REEFHHES

T ER iz D H R A0 T R AR RS
R NATRE T AR 2548 R 8 5053 B SR T A L %
10 22 ) 3 PR OB . A BT B, Sk
T Bl S8 1Y 3288 2 ¢ T A ander B Ak qn el 5 N AH
b GART 5 AR 3 A I G 47 B 5 SR M B TR )2 IR
PR, “ONKAFE AT R v R B 20k
KIS it 2 — . P2 1 e g )« RARAR”
PHEEANDREY, il 2K As KAER K
K AEE KESHMKEEN, IAFMKEZ
Wy A 52 3| Tt 1 733 ( Amitayus Buddha ) B9 R84 1M
2, ENAH B Er B 2L 2R 445 35 B SR 10 ok 2 i
(B 4) . Hrp I HFAER K, 24t T A K
), KA AR KR, & — U0 A iy I R
KA R —VIME Y, M RS e A0 % — B 3)
Yo ANESIN R K 25 AR RAEFI P AR 5

o mER R EREE N, F B E R
TR REGUTE AR Z 1, (i RE K Ab % ok 2858
ANKIFE A2 B ANTH NG I 9 1z 18 e
A, SFBEERA N B 14 BE I L 2 R I ) 9 R4 A
o ANKIFEI A 78 1 AT 56 b 20 55 1) Al
fARIE, BV BRI N 25 = NS [ SR A St b i
HIGWXF BT Az 25 2 vh X T ) B A B Y e A
RS T ARAFENER,

3w

3.1 EMEFLRKRZEHHESEHMIRREP

PR Ol 5 8B 0 BRI U A T
ARRT IR L A T8 4% I T | 2 ) R Bk
E O IR 2 VR AN JQ T
e RN TR IS o N R k= A L= A
i B ) TS W B BT 20 N Sy O AR {ELAR B ) )il
F 0 ST AR T A A 3 i 2 A R TR A4 B
BB, BB C HE A S B AL AN T
A AR UKL LA A8 00 B e 2 6 B 2 I i
PRI, RN, — 5, AR R T
R A AL B, A Z A ot iR ZE A EZ
ZPTMI g TR T A BAR i, A R ST R Y
Fe AR A TR S Uk 5 i 2 7 T 32 3 Pk AR (L
K ,2022) , 5 —T5 I, A2 R X T K E AR
BRSO B2 0, A W DR R A ) AR
(i s e A8 AR A7 R, 2% i 3 e 4 M AR I 2EFE 9
ARG 77 0 BEAR | — L6 Jo i 2 i 3 49 28 R A o 1)
HOrg, SR mE, AR 2 TE 2 im AL R
B R AT R TR R A R ) A A
PR RN R AL GErE R 2 R 2 S, AR
T, ANV I 2 il £ 25 v 10 A ) 2 AR P AT S AL G
W, I R R T A A AT R R ) S B AT E
AL PUIE, ROIN SR X 3 2 AR G TR H R T
VR, 3 — 20 TF 5 KR Bl AR 0 A 5G4 i S5t 5 59
A HIEE M DRENE T P (SR E E A, 2017)
B 3 6 R 22 i B 28 v A2 ) 22 B AR S AR G2 TR
R SISAR
32 EREFERNBRHTERE

WU RS M EYIE S AR 5 IR
A RSO TR, X R LG B 32 A2 AT
i MRS QR CN - Y T R N 12
Wi o R ) < e b 2 IR ST R R ) BB
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A WAE; B. AR, C. BHERE; D. KIS TRN; E. TR, F. LREBFTRNT; G ALE; H REOE; L X

I3 3. BRE,

A. Picture frames; B. Deerskin pouch; C. Grinding tank; D. Inner face of otter fur hand pad; E. Outside of hand pad; F. Inner face of lamb

wool hand pad; G. Outlining pen; H. Coloring pen; I. Carving knife; J. Charcoal.

B1 AREFHERLEIR(BRKR: BICHEEN EEHFH,
MR B, HEE: KR, HERE: 2023F2 1)
Fig. 1 Traditional painting tools of the Regong Thangka (Photographed by LIN Chen,
February 2023, in Wutun, Nianduhu, and Guomari villages of Tongren City)

ELH] 1959 4F 2 Bk 4, K g N ff, ot
JE R I GAE B R & R BIVEREAR i — 208 R (%ot
JG,2018) I AT R AL R O H P e e A
IR VBT AR ML D2 R AW AT R
I R A I A2 A A o i XU TR G (PR T 4R, 2013)
Fb AN BT 5 R R e R AR A T B A S R A
25 B S 25 Tk BE fR T AR (Bill, 2014 ;52
25,2017) , X FELRIFE TR BMEFE" X
b, LLECR R F 0 7 WA ZAF Mk i AR
R HKE A TR A LA A i A 52 8 HL A (2
AW 2016) . FEAEAE N 3 2 00 2R D), AT
A AL AP BRI JE A R DT L XA AT
SUGE (F 4, 2022) (AT inSE D),
BT He s MR R T AR 16 388 T ik S A
TSGR & LT 5] & W 52 FF sl Agc R0 38 R
2R SO O TE R R S, (HEAIE N —
PN 2 0 & AR AE , TR Z1 5% i 25 A A% T

I AR 53 0 A0 G Al A= il A 1) A 2 B R AR 47 4T Bl
(XU 45,2001 ; BRI AF, 2021 ) o 7E R TTHY R
)AL A5 A R i R 3 3t Y 2 LA BT JE 2 3500 A% 0
A8 73 A1 A 55 i 3B AT I 2= R AR 2
(B LA A A 2 TR J i A A 8
C AR AP A A8 2% 57, 22 0 B | BE Im A9 R
(JHEMALTE R A,2020) . FERPWILAZA A
O A AR T, H LAY AR T 45 5 1 — R K H
AT Sy S R AR 45 2 i DL % B A B W) e A ot
et E AR GE AR R, A T R
Wi 5Bk L H B, RAE A AR IR I R A
NS s/ IR i SRR N T 5 g sy =T
SRR S B S, B AR Sl R A Y A
MyksE RRE B Sy T, 555, B —
DIA: = GORREAE Ll IR LA B e I, Il 42
— 7 MR R BRI A S R A
B MBS LA E AR, &6 SO, g Xt



A, BRRIER RS F Z M B BWii k2R CIRIr ik Z M,

A. Tree of normal states of the body and causes of disease; B. Tree of diagnostic methods; C. Tree of therapeutic methods.

2 EEHRWM=REas(BREER. SBERETLEME, MEE: KR, HEE: 202341 8)
Fig. 2 Three trees of life in Man Thangka (Photographed by LIN Chen, January 2023, in Qinghai Tibetan Culture Museum)

B3 HHRAGEH(ER®RE: SBa8EXL 4 AKEE(BERXE: ARERER,
HMIE, MEE: KR, HERE: 2023F1 A7) HEE: KR, HERE: 2023 F£3 A)
Fig. 3 Medicine Buddha and the City of Medicine Fig. 4 Six longevity picture (Photographed by
(Photographed by LIN Chen, January 2023, in LIN Chen, March 2023, in Regong
Qinghai Tibetan Culture Museum) Bodhi Painting Studio)

PR IR S R RSO TR0, 2 IR R A BB Rz B R R, AR 28 AT AR
FESMEEI I AL S, AR A A ORI AR RAEK LURASE, BAERIRTTN A &, B R
WA A s Zoad i Il we 78 ) JEURR ZRAR I R T L Y A LU R 2 B R SR Ik
M R 4 L A B IR B, R BB ) FCSCARAE I P RS LR R R | 5 R i 45 ST
WENL st B HARIRR S A%, ot T HAR SO R A TR, O i kR O LY B
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AR L Ay i R LA S ) i) A 28 O 4 L A
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TR £ 30T SR R AR R A FR B Ok i
AT pe B SR IR FNES 2 HoAtb A= i

4 Hi
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L RIES, AR Z I8 UL 2 Ry U8 G 81 34 01
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A% G B A UL Y B B 1, R Rl A 0 A R
RUEAT RN 51 TN [R) B (8] 18 5 BRI, DL
o 2R Y R FLEAT MR R A 50K 1Y B 228 3
LTI AR RR LB T RAS
FUP IR I B AL GE R AL B, RN Ak AR Y
B . H LRI RS R EE AT 5 0 $45T H
RUBAEZIOMELERELY A5 Cr
Al 8 3k e [ B £ A0 ] 32 A () Ml I AN [ RS
PINNTERZE Jy— AT R A2 BT, DL AR AR S
Wl HA T8 2w R e R B A, S R
TTAE Y AR A% 9% 28015 A0 b X 2L A ORISR T3 W
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A RAEE A TTE RS T2 5 TR 5% %
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Microbial diversity in rhizosphere soil of Anemone altaica
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. 2.4 . 2.4 2.4 e 2.4
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China; 3. Wumasi Forest Farm in Song County, Luoyang 471421, Henan, China; 4. Field Scientific Observation and Research

Station of Forest Ecosystem in South-North Transition Zone of Funiu Mountain, Luoyang 471000, Henan, China )

Abstract; In order to understand the difference in microbial diversity between wild and cultivated Anemone altaica

rhizosphere soils, Illumina MiSeq high-throughput sequencing technology was used to study the microbial composition
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and diversity in rhizosphere soils between wild and cultivated A. altaica. The results were as follows; (1) Alpha diversity
analysis showed that the diversity of fungi in the rhizosphere soil of wild A. altaica was significantly higher than that of
cultivated A. altaica (P<0.05) , while the difference in bacterial diversity was not significant ( P>0.05). The non-metric
multidimensional scaling (NMDS) analysis revealed that the fungal community structures of wild and cultivated A.
altaica rhizosphere soils had more significant differences. (2) A total of 9 566 operational taxonomic units (OTUs) of
bacteria belonged to 39 phyla, 127 classes, 315 orders, 500 families and 886 genera, and 2 670 OTUs of fungi belonged
to 15 phyla, 57 classes, 138 orders, 293 families and 597 genera. The bacterial phylum Proteobacteria, Acidobacteria,
Actinobacteria and the fungal phylum Basidiomycota, Ascomycota, Mortierellomycota were the dominant phyla in the
rhizosphere soil between wild and cultivated plants, but their relative abundance was different under different growth
modes. At genus level, Candidatus_Udaeobacter, norank_f_Xanthobacteraceae and Rokubacteriales were the dominant
rhizosphere soil bacteria of wild Anemone altaica. However, Candidatus_Udaeobacter, Vicinamibacter and Rokubacteriales
were the dominant rhizosphere soil bacteria of cultivated Anemone altaica. The dominant rhizosphere fungi of wild
A. altaica were Mortierella, Sebacina and Russula, while the dominant rhizosphere fungi of cultivated Anemone altaica
were Sebacina, Mortierella and unclassified_f_Hyaloscyphaceae. (3) The redundancy analysis (RDA) showed that soil
organic matter was the main factor affecting soil bacterial community (P < 0.05), and soil pH, alkali-hydrolyzable
nitrogen and available phosphorus were the main factors affecting fungi communities (P < 0.05), while bacterial
community structure were not significantly correlated with soil pH, alkali-hydrolyzable nitrogen and available phosphorus
(P > 0.05). In summary, this study reveales significant differences in the composition and diversity of rhizosphere
microbial communities between wild and cultivated A. altaica, which may be closely related to the physicochemical
properties of soils under different growing conditions. The results of this study have certain significance for scientific
planting and soil improvement of A. altaica.

Key words: Anemone altaica, soil microorganism, high-throughput sequencing, community structure, species diversity
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K ¥E%E B EAEH (Edwards et al., 2015; Hou et al.,
2020) ., UeAh HRBRTEAE Y AT LK AT HL o3 ik D
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ARBEFELLE = R % A SRR X A5 X
3ok, DA A= AR BT 7R AR AR A M BIFTE X 4, 2R
1o 308 5k I P AR BT 7R 2 R AR AR B - A
FEFR AT IR ABIESE o SRR (R, (1) BF A=
AR B I 2% AR S AL AR P b S AR W 2 AR R 0 T
(2) B A AR B Bl 7K 4 R S AE AR B b S A A P A
Vi 2 LS 25 5 00T 5 (3) PRI 5 ) Bl J% 28 R AE AR
Pr B IERUE Y E IS K R AT L BT
IRFRAREAE R P AR LA K 4 S i R 32 (3t B AR 4l
AR R

1 #MHEF*

1.1 B I FNFE R E

H 2 L E R SR IX (111°48'—112°16" E |
33°33'—33°56" N) {ii T {5 24 3% BH i1 & B w3 1
RA= 1L E Hb | BRI AR IA 16 800 km?, F-374K 1 800
m,, AFE DX T OB Y KB 2 XU, B 2 v
ZW, &L T, R 13.1~13.9 C %
i1 200 mm, = W EZEH R B E T 02 iR
A5 ) A S BT 1o Y b B R U AR S R R
B Hb B g B 2 AL, Sl BT UR ZRAR AR I AR K
SO T R,

BRE AL T H o I E KR AR X, Fk ks
B /R ZR R S A IR ZE BT A 3~ 5 em /N FATRE
)5 TF 980 S A% 78 - Rk AR A % R R 30
em , FPAE 25 B B0 FR B, K B BT R 28 R 3 A6 RURF: b
SR N TS PR 5 VR I, 2455 TG PH G % i B
F, — AT E K, N TREARE S A
IRBEAE , BT 7R 28 1 3 46 38 A 1 1 O 38R 450 1
R, 335 7 R L SR — 3, HR5 PR 28 4R
LS B AR B R AR AR W B B R Ak 2 km, M
A RKAEBR R 2~ 3 48 R AR A0 1 hm®

2021 4F 5 J, 43 ) SR 4R B A R 855 B JR 28 R
FEACAR PR + 18 AR PR+ 1 SO R R R S i 1
R AR R (LFE AR ) A -4, REMLIZE T 3 420
m X 20 m (E G AET7, B W AR J7 22 (8] 1 [a] B 6
it 30 m, FERESFETT MR SR AR B AL E
HUAEAS s BT 5 Bk DAL A9 B JR 2R 4R 35 46, 1 G
AR T4 5 R 2R % I RO AR B 3 e, I S

BEREAFETT 5 A RAE S0 I SR A0 — A
i o AR IR B B R 8 T AR AR PR AR S A% 3
0o DOREEM) H 4 rh L BRIR B AR R AR A, Bl
Je B IR A AW, — 2 ATCTR 5 mL 5
O A 25 % R AFAE-80 C kA, T
S W B A ) S DNA 95— 35t 2 mm
i 2 Bk 2% 0 A, 0 - S i AR R
1.2 TEEEAERNE

Z B R A i) S H AR 0 0
P A AL pH AT AR B AL (i B
2010) , 48 pH R H BB E A Bk pH 1F 0 &
A LR FH FE % TR B 25 1 DN 5 A SRR FH
FEIMLAY JOE M 5E 5 A 28R FH NaHCO, = 4 —%H i
Ho e i (ke s, 2022)
1.3 TEMAEY S DNA REL . PCRYEERSEE
)z

4 FastDNA® SPIN Kit for Soil it 7] & ( MP
Biomedicals, Norcross, GA, U.S.) I #4E U6 B,
0.5 g R VR T ERE S PR EUE DNA, 5[ HXT I X 3 .
P 16S rRNA Bt K A9 47 3% 51 ¥ S 515F (5'-
GTGCCAGCMGCCGCGGTAA-3") #1 806R (5'-GGACT
ACHVGGGGTWTCTAAT-3") ; EL B 1TS [X 38k i 9 448
S1¥1°M ITS1F (5'-CTTGGTCATTTAGAGGAAGTAA-3")
HITS2R (5'-GCTGCGTTCTTCATCGATGC-3") (Jin et
al., 2022), PCR ¥ ¥4 F 1 F.95 «C W4 5
min,95 CAEM: 30 5,55 CiE Kk 30 5,72 CHEfH 30 s,
SEOEHR 27 Y e JE 1 72 °C F A 10 min (/%041
85,2022 TEDURAF,2022) o 4 7r B 2tk )5 9 PCR
FEPIHERT DNA SCRE PR, JEFI i 3635 AR s
R A FRZA T AY Tllumina MiSeq - &5 #4755 18 &
T
1.4 FFELE 554

T Qiime2 ( https ://qiime2. org ) S B X
SRR BRI AT X A3 I 0 28, B A 1A, #4751
FHALEE (97 % ) ¥ 3 A 43 25 B8 (OTUs) ( Yang et
al., 2018) o K 1 43 B B A5 TR 55 ] 7K 28 41 3% 46
FR R IR W HE 75 11 22 5 M 2 o s s il 2 8 9% B
PEECE 1 A 3 O 38 i 6 LR NMDS 43 #r 7 ik
F1 Alpha Z2FEM:H8 8050 BT - R G0AE W BF VR 25 40 1)
5,

R T ARG B A AR B BT R 28 A S AR AR PR 1
A YRR A AL, KA Circos FEANYFh 32 B HEBURE
R XA o B o AL i AT mT Ak 43, 9 A
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STAMP BT 1-test K 58 43 1 4% 41 0] B AR 22 57
Y,

h T HE— A WE S BT A A0 R BT R 2R R T AR
brt e A WA S5 S AN T X &R, FIH
RDA ¥£5% 1 3 B0 PR 7 7 A i 5% B /R 2R 4R
AR PR+ A MR R dh i g, A RGBS
A ANOVA R EIOK K 50 5> 3R 45 B % £
SR VRV 53 A1 S e 1 2 M

2 H#ER 54

2.1 HEEBAMRK

M1 AT AR A B R Z AR S AR AR B -
pH FRF 2 0 B £ 3 B 2 T AR B B R 2R AR %
AEMR PR 43

F1 FEMBEFRERELCREIEEN R
Table 1

Physicochemical properties of rhizosphere soils

of wild and cultivated Anemone altaica

o
- WEBE EHARUE A
CRVIE:N . ; : Alkali-
Available Soil organic
Growth pH hydrolyzable
phosphorus matter .
mode (g - ke) (- ke") nitrogen
g kg grke) k)
A 5.33+ 6.46+ 87.82+ 172.08+
0.13a 0.77a 21.00a 2.33a
B 4.41x 4.75+ 85.53+ 137.08+
0.11b 0.32a 3.40a 5.08b

TE: A BFAE4 BRI, ARNE F RN B35 % 5
(P<0.05), T,
Note: A. Wild group; B. Cultivated group. Different lowercases

indicate significant differences ( P<0.05). The same below.

2.2 M/RFBEXRR LT IFREY SHE

X+ HEFE 5L 16S rRNA A1 ITS $EA7F &% OTU
R IAH] 9 566 ATE OTUs Ml 2 670 4~ LB
OTUs, PFPvE R s, 40 0& OTUs 43 )& 39 [ 127
44315 H 500 Fl 886 J& , H.}& OTUs 43 )@ 15 1] 57
Y4138 H 293 B} 597 J& . wHE 1 AT AR H A R i
2R A 3 50 R I BG4
AR T REA I W B E R T 80 A ) —
RNV RS 2 )5 bl DU 3 E50 3G, 45 A
AR E E S RO O % RS 1
J7 B B0HiE R A0 e T 6 I IBURE B0 1) 5 B L B
i 58 TSI b S ISR R 2 IR S AR AR B - R AR P
V& AR AL ERAE

OTU Aot 4 R (Bl 2) o, B A Rk 1%
B /R 2R AR AR AR PR T SRR AP AT Y 4 TE OTU %K
45332, 4T OTU SRy 55.74% 5 LA H
OTU %y 740, 5 ELTH OTU BEHY 27.72% , B/
IR B B R 28 AR AL AR PR - SR O A R OTU 4K
G0 2 2961 1 938 A FEA Y LI OTU %73
BT 20741 723 A4,

NMDS J3#r 25 24 (B 3) f — 4 s B A A AR
B AT 7K 2 R S AR R B - A R R L TR A s 4
FETER 35 22 5%, Alpha ZFFEPEF8 $ o0 B 45 2R (3R
2) W, B A RN R B B R 28 AR S AR AR B T S A e
TR 2R ZE R AR (P>0.05) T EL B #F V% £
BEVEARAE 3 22 57 (P<0.05) , HLBF Az B /R 8 4R 3
AER PR - S78 200 v A v ML T AR O O 2 AR R R e T
B RATRY,
23 ARAHEBEEX T EMEMBHEEMDFT

i 28t U R AT 1% 19 5T A OTU #4 2 Circos
BICE 4) , 4056 205 2% 97 > OTUSs, B j L i &
27 4~ OTUs, KRB RA R ¥ 51 78 B 1
IR 35 BT 7R 28 R 3 AR AR B - 5 b Bl 0 3 4n
g1 w18 A MR W B ( Bradyrhizobium )
(0TU106) . Candidatus_Udaeobacter( OTU84) K %E
1) B 8 AT B ( norank _ f _ Xanthobacteraceae )
(OTU7178) F1 K 1§ f /) 9% 16 25 J& ( Mortierella )
(0TU5055 ,0TU1740 ,0TU7098 ) 7£ M F A= 1 75 =X
I AR AAFTE, T E R T 1Y unclassified_f_
Hyaloscyphaceae ( OTU6763) Flllf 7¢ H.J& ( Sebacina )
(OTU32) A AEAR I (1 BT IR B AR AL ) IZ AP TE

TENT 532K b6 o e AE S LG 4 5 39
1B 1S TTCES) o B AR MRS B K 28 R S AR
MRPR b 3 40 & RV OB TR O B IR BT
( Proteobacteria ) ( 21.50% ~ 28.18% ) . g #T & ']
( Acidobacteria) (14.76% ~ 18.42%) . £ & ]
( Actinobacteria) (11.68% ~ 14.69%) . JE I & ']
( Verrucomicrobia) (10.61% ~ 15.40% ) . 2% %5 B ']
( Chloroflexi ) ( 6.44% ~ 7.43% ). V% % B 1]
( Planctomycetes ) (5.09% ~6.83% ) . H J& P B 75 ]
( Methylomirabilota) (4.20% ~5.12% ) , 294 B V%
(1) 85% o B Az Bl 7R 28 H % 4K 48 vh 8 I T T ML
2 TR IV AHDE B 50 e, i Rk 5% BT % 2 R A L o
FRERFT BRSO T T AR R = B ey . ELTR R 7%
PIFHF B ] ( Basidiomycota ) (27.94% ~44.94%) .
FHETH ] (Ascomycota) (27.51% ~28.70% ) #{{
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4l i Bacterium FL# Fungus
5000 .
A
10001 _aetd
4000
5 -
3 Z 750
"o £
5 3000 z
= ]
5 £
; 2 5007
2000 =
&= - Al =
E - A2 = - A2
> - A3 *E 2501 - A3
# 1 000 - Bl ‘ - S
- B2 - B2
- B3 - B3
0 20000 40 000 60000 0 10000 20000 30000

J¥ 5|4 Number of sequences J5 %1% Number of sequences

AL P IERE R 15 A2, BPA HHEREA 25 A3, BFAE R HERES 35 BLORRKE RIERE S 1 B2 RRIE EIERE S 2; B3 BRI LR
fb 3,

Al. Wild soil Sample 1; A2. Wild soil Sample 2; A3. Wild soil Sample 3; B1. Cultivated soil Sample 1; B2. Cultivated soil Sample 2;
B3. Cultivated soil Sample 3.

B 1 RERTEGEDEZEDMES ERRHFRFHLE

Fig. 1 Rarefaction curve of species richness index of rhizosphere soil microbial communities

#i 4 Bacterium K Fungus
A B A B
/,.’-—--‘ .——-‘\\\ ,"_.——-‘, .---...\\\
7 \ / \
/ \ / \

4 \ 4 \
{ ) \
: | |
\ 2296 1938 | 1207 723
\ ! \ !

\ / \ /

\ / \ /
N 4 N /
> e o 4 B -~ o 3
2 FI/RFMERRERTEREY OTU FRE
Fig. 2 OTU Venn diagram of rhizosphere soil microbial communities of Anemone altaica
% ['](Mortierellomycota) (16.50% ~34.83%) % 2% FEJB I 2K B (3R 3) , B A Bl IR 2 FRGE AEAR

#1'] (Rozellomycota) (5.20% ~9.48% ) N ALH T, br L3 PR &8 N Candidatus_Udaeobacter . 5E
2R TR ) 98% , i WY AR BT /R 28 4R E AR AR % B A FTF T (norank _f Xanthobacteraceae ) . % FE
PRt e ) W R S TR 4, M 8 (Rokubacteriales ) 5 4% 15 B /R 2 4 35 78 #3 Br 41l
PRI B SR TR R4 W oMt ¥ JB K Candidatus _  Udaeobacter .
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714 Bacterium
JE J1 5 % Stress=0.045

S

W=

-0.2 -0.1 0 0.1
#i1 NMDS 1

L Fungus
JE 1 45 L Stress=0
0.4 4

=
b2

T e R B A | e & -—p
E B

2 NMDS 2

|
(=]
[

-0.4 1

-0.2 -0.1 0 0.1 0.2
#i1 NMDS 1

B 3 REFTIEMEYEE NMDS 551

Fig. 3 NMDS analysis of rhizosphere soil microbial communities

Vicinamibacter % FE W J& ( Rokubacteriales) . B Az ]
IRZR AR AL AR B LT A0 s o i i % s | W ot
J& \EL% I8 ( Russula ) 5 #3500 /R 28 41 S AEAR PR HL T
o3 Jm o i 52 HJE | # L % JE | unclassified _f_
Hyaloscyphaceae ,

TEAA IR b R EE P47 22 5 B 3 MEAG 5
it e S B AN () 4 ) B AT 25 25 S i AR 26
BECEA B &2 E T 10 R92ERE) (K 6) , 40

TR AR 9 59 2K 5 7 99 ( Elusimicrobia ) \norank _o_

lineage_IV , norank _f_norank _o_lineage_IV | lineage _

IV 3R] ( Elusimicrobiota ) 75 % A fif /R 2851 35 4E
HRFR g 2B 5 AR, IR A ] 43K 3] 1 35 2
K (P<0.05); MM AEY P B MEH
(Mortierellales ) | # £ 75 J& | 9 1 %5 [, B 8 %5 B}
( Mortierellaceae ) | # f # 44 ( Mortierellomycetes ) 4§
TEZH ] B 22 S 343K 3] B FKOF
2.4 TEWEEF RDA H#f

RDA S3Hr 258 (K 7) 7w, 4 Fh A5 R %) 4
DATUE DTS SRR R 82.45% X ELR T E W
T RRRERON 77.59% . WA pH A 200 2 [1]
SN BIEA DG, A HLTRE S B2 5
By IR 2R ER AL AR s 1 RN R RS 2544 ( P<0.05) (%
4), -3 pH B A A A RSO BT 2R 28 AR AR AR B
TR IR A Y A BRI (P<0.05) .

3 Wik E®w

BT IR 28 A AL 1) Ak 35 1T g X - 3 5% 4y Fn B4
PEB™ A5 AW T AR AR R S W AR AR R
FRO H A 58 57 43 R 00— 3, J5 W & 3038 15 B /R 28
ERGEACAR bR 3 pH RN B 10 3 KT
Az BT IR 28 4R S A AR B, 2% W B UK 28 R S A6 R B S
SR T R 3R 4, T RE S 51 R A HLEKR &
R R AR S E R OUR KA, S B R
BRI PR A R A Rk BT R 2R AR A
AR R 2 A KA LR, JF HAR RBUE W R
WS B2 5 R 3R Ak (SR I £ 45 ,2008)

AT 5T FE T 5 8 0 R X B AR RN A By
BT R 28 A AL AR B = HE U W e 8 22 FE MR IR AT 1
5, AW SRR, A K O WA B 25 by
IRFRERTEACAR PR L 8 4 I Z A% (P>0.05) , Bt A
AIRESE A X TR B = I, LB B KR
EMA S A A — 2 AR, SR, B A B
IRZEARIE AL B B TR 22 FEPE 1 25 i TR, T R
JEH R 3 pH<5.0 23 X i R 1 A 559 A9 35 0 A9 A
KB 7= A AN 5 ) (R AR SC, 20195 7 AR A,
2021) , ULAh, FdE R 23 4R 35 4k 1Y) i B2 T RE 23 B
AP A S50, BRAL T RIS  w D
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% 2 Alpha ZHEMEST
Table 2 Alpha diversity analysis

Richness 1§ Chaol 84X Ace 185
KKt Richness index Chaol index Ace index
Growth mod e g - S e
rowT mode a0 FLH 2 FH FLH
Bacterium Fungus Bacterium Fungus Bacterium Fungus

4 735.00£49.17a 980.33+33.82a 6 399.67+40.61a 1 189.43+40.61a

4 609.67+87.00a 722.00+44.71b 6 073.79+£158.58a 954.59+55.11b

6 558.13£61.09a

6 201.09+144.98a

1 198.13+£58.61a

970.66+47.87b

4l 4 Bacterium

60 000-
o
=
=

S 40000-
=
L
T,
]
.H.

20 000-

0-

E 1 Fungus

B4 METEBEDEZFNLE OTU
Fig. 4 Dominance OTU of rhizosphere soil microbial communities
300004
St Others 5
AHIAAY Unassigned g
i FHERINIT ] Myxococcota %
WK ] Gemmatimonadota §
1.11 i Q\j?uﬂr 1 Methylomirabilota -{9 20 0001
FFRWIT] Planctomycetes
W] Chloroflexi 2|
HERMT ] Verrucomicrobia -
Te# i ] Actinobacteria
REATIIT ] Acidobacteria
AN ] Proteobacteria 10000
0-

JLfE Others

AT S Unassigned
HFHW Blastocladiomycota
LRI Calcarisporicllomycota
W] Chytridiomycota
BRI ] Glomeromycota

Unelassified k_fungi
WM Rozellomycota
B T] Mortierellomycota
T Ascomycota
U741 Basidiomycota

A B

A
B5 RETEMEVEIKELNFE

Fig. 5 Abundance of rhizosphere soil microorganisms at phylum level
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Table 3 Composition of rhizosphere soil microorganisms at genus level (Top 10 genera)
e 5 kb Proportion (% ) . 5kt Proportion (%)
] H
Bacterium Fungus
A B A B
Candidatus_Udaeobacter 8.04 11.73 WA R 34.73 16.42
Mortierella
% T I 3.83 4.80 LGN 9.73 17.88
Rokubacteriales Sebacin
RAE A W AT 4.11 2.59 21458 5.64 7.96
Norank_f_Xanthobacteraceae Russula
Vicinamibacter 3.70 5.21 Unclassified_f_Hyaloscyphaceae 0.14 9.62
Norank_o_Gaiellales 3.35 2.72 i o 2 TR 5.53 3.29
Solicoccozyma
Norank_o_Subgroup_2 2.79 3.50 Unclassified_p_Rozellomycota 1.21 6.87
15 A AR TR 2.50 2.01 RO HH TR 2.36 3.86
Bradyrhizobium Unclassified_p_Ascomycota
K E £ M RRAT T H 2.32 3.42 Unclassified_o_GS11 3.68 2.46
Norank_o__Acidobacteriales
Norank_c_AD3 2.30 2.26 Unclassified_k_fungi 2.70 1.38
A8 2 W R 2.19 2.66 FLEEJR 0.01 3.90
Norank_f_Gemmataceae Lactarius
ﬁ“ _#I‘ Bacterium =mA =8 95%R{HEM 95% Confidence interval LI iﬁ Fungus =A =B 95% 8 1% ] 95% Confidence interval
B Elusimicrobin 2 o g W Morticrellales EEmmm= —_— 0041
Norank_p_lineage IV == | —— 0.013 "E o_unclassified_p_Rozellomycotal=y —— 0013 F
Norank_f norank_o_lineage IV B2 ) 0.013 Z HRIE Mortierclls P —— 004 2
Lineage 1V F—=2 —— 003 g AT T Mortierellomycota B —_— 0.042 %
FEREWT] Elusimicrobiota F—= I 0.013 _‘: WEHAE Morticrellaceae == —— 0041 2
1% H Pedosphacrales |y o o011 e WA 4] Montierellomycetes = — 0041 =
|16 i ¥+ Pedosphacraceae & - 0.011 ; g_unclassified_p_Rozellomycotal HH 0.013 &
Norank_f Pedosphacraceae b o 6.20e-3 5y ¢_unclassified p_ chl[‘“”;.ml_.lb o 0.013 ;
i Clostidia | * 0.029 % f_unclassified_p_Rozellomycotals 2 003 o
#AERH Microgenomatia | ] 0.037 W 4 Eurotiomycetes P o 0.044 %
0 161-5 0 5 10 15 20 0 222-10-5 0 5 10 15 20
EH A £ L A3l iy 2 R T2 b ff] 2 L 1] i 2 e

Mean proportion (%) Differences in mean
proportions (%)

Mean proportion (%) Differences in mean
proportions (%)

Bo6 MERTEBMEMEBEZZRERBSN

Fig. 6  Analysis of significant difference of rhizosphere soil microbial taxas

T S fe B AR B, 3 BB 5 R A RE A A T S AR PR
T W A A, T O B BT JR 2R AR S A6 AR PR 1 8
BLTH Z A3 ( Himadri & Pranab, 2016) . BRIt
2O RE S AR At 2 3 R AR 8 B R 28
RS AE AR PR - M LB Y B 75 45 74 (Dong et al.,
2021) , Wang % (2018) & . , L Bf 7% 2 R v]
AE LU 20 TR B 7% 2 MR M A B 52 B ESR AT RS
Fang 45 (2022) i & 3K, EC TR B 7% L 41 B8 1 7% =2

SRy A K, X BB A A X B LR R
Vh LU 20 TR R Y5 A2 5 B K 3X S AR I SY 4 SR — B
DR, B A BT R 28 R 3 A6 AR B - M L S R 22

S0 3R] BE R A Y A2 B - E SR se Y I A

AW FE B UK S B A R 85 FA] R 28 4 5 AR AR
B SEG A R T 2 A, 25 SR R I, 7R A i s 4
BT, AR TR AT B AT TR 1) B TR 1] 2 BT /R 28
FREEACAR PR T b A UL SRR X 5 Z TR B
gER—% (Nie et al., 2018; EHH%,2022), %%
TR 12 B e+ B8 FR AR 00 ) i B A8 hn 2 — |, 7
R 8 BT R 28R AR AR PR g AR X
RS, L Sy 4 Y W o0 ik e A i 32 2 D B 4
B (Wang et al., 2022) , FRAT B |13 5 & 3£ 5% Al
WETRPEAN TR, 18 B AR TR 55 R0 R P Y 1
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4 74 Bacterium

2 RDA 2 (19.6%)

0.5 ’
',
SOM
05 0 0.5

HIRDA1 (31%)

N. WA ; P. 43500 ; SOM. HHA P,

PLHf Fungus

1.0

&2 RDA 2 (22.2%)

-0.5 SOM .

"=t
u s
@ =

1.0 0.5 0 0.5 1.0
HIIRDA 1 (26%)

N. Alkali-hydrolyzable nitrogen; P. Available phosphorus; SOM. Soil organic matter.

7 TEREWEESIMEEFH RDA S

Fig. 7 RDA analysis of rhizosphere soil microbial community and environmental factors

*4 TEBUEFHEEZHERIE

Table 4  Significance test of soil physicochemical factors

+ HEAL R T M # Bacterium HH Fungus

Soil

physicochemical factor F P F P

pH 0.910 8 0.539 1.295 8  0.009%**

A 1.3733  0.186  1.3047  0.049%

Available phosphorus

A LR 1.438 0 0.042% 1.2894  0.208

Soil organic matter

A 0.9774  0.642  1.4995 0.008%*

Alkali-hydrolyzable

nitrogen

o * R BFEMR(P<0.05); = AR EBEMNK(P<

0.01),

Note: * represents significant correlation ( P < 0. 05 );

*# represents extremely significant correlation (P<0.01).

HE(Wang et al., 2022) , X FIAAIF 53 B2 AT B4 1] 76 3%
BRI ER SRR B TEER B E 4N
o R R ) A AR ] 38 O B AR R
B R BT E AR F B A AR 22 5, X

SR SE 25 R — B (Liu et al., 2020; #I4
2022) , HFEE [ TTE R ik 8 7% 4 v 52 F K BT 2T 4
RH M EER WA P REEEZEM
(Lundell et al., 2010) . T[] R E SR
BN F, — AT TR pH Ay L3 X 3R 45
JE 1 BA B A B2 07 ( Yuan et al., 2017; 4%
T ,2022) X SAMFFESE R —2, MO, A
KBE R B9 & BE B J& . lineage _ IV, norank _ f _
Xanthobacteraceae F1E. 2 BE T B8 M55 )8 4 2%
2 T A5 A BT 2 B U 8 R R B AR B 33 5 A, X
SETH & T RETEAR HE 4 1 57 5308 1 BT /R 2% B 24 A
AR k45 A B AR ] (Ullah et al., 2019)
S A IR 5 BT 7R 28 AR S A6 AR B S A P 1
Kb AR 22 5, R R AR K 7 0 R Al Be
FERMAEY R A SR R,

- SRR SR R e R AR B - G W T R 4
M EZER R, EAR D, LA LR & &
TR W) AN TR RE TR A A R R 3 R SR A
(2017) MUBIFFESE R —3% . 158 pH B Z A &L
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B B B IR S ) EE RN, X 5 X
LIMFA (2019) BUMF SR 45 R — 3, + 48 pH il 52
M il ) T G 3 0 B2 A0 B 1) 3 3 1 A T 1)
A= BRA AT Bl R 5 B AR W EVR (R AR, 2RI
FR 75 %2 (2021) & BLAURIBAE & B AE 0% 10 3 52 IR AR
PRt BB B, ROUR LR 5 + 5K
WA G Y OC R, B0 R 78 5B 0 %5 Ak K
i &4 T H R MEH, B, 52 e B R 28 AR
TR B A 398 40 TR R L TR 119 2 0K Bl PR 3R A A 2
S

AHFIE R G A3 BT T B A R B BT R 2R AR
TERIRRER L A D RIS S5 I 22 52 38 n T AN
[vi) A Ay 0T ] 7% 2 R AR AR PR Uk W E VR 2
PERYZ M, A TE 25 S R I, 5 BT A= Bl JR 28 4R
TEAH EE Ak 55 B R 2 4R 35 76 AR B - 198 20 18 70 L B
ZREMERAR B A B R 28 4R AL TP R AT TR 1) LK
LR TE VRN AR T YRR R S R I L T R B AT R
RHEN, BN TR it — 2 BoR, 11
A LT 52 ) A 598 A1 B RE TR 0 R
pH B A I 250 2 5 ) L D AR 5 1 R T
A 5T 25 1] N B IR 28 AR SE AR R 2 Ao LA e
ek KR LB AR A4S S

SE k.
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A global perspective on the influence of COVID-19
pandemic on forest areas in biodiversity hotspots
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Abstract: Forests play a crucial role in maintaining biodiversity, and the loss of forest is often associated with regional
biodiversity decline or loss. Therefore, this study aimed to investigate the influence of COVID-19 pandemic on global
biodiversity using Image J software to identify countries with more than 60% of the world’s biodiversity hotsports, by

analyzing data on forest loss area, biodiversity integrity data, annual (in 2020 and 2021) COVID-19 infection data, and
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Gross Domestic Product (GDP) in global biodiversity hotspots, using correlation analysis, linear mixed-effects model

construction, and regression prediction. The results revealed although a significant negative correlation between the

number of COVID-19 infections per million population and forest loss area, namely, the pandemic reduced forest loss

due to large-scale urban and agricultural expansion, the total forest loss in global biodiversity hotspots continued to rise

during the pandemic years (2020 and 2021) , largely due to the indirect acceleration of logging activities in natural and

artificial forests. The regression model predicted that the forest loss area in global biodiversity hotspots increased by
5.83% and 21.78% in 2020 and 2021, respectively, during COVID-19 pandemic. Consequently, notwithstanding

COVID-19 pandemic’s restraining effect on forest loss in biodiversity hotspots, the forest loss area still exhibits an upward

trend. The results provide the data supports for developing the protective measures of biodiversity.

Key words: COVID-19, biodiversity, forest, remote sensing, predictive model
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[ 44 2R FH [ Brad 9 1S0 4815, BLR. AR ¥ BOL. B{FI4EWF; CHL. & Fl; CRI. #F k% in; HRV. ¥ HiF ; GNQ. 7&
HHJLAE; EST. ZPJe W ; FIN. JF=%; GAB. iE; GUY. £JF; ITA. ZAA); JPN. HA; LAO. ZHf; MEX. 84 #;
PAN. &5, PHL. JEfE,; COG. WISRILFIE ; LVA. hiii4EW ; SLE. ZEHF 5 ; KOR. #i[F; SUR. 7 H7g; THA. F[H;
USA. [ ; VEN. ZWNFiH; VNM. ##; IDN. FIEERPYIE ; NZL. Bi76 22 ; PNG. B IEHT LY IE ; BIH. (307 e S 2 9 5f
40K COL. &L ; ECU. JEJRZ/K; GTM. f& i b Hii; HND. B8+, LBR. #| L W ; MNE. #1lj; MMR. 4ifi;
PER. ff3; SVK. it 5 ; SVN. i 32l ; CHE. %i+:; CAN. %K ; CHN. *['[E; SWE. %ij#t; BRA. EL74; BGR. fR
A ; KHM. %€ ,; COD. WISRE FILME; GEO. #6775 W ; DEU. f&[#; NIC. J¢ inhiJK; ROU. ¥ &g ; RUS. % #;
GRC. i, A. FRERL, BN 5 FF LA TT (2019 4F) AHLE , 2020 4F AT 2021 4RI ARMRIR G T ARHRLE T BRI EI K 5 B. ST R FER, B
2020 4F - FF 2021 4E FRERIES; C. ToAE LAY WD JCW] (A i = 58 ; D, BFHRY, BZRARE 2 BB AR I I R 5, 4% [
B FRARAR 2 T AR VA — AL B0 B8

Country names are ISO Country code. BLR. Belarus; BOL. Bolivia; CHL. Chile; CRI. Costa Rica; HRV. Croatia; GNQ. Equatorial Guinea;
EST. Estonia; FIN. Finland; GAB. Gabon; GUY. Guyana; ITA. ltaly; JPN. Japan; LAO. Lao P. D. R.; MEX. Mexico; PAN. Panama;
PHL. Philippines; COG. Republic of Congo; LVA. Latvijas Republika; SLE. Sierra Leone; KOR. Korea; SUR. Suriname ; THA. Thailand;
USA. United States; VEN. Venezuela; VNM. Vietnam; IDN. Indonesia; NZL. New Zealand; PNG. Papua New Guinea; BIH. Bosnia and
Herzegovina; COL. Colombia; ECU. Ecuador; GTM. Guatemala; HND. Honduras; LBR. Liberia; MNE. Montenegro; MMR. Myanmar
PER. Peru; SVK. Slovak; SVN. Slovenia; CHE. Switzerland; CAN. Canada; CHN. China; SWE. Sweden; BRA. Brazil; BGR. Bulgaria;
KHM. Cambodia; COD. Democratic Republic of the Congo; GEO. Georgia; DEU. Germany; NIC. Nicaragua; ROU. Romania; RUS.
Russia; GRC. Greece. A. Descending type, i. e, countries with sustained declines in forest loss in 2020 and 2021 compared to before the
outbreak began (2019) ; B. Ascending then descending type, i. e, rising countries in 2020 and falling countries in 2021; C. Invariant type,
i. e, countries with no significant trend of change; D. Ascending type, i. e, countries where forest loss is increasing year by year. Forest lost

area for each country is normalized data.

B3 £IREYSHEERSERAE 2019—2021 £ R RERORE NS

Fig. 3 Normalized data on forest loss area in global biodiversity hotspot countries from 2019 to 2021
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Model are constructed with data from the epidemic period (2020 and 2021); The blue and red lines indicate posi

MLk

tive and negative effects,

respectively, the solid line indicates that the effect reaches a significant level, the dashed line indicates that the effect don not reach a

# indicates P < 0.05, ##x indicates P < 0.001, and R indicates the degree of individual variab

significant level;

le fit.
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Fig. 7 Structural equation model of forest loss area versus GDP and infections per million population

in global biodiversity hotspot countries after COVID-19 outbreak
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25F R*=0.78 P<0.001

HBETR
Forest loss area (%10° hm")

21.07

19.42
18.35
17.30

2005 2010

2015 2020

EA Year

LLLL IR HET 2001—2019 4FZRARAA T AR AU G M 2k, 20 (08 5 275 B B9 2020 4FF1 2021 AEBRARBR AR, 250 1B A5 R0

SN £ AR AR MBUR TR, UG 23 PsdVoigt 1,

Red line represents the fitting curve based on the forest loss area from 2001 to 2019, red dots represent the predicted forest loss area in 2020 and

2021, hollow dots represent the measured forest loss area in each year. Fitting formula is PsdVoigt 1.

8 2001—2022 FEIRAEY ZHMER MR FHRKERIUSE
Fig. 8 Fitted plot of forest loss area in global biodiversity hotspot areas from 2001 to 2022
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(H')$8HUF Pielou 855 (J) ¥ B THEAMR BEAR HEARRE . (4) AIRASEZ E &R —F
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Abstract: In order to investigate the relationship between the invasion of the exotic plant Solidago canadensis and
diversity of native plants in Nanjing, the species composition and diversity of its community were studied by using the
tracking and quadrat methods. The results were as follows: (1) A total of 200 vascular plant species, including varieties
and subspecies classification, were found in the invaded communities, belong to 156 genera and 62 families, including
195 angiosperms, one gymnosperm, and four ferns. The species-richest families were Asteraceae and Poaceae, with 25
and 24 species respectively. In terms of their life forms, herbaceous plants accounted for the majority, with 133 species
(66.50%) . In addition, there were 29 other alien plant species in these communities. The most dominant species in the
community was Solidago canadensis, with a high ecological important value of 40.00%, followed by Vicia sativa
(7.00%). (2) There were four floristic types of flora families in uninvaded communities, and only three types in
invaded communities. Pantropic type, cosmopolitan type and north temperate type existed in both communities, while
East Asia and North America disjunct type only in uninvaded communities. In the uninvaded communities, the floristic
types were mainly cosmopolitan, with 13 families, accounting for 39.39% of all families. Pantropic was the dominant
species in the invaded communities, with 16 families, accounting for 45.71% of the total. There were 10 floristic types of
flora genera in uninvaded habitats and 12 in invaded habitats, with similar floristic composition, but the old-world
temperate type and tropical Asia to tropical Australasia type only appeared in invaded communities. The north temperate
and cosmopolitan type were the most important components of both invaded and uninvaded communities. The R/T values
of invaded and uninvaded communities of genera were 0.58 and 0.38, and the species differentiation were 3.29 and 3.11,
respectively. (3) The Margalef index (E) of heavily invaded communities was significantly lower than that of uninvaded
and lightly invaded communities. In addition, the Simpson index (D), Shannon Weiner index (H'), and Pielou index
(J) of heavily invaded communities were significantly reduced compared to uninvaded, lightly invaded, and moderately
invaded communities. (4) There were no significant differences in E, D, H', and J in different habitats. This study can
provide basic data for the management, prevention and control, and ecological restoration of the invaded areas of
S. canadensis in Nanjing, as well as further scientific research.

Key words: Solidago canadensis, invasive plant, flora, species diversity, community characteristics
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Fig. 1 Distribution of Solidago canadensis communities
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2.1.2 & K —H 3K FENAZ S0 BEE ML B 0 2R,
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SHEBT MR RBEBRKRE, ZHE
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5 Bl W JE AL 5 BB EY 1.28% 5 2~ 4 FR Y SEFP
JE AT 26 & ILAL 62 Bl 2ol s KOS Rl AR
1 16.67% 1 31.00% , o HF 58 58 ( Vicia) | 2%
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Table 1 Classification statistics of families in
Solidago canadensis communities
B R R P E R
3 No. of No.of No.of
Grade families genera species
(%) (%) (%)
BAFPRL(1 R 28 (45.16) 28 (17.95) 28 (14.00)
Monotypic family
(1 species)
HAEL(2~4 F) 23 (37.10) 47 (30.13) 54 (27.00)
Depauperate family
(2-4 species)
AR (5~9 i) 6 (9.68) 18 (11.54) 34 (17.00)
Medium family
(5-9 species)
BAREL(10~19 Fi) 3(4.84) 23 (14.74) 35 (17.50)
Secondary large family
(10-19 species)
KB = 20 F) 2 (3.22) 40 (25.64) 49 (24.50)

Large family
(=20 species)

Mo B b, i kS B B S B S B ( Geranium
carolinianum ) W J& FEA LAY Fp
2.2 EHYX RHIBS T
221 EABREmE R - FREANZHBEE WY
R Zwaiks X9 Mg R —F# AR R
W% K 9 N HE AR M BE TR BEAT W R Geat, O 4 i
PIE Y X R AT (K 3) . WR3 FiH IR
AR R TR 73 B, S8 T 33 B 66 JE; A
A 3L 90 Bl SR JE T 35 BL 70 )&

BH X R 43 B 45 R 2 B, JE AR do A ) B i
X 24540 B 4 A 1T AR AT ) B X R 2
WA 34, Horhz 4k A |t 50 AR Fndb s 4y
AW A, AR AN b 52 (8] W7 4 A AU AZEE A
frirf, B AR A PR X R DL B A R
F 6 13 B, HR SRR T AR 39.39% 5 A
R LLYZ A A Bk A 16 B, RN
(1) 45.71% , G 5345 B AE W & b ¥ o A, R
ANEHPA 11 R, 5 33.33%, i AR 4 6 B,
15 SR 17.14% 5 ILAN, AR H 32 $0T
30 8 R 2R AL S T W7 43 A5 TR 3 51 o S R B
) 24.24% F1 3.03% ; A2 Hb o i A o A Y
37.14%.,

JEI X R T4 R, AE AR P Y8
FIIX R ARTA 10 A, A RHA 12 4, FIE X
FAT AT, TH 530G 2 0 A I 2 R
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Table 2 Species compositions and important values of invaded communities of Solidago
canadensis in Nanjing City (IV=1.00% )

L7k P Jmi 4 HEAH
Species Family name Genus name V(%)
IR —kL 8 AL Solidago canadensis HF} Asteraceae — R ALE Solidago 40.00
ROREBIEL Vicia sativa TR} Fabaceae YFBiE )R Vicia 7.00
PP Z W E Geranium carolinianum 4 LB} Geraniaceae ZHEFR Geranium 5.00
Pihi#E Galium spurium PG ¥Rl Rubiaceae PP IR Galium 4.00
/NEEZE Vicia hirsuta I #} Fabaceae B EE Vicia 3.00
VUFFEFBEEL V. tetrasperma G A} Fabaceae YHi T Vicia 3.00
—4FYE Erigeron annuus %5F} Asteraceae KEJE Erigeron 2.00
B A Torilis scabra IR Apiaceae BIA R Torilis 2.00
W38 Artemisia lavandulifolia 4%} Asteraceae HE Artemisia 2.00
B 435 Symphyotrichum subulatum 3%} Asteraceae KB435 8 Symphyotrichum 2.00
A B L Vicia cracca FF} Fabaceae WFHi R Vicia 2.00
3K Miscanthus sacchariflorus RAE} Poaceae )& Miscanthus 1.00
4% Bromus japonicus ARAF} Poaceae E & Bromus 1.00
H LR Cirsium arvense var. integrifolium 45%} Asteraceae i J& Cirsium 1.00
IR RSB Elymus shandongensis RAE} Poaceae P s R Elymus 1.00
Y N Daucus carota IR Apiaceae WY NE Daucus 1.00
T JBHL Setaria viridis RAE} Poaceae MR Setaria 1.00
WE%E Duchesnea indica AR Rosaceae W HEEE Duchesnea 1.00
HEE Humulus scandens KB} Cannabaceae HERR Humulus 1.00
B EETH Alternanthera philoxeroides HHEF Amaranthaceae YET HR Alternanthera 1.00
BFIR Justicia procumbens BHRBL Acanthaceae BRIE Justicia 1.00
/NEFL Erigeron canadensis P} Asteraceae KEJE Erigeron 1.00
K& Semiaquilegia adoxoides EHEF Ranunculaceae K¥EJE Semiaquilegia 1.00
T3 Arenaria serpyllifolia £ 1R} Caryophyllaceae T8 Arenaria 1.00
& Atemisia argyi Pl Asteraceae R Artemisia 1.00
£ Miscanthus sinensis RAFL Poaceae T-J8 Miscanthus 1.00
B[ 7 A1 B2 Y9N Veronica persica ZERiEL Plantaginaceae BEWENE Veronica 1.00
2.4 Lonicera japonica 4P} Caprifoliaceae B A& Lonicera 1.00
M E 1% Medicago polymorpha T Fl Fabaceae B8 Medicago 1.00
3 Imperata cylindrica RAR} Poaceae 15 )8 Imperata 1.00

U A3 A AR AR bt B3 AT AT 4 A 2 A
Lo A 7 (6] o WG b B R B Ay, R AR R A
R A 20 JE AT JE 430 b AR AR BESE
HIEH 30.30% F1 25.76% , i A 12 H1 o 00 23 514
22 JEFN 19 J& , %515 31.43% 1 27.14% , 12 Hai7
A 1)@ A AR AR AR Hb 43 5 T AR
12.129% 1 14.29% ; [H tH FH A7 70 A1 2 @ fE 3R A iz

H AT AR Hb T A3 00 5 BT R TR AR 10, 61% il

7.14% ; BLAN 3B AR AR S 43 A JE o5 T A s B

9.09% , HeAx £ i A B34 R 5 ] LA

222 HARER TSR R B oA K EA LR
M &R — R B AR b 5 3 AR H v 1

THEY X R 58 A R o ARl 4 P X R KT

(RABILEE,2009) , FF-S 4RI EL 4T (9K 3CH#E,2012) |
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WM (PR F#R,2013) ARMTT (RIS, 2014 ) 5
X R FREY) X R 04T L g, T R/T fA,
A% X SR DX 2R AR 5, /T (BRSO, W A 1
AR, R A PR . B3R 4 AT, 6 SRV A
WX 20 R/T (/N 1, BB LA B 32, X
SSTLIR T A 1 M B A R SRR AT . g K — A

HALAE AR HREYE B9 R/T {5/ (0.38) , TR P R
B, OB RMITT (0.52) BRS T X &2 89 R/T
HE K (0.68) , A PR . H2% H M F At IR
M 4 AHBIX A AL, Bl 2 RN, IR R i
Hn, nER A FEEAE AR AR B R/T K
T AR (0.58) o

RI MEX-—FHEEANEHMSFENEHBZFIHFEOHNRASHEER

Table 3 Floristic distribution types in the invaded and uninvaded communities of Solidago canadensis

AR HHETE UNE3iix
X & Uninvaded community Invaded community
e KHREH
Floristic ~ Floristic type R BB B JE B
code No. of No. of No. of No. of
families genera families genera
1 LR} 13 17 13 19
Cosmopolitan distribution
2 LR oA 8 8 16 10
Pantropical distribution
3 AT S Y 0 A SE Y 8] W7 347 — 1 — 1
Tropical Asia & Tropical America disjunct distribution
4 F ik 54ty 5 A — — 2
Old World Tropical distribution
5 PRt R A E Nt ] — — - 1
Tropical Asia to Tropical Australasia distribution
6 P S 2 PR AR O3 A — 1 — 1
Tropical Asia to Tropical Africa distribution
7 A Y (ERE - Eh R PY T ) 53 A — 3 - 3
Tropical Asia ( Indo-Malaysia) distribution
8 i 3 A 11 20 6 22
North Temperate distribution
9 IR A6 5 18] W 4 A 1 1 — 1
East Asia & North America disjunct distribution
10 IH#ES R oA — 7 — 5
Old World Temperate distribution
14 RIS — 6 — 3
East Asia distribution
15 T E KA — 2 — 2
Endemic to China
580y 33 66 35 70
Total

S A 1Lk D (B, 2013) Bk
TN (BN 2017) AP ALY IX R, 1T
HHYX R R, IS nsE Rk —H ¥k
NI AR AR RS HL s b, B S5 mT A,
TG R — B A AR B 7% 1 Pl 2R 430 (3.29)
ETAEARMABEE (3.11) KT Z I HIX (5.71)
AL IX (4.32) , X 510 & FE LA S Y
FEE B EA L,

2.3 M SRS

231 RRANBERE T mEX M ERLFLGYD
G - i BUD O N LW ol ) | NS 53
HALHEVR R Z RS i (R 6) , KB
FEAAZBE V% 1) Margalef $8 80 (E) 5 B AR BETR
TRFEZF(P=0.05), 5IEARKREEANRTEE
FHEE, B BRAIG; LA, B AR TS 19 Simpson 45
(D) . Shannon-Weiner( H') $§%UF Pielou +8 %%
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Table 4 Comparison of distribution area type of floristic genera between
Solidago canadensis communities and adjacent cities
T I B 73 A X 25 )
Floristic types of genus
AL/ T LRI
Type/ City Longitude and latitude E ST kit il R/T 1l
Tropical Temperate R/T
distribution distribution value
e AR HEETE Uninvaded community 118°22'—119°14" E 31°14'—32°37' N 13 34 0.38
ARHBETE Invaded community 118°22'—119°14" E 31°14'—32°37' N 18 31 0.58
P4 &1 Nanjing 118°22'—119°14" E 31°14'—32°37"' N 183 282 0.65
H 2% Yixing 119°31'—120°03" E 31°07'—31°37" N 214 316 0.68
M Changzhou 118°58'—119°58" E 31°37'—32°19' N 144 218 0.66
%M Xuzhou 116°22'—118°40" E ,33°43'—34°58" N 101 196 0.52

RS MEX—HERNEMSENEMEZHD
MFEVRANMHRSNLE
Table 5 Species differentiation of seed plants in the
invaded and uninvaded communities

of Solidago canadensis

6 TEANERETNEXR—HER
HENSHMEEY
Diversity index of Solidago canadensis

Table 6

communities with different invasion degrees

Margalef Simpson Shanon-
%) PRECREC R s e AR fi ges Wienner Pielu SRR
TS z < . . a8 Pielou
Type No. of No. of No. of SD Invasion Margalef Simpson n .
families  genera  species - degree index index She.innon— index
(E) (D) Wienner )
AR RS 33 66 73 3.11 index (H')
Uninvaded community
AR 2.15+0.22a 0.76+0.03a 1.82+0.13a 0.73+0.03a
YN Sik i 35 70 90 3.29 No
Invaded community invasion
2zl 109 433 751 5.71 REAR  2.20£0.27a 0.73£0.03a 1.76+0.12a 0.71+0.03a
Lao mountain Light
invasion
HE 95 274 394 4.32
Jiangjun mountain FIEEAIZ  1.78+0.17ab 0.74+0.01a 1.67+0.08a 0.74+0.02a
Moderate
invasion
2. A4 1.28+0.13b 0.51+0.04b 1.11x0.10b 0.55+0.03b
(D SAEAR AR ARSI Sy T 18 £0.04b 111+ :

FREMR(P<0.05) , Hom AN A AR 78 JEE 1 i 52 Rk —

invasion

B AERE AL R Fh ZRETERS AR B 22 R A B3

BN E VIR, YO E R
eV NI B 2 R O 8 AR AR RIS SRR
AR AT, T E AR E P E ] 5
T oAt =, U A LA v R W A D T v A
O — AR AR A RS =
B D PIE RGBT AR U
BV E B2 AR v 4 ) b B /D | A% W e b A 1
SPECEARY S H P EE RN N AR AR >
JEAAZSTH AR>S B AR, WA AR TR Y
Yrdh Z e B IR E . ARAR HIEA

T RPREBUEEIE T BB AR E R . 2 AR BERE L
Hon, B n(FEAR)= 9, n(BREAR)= 11, n(PEAR)=
16,n( EEAfR) =25, [FAFIAFFREFRR B EW2E R (P<
0.05), FIAl,

Note: Index data mean x+ s. Number of cases is n, where n (no
invasion)= 9, n (light invasion)= 11, n (moderate invasion)= 16,
and n (seriously invasion)= 25. Different letters in the same column

indicate significant differences (P<0.05). The same below.

12 R AR E =8/ JFEER/MEE, Y&
THEARME UL E AR T i i o
AT E] e TN R — A 8 AR e I 2 o 4 A
v I L, BB A A M AR A A ] B



1496 |1 I R/

43 %

At ) i S B AT R

232 ARAAR T RER—HELBELZG I S
e R Ve i PO O N ke o 0 - N a2
PR Z HEPESEAT St e (R 7)), RN T3
BN IR — B AR E 1 D (H' | J 3 TR E -
PE Y R IR A B T /Y 4% T F A vz iy
25 BT 45 R R AN ) A B8 22 (R0 52 K — A AR
W E D H' M J B0 E 2R, T mE R
— AL H AT 4 AR E N TE R RS

RT AEAERTMEXR—RKERE
NEMBEERN ZHEMIEY
Table 7  Diversity indexes of Solidago canadensis

communities in different habitats

Shanon-
Ma;galef Sm;g:on Wlsr‘l’ner Pielou $8%%
Eig 14 iR i .
ks = Pielou
- Margalef Simpson Shannon- .
Habitat . . . index
index index Wienner )
(R) (D) index
(H")
- 1.47+0.15a 0.60+£0.06a 1.33+0.13a 0.61x0.05a
Flat ground
11 b 1.70£0.20a 0.61+£0.04a 1.38+0.12a 0.61+0.03a

Mountainous
region

12 Hh 1.72£0.29a 0.63+0.06a 1.46+0.17a 0.66+0.05a
Wetland

N T3
Artificial
environment

1.61+0.24a 0.67+0.05a 1.52+0.15a 0.68+0.03a

H. SAEEREEBCN n,n=13,

Note; Number of cases is n, where n =13.

3 Wi E 4

B4 (2022) AFFER BN R — B B AL TR
ARJGFTRES W LR, SHRZ 5K S
Fra i, NI A T 24 £ AP ALK,
NIRRTV o ZAE A AR Y R 2R &, Ik
TImEE K — B A T R A T TC ORI Y g
S A HO G g R B AR B R R 2 N ™
R GR ST B % 57 4t . #3245 (2005) 7EWF5E
TNEE R — A% 5 46 X A 4 W 09 T B A FE R, 2 3R
HO SR W B A K 8 & T I 9 ) s o 1
FH BB (2022) K BLAS + 49 BE 3% 76 & K
— BB AL ARG, B B 5 (Vicia sepium ) F) T EAH
BN, A 5T 5 H P S R A5 R — 2, Ak

YIxE AR M — 52 38 1k, B AR M VR P Ak
RAHY T — WAL 2 (WG LT % ,2021) . Wang 5§
(2018) 3 3o X VT34 FELYT 1T A Jin 8 K — R B AE 1Y
N ARBES P A & B, b B R B AR b 1 B R T
REZHEPETR B 35 T TRV, flAT Tk % 30 AH 2
TR AAZTEVE , 5 A P B R BEVE 1 Shannon-
Wiener $ 5UF1 Margalef $8 %5 i 25 FEAI% , iX 5 A 5%
45— Wang %5 (2019a) A W AE Y S RE Lk
PEXT AR S R Gead B 0 3K sh AR F e A 9 o 2R 2
TIEEE, AHIEGE R XTI 1Y ) e 2 B M R Ak
P, XA e R AT — 22 M5 I, Wang
5 (2019) XN R — A AL IR A R B, 5 4R
KZAZHIF Y RGN L, B ARBE Y
ZREME RS T AR M AR,
JIE AR M B R ) 22 RE P RDAT 340 EE B R AR L
e, BEAN, AR BIEGT 0 I A A P ARV R
R TR AT AR S R, A BoR
38T AR A AR G Y SR S P T DA o A A ) R
Y& DIRE Z2 FE M R i I AR B AR
£ (Wang et al., 2019a)

T X ZR S — A~ i X — 22 s 3] )9 e A5 /40 40
KA S, BB RGN E BN 5, AR
FEWI 0 DX ZR RRAE A — R R b n] R | B B2 IR
e 25 P B AR R %o — 1 i XA AR AR A
R | B 4R A AR A — 2 R (Y PR,
2016 BEARRAE,2023) . HARAE AR HL B VR AE P )
() X ZR AT 5 HE T A X3 [X 2R SRR A1 A (] (9 £,
2013 ; FNK R FIFE TN 48, 2022 ) , 1H AR S BE 9% 0 A
YIIX R 5AE AR M5 A0 2 B TR, D Jin &k —
FE B AR AR T B2 S S A 2K DT 5 1 A A
RN AL R A AR AL, S5 BOR X R M B R AE 2
AR XA AT BE S T AR TS R/ TH LA Fh &R
SHALEER S T AR AR MRV 0 B R 2 B A A
Ja& ot A e P RE 0 G A A BT PR ke A )
PERR A3 A o) A OC (RAESE , 1991) . — kI &,
Wi 2 b 3 T R A 38 K S TP B 52 2 Ak, X R B Bl R
MR- 2 B W Tt i (B, 2013) o ARHESE A
A DI W, R Rl 2R b B N TR SR R
YrFp = A R L SO A I b X 25 R H
A3 X 38 M H B A A

NG R —R AL 45 5 K B JC M B Y i TG 1
FONE T T8 RN B, 7t R S
P A A7 25 [, AR I S AR ) 2k K5 4 fig T (38K
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K,2005) , BFFERBI, MR A LA B RS
7R B W AR T BB R R LR R AR
FRY SRR ) T 15 TAR 40 AV 00 W b e RE T
SEA RUORI 2 8] B2 B2 8 o1 7 e PR o ( B2
UE A5 8%, 2004 ; Panetta & Gooden, 2017), H
JENAZHY SR W) 1 T A B R LA A £, T i
JAS 1 Wy ol = R R A AR M ) W) o 2 AR
Wang 25 (2021 ) X BR VLT 042 K — B 2 46 A AR L
BEPT R WA THFEZ R, DEREAR
AN R — BB AERE 7 n] RE h T R AERE I T
1o FE VB i 2 ] 6 A - ) 55 o S B I T
R 5 AR AR M HE 7 R 0L A ) o 22 B 1 5 G A
AR AAZ YRR, U0 22 ( Lantana camara) | B 5
YET 5 ( Alternanthera philoxeroides ) ZEHEAREW
S AR A SR (22 RS, 20195 R RAE,
2019 LLAASE,2021) o BEAL, NS K — B e 57
WA U A AU 7 ) 1T X 22 TR ) 7 AR A R
WEAME R WA LRk SAEK A S
FRRESEZS 5 7ok, s AR b T I 0 22 1 1
KA FEFE (Wang et al., 2020)
ENGESPOWN L k7N R R NEITEE /PN
R0 I AR 558 1 A= W) 22 R P A B A RG™ S ) (5K
R ,2010) o BRFESE(2020) KB RAE YR
%Hfz ( Solanum rostratum ) 7617 W | ¥ J5UF 57 H 55 A [
FAF T AR /N B R B W 22 55, (B
IIAHH*UTﬁ%ﬁﬁTﬁﬁ&E‘J SFAE, LK Bl H
y]f\f% s i 21 %] ( Ageratum conyzoides ) F BE 1E A [F]
SEAE T R R 1B A SR AL B0 X B R Y 3
ffﬁ FEHG R A (45 2015) . A5
4 FRANFAESE T B I K — kg o AE A 1R M HE % 1Y
Yy 22 R TC 03 22 S, EHC D B 1 R 6 AN [R) A=
S5 1 1) 22 S vk G AN WTEA T3 RERIFSY
AU A A B, B L DI SR — A B AR A
FRBART™ T, 45 R VLT DX A XA L AR x|
BT BRI e 5 TN T IR £ ) 2
B Ml B8 7K ™ FRFE A & 38 B e T DX B K X S X
FRPIR DU & 5 A A HURE 7 W0 R D 2R B R T
{H R 2 8500 T A AR B B0 AU AR AE . ABTF
FEUESE T IR — A3 B A A AR T ] AR 8 3l IX A
Yoy R ZREE AR v 2L B BB, &R
— R AL X B i 2 A ) R ORI SN
Z R Yy, L7 A AL ) = RT O R — A
BAE R By 2 B i A AT LB
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Abstract; With the rapid development of biodiversity informatics, more and more open biological data can be used by
researchers. Taking an open data platform as an example, analyzing the research hotspots and development trends in the
field of biodiversity in China will help biodiversity researchers and policy-makers keep abreast of the current status and
trends of biological research, and provide decision support for the construction of biodiversity in China. We searched the
full text of the literature in CNKI and Google Scholar from 2013 to 2023 with the relevant search terms of “National
Specimen Information Infrastructure ( NSII)” , and retrieved a total of 1 070 supported by NSII literature, including
journal articles (822), dissertations (233), popular science articles (5), conference articles (6) and reports
(4). Through the means and methods of bibliometrics, the 822 journal articles supported by NSII are explored from the
aspects of publication status, research topics and hot spots, research institutions, etc., to explore the current status, hot
spots and trends of biodiversity research supported by NSII. According to the results obtained from the keyword co-
occurrence network map, the research hotspots of biodiversity focus on the analysis and modeling of species distribution,
climate change, taxonomy, biodiversity research, and research platform construction. Biodiversity informatics is
developing rapidly in China, in the future, it is still necessary to improve data source construction, resource integration
sharing capability, professional competence and international cooperation, etc. to promote the development of
biodiversity scientific research continuously.

Key words: biodiversity informatics, biodiversity research, National Specimen Information Infrastructure ( NSIT)
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A TR G J7 K 23 (COP1S) 3k i R - 52
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Fig. 2 Research hotspots of English journal articles supported by NSII from 2013 to 2023

FEF) IR 4 BR A W) 2 R PEAE 2R ) ( Kunming-Montreal
Global Biodiversity Framework , fij FR¢C RS HEZL) )
(RSMEZR) il 2 T ARk — Bt 4 BRYE N 2B
SRR I EAT ST R, AR A ) 2 R
FHZHM AW AN LT 3 F 0, 4T
b QN Tl AN/ A2 N i i =X N TR S
2023) , H AT NSIT S5 118 3C 32 2 22 9 R U
Z AR IR E R T E R I H A BUR
BER Al A AR B R PR A D E bR A VR H
TR ki, XFESRELEY L
FEIE R e S5 B S Al gy, —J5 i, BFSE
ST S TN o S S R ) I AN s AR
WS ARSHEEAR; 55— I7 i, &5 kK s —E
FREE A SA T 2AT M AN, ARl A 2 S0

ABEIE AR, LA R < b 2 R A= iy e [ 44 A DG 28
MIHEDE , & RHLAG 55 3 Ml 2 540 2 50
T H Y AR B KRR T ( E WA, 2022) , AR
FEFRA A WA T 2225 23 E A Y 2 %A
RMFFE PR (BRI 55,2023 5 £ 7] 4, 2023 ) |, FR [
Y Z RV R A T SR R N 20T,
32 NSHEBEBMESIEEHT ZER

W Z RV — TR A B B A W) b B A
S, BEAREBE YRS RS =K E
FEVE (E 3 F, 1993 ), 7E NSII 3¢ 4 (9 11 1138 3¢
H1,79.20% M8 SCEL 3G T ONSIL 19808 . %K
MR R ERE, NEBRRUT (A3
45 2019 ; B dE 25 2020) , K & 4 8K (Liu et al.,
2021;Du et al., 2023) , NSIT $t#i 76 A [F A BF2E
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R 2 2013—2023 £ NSII X o CHA T
B SHURHER BT 30 B X 1A
Table 2 Top 30 keywords of Chinese journal articles
supported by NSII from 2013 to 2023

R 3 2013—2023 4 NSII T KT H T
SR HEZ T 30 YK 5 1A
Table 3 Top 30 keywords of English journal articles
supported by NSII from 2013 to 2023

Xeft il G Y o efil HBC i it
Keyword porord | Keyword poyord Keyword poord | Keyword oyord
q y q y requency requency

MaxFEnt 5% 116 AEHY) 7 climate change 115 environmental factors 8
A 63 WIEE RS 7 MaxEnt model 105 distribution 8
AL ST X 60 ey 6 phylogeny 41 potential distribution 8
Gy HE SR 34 A 6 China 32 species diversity 7

Hb B34 26 AR A 6 biodiversity conservation 28 evolutionary history 7
Bridsg 23 S 6 taxonomy 20 environmental variables 7
Yk Z % 19 (oS 6 genome 19 endemism 6

s 13 ArcGIS 6 morphology 13 complete chloroplast 6
LR/ E2:20 13 RIS 5 habitat suitability 11 analysis 6
& ta 12 Bl species distribution 11 Hengduan mountains 6
Y 2R 10 PANIE Y 5 suitable habitat 10 genelic structure 5
AR T 10 KEAE 5 new species 9 geographical distribution 5
Tl —FAHY) 10 RAFEY) 5 phylogeography 9 range size 5
HEE R+ 8 25 FHtEY) 5 species richness 9 endangered species 5
bR 8 Y IX F 5 potential range 8 plant diversity 5

JE ERRAE TV, NSIL B8R 2 BT LARE % =7 44
AN TR b R RURE (8 A2 1) 2 AR PR 9T, X 5 NSIT A 4R
PR s 5C . NSI S H A P e K 0 AR P bs A5 5
PV, U TR TR 2 AU A W bR AR B di , NSIT
A RR AR L a3 A B T S BT A TR A0 Y PR
gL B R A AR, H R 2 R F R,
JIT LA B e Y T i, K S R B ) R E B
FIAE R B 43 A0 508 2 SCEERERIE N G2 64T AN ) b 2
ROBE A=) Z R 58 1 S Al
TEWFFEXT 42 05 1, NSIT 48 3245 1744 (58«
o4 2020; Liu et al., 2023) . 3% (% 10 42 %,
2019; Huang et al., 2021) FAIGL %) (Wei et al.,
2021; Sun et al., 2021) Z AN R ZRBERIAEFE, BF 52K
VAL AL (HF A 2016, £ KRB 2021) WAb
(EJ54E,2019; 2 55,2019 ) A RGEKF (42
THAE 2019, X1 % /L4 2022) , NSIT 52 #8 (1) F 4) F
FARE TS A A= W o8 2, B 540400 19 AT AR
B L SRS NSIT AP 50 1 85 Fn s
BRIKR Ml T NSI 922 Sk 57 0 o E B2 B A
YIWESE T, B AR AR P A S U AR A T £

3.3NSH ZEMMRAS

ASC LA NSIL 32 £ 1 822 45 301 36 ¢k B ¥
I8, R H VOSviewer B HTIE SCHIBFFE #US 5 &
R A3 EE R R MaxEnt A5 51 1S 5 25 4k
ST AT Y AT O AN A S MaxEnt A5
SR A BRI — B, Tz N T R g R A
P 5 AT SR (Liu et al., 2018) Wb R4 e sk
(B 2h#: 54,2020, 58 45, 2022) | A=Y b7 45
(FEARME S 20215 BREIAE 2021 548 1% ,2022) |
SRR 4 T o A 00 5 W (I AL 2021 5 4 2
TH4E 2021 ; R VK EG S, 2022) 2507 1 IIBF 5

AR AR S 2 N 2 T I A 7 U 1 A 5 )
WA T BURT [R) U AR b & 17125 B 43 IPCC BB R
UPEAS 45 48 A T 1850—1900 4,21 it 42
REBRS R H ] e T 1.5 °C, 7 RCP6.0 1
RCP8.5 5 T, W & F+ & T RE M ik 2 °C (Stocker
et al., 2014) , SAEAALXH Y A K & E
Gy B TR B R /N SRR 4 7 AR K I R T
(Pounds et al., 2006) , k2 ot 5E R W, <
i A5 % 1T BB 2 3 SO W38 A XE BN, A5
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®4 NSHXZHEWHTHTIRIE 5 FEEFHKXEIRA
Table 4  Annual high-frequency keywords of Chinese journal articles supported by NSII in the past five years

2018 2019 2020 2021 2022
requency frequency frequency frequency frequency
MaxEnt #7#) 9 MaxEnt £ %! 16 MaxEnt ##) 22 MaxEnt £ %! 32 MaxEnt ##) 29
TR X 6 RAAL 1 Rk 10 KfEIEAL 19 WESAX 18
SIBLIEA(H 3 IS JR) 8 WA X 9 A X 15 A 14
SRS R 3 WX 8 gk 6 SIATAE JR) 8 biLEL B il 8
Hridsr 3 v fe 3 S A R 4 ik 6 Y Z ek 8
AL 2 TRiprEl 3 UiLE B il 4 YIFh Z A 6 et/ E2 i3 6
BT 2 YRR 3 I F 3 T 3 ST ) 5
P B 2 AR 3 T A 3 FRASTE 3 i 5
NSII 2 Wi e 3 Y4 % 2 A AE 3 HEE Y 5
FhF i 2 i bR A 2 i 2 TEOR A 3 28} 4

R 5 NSHXEMRIPTRIES FEREFMIREA
Table 5 Annual high-frequency keywords of English journal articles supported by NSII in the past five years

2018 2019 2020 2021 2022

N > A /A i N Y 1G] ’Aﬁ N o iG] /Aﬁ iy i A /Aﬁ N > 1G] /A i
St A B W A Tl 35

Word Word Word Word Word
Keyword Keyword Keyword Keyword Keyword

frequency frequency frequency frequency frequency
MaxEnt model 6 genome 6 climate change 20 climate change 27  MaxEnt model 47
climate change 6 phylogeny 6 MaxEnt model 14 MaxEnt model 20  climate change 45
China 4 MaxEnt model 5 China 10 phylogeny 15 biodiversity conservation 11
phylogeny 4 climate change 5 taxonomy 4 biodiversity conservation 7 phylogeny 6
species richness 3 China 4 species distribution 4 taxonomy 7 suitable habitat 5
phylogeography 3 complete chloroplast 3 phylogeny 3 China 6 China 5
plant diversity 2 analysis 3 biodiversity conservation 3 habitat suitability 6 phylogeography 4
distribution 2 taxonomy 3 endangered species 3 genome 5 environmental factors 4
endemism 2 })IOlePISl.ty 3 genome 2 enV'lronmental 4 geographical distribution 4
conservation variables

evolution 2 morphology 2 DiSSCo 2 range shifts 3 distribution 4

Wy 1) = IR R R FE ML IX GRS SR, A AR A X
ANTRIAE P ) 52 i A [R) DAL e AF 5 A 4 o <A A Ak
4 o X PR AP AR W 2 R LR AR L, BEE X
SARASAR B IR A ST BEAE RN R R
ol 43 A A5 18 Ry BF 5% A0 748 A Ty b b 3B 53 A 5%
M (%) 7 22 - B (B 45, 2019)

£ LTIk 7E NSIT SCHE B8 SCR I S i
MaxEnt 1553 F1 3 A5 28 A AR S K 12 (9 5 el O
], WFh o A5 B0 S MaxEnt AR (9 37 FH A A
AR Wy b o A7 728 A S5 I 5T A FE Rl R T
BRAS B0 23 A1 B0HiE ) i e 2 B A 45 TR 2
YRR B R, A Z RS B — %
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Fig. 3 Research teams that cited NSII data to publish Chinese journal articles from 2013 to 2023

f2E AL e I R RS A BT TR A%
5 Y Z R R BE , O A 2 AR R
Al Ry g MR B K e I R B (Hardisty &
Roberts, 2013) , %dli 2 LW ZHEVE(S B 22 K R
{UE- SRR EREHR 7/ R I v T T R E PSS S
2, T EY RS LUEY 2 R g H AR AR KL
W IR SCHR A A S T A ST ORI H P
7R A RO S R G o X NSTT S5 1 8 SCHEAT 43
A, 02X A ) 0 A KAl S B BIE 5T R B o A
RIS

3.4 NSH H iR E E br LR %0

MAHR S P S B K AT 5 T BA Y 2
THATLLE NS B A B m ny E bRz ), 1R %
] PR A 52 T At B 2 NS A9 Bl & 6 9 3038
3, e 4n He Xingjin (] 2% 43 ) il Wang Zhiheng (
AE) AN, TR 38 T NSIT 80 & 26 95 308 3¢
(RIBIF 5% A BAAR 20 2238 F NSIT 8 % 26 vp S0ig 3¢,
[l N 238 R RIS SCHE = T NSILFE E PR 152
e 7

2013—2019 4F, 2 NSII B A< 40 HR s 18 K 1Y
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B4 2013—2023 F{E R NSH ##E% R ZE A FIE X Z AR
Fig. 4 Research teams that cited NSII data to publish English journal articles from 2013 to 2023

B, BRAE S K BR AR 7E 60 T3 2% ~ 100 J7 45 (&
) = B A ECPE (Qian et al., 2018) , FF A 3L
SEREE NG R B TR 2 NSIT B A5 2
Rz N R A
G R R S A B AR RSN T NSIL B 520
J3, ke 2 1 [ P R AN 5 AILAS AT BA AR
NSIT %4 S #E 5T, 2013—2023 4F [] , NSIT %5 ¥
THEMBAE X EREEFHKBESR(E6),
NSII £ 4 55 [ A1 7] 28088 7 i Bk R B4 )

FEG | NSILEE e b A = 2 — L ERaE
SCIRMFS T GBIF &, H i — 289 30 22 LA

GBIF 19 i 4l 0 92 %F 42 ( Qian et al.,
Araujo et al., 2022) ,

Bl 4 1 AS W7 I 5, NSIL 9 A5 A 58 5
GBIF MYl L 7E A Wrmh &, #K % 2023 45 A 4
H ,NSII A 450 T b A £ S5 8L S GBIF 1Y
HECHE, 7Lk 10 0, 51 GBIF 508 118
SCHUE — H AR K, H R0 R ORI UG
WG T GBIF B8 HE, BEE GBIF 1Y & fE,
NSIT 450308 AR08 % 4 BR O ZRHIF A B T fift I B0 9%
THEAEH

K% GBIF 4k, £ 51 FH NSIT %48 093 Fl36 e

2022; de
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®6 RERHATIEXHEHZE 20 AR EBA
Table 6 Top 20 research groups regarding

to the journal articles

HROCRRC ROE R

5L PTBA 52 5¢ e ]?rﬁghjl ait
Research group leader fournal founal Total
articles articles
fif 244> He Xingjin 2 25 27
T30 Wang Zhiheng 4 16 20
o, 5% - Ma Keping 10 8 18
# #k7% Huang Linfang 1 10 11
X & FF 3L Pan Kaiwen 4 6 10
5 NSH#EFURAHENFEELE ‘
Fig. 5 Annual increment of digitized specimen data of NSII B Qian Hong 0 ? ?
FEZF Du Yanjun 1 7 8
Z A Miao Shenyu 7 0 7
FMI Sun Hang 2 5 7
M #E Chen Jiahui 4 2 6
¥ Jin Ling 6 0 6
25 Li Jie 4 2 6
%A% 5t Zhang Daigui 6 0 6
B Deng Tao 0 5 5
#:JL Du Fan 5 0 5
28 H15% Ji Ligiang 2 3 5
X Liu Bao 4 1 5
B 6 NSHHEZHMOMTILTEEHE M a3 ? ’
Fig. 6 Annual increment of journal articles FR R AR Qi Lichuan 3 0 3
supported by data of NSII KL Zhang Guangfu 2 3 5

xT RRBFEXHEHZE 20 WEX

1 e et o N L
R A5 A HS AT 8 (Integrated Digitized Table 7 Top 20 countries regarding to the journal articles

Biocollections, iDigBio ) F1 8 K F| 3 A= 9 2 F¢ PE A

B A% (Atlas of Living Australia, ALA) 5 [ AN H% lﬁl\%%fﬁ PR lﬁl\%%?&
B 0 F i Bk OC BX ff H (Raes et al., 2020; Country ;(;Ef«rlli Country ;?:1?‘1“::
Fawcett et al., 2022) . MAFEHLFGRE , NSIT K dig I China 509 S Avetin .
BB EROR B 2 1) B SMLAY B 1T AR ) 2 AR PR 5T S5 United States . 452 Finland .
JEHOZR AT E A W 2 RE ST A R NSIT B8 S United Kingdom 14 A Japan .
MR bR 115 Bt — 4Tt 7 Germany 14 EL LTI Pakistan 5
\ F12 Denmark 12 Z%[H Thailand 5
4 /% vé Ji& X Canada 12 fif 22 Netherlands 5
WKF|E Australia 11 [V Brazil 4
A=) 22 R T RCHE AN B R AT T DA S B B Switzerland 0 B Rusd A
B R A s B RE 0, B 1ok A R B 24 AF 58 1 )
TR, KBS B EH MR N e :
FEVESIR 1B ) T LS R R R b s, s R e 7| Spain 4
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Table 8 Top 10 institutions of journal articles
. TCR B HESCR B 4 ¥
ﬂﬂ{ﬂm. . No. of Chinese No. of English B
Research institution © Total

Jjournal articles

journal articles

BRSNS

University of Chinese Academy of Sciences

A R 2 B A A 5 B

Institute of Botany, Chinese Academy of Sciences

r R B2 e L B AR 5 i

Kunming Institute of Botany, Chinese Academy of Sciences

[N
Peking University

P JTR 2

Sichuan University

NN

Nanjing Forestry University

JeHTHl R

Beijing Forestry University

PR ARl R

Southwest Forestry University

TR
Yunnan University

F R 2 e R A M 5 i

Chengdu Institute of Biology, Chinese Academy of Sciences

39 58 97
41 41 82
18 33 51
9 35 44
6 37 43
13 21 34
16 16 32
19 6 25
7 18 25
10 13 23

T BT —RIE3OTREW K2 MO, Bl —RE SCRT BEROA W) B DT 52 MLA 23 S G 3, e 338 A vk 8 i 10 MR ALY

KSR AN,

Note: Due to the possibility that an article may involve multiple research institutions, i.e., an article may be separately counted by different

research institutions, therefore, 338 articles are not equal to the sum of the number of articles published by the 10 research institutions in

Table 8.

FET]AE FE A A0 B ( Parker-Allie et al., 2021)
AW 2 P OIS AR AR T AR 2 1 [ B 2 v A R
(W) 2 ¥ PN 29) ( Convention on Biological
Diversity, CBD) { Wil f& W7 A= sl 48 4 Ff 16 B 57 ) 2
2y ( Convention on International Trade in Endangered
Species of Wild Fauna and Flora, CITES) . (Bt&
B 36 T 3 Ak 2 29) ( United Nations Convention to
Combat Desertification, UNCCD) | { Bk & [ =, fii 28
ALHEZE /N2 ( United Nations Framework Convention
on Climate Change, UNFCCC) AW ZHEMEFIA S
R G MR 55 BON 1R} 22 B F & (Intergovernmental
Science-Policy

Plantform on  Biodiversity —and

Ecosystem Services, IPBES) Muel 2 & B H R
( Sustainable Development Goals, SDG) 55

3 X NSIT B8 =2 £ 1938 SCHE AT 40 Al vl L
hEC L@ TR T4 Y 2RI B L
WHEHE V-6, FE R NN — & i m ), 18

RARMLAEF- 5B P AT NS AL I,
[ % 1 ATh e 2wl . — 2ok W X DR B,
HALEY) 2 A R B BRI B A R R BE

g K HZES R B 6 o R 205k 2 AR
B A AL =2 7 5 Sk RSN I = 0 3 AL A AR
L 78 B S dgn B RN AR g R R 0
( Application Programming Interface, API) 3¢ H. [ 3
ity b, #E— 2B AT AN R A RG22 1) K A
HLARSE B Jay T IR R d i SR R 2 iR A
SIS ) 6 TR B SE [ R A AR K 22 e, A
FEl IR R B BRI 9 2 07 A AR AL (B35 22 AL
Ha BUFHLA | BRI | 2y BB & A s B
PRAE) e 2 el A1) 4 AF S5 D7 AR ELIA ] ) AR g
HEBE, T ERREIT R UG o A BT e A
AR, AL R 5 SRR R R, A
TR AN W7 140 R0 DA B ol BBl O e BT, A
FE 22807 71 600377 3 iR A JF AT T
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TERILTE HARRS v [ AR AS PR i T &, e AR
JEER 5 R MR AR = (1 AR5 ,2018) o T3 Ab, B EC
FR B A O A VR A UL N o3 A RO A A R
PAAZHE o =S IO E I 1 Tk B A
BT IE &, B % GBIF B ZFEME = KB
1 ( Biodiversity Heritage Library, BHL) F1 X 2% A iy
KE Bl (Encyclopedia of Life, EOL) %5 [# fr 4 ¥) £
FEPEREF 5 B MOE , S5 A ST 0] R 155
Python 18 7 14 43 Mt #8211 3 1145 D G F ™ &, T 7]
BREEBFSE (BUN PSR Al 8155 F R AR FFE 55
AN EVEAE B 7 St AT BT T & 2 R E HEsh 5L
P A, O3 5 P s gt O A HiE 1 i
RIEMMRSS =, B A ) 2 FEVEAS B 407
A P 6 7 2 B0 AR A e Ml 27 R A IX A 4% 3 i 4
AREGUNFNITH S, 55 5% Mol N 5378 4 A= i 5]
AR B AR SCRE 1, U H 2 BUH 47 U 1 RE
AV, SR B R R O R AE A R AR R
Erok s o o B N e N RS DR E I I EA R\ B V153
AR E R 3 i B AR 38 R R EE DNA R |
N TEBESARMPBHIE TAER B AR, TUE s X
BRI E PR A VR, 7690 X, 38 0 o [ R 2 B 1
SERHEU L B R — B B AE 25 FT COPLS
RSB« BRI AEY) 2R 5L 4 S50 0E )
M E R 7R v [ 7R S M DR S AR SR
S, EAIRIE BRGVE )y, i GBIF 5 A A
{3 37 B¢ B3 (International Union for Conservation of
Nature, TUCN) . BHL. [& Fr #5 ¥ Il £& 37 B% %
( Botanic Gardens Conservation International, BGCI)
S bRV &, Uk S 5 E BRI E O 55 b
SDG, Ttk r [ ) A= 1 2 FE I s A2 401

SE R

ALTMAN M, CROSAS M, 2013. The evolution of data citation;
from principles to implementation [ J]. TASSIST Quart, 37
62-70.

CAI XM, SU Y, WU BH, et al., 2023. Theoretical debates and
innovative practices of the development of China’ s nature
protected area under the background of ecological civilization
construction [J]. J Nat Resour, 38(4): 839-861. [ £
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change in China [J]. Acta Ecol Sin, 42 (20). 8471 -
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Tithonia diversifolia dispersal in Yunnan Province, China
[J]. Guihaia, 41(5): 789-798. [ BR&I, F DU, A,
85, 2021. SR AR AR 35 7E 2 B A 5 IOV BF 5
[J]. T VUAEAY, 41(5) : 789-798.]

DE ARAUJO ML, QUARESMA AC, RAMOS FN, 2022. GBIF
information is not enough: national database improves the
inventory completeness of Amazonian epiphytes [ J ].
Biodivers Conserv, 31(11) . 2797-2815.

DU Z, REN Z, YU B, et al., 2023. Impacts of climate change
on the global distribution of Cyclocarya paliurus [ J].
Biologia, 78(1) : 41-53.

DU ZX, SU QT, ZHOU B, et al., 2021. Potential distribution
of invasive species Bidens frondosa under different climate
change scenarios in China [J]. Chin J Ecol, 40(8) . 2575-
2582. [ AN, JRis b, ST, 2§, 2021 AR
TN AR )RR A [ B e oA [T]. R3S
2p5%E, 40(8) : 2575-2582. ]

FAWCETT S, AGOSTI D, COLE SR, et al., 2022. Digital
accessible knowledge : Mobilizing legacy data and the future of
taxonomic publishing [ J]. Bull Soc Syst Biol, 1(1): 1-12.

GUO FL, XU GB, MOU HL, et al., 2020. Simulation of
potential dynamics  of

spatiotemporal ~ population

Bretschneidera sinensis Hemsl. based on MaxEnt model
[J7. Plant Sci J, 38(2) . 185-194. [ 38 &g, #hNilbs, 2
HLFR, 4%, 2020. {7 55 A% T 76 3 BE 20 A I 23 4 5 A5 41
[J]. R4, 38(2) : 185-194.]

HAMPTON SE, STRASSER CA, TEWKSBURY JJ, et al.,
2013. Big data and the future of ecology [ J]. Front Ecol
Environ, 11(3) . 156-162.

HARDISTY A, ROBERTS D, 2013. A decadal view of
biodiversity informatics: challenges and priorities [ J]. BMC
Ecol, 13(1). 1-23.

HUANG Z, HUANG A, DAWSON TP, et al., 2021. The
effects of the spatial extent on modelling giant panda
distributions  using ecological niche models [ J ].
Sustainability, 13(21) : 11707.

JIANG LH, GAO JQ, WAN JZ, 2019. Potential habitat and
priority protection area of cranes with climate change in the
Great Xing’ an Mountains, China [J]. Chin J Appl Ecol, 30
(7): 2457-2469. [ ¥R, mER5E, JrHm, 2019. ik
SRR R % 2 W b [X A 2 9 AR o3 A S AR S AR A X
(1. RHEASEM, 30(7) « 2457-2469. ]

LI QQ, JIN XB, ZHANG XL, et al., 2023. Comparison and
evaluation of the ecological network construction method
based on principles of landscape ecology [ J]. Acta Ecol Sin,
43(4): 1461-1473. [ ZERLEE, & bewk, ik b Hk, 5,
2023. HE T HOUA A2 SR PR Y A AR I 2 My T s LU e



1514 |1 I G|

43 %

PR [T]. A2, 43(4) : 1461-1473.]

LIU C, CHEN L, TANG W, et al., 2018. Predicting potential
distribution and evaluating suitable soil condition of oil tea
Camellia in China [ J]. Forests, 9(8) ; 487.

LIU J, WANG L, SUN C, et al., 2021. Global distribution of
soapberries (Sapindus L.) habitats under current and future
climate scenarios [ J]. Sci Rep, 11(1): 19740.

LIU XJ, SUN XG, 2023. Liparis tianchiensis ( Orchidaceae) , a
new species from Gansu, China [ J ]. PhytoKeys,
219, 27-33.

LIU XL, YANG W], LIU S, et al., 2022. Relationship between
Abies plant community and giant panda distribution in giant
panda habitat [J]. J Sichuan For Sci Technol, 43(2): 1-
20. [XI4R, 3CH, XIAZ, 45, 2022 KAEAHG R 1%
IR RIREE SRR AT BIOCR [1]. TR,
43(2): 1-20.]

MA KP, 1993. On the concept of biodiversity [ J]. Biodivers
Sci, 1(1): 20-22. [ T3, 1993. R4 2 FEHEIY
&[] AEmEREE, 1(1) . 20-22.]

MA XM, CHEN XJ, LIU YN, et al, 2023. Research hotspots
and development trends in China’ s aerospace field—Based
on bibliometric analysis from 20162020 [J]. Sci Focus, 18
(1): 57-66. [ 5 Hg, BRorth, XIHERS, 45, 2023. s
PR SR TR e e J fa H——JE T 20162020 43¢
kT (1], BREILEE, 18(1) : 57-66.]

MALDONADO C, MOLINA CI, ZIZKA A, et al., 2015.
Estimating species diversity and distribution in the era of Big
Data; to what extent can we trust public databases? []].
Global Ecol Biogeogr, 24(8) : 973-984.

MIAO SY, HUANG HZ, LI YQ, et al., 2020. Resource survey
and protection of the key national protected species Firmiana
danxiaensis endemic to Guangdong, China [ J]. Subtrop
Plant Sci, 49(1); 71-75. [ B4, #IE | ZRmBk, 45,
2020. ] ANEA E R AP LY P E AR AR BT IR A S O
WEE [T]. AR RLE, 49(1) « 71-75.]

MOU C, PENG CL, ZHANG F, 2019. Analysis of species
diversity of Gesneriaceae plants in Hunan [ J]. Guangxi Sci,
26(1): 141-145. [ 4], SRR, 5K, 2019. Wik A
EAFEYYR Z RSN [T] )R,
26(1) ; 141-145.]

NIU RK, GAO RH, HOU YQ, et al., 2021. Prediction of the
geographic distribution of Ammopiptanthus mongolicus under
climate change [J]. J NW For Univ, 36(1): 102-107. [ 4
A, EHELL, BT, 4E, 2021 AR R AT E
FHAATXHI (1], PEIEMEBesi, 36(1) : 102-107.]

PARKER-ALLIE F, PANDO F, TELENIUS A, et al.,
2021. Towards a post-graduate level curriculum for
biodiversity informatics. Perspectives from the Global
Biodiversity Information Facility ( GBIF )
[J]. Biodivers Data J, 9: e68010.

POUNDS JA, BUSTAMANTE MR, COLOMA LA, et al.,
2006. Widespread amphibian extinctions from epidemic
disease driven by global warming [ J]. Nature, 439(7073) .

community

161-167.

QI P, LIU HT, 2021. The connotation of General Secretary Xi
Jinping’ s important expositions on biodiversity conservation
[J]. J Shandong Univ Technol (Soc Sci Ed), 37(4): 21—
27. [FFE, XN, 2021, 3V A iC Y 2R
HERRMNIREZL [)]. IR R 22 (fE Rl
fR), 37(4): 21-27.]

QIAN H, DENG T, BECK J, et al., 2018. Incomplete species
lists derived from global and regional specimen-record
databases affect macroecological analyses: A case study on the
vascular plants of China [ J]. J Biogeogr, 45(12):
2718-2729.

QIAN H, ZHANG J, JIANG MC, 2022. Global patterns of fern
species diversity; An evaluation of fern data in GBIF
[J]. Plant Divers, 44(2) . 135-140.

RAES N, CASINO A, GOODSON H, et al., 2020. White paper
on the alignment and interoperability between the Distributed
System of Scientific Collections ( DiSSCo ) and EU
infrastructures — The case of the European Environment
Agency (EEA) [J]. Res Ideas Outcomes Res Idea
Outcomes, 6; e62361.

STOCKER TF, QIN D, PLATTNER GK, et al., 2013. Climate
change 2013 the physical science basis; Working Group 1
contribution to the Fifth assessment report of the
Intergovernmental Panel on Climate Change [ M ]. London;
Cambridge University Press.

SUN X, PEI J, ZHAO L, et al., 2021. Fighting climate
change : soil bacteria communities and topography play a role
in plant colonization of desert areas [ J]. Environ Microbiol ,
23(11) ; 6876—68%4.

TONG F, XIE DF, ZENG XM, et al., 2016. Genetic diversity
of Paeonia decomposita and Paeoniadecom posita subsp.
rotundiloba detected by ISSR markers [J]. Acta Bot Boreal-
Occident Sin, 36(10) ;: 1968-1976. [ #J%, &% .0
%, G, 2016, DU PFF0 R 20U 1] 4t PR AL Z2 AR
ISSR 7341 [J]. PHALAS~#4E, 36(10) : 1968-1976. ]

VAN ECK NJ, WALTMAN L, 2010. Software survey:
VOSviewer, a computer program for bibliometric mapping
[J]. Scientometrics, 84(2): 523-538.

WANG F, XIONG Z, YAN XD, et al., 2019. Geographical
distribution pattern of species diversity of the genus Salix
L. and its relationship with climate in China [ J]. Climatic
Environ Res, 24(2) : 262-276. [ 3%, fbkk, fEHEA 45
2019. DX [ A9 s 4 o 22 AR AR JR 1) O R IESE
[J]. SAE5IEST, 24(2) ; 262-276.]

WANG TY, XU Y, WANG LY, et al., 2021. Genetic
differentiation and genetic diversity of Hippophae rhamnoides
subsp. sinensis and H. rhamnoides subsp. yunnanensis
[J]. For Res, 34(4): 13-21. [ £ R#, %, £¥ =,
A, 2021, T EV A 2 F U R AL Al gl Z2 R
(1], ARl REEBTSE, 34(4) : 13-21.]

WANG X, ZHANG F, ZHANG ], 2017. Biodiversity

information resources. I. Species distribution, catalogue,



8 i G KM ERBRA G IR LT 5 (NSI) P A ) 2 R R0 5T 10 1805 # 1515

phylogeny, and life history traits [ J]. Biodivers Sci,
25(11) . 1223-1238.

WANG Y, ZHANG FC, NAN X, et al., 2022. Financial issues
of the convention on biological diversity and its reference for
China’s CBD implementation [ J]. Biodivers Sci, 30(11):
22401. [ TAlL, skXF, Bifv, 5, 2022. (ZEYZREVEL
2 I KO R EE AR (1], W EHE
M, 30(11) ; 22401. ]

WEI Y, ZHANG L, WANG J, et al., 2021. Chinese caterpillar
fungus ( Ophiocordyceps sinensis ) in China; Current
distribution, trading, and futures under climate change and
over exploitation [ J]. Sci Total Environ, 755. 142548.

XIAO C, LI MY, YE F, et al., 2018. Exploration of the
development direction of NSII based on 10 million specimen
records [ J]. e-Sci Technol Appl, 9(5): 7-26. [ B, 2
W, M5, 4%, 2018. KT T ITARANC R NSIL K Ty
mEHRE [J]. BHHE BABR SR, 9(5) : 7-26.]

XIAO C, LUO HR, CHEN TM, et al, 2017. Analysis of the
progress and status of digitalization of national specimen
resource sharing platform [ J]. e-Sci Technol Appl, 8(4):
6-12. [ MR, HfEiesi, PRk, 45, 2017. FIGARASTEIR
RS RE A 5 IR [J]. BHEHE B AEOR
SHIH, 8(4): 6-12.]

XU WL, LI QK, YANG X, et al., 2022. Prediction of potential
distribution of the invasive plant Tagetes minuta L. ( Wild
Marigold) in Tibet under climate change [ J]. Acta Ecol Sin,
2017); 7266-7277. [ 3CH, ZEIRE, B, %,
2022. “TAAZ AN 5T PG A AR BN £L 78 B A T TR
SHATEIN [J]. A252R, 42(17) ¢ 7266-7277. ]

XU XM, 2023. Central Asian countries’ special nature reserve
management system and the direction of China’s cooperation
with them [ J]. Siberian Stud, 50(2): 104—117. [ 3 4f,
2023. FPOIEFE ZERRRR F AR DR AP DXCAS BRI BE S b [ S A
YEorm (1], BEAFEAFSE, 50(2) ; 104-117.]

XU ZP, CHEN B, WANG LS, et al., 2014. Research progress
and development trend of biodiversity informatics [ M ]//Pu
Muming Ed. Annals of New Biology 2013. Beijing: Science
Press: 290-312. [, BRts, Tarts, 4§, 2014. 44
ZRAES Br it R e 5 kR ek [M]//i 580 £
G, HrAEMAARSE 2013, bR BRI 290-312].

XUE D, SHI MC, DING GD, et al., 2020. Suitability of plants
in Hunshandake sandy land; Taking Zhenglangi sandy land
innner Mongolia Autonorous Region as an example [ J]. ]
Chin Agric Univ, 25(8) ; 84-99. [ BElE, SHRHE , T E#:,
5, 2020. VEFEK SV AT HVERT S —— LA e A
TRXIE WX OB [)]. Ol R4, 25(8)
84-99.]

YANG LS, DENG HY, LIAO XY, et al., 2022. Progress and
prospect of the science and technology supporting a beautiful
China initiative [ J]. Chin J Environ Manag, 14(6);: 17—
24. [k, XBET, BIGE, 4%, 2022, RHE LT
hEEB A AR ()], PRI, 14(6):

17-24.]

YE J, HU JM, WU RD, et al., 2022. Systematic planning of
micro-priority areas in priority areas for biodiversity
conservation in the southeastern Himalaya biodiversity
priority conservation [ J]. Chin J Ecol, 41 (9).: 1862 -
1872. [ M4, AT, iERAR, 55, 2022. B D RAEAR R
TREM Z RO AP O S DXL e X R e LR (0], 2R
Bk, 41(9) : 1862-1872.]

YU X, GENG MQ, DENG LL, 2019. Study on population
characteristics and community characteristics of endangered
species Pterospermum menglunense [J]. J Hubei Minzu Univ
(Nat Sci Ed), 37(1): 1-5. [ &0, B, XBH 2%,
2019. BEHHYIENCHE T RFRE RIS AR5 (1], #1dE
RBEABEAAR ( ARRRARRD) , 37(1) 2 1-5.]

ZHANG DF, ZHANG Q, GUO ], et al., 2017. Research on the
global ecological suitability and characteristics of regions with
Angelica sinensis based on the MaxEnt model [ J]. Acta Ecol
Sin, 37(15): 5111-5120. [ ik &K J7, K35, ¥4, %,
2017. T MaxEnt AL 25 I G bR A 2508 B X AN A 254
ERFTE [J]. 4244, 37(15) : 5111-5120.]

ZHANG LR, LUO M, ZHU ZX, et al., 2023. Analysis on the
implementation path of biodiversity mainstreaming in China
under the guidance of ‘ Kunming-Montreal Global Biodiver-
sity Framework’ [ J/OL]. Guihaia;1-14 [2023-07-23].
http://kns. cnki. net/kems/detail/45. 1134. Q. 20230711.
0858.002.huml. [KWHZE, &, RIxH, 45, 2023. “B
SRR R AR A I Z AR PEREAR 165 | T R A 2
PSS ARTNT [J/OL]. JVEREY) : 1-14 [2023-
07 — 23 ]. http://kns. cnki. net/kcms2/detail/45. 1134. Q.
20230711.0858.002.html. ]

ZHAO RN, HE QQ, CHU XJ, et al., 2019. Prediction of
potential distribution of Carpinus cordata in China under
climate change [ J]. Chin J Appl Ecol, 30 (11). 3833 -
3843. [BAffiA, ffisfis, #EBENE, 45, 2019, URAAL T
T A AR T AR 3 A DCHU [ 9], R AE SR AR,
30(11) ; 3833-3843.]

ZHOU R, CI XQ, XIAO JH, et al., 2021. Effects and
conservation assessment of climate change on the dominant
group — The genus Cinnamomum of subtropical evergreen
broad-leaved forests [ J]. Biodivers Sci, 29 (6): 697 —
T [JAE, 2T, e, 45, 2021, ARASALRT I
A 2 ] P BRI 35 2 T A9 i L 0 40 52 W) B R A T A
[J]. 8Lk, 29(6) : 697-711.]

ZHOU Y, YANG TY, RAN JC, et al., 2019. A catalogue of
animal type specimens from the Libo World Nature Heritage
Site, China [J]. Biodivers Sci, 27(12): 1345-1351. [ A
B, MRk, BSRIR, A5, 2019, v E 7 A AR
: e B 7/ W i N S I PG S 7/ B A 2 S o
27(12) : 1345-1351.]

(RfEHmEE FEZEB)



fbﬁ% Guihaia Aug. 2023, 43(8): 1516-1523 http://www.guihaia-journal.com

DOI: 10.11931/ guihaia.gxzw202303006

T, 2023, FOEBIESABAIKE [1]. )70, 43(8) . 1516-1523.
REN H, 2023. Succession theory and vegetation restoration [ J]. Guihaia, 43(8): 1516—1523.

HEEIESENME
f£

(L P EBEG A, P EREBOR S SR S E TREEE, M 510650,
2. PERRERE R BB =B, LT 100049 )

i ZE. (RWH-ZERREIRAY) 2R ESR ) 48 235 TR R AR 45 30% 1 1 1, 55 R Ak b SE AR
P 2R E M RS AR AL B B bR, TR LS TR K L v] U SEBE 30% B R RR & B AR 55 . T8
BHIS RAE A S F R R D BIE  RRFE AR — M L i — RS TR R 2L A A (A ) 5 4 B A B
i TR T A5 P 1 o A 5 A K 52 DAL A Tk K A A A T T TR R AR BB K S AR BT 1) i
TR MBI S S A AN R G A5 R TN T e AT BRI 52 2 AR ] e S8 Ak R i R e ¢ H Y Sl T f R AR 1Y
HEYIRE R R A JERE MR R B e R i R A BN, LA BIWR B 2 M AR S R AR
HAr, BORFEE AT LAAS SRR Ik B, TR B P S X R B Y R S AT 5 THURR AR AR P S5 R LA Ay D A
BERIR A A A 5T A SO IR S o R A 5 =, 1ORE A B T 38U A 8 5k A T AR A K A2 R ) 1Y
A BB R S T e SR R AR A A5 R G R O PR RN A s AT A B R AN I SCR B T R B B
PR T 5 R oK o A R ATOCHE BB R R [

KB W, ERWE, U, WS, BT AR ITRE

FESES: Q941 MERARIRED: A X EHE . 1000-3142(2023)08-1516-08
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Abstract: Kunming-Montreal Global Biodiversity Framework proposes to protect 30% and restore 30% of the land with
high quality and maximize the goal of conserving biodiversity and mitigating climate change. Succession theory and
vegetation restoration can serve the targets of 30% protection and restoration. Succession theory is the core theory in
vegetation ecology. Succession refers to the process that the structure or composition of a group of different species in a
site change with time. Vegetation restoration is the process of restoring or recovering or naturally renewing plant

communities, mainly based on plant planting and configuration. Vegetation restoration is the process of changing the
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structure and function of ecosystem from simple to complex, from low level to high level, and the ultimate goal is to
establish healthy and stable plant communities. Succession is the foundation of vegetation restoration, and vegetation
restoration can be seen as the manipulation of the succession process to achieve the goal of restoring damaged vegetation
ecosystem . Succession theory can guide vegetation restoration. Vegetation restoration is also beneficial to the
development of succession theory. Succession theory and vegetation restoration differ in scale, theme and
paradigms. Succession often emphasizes disturbances related to nature, while vegetation restoration focuses on
disturbances related to humans. The succession can be divided into primary succession and secondary succession
according to the nature of bare land. The restoration process is suggested to be regarded as the tertiary succession, which
will help to understand the management options for promoting the success of vegetation restoration through human
intervention, especially by emphasizing the management options which may improve success, especially by addressing
environmental and biological legacies. Artificial intervention based on succession theory can accelerate vegetation
restoration , avoid early positive promotion of degraded vegetation ecosystems to pre-degraded levels in poor habitats, and

also avoid resource waste caused by disordered competition and low efficiency among communities. This paper also puts

forward the scientific and technical issues on the theories of vegetation restoration and succession in the future.

Key words:; succession, ecological restoration, tertiary succession, biodiversity, nature-based solutions
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Table 1  Comparison of primary succession, secondary succession and tertiary succession
TH IR Succession type
e

Comparason item

JEAE TR (RIER1E)

Primary succession ( Initializing)

DB (BT

Secondary succession ( Regeneration)

=R (R

Tertiary succession ( Restoration)

H ZS M7 Ecological situation

RIS K

Successional driver

SR TR R

Exogenous disturbance regime

SULAR I

Landscape age
S TR (¥ e ]

Time to climax

RS
Sere ( stage)
Bk
Trajectory

-4l
Spontaneous
T A
Terra-forming

Fulisy
Young

T4F

Millennia

1

sk

Convergent

EW-ai]
Spontaneous

2t

Multiple potential causes

SRiEES

Medium age to old age

Kttt 20 ) T4F

Centuries to millennia

— Bz

One to many

W Sk E K ik

Convergent to divergent

YN0l Bl A B

Manipulated, assisted or accelerated

NFEHY
Anthropic

SRiEES

Medium age to old age

Ht4ERe

Decades to centuries

=1

PR B AE BAS AT T3 14
Either predetermined or unpredictable

IREE1E 7 Environmental legacy

Ryl

Soil texture

AL A

Soil organic matter content

AR

Soil nutrient
AL
N:P
IR

Soil pollutant

i

None

i

None

T

None

i

Low

7

None

KR
Well developed

=
High

o
Extensive
IR~
Low-balanced

¥

None

PR e AT B RE B
Possibly compacted by
previous management

A AR ALY

Probably degraded
REEEZ

Probably impoverished
5]

High

A REA —LERIRE

Possibly some to many

4 #1i5 7= Biological legacy

B

Existing vegetation

My b A= R BT
Nature of above-
ground biomass

o b A Y
Quantity of above-
ground biomass

HIY 2R

Plant diversity

2 LR H L

Proportion of native species

i

Reproduction

%

None

None

7

None

MIETT i A

None to increasing

MIETT i B

None to increasing

A X

Sexual ; r-selected

JETT & AR Y AR B S B
Remnants or fragments of
previous native vegetation

HUATHE J1 sl SRR AR Y
Coarse woody debris or
damaged vegetation

ik
Low

M —LEF BN

Some to increasing

REBRES 11, & LR BIE 2
s

Mostly native, with native

proportion increasing

AT kAR
Mixed; k-selected

REJE5E AR AR AR 1 4
WA T g™ R ALY 1

Most commonly cleared forest or old-
fields; sometimes on more severely
degraded lands

ST R e T R

Weed, turf, or crop remnants

{8

Low

M —LEF A

Some to increasing

MBA BFR D

None to few

VA BT 0 £

Vegetative reproduction dominating
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HE T

Comparason item

I Succession type

JEA B (RIdRik)

Primary succession ( Initializing)

AR B ()

Secondary succession ( Regeneration)

S = (KR

Tertiary succession ( Restoration)

T A BR A

Plant reproductive limitation

L AN
Seed bank size

Ty PEH A & 1R

Native species in seed bank

b2 R g AR b

Exotic species in seed bank
gy

Litter

Sy AR R

Decomposer community

LI i

Decomposer dominants

Faunal diversity

YRR S LR
Native species in fauna
AHEY)
Herbivory

AR R
Probably but declining

7

None

g

None

i

None

Jc

None

7o

None

WA

Microbe

A % W B3

Transient only

B i
All

Ey
Sporadic

AHrfE
Unlikely

FEMEZHEN
Extensive and diverse
ENii v e~

All or most

Joaki b

None to few
e
Deep and dense
EH

Rich

HH

Fungus

TR SR P Ry

Established and reproducing

REZHFN A
Most to all

X AT R i

Appropriate for existing vegetation

S LREIL, B2
Natives often infrequent,
but manipulated

T RESE A

Probably extensive and diverse
LIRS e =g Y P s )
A K A & LR AR T J 2R A
B SR U D B A

Possibly long-lived native seeds if
native  species are farmed or
managed; few or none if exotic
species are farmed

— LR L FARK)

Some to many, weedy

A RE BT

Probably little to none

ZZRIEE

Poor to rich

HeEY

Microbes?

ARG AR AL

Inappropriate for restored vegetation

BABNRED
Few to mixed

Xt AR A 718

Inappropriate for target vegetation

E RS MR Ecosystem properties

Dominant filter
et
Facilitation
Aty
Competition

X S 2 AR

Impenetrability

T RERE
Functional group
composition of plants

Ci /W]

Resilience

I

Environment
=

High

ik

Low

ik
Low
Jo

None

fie

Low

ERt7/ i

Biota

HaE

Medium

-

High

o5
Medium to high

B8R
Natural

]
High

R

Biota

(R

Low to medium

o
Medium to high

[

High
B
Manipulated

k7
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Research progress of Biodiversity-Ecosystem Functioning
Experiment China Platform ( BEF-China)

LI Shan"**", LIU Xiaojuanl’z’3 , MA Kepingl’z’3

( 1. State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China;
2. Zhejiang Qianjiangyuan Forest Biodiversity National Observation and Research Station, Quzhou 324000, Zhejiang, China;
3. China National Botanical Garden, Beijing 100093, China )

Abstract ; The relationship between biodiversity and ecosystem functioning ( BEF) and the underlying mechanisms have
been a hot issue in ecological research. Whereas many BEF studies have focused on grassland ecosystems, relatively few
have been conducted in forest ecosystems which account for a large proportion of primary production in the terrestrial
ecosystem. Biodiversity-Ecosystem Functioning Experiment China Platform ( BEF-China) contains the most tree species
with the highest level of diversity in subtropical forests. In this review, we first summarized research progress in BEF-

China, and then gave suggestions for future BEF research. The research based on BEF-China mainly focused on the

Fs HEA: 2023-07-06
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impact of biodiversity on multi-ecosystem functioning,

e. g. productivity, nutrient cycling and multi-trophic

interaction. We suggest that future studies in BEF-China should strengthen the application of new techniques such as

high-throughout sequencing and remote sensing, and continue research on multi-dimensions, multi-components, multi-

ecosystem functions, and multi-scales in BEF study. The research progress of BEF-China can help in better

understanding the BEF' relationships in forest ecosystem, and provide a scientific support for biodiversity conservation

and ecological restoration.

Key words: biodiversity, ecosystem functioning, BEF-China, subtropical forest, research summary
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HE S5 48 RSV HE (biodiversity and ecosystem
functioning, BEF) 5745 SR A ) W) Fl Z 4 1k
XA A 7= A AR #EVEH ( Cardinale et al., 2012)
PR Z RV S IR AR S R IR A 2 E TR
PO B AR ISR A, TR A2 38 R GE R A2 7 ) Je
Mt (Ma et al., 2017) , HFHEMESRGE5HA
2 2% BRAR AR A KA G, BRI TT g BEF BF58AH
XFIRIXE, ARbK BEF 525640 2 B h 52 G A7 H 5 Y
DEFA BN TT A A K - b T Ji S5 F 5, 2 il
5 RN ST BE TN 7 G b W5 ) ) A ] B H 5 A
S5 8] AR ELAE FH BRI R 92840 (S 3eF, 2013)

FRAR BEF B0 2 B, A 2000 4R DOk,
TEL BRI BN RS ST T 29 A HAK BEF AYSEE:
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FEJT AT 2 B FhAE, 3631 566 ANFETT . FE— A3
ARETH TR FKF 4350 1.2.4.8,.16,24
Pl BEARPECHLAE H 4 A S5 PR T RE Jr 21 A 10 68 4%
Fedimh, Z R4 R 0.2 .4 .8 B, FESC 5
FE b 1) B A BE AR BT RE 7 N AR AE 400 B TT K %)
B, IR 1.29 m, 8K & [RVAE 5% 5, 4R A AF
TRARZIA], P FE AR A A A AR W) B B 2 30
Jikk (5585, 2013; Bruelheide et al., 2014)
1.2 bR SEIEHE i

LT 2008 AFE N, H% 27 30 m x 30 m
/INEERE . FEHBAE 55 5 AT BY B, MAE R BETE A7
#5737 <20 20 ~40 .40~ 60 .60 ~80 . >80 4, M
B EAEMSER KSR T 1 m WAKEDA
148 F S JE T 46 Bl (Bruelheide et al., 2011)

2 Kl E SE e A AT R

A 2023 4F 3 H, % T BEF-China /0 %
T 229 T, WA W B E W) Z e PR 2 R A 25
RYGUBEMI R A5 4277 ) SRR 28 3R
FABEAE IR RS Irm (1#3)

2.1 R TR AR A K AN 7= A B i

FESE 55 1) FL 0 B B, 38 G 6 4 i A R R
(Lang et al., 2012; Li et al., 2014; Hahn et al.,
2017b) .7t JZ 454 (Lang et al., 2012) W K 5P
(Trogisch et al., 2016) 55 J7 1 KT FE K B, B Fh £
FEPEXS Az 7 7 00 4 5 4 HT DR AR BRAS /2 1 oK i B
SR AR I B R A Y AR S e 2 R AR B T
REPEARAN BT AL BR 5T ) 52 0] | B8 A A FIMAE IR 5C &R ]
AR 0 o Z2 A 1 1) 228 A T 2, A o 22 R 1 5
e R PR A= K By 52 ma T Sy B 3 (L et al.,
2014 ; Krober et al., 2015;Bongers et al., 2020b) .

Biti 5 5} 18] (9 4 %% , BEF-China ~F 5 il £2 4R 18 T
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TP Z AR XT A= 7 7 A 1R T S AR T BL
HIABETE . Bt 8 4 J5 , B A BT 16 W R IR A2k
AR B2 32 t, T A 23 AR Y Bk it 5 29 O 12
t AN PARZE R —2F, T Z KRR A9
22 REVE LN Fifs P 8] 7 4R B 1 4 i, O 3= 22 ek B Ab
BN IR B ( Huang et al., 2018a) . MHIFP 228 19 A1
FERMF 5T, Chen 45 (2020) i 1 #5#1 BEF-China -
B B FEHL AR BEHL K 401 5, & B Bk 0 A
AT B AR 7 7 AR R O X 2 5 e
MR 38 TG 5

T b R R LT SR AR R B R AR IR
BIAAR . MECERTAR (AM) FISMETRAR (ECM) J27%
ARrbe DL TR AR AL R AR S RUAEAR AR 5
TP ZFEPERT AR P JT RS2 (Ma et al., 2021)
B AR 22 RE PR R BS I, AML AR b 0 5 9 A 7
Hahn, 5 ECM R A gl /b | 3 5 R R Ay i o A
ZREPERYIG I, AM B Rl 5T 5 S R P T
PRI 53 T ECM R % ] Y 400 it N 3 0 Wl
ZIAAFAEAUA , 3R SELERAESE T AM A8 i 1
AT ECM A8 Y 55 53 3R IR I 78 P BRobkoh
b4 3 S HAZ (Deng et al., 2023) .

SRR B1 A ELAE F R T VR A s Z e
BERE 50% LA b 0728 5, I Bl & 7 9% B Fl 2 R PR Y
Bl Jey S RL 08 J 280 g Xof I 1 R I AR ) B TR
T B I 380 ( Fichtner et al., 2018) . # & A &
AR IR i A b 22 R P B 1S g 8 O
—AE HE T O W BT R A2 K (Forrester et al. |
2019; Perles-Garcia et al., 2021) , Pifi & A 7] %) 4
B &R JE T Z AR PE S BOR MR B & 2R 2 4k
TARTES, CHEEEREOR ALK, W
Tl Z2 R A S 1 25 8] 3 A R R el T 28 1 22 4k
SRR EE LI ) FEASAIL ], SR T R R 7 A O
BN ZE (Kunz et al., 2019)

THh R 2 AR e % 0 AR R TR AR )
MR E TR, H N TE AL TE T Fh 2 FE PR A2 iE T
5K ALEE AR G B D RE 2 FE P | DT 3 B
T BA A F 0 5 0 AR K I A T VR AR
X — L HEHL ] ( Schnabel et al., 2021)

B b 22 A P 2o 5 e ) b KT 1 D RE MR AR
FLFER 5 ( Perles-Garcia et al., 2022) M MR &R
257 1 WY D) RE IR ( Weinhold et al., 2022) , MM
BB ALK (Liet al., 2017b) . X Fh#Fh
KV By RE A R AR BNHE K KF B I B &2
BB R ZAEPE 7 BT BEF-China 22 10 41
W 534 K B, BE B AR AR Y AR TR 2 A1
FNTIRE 34 1 (Y 5% e 56k BE 4G 15 58, D e 22 R 1R 1Y

HEEAE LI, WD RSB ZE R, X EWRE
Bifi 7 B5F (6] A4S BV T A 8 2R AL R, X
AR B Y R MR R R 5RO ER AE SN g
(Bongers et al., 2021)

FRMOE AR A A AR L AR, A AT 14 FH AR
FEAEAEAR AR BEF 5T 9k 2206 ok B ASTE BER A
TG B 1 5 15 22 B8 M XF AR 7= /Y 52 e 4 i)
Bongers 45 (2020b) X HA7 B 1A% > 5 A9 B3 A A
IRPEAT T ESE 8 AR B AR G ER, IR T G EE Ay
PRI AR . &5 50 & 3, M AROK S 19 T g IR
Xof A K S I L 2 22 REPE TR TP AR R, O X

SN 5% B A BT R TR o v 22 S B S ] 0 3 K
i — DR SR B L (R B R B, il 24
PEAEHE TR PR S BEHOIR 434k, 31X 88 A0 TE 1
TXPERIE A BT S ) 22 5, g T REVE AR
7271 (Bongers et al., 2020a) , WP ZF: RIS L L
FEME AT DL 3 3 as AR 9 T B 2 A1, I & R
R - A Y B R S e, A TG (R B 0 AR
MBEE A 7= 1, PR B 35 A% 22 1 A6 A () B A% b
ZREE T XA P ) B R AN [R) . R Sl dR o WA &
IR ISR 2 T e BRI AR PR T 1 18 L TR 2
ol R L A TR T A R T AR IR A AR, B R s
e ATl O PR A 5 - A e P IR AR O TR
%4777 (Tang et al., 2022)

TEML R A2 72 1 J5 T, Sun %5 (2017) BYBFSE %
BH AR 7= 2k Bl 5 B 22 2 T 185 T 34 K, X b
FZ R G AR b ] F b A2 25 07 B RN R il B, 2
kb b A Wy 22 R RO W HLE Z — . Bu &
(2017) W58 & B0, WP ZAEPE B 252 m T 5 DA Fh
() FEAR A, 100 B 0 105 43 T R 47 ol R B A s I By
FRMAR Pl Z2 B XA A A S e A T LE BT
2.2 WS MR ERERNE T
2.2.1 FrRAFER  MRHE 2000 45 11 H F1 2010 4F
6 HXIHEHL A H 26 A TF AR ) P A 53T,
A 14 A H 5 B BTG 2 87 % , Hovh H gk
Pl i % R 84% , ¥ M B Bl B 1% 50 93% ., 4T
(AF 15 2R 52 B Fl 2 R ok i 4 Pk (95 bl w
gk ) W Rh I BE R | b R RS () 0 4R R )
S ( Yang et al., 2013) . Liu & (2022b) 04 T
553 B 12 AR ML IS B 4R A B, AR
1) S A 3 5 B E 7 4 R 22 e P 1% 3 T 3 s
(LR Tt 22 0 1 X A7 196 23R %) 52 W 7 49 ol 1) 00 4 o 1]
AR 255, X g 38 25 5 5 W) Rl i Ty e PR
FYAR B SR SR B AR OC o AR ST B R Bh A9 47 16
KBRS Tl 2 REME AR FDAR 5K B B 386 0 i 42 v
T AR LY A B . X R IR Pl Z 4610 | Dhag
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Fu Jian

A. BEF-China XS FEM A 048 0 (ALEURTIVEA SR ORUWILA ) 5 B, 32 SCH0 R RN LU S0 80 B 4 30 XTI (2t (0 n %7l
AERIEE) ; C ESWARMPI RGO E; D, ARSI AL B 27 MR T7 20 1

A. Distribution provinces of BEF-China (Red indicates Jiangxi Province, green indicates Zhejiang Province ) ; B. Distribution areas of the main

experiment and Comparative Study Plots ( CSPs) ( Green indicates Dexing Shi, red indicates Kaihua Xian); C. Location of the main
experiment; D. Location of the CSPs area and the distribution of 27 CSPs.

1 BEF-China Fy#it 5> 7

Fig. 1

PEIR AN A% S5 A Z 18] B AH B AR AT DLP- A7 2R AR
AN TRV ot B A7 076 %

222 BAREEFE AESEA I B, I AFIHE
ENIVEZES X4 A TN % NP CS N | 27/ E 78 5|
FEXEARAIER R K, TREEARTET N E
BRI, TEAEYE - B RO Z R R R
PR PN [ WU BR ( Dryopteris sp.) ] B35
jﬁ%%ﬁ"ﬁl?@*%ﬁﬁ(Yang et al., 2017), B¢ L%
£ (2023) £ T 2012 4EH 2019 4E(HEARAAAE T
BRI, AR EARATE R BN EER,
Hb T 0 - SR R LG XTI A A 3% A5 I AR TR AR
TEARZFEEXTEARAA TS 2 A IR (BT R Z Y
8 ey 38 35 TR B AR A ) bR e A R R A R
RIBEPEAR 35 52 Mo e ARAF 1% 5, O ELAR Sy B AR 3
SR A THE AR ) b ELAT B 1 A 56

Distribution of BEF-China

2.3 R ST RAE Y S BNSE S BRI
F£F BEF-China FUBF5E 3 B, BEAP 22 R MR ik
T RIS 5% (Deng et al., 2023) , 43 W2 18 1
SR U V% W) 4 f o A2 b 41 43 28 4K ( Ristok et al.
2017) JOAMEE 16 M (% 5K TS £, 2021) A
G W VR 2 B S M (Pei et al., 2017) 3k
SCELAY R TE W YRR 22 RV X R TR W i 1 5 )
TEAR KRR BE I B TR & U8 & W) (1) ) Fl 41 1
(Huang et al., 2018b) , 8t ZHEMEXT V& P04 43
fif AT A AR R L R . o3 iR R B S AR s R 2
FEVERIE AN K (Li et al., 2017a) , 3K
SR ) D RE R AIE BE A% 3K 3l I8 V& 0 ik A AR
W) 43 f# ( Ristok et al., 2019) , B T AW ZHEM
IAE I Z A1, TR 0 A=A 4 Al AR 9 TRV 2R o X
EYI ol R A 2 2 R EEMVER (Seidelmann
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A

i A
Site A - .
(18.3 hm’) " (20.0 hm")

TER LR
Tree diversity
[ 17 W No tree
[ Hifh Monoculture
[0 2k 2 specics

B 4Ff 4 species

B SF 8 species

B 1 6Fh 16 species
I 24 24 species
[ A #i #F Free succession

AR ZREE
Shrub diversity
[ 1JE# No shrub
[ Hufh Monoculture
[0 2 2 specics

B 4 4 species

I 37 8 species

U 88 90 3% Free succession

A. BEF-China ESCIHEMTE AR SAEMERE T i B, FEMARE AR SRR T E . [ 51 B9 H HE e : Proposal for the 2nd
of the DFG Research Unit 891 Phase (2011-2014) ]

A. Tree diversity plots of BEF-China main experiment; B. Shrub diversity plots of BEF-China main experiment. [ from the report of project
application; Proposal for the 2nd of the DFG Research Unit 891 Phase (2011-2014) ]

2 BEF-China ERI &t
Fig. 2 Design of BEF-China main experiment
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MIGEF J1: WARLER: WA BRI GEAER
Primary productivity; tree growth; functional leaf and wood traits
AR\
Herbivory rates w
EZE R *

¢ Multi-trophic interactions

I 9 S ST B

Foliar fungal pathogens

Fr 4 e 5T
Nutrient supply, capture and
use efficiency

ARk

itk LR

Genetic diversity

RAER

Root traits

RAEME HE

Microbial diversity Microbial community and functions

Coarse woody

bRl 5 R A ER
7 xP =" S,il erosion and nutrient

N-l)l"g NH4P cycling

AR ST

B 3 BEF-China WEZHRRAR
Fig. 3 Main research content of BEF-China

et al., 2016) . TERAR I, 15 ML) o0 &
V% (USRI AEAE) S f F 2R 52 B, i
PR AR A B A B AZ AU ( Eichenberg et
al., 2017) , A 5eE%% B (R 3G N AE 28 40 AR 43, 202
300 S R A e D ) 28 A S B3 W 3 Y
JINEAE DT a1 1 0T £ K A 58 BE (W et al.,
2021a,b) .

R Z RV #E T 4 A Pk 78 AN ) 4 e v
FER AR B V% Wy A 2 F B 2 R (Li et
al., 2019) , F34h, T 8em & i BlA B AR 7 A
MR AR %) 3G 0 im 3, I Bl 36 08 7 W0 i A& L Y
ST A 0 N 6 NEE S A S 7 NI e R G R TN
(NGRS AR U8 & Wi AL L) Y T SO B 2%
1 0 - SRR W AR e A T RO e TR
M + 3%k & & ( Beugnon et al., 2023)

WP 22 b M AR 1 AR RO AR B8, JF B
FF ] 4 4 7% 1 4 5, 80 WS Dy T Y A A 6 AR
T A Wy Bl 2z 8] B %R A H (Lang et al.,
2014) . Liu 55 (2022a) (17 S50 07 5 R HEUE B
Bl A8 o 22 A M A 3G, 2B AR R G AR ) 0 3
TEAR KRR EE b AT LA i A% b 22 [] 80 i i) A 285407
HAMRARERE

24 MM EENSEFRREEERXEZNIIT
R Z A P 2208 37 PO B AE G & 52
TEENAEY Ui BRI E T EERRZ
[1] G 2 A A W e s 4 O T A il . B R U I)
R AN 22 PR E B A B 22 R M B B
TR AR BT B IR BEAKNE, B TA RhORR Z2 A AE
J7, B HRAE ) (R AR L 1) /)N | AL Ik 4 2 T P
fiX (Staab et al., 2017), fEE RSP EITIH, £
R IE G AR 2R PR R RS s B R Y
4N ( Schuldt et al., 2017c; Yang et al., 2018), iX
BTN RS (Rl SRR RS ) BE
B Z R RS LAY (Zhang et al., 2018) . AFh
ZREMEXT 3 H R AR ) R 2o R R AR
PEVERT, e 1 A4 -9 U B AR (Staab et al.,
2015) , 9855 1A R H R RAHEAEH 5 &
B 2 A A SE AR (Schuldt et al., 2017b) , #
KREG KRB Z RN ZR R ZHEPE e T AR
BRGNS IREE A, WA RS kKB 2
B T EE RS 2R B RER T Rk
W B ZFEME (Staab et al., 2021), MR,
REFh AP T B SR D b - B 4
T R AR 5 1) 435 ) R ) T 2 R P A AR B o Y R R



1530 |1 I G|

43 %

Yy Z A AR EAE ] (RS HUVE TR E AR D) |, AT
FESR T AR A 2 2R G0 R R R A AR Ak i B E T
(Cao et al., 2018; Fornoff et al., 2019; Schuldt et
al., 2019; Albert et al., 2022)

#T BEF-China £ 8 B9 5T, A LI 45, B
T Z2FE VX 8 B SR PAE IR A B3 B, By
T Z2 AP X el ] St 22 0 M 108 532 Wi 7 AR R B2
bR A Y R kR W H R R 2 A ok
SEBLAY TR AU D E T B RS )R VR B A
ZREEAS AL [ N ( Wang et al., 2020) . FH &P
%30 H 4y Ak 48 805 BRI H &R gk
525 (mean pairwise phylogenetic distance, MPD) £
BEAMK, 5EFRIREMIR (A L) 2IiEAM
KBS HAHR (- EE) | BL R R 2 A 1
(BLFER B R FE B MPD) R AL, Wang
S5(2022) WL R, TR R S R Ge LU
PRBE U8 Y 22 A K Sh g AR 8 A 4 1] 4 A B
VERD, 2 25 S M AE B RV O ) b L A

TR 7 T, B A TR AR S B A o 22 4 4 S HE
AHEAE O 30 ) B % 40 0 12 35 52 ) ( Yang et
al., 2022) . RIARGEHRAEREYE HIERHUEY ZFE
PEFIIE V& 2H 0 T PR 2R 8 I R b 2 A P i
T AR W R v 2H Y & [R] ( Singavarapu et al.,
2022) o FRD AR S 0 I B A AR A
JE UL TR Y 28 BT R 22 A 1 ok 1S - S AR
Y (Beugnon et al., 2021) . FLB# A [ 4% 4544
ZRIFRZZREPE RV 2H R DL K A A AL Y R
B4 P A R 2 257 52 5] 1 48 pH {E RN 2 (] FE 25 1
S (Gan et al., 2022) , MR REPERG A T
A B R BRI ZFEPE (Rutten et al., 2021) ,JF
R T M B B YR (Saadani et al., 2021) X3
BRI MR TR, e LAY
TR b AR S 1 5 SRR R AR i 32 45 ) B 2 1Y
BT B 230800 o S A 1) A% B DA T 92D D AR T
F 2RI RES TP e DR S R s T
X P e Jo b S 2R S A A B R A T A
i 3% (Schuldt et al., 2017¢)
25 WA S MM ESREINE M A EN RN

R Tl Z2 A A 0o A 2 2R 49 T RE 1 52 i) A B TE 1K
YT 5 Ml (Salmon et al., 2018; Fichtner et al.,
2020) HMRIE LB ( Geissler et al., 2012; Goebes et
al., 2015b) &Pt 3E (21 (Song et al., 2019) F14)
1454 (Du et al., 2019) %71, WFhZREMERELE
—EFE E MR R TR E . MR 2
PR AE T P AE T 5 100 ) i i, O Bt 5 A o 22 R A
9B TR | PR 1111 B o /) &5 VR LI i

M55 A4 (Fichtner et al., 2020) . FWIMIE 55
I SEg IT IE R WY, TEARE 7 K P b S 4R J i b &2
FEHE T A S22 B Vi 8 ol 22 P X bRt 2 5 R 7 A 38
KAGFZ LI LA b i F 2 APk AR &R AR K P 1Y
/NES ] PP A 520 ( Goebes et al., 2015a) , Bl 7%
ARG SR B 22 A 1) 1 P 38 T 38 i, A 22 FE
e PR T v B v A A e e R P T AR BRI T
FRARAE S R G AR IA] {2 10k ( Seitz et al., 2016; Song
et al., 2018) , 74k, Ak A4k JATE Y x5
T A B it A ) - A ol 7Y i B PR R ( Seeitz et
al., 2015; Seitz et al., 2016; Song et al., 2019) ,
T& W DRIV FH B A R 7% 0 1 O3 e i T R DR AP Ak
K7 LR KRS AEFE S B2 (Seitz et al.,
2015) . TEYM 7 T, A4 b 22 B M 1Y i Bl AT DA ek R
AT ARARIY e I 8], 3E A 4 728 B be AR ) 248 B )
Je& it s [R] A 520 B Oy B VAT R 2 AR
(0T BT RE 23 IR 42 BRA0R BT 5 1R i g A2 4k
(Du et al., 2019) ,

3 WEREBRAFHAT TR

3.1 AEIEE M BRI & BT 4 7= R

P A K B 28 7E 221 RIAF BE (R A7 A D 3% 22
S, AR BHARUS 0 38 I g BRI, (055 b TR 025 JE 4
Pl Z2 PR B B TG 0 3 AH O (Chi et al., 2017)
FERRA 17 1D, A9 b 2 R PR S AR SRRV e 1) B AR,
RARS b 22 1 v 1 MR o3 B A R ) e 5 R i
T MREE X il £ 1 0 52 ), 2% 30 Sk S % PR A B A
i TR ARG bR, AR RIS DX R A i —
T, R Vs 1Y SRR i I 3 T 6.4% ( Liu et
al., 2018) , fERA)JZ T , A Z L JIBEA %
TR L BEE B 52 W, AN 32 B AR 22 B M 1 52 i),
ST W B R R Z YR 0 2 A W R
I AR T2 9 25 A B B i 22 R M B AR J2
Tl Z2 A 179 BT R AR AR H K, T IR R 2R A 5 i -
A K (Both et al., 2011)
3.2 NEEE My B % i & A 1 X A TR 4 4 R AR 3R
VRIEZN A

75 o 1 B AR ol 22 5 1 T 34 n i 2 K, 2
WM EATE Z R Y, 8RRl 22 45 1 AT 42
s T (CRARABR L) |, PRI X5 I8 V& ) ot
EICR, %Y TR A S, R 1R PR
JET PR, 3 — {2 #F T AR AMAE K (Huang et al.,
2017) . Eichenberg %5 (2015) W55 & B, 8 V% ¥ 43
FFAN S BE AR U 2R W 2 AR A TR 2 B
IR PE R B 52 W, FE A BT 5% AR 43 % J5 T, Pietsch
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5(2019) BRI, WIH RO B 53 fiff £ 232
TR R HE A, B AP 2 R LR e R OT
(OTUs) ZHEM: FIR BTG A HE B 1) 2 FF 1 6 R 41
Bay Sr NN A R ORI T E N

AT JEV AT, B4 ol 22 A 45 52 i) = 3 HIL Ak 119
A48, 8K 3l — 35 VR FH O R B AL v AT R
Fh Z R LA PR CRFER)Z LR £ A
HAFRIKS TR, FERZ(0~10 em) L,
R 2o 3 ok R AR AT A Ay (R TR R 2
ERLH A BB RN RURL A AL ) 52 e A BLAR 7
(Jiaetal., 2021) , FENK)Z(30~40 cm) -5 B
Fh Z FEPEXT RO DA77 2R B (IR ) 45
AL MR EARHEN, NmFERZ 0+
EAHMK S 2P S EFHA (Jia et al.,
2021) , #E—25H AR Br 4 A AR 1Y ok U S L
FEALR B ATE R SR PR - 58 PLARAH L, R
J 2R B 25 ) O TE AR B = 6 ML b B vk B
T ECM E B (1) 5Tk, K b 2 3 i B 42 vh 7 ECM
PHRORR PR, ()2 76 AM B F Z BT AR N
1AM BRI BRI R IR SRR R, %45 R
AN T 5 AR AR P A G B RR PR 1 58 PR >k
U522 5 BT AL, X6 TR0 FH A ) — 1 AR e 2 3 5 1
A LA [ AF BA EE X (Jia et al., 2022)
33AEAEEMBENMEEENEERTREEN
=40

Wl R Z R R G R T 2 RE R3S I,
B BBl B E B n, Fr R i R R
B, w2 e A Y E R AIG A AR A A  Az
FEBRENEEGE, BN RS e R
LRI S N AR R G P 32 25 e K (Brezzi et al.,
2017; Schuldt et al., 2010) , AAFE Y )T fE L2k
P (MR iR ) RSk T 2K & &
JEZ R AR MR b B i R 40 G 0 (Schuldt et al.,
2014a) ,

S % PRI 5 W R v g O SRR A A A
255 WG o i ISR Vs B TS B 2 R
T 7E 22 W MR TP A HE — A 2l e 0 M U V% (Staab et
al., 2014a) . 24 P00 B35 5] B AR A 35 50 B 1)
AT ARG Bl MRS %) 3G T 3 K (Staab et al.,
2014b) , J5 B 1 M dsL 1% By ol 2o e 2 B AR o 22 A
BB 3G K, Bl R 9 1) BE 2 R M R R 55
B B8 T o AR VAR v X I ) A 2 R MR B
B 520 ( Staab et al., 2014a)

Bifi 5 AR ol 22 A 1 RO 6% %9 25 V2D
RERY 25 3G MR Y 350 50 B8 RN 49 Ak B Bt o A o
22 UMK B 385 Jin T 38, A ek ) b 2

4 Bifi 5 AR ol Z2 5 1 1 388 0 17T [ 1K ( Schuldt et al.,
2011) (HIREZHEPEAS PR R TH E 7K, X R W
Wk 114 T B8 TU A% B Bt A A% PP 22 5 1 1% 34 o it A AIG
(Schuldt et al., 2013b)., 75 4, ¥ 5§ & Fi 1
(Schuldt et al., 2012) FIJJE 2 5% (Schuldt et al.,
2013a) & 52 M MR E VR O R 2,

SV, WA R R G 1 2 8 A #E T
() H T AE PR T 2 38 o B R 2 R TR AT R AL
o7 Sy g 1 T ML b Y5 R B0 W A v R G A R 2
FEME A9 b AT 45 1 8500 ok A4 & 1Y ( Schuldt et al.,
2017a) , 7E () B 2 FEAL A ZR AR b, W Al 2 B8
SR T 5 R A R A R R T R 2 R O &R R
FEMS WA AE I LT, Wk S 0% Z2 B 1k 18 o,
D) e R A D) ok 7 A ) B LA R A T AR AR B
BT 5 22 L3 ) BE A B ) Mk B Y (Schuldt &
Staab 2015) . B T #4 F 2 BEPE 19 52 i 2 40, H 9
RGRB LM MY Z 8RR
PERELEEH WA HE, MY RGE KT ZFEEXS
TRV 0 AT AR R TR R 2 A
#9/E ] ( Schuldt et al., 2014b) . WARG LK EF £
FEVEAR IE 25 2 25 A e A B AR, O HLEL A A 2 4
PRI 5875 2 (Staab et al., 2016) . ¥ 6E
PR 2R RN A R H A b 22 B M X S R T BE R £
DIREER S K, Z B R R 2 R 2 )
RELKZ) A 3R 19 G5 (Schuldt et al., 2018) o BR 1 4E
Y ZREVERY R 2 A0 PR VR TR 25 200, B
AR X A /N B A BE L VR T Bh ) BE R G ) A
Z R A TR R A B VE D (E S o e T2
HUTE IR T R R R E R BB RRE
( Binkenstein et al., 2018) .

TERE W) )7 1, Gao %5 (2015) F) ] 454 7538
S A AR T 4y A 0 AR 2 R bR i A A
PR ELTE B 75 64T T R 5T, & A0 A TR AR L 7T
7% 393 1~ OTUs 4%, SR & F 21 MAMEHAR &
WG &, Hrp 3 MAMERR BRI R M 11 AFhE
PR ELTE OTUs ZELN AR, ity A 22 8 phorh 22 30
o1 R R P L A R R RN LR VR 2 (R A A
S ZE A G o W BRSO 40 B T 2 AR 4
HEHZFEE MBS A EZ IR HF (Wu et
al., 2012) , Gao %5 (2013) WF 5% & B, 76 )& /K F
b, SR FRARR B R R AN E AR H O 2
FEVER B E 25 e Y R AR M A L T
A A TR AR L TR R 1 B 25 R P X ST Ay R 3 4 1)
SZUA (Shi et al., 2017) . 534k, Wu 45 (2013) &
PR A LR 3 pH A 2 5 ) L B
EHN A EERE,
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4 BEF-China #f % & %

F£T BEF-China #F 58 #EE RO AT R
>k BEF-China FYBFE W] LATE Z AR W) ZREMELEFE |
ZMES RGN ZMET RGN L2/
s ROBESE 7 T2 55 % (K 4)

4.1 £ HEEEEAE

H i BEF-China A9 BIF 58 % B R 22 4 14 F11 2 g
ZHENEZERZ Bl TR Ll BEARF
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i OE. SRR T Y SRS W, T A MR8 b e WRHE AR AL B ., 2z R 2k
PETE BB A N A R AL PR EE S, BT IA R ORI b B T 2R S R & S 2
WFSE N ZE SBIR , o B A= 22 AR BEIR R4 5 R AR AR 2 AR . S5 2R 3R . (1) T B HESE AL B A FI K
WA NI 2R F RER E 2B PATEEaE, (2) 2RHREEECE (> e s ik 5
AT KA A R I G Bk RAEMAS S0 MM L EFYME, (3) 20 4 28808 #oT
A6 A R GO AR AR AR R R S B FFP ) 22 R B , (4) ZRHEZSHOR B0 RT DL SR KR AT DL
LR B RRTIRE B4R EE 8 =R T R A AN ] B O BT, A AR AR i L S R R
FEWL, (5) LG RBH/R T 2 WA LR /INREE M F2 2 =2 (L007T 228 A =2 RURTRE AL ) | A =2 0
FHOARECH (2.4 .8) FUBAS (2% R WL L) MM FZ i T A6 25 I 20k th iR 5 B IR 2 2L 1Y
BE AN ENIERE, (6) =RHEARE T AR E AR TEAY HHEZMHEEE AT
W L 2000k BT 4 242880 /NGB DU PR HE B TR =X A6 0 A M A2 0 H S5 A R AL B) 25 S B . SR,
PR B L AT RORE D o B 22 B8 R B AR AL W 2 R WS &k B A BOM ST i
TE AL A2k B WRIRFRRESE ., B, A OB 22 RS & B9, (365 R IR [ AR F 22
BHEAR T BT 22 BHEIE S5 AR TE S

KEIE TEMER, RIS, B HIT, AR T, RE¥
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Research progress on diversity of androecium
development of Orchidaceae

LI Lu

( College of Biodiversity Conservation, Southwest Foresiry University, Kunming 650224, China )

Abstract; Orchidaceae is the most diverse family of angiosperms. The development of androecium varied greatly at the
subfamily level, which has been a research focus of speciation and adatptive pollination biology. Progress on the
development of androeceum in Orchidaceae was summarized according to a survey of literature. The results were as
follows: (1) Tt was suggested that evolutionary trends on the decreasing number of fertile stamens was parallel with the
increasing degree of coherence of pollens in the pollen dispersal units, which was present in the updated classification of
Orchidaceae. (2) The reduced number of stamens and their functional differentiation would be related with the loss,

delay, sub—fusion, sub—divsion of stamen primordia during the ontogeny of gynostemium in Orchidaceae. (3) Significant
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differences of the ultrastructural pollen existed in the four pollen dispersal units at the levels of taxonomic categories of

Orchidaceae, including dry pollen, sticky pollen, sectile pollinium, and hard pollinium, which contains great
implications of classifications. (4) Pollen may be dispersed in monads or grouped in pollen dispersal units by following
three viscous substances (pollenkitt, elastoviscin, cohesion strands) derived from the tapetum. (5) Three main types of
sectile pollinia in Orchidoideae were recognized based upon form and arrangement of massulae. Meanwhile, different
numbers and varied morphology of pollinia in Epidendroideae were produced by the different numbers and orientations of
sterile septum differentiated in the microsporangium during the early anther development based on anatomic
evidence. (6) Some embryological features during anther development were diverse at the different categories, including
the number of thecae, the type of anther wall development, the nuclei numbers of tapetum, the pattern of cytokinesis,
the varied arrangements of microspore tetrads, and the nuclei number of pollens, which could provide a better
understanding of taxonomy and evolution of Orchidaceae. However, considering the large number of orchid species,
research data available seemed to be very limited. And then, it is necessary to clarify such fascinating questions as
functional differentiation and developmental patterns of stamens and staminods, formation mechanisms for varied pollen
dispersal units, and diverse embryological features of anther development. Therefore, much more efforts should be taken

for the development of androecium in Orchidaceae, including expansive investigation of materials to be observed, using

43 %

multidisciplinary technical methods, and rivising the common terminology of orchid floral morphology.

Key words; fertile stamen, staminode, pollen dispersal unit, anther development, systematics

ZRR BT A YA T AR AR R,
A9 800 J&IT 28 000 A, H 5 ) A7, 2 UL T 1% 11
[ FR T AT AT DI D B o A T IR A b X
(Pridgeon et al., 1999; Chen et al., 2009 ; Chase
etal., 2015) . K¥/r=FHEY HA LT 4 i

BRI AETE SRR, 35—, FE 0 X5 AR | 4E =5 F 4
PR, 25 3 B, AT, o e —BOE e s 1L

MIEME(lip or labellum) , JE &£ 7, &4 =, R
FMESS (BRF B3 ok ) A B — /\H/U(E% Hi
& & F o 85 ( gynostemium or column) ,
= AR AT R AR R R R A AN R £ H R
:FIFEJ 1 4 B3 /N B (sectile pollinium, or massulae )
AL R P ( pollinium ) , 5 D1, T 5 F Rz, % £ 1
=, MR G e AR OB A ek, R E OB H B
ZMARBR IR, B, Kt 2 FHE Y
(0 46 T8 25 R AIE 19 Ml AR 3 72 9 HEL ) B
R, ALAE TR B AR B (rostellum) | 4 24 1
(anther cap) | 76 ¥ Al | B & ( viscidium ) | % % 4%
(stipe) AE M1 AT AA ( caudicle) % ( Dressler, 1993;
S 7K 45, 1999) .

B SRR AL A ] — E B R 22 B A 2 A
PV AL i B A S B AT P P IR (innovative
features) , H: JE &% # B 2 A IF M 85 19 5T Bk
( Endress, 2001, 2016; Rudall & Bateman,
2002), KH® ﬁ?é’] & 8 HE (developed column or
gynostemium ) J& H — 5 A] B M 35 (%) 46 22 FHE S 1Y
AR AT L — A~ B A8 I8 0 22 53 09 e F
ARG, U\J:@J_FEB?E% FE Sk A S8 AR =8

%&Mmﬂal%61%ﬂ0?%.%jﬁm
A I AETT 240} | [6)— > 48 24 25 1 46 by 2 1 ) o
6&%% B ) A B ( Dressler, 1986; Singer et al.,
2008 ; Endress, 2016) , 754 Fft 2 1 45 5 19 2
ﬂ%ﬁ% KE U A S8 AT FAE B AT 3K — X 4R AE
wOE B, B BAE = A B0 4 3 (core
clades) A5 7 92 22 WAL ( Vanilloideae ) | 22 W Rk
( Orchidoideae ) | #f % iV B} ( Epidendroideae ) , iX
AR ] B SRR Dy B R SR
( monandrous orchids) , fH J&, £ 25 FF & B, E A
(K T ( pollen dlspersal unit ) JE 25 45 14 28 {1k
B &, K VR R B A By T (sticky pollinium ) | #8453
/NEE R AE B B ( Pacini & Hesse, 2002, 2005;
Singer et al., 2008) , 5[] 78 22 Bl FL R
W EHFEE K AL HEERE
(undeveloped column) , #8451 B &5 119 46 22 1 HfE 5
AR TERE TR B b 3B DL T A, 45 W T 400 22 R
A 2R XA TR AT & b R H 22 )
Eﬁﬁi HIHA 3 EEA 2 B, ﬁ}JJUﬁﬂ?ﬁjfﬁf
& 2% (triandrous orchids) A1 XU HE &5 2% ( diandrous
orchids) ( Pacini & Hesse, 2002; Singer et al.,
m%%fFHVWT%AEﬂMM%% ﬁ%
ANTRL T R TR 0 BORAE K (dry pollen) |, J5 &
REGPEAE KT (sticky pollen) . B, 2 BLHESR K E
(R AF 5 N 4 35 B4 46 W A M A RN A 1 )
A ATk S L 4% B kAR AT F ME S A E 1 AR Ak AR
24 JRCIN BB BT 2R A A R HIOKS 50T N AR K B
REA MPLH AL KT IRG RIS
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1 =R H AR & E Ao £ on kA
022K R G B R A FE S

B4 T R4 2% ( Chase et al., 2015) 32 +F
2R 5 AR AL AE HEIR R 0 8L 22 R IR
BETRTE (0 A 32 22 WA AR 22 R A% 0 2B HE Y
2EERRFIR 22 R, Ay ik — 20 B 22 R b A H
FHOR BT R G PR T af A MEHE SR,
TorF RS RO Sk, o] B S5 E b
MR B AL @A R IEAE 5 AR 2R 40 i A v
AR WP AT AL B A A
KR G2 PG Ry A= 2524 78 3L (Singer et al., 2008)
BT AR SRR 2= B F RGN R
VIRGFR RS 43 5 2. (1) = HEE == - HAE M b,
(2) RUMESS = - H R AE Ky, (3) s =2 - 236k
AEHT, (4) BRRERE 22 - B AE Ry /N, (5) B 22 -
FLAER AT, MO BRAE 0022 R A 22 R A
127 SN 7 7 1 R 7 3
1.1 2R, =R =-BIEmi

=HEES 2% — B A ¥ BL (triandrous orchids with
pollens) , & 1] F HESE A 2 ~ 3 #r, 4L 25 MUATT 2L}
OB 570 R T AL B (monad ) , 2 FURLIR |
BT AU 2 R (18] 1: AT, A2) o ZIER}
LR HE AT 4 4 R BH 4R B ( Chase et al.
2015) 4% 2 J@ 4y 17 #, 02 = B /Mg —
BE, AR # Az 22 g3 A T 3 S U R R A D
(Dressler, 1993), Il > W F 1 #§ = & >~ &
( Neuwiedia Bl.) Fll 228 (Apostasia Bl.) , HiEE
AW EE T 2R HE KR HE—A F R
( Hypoxidaceae ) ( Cameron, 2009; Chase et al.,
2015) , Qi fE SR AR AL AL B 3 An] eSS,
PELLFIAEAEANAE BRI i &, ML A R ROE . 2
S, AT MESE A H R A 25 91 2 5 AR TR (R[] AT
VER & TR AR A R0 oAk 4l . — 388 == @ i ] i/ e
A3 AEHPR, M =B Al B HES A 2 14,
T A 1 BGR A R A 25 T L JF 2 (Koeyan &
Endress, 2001)

12 FE=TH, pEE=-BFEELH

PAUE R 22 — BB % 46 8 ( monandrous orchids
with sticky pollens) , ¥8 G 88U H 1 ACAT & HES AN
WS ) A AT B Sk v BE G, A6 24 U I 1Y HIOKS
BICNREAC R S IOBPIR SRR, AT O B R
B B AE MR ( pasty pollen) | 2 A A A4 H A ol
P&k, T A3 2R (K 1:B1,B2), %I

PhE 2R R IR SETE, S 248 4 1 AR 22 B A
2B EA AR afE 2 E 15 R
185 #f1 ( Pridgeon et al., 2003) , & J& % WL 1€ ¥
TEABFE BRI WF 5845 SN H A
2 HORY B (0 FBORS BT S A A 22 RN — B (H
HATE B HOE B X b % 46 # A ( Singer et al.,
2008) o XA RS OC R, B AR LR
KL, SEHOBRBOBIR , AR B AR (smear) BYJE U ZE
TEAL K B 1558 ( Dressler, 1993) ABAL M ALHIAS ] .
P22 R R BEAR S, AT VR W5 | B Ui B B
1117 75 38 22 S RHER 43 ) Pl () M 88 — A R S A ik
B AL 22 5 1 %5 1t ( bent/hyperimcumbent ) ( Dressler,

1993) | TEfl by & 48 2 N TR VT o, FE 3 1818
W, AR BT AL, Bk B R — 2 ke
—FERIAER L

1.3 =R WgEE=-BREEH

BUE 5 % = L35 46 85 ( diandrous orchids with
sticky pollens) ,$§ HA 2 M nl FHESE , HALZ5 T 2
it B HEORS B 0T o B R M B AR R RL B RO AR
(‘pasty) FZEAE K KL (sticky pollens) , A] A 48 45 FA 44
s P& e 8 (tetrad ) , HHBLAEM 22 W R (K 1. C1,
C2) . ZWRHS A3 2 WA AR =2 B} A IR L 2
A, 20 TR KBl A1 SS9, 45 5 )& A1 180 ik,
A8 A M ST A E 19 M B 53 A5 ( Dressler,
1986 ; Pridgeon et al., 1999) . F& T g L UMEEA 1)
3AN/NE LIS, Hogx 2 AR AT E A 40 A, 4G
2% J& ( Cypripedium L.) F1 Y8 % J& ( Paphiopedilum
Pfitz. ) ( BR#% 7K %5, 1999 ; Pridgeon et al., 2001 ; [%
DA 5 ,2009) , #2 R AERIE S TE = F 5 A
SR HLA R B, LA 2 MO A
CE IR (WE SN =2 Y-S IR R O W ¢
ik 1 B Ak e & (staminode ) FIE IR A Sk 25, H
2R A RS R AR 25 B Il R B 2 AR B b
B, HAL 22, A6 25 1 2B HOB B o0 o — A R TH
He i BB PEAER ] (a mass of sticky pollens) , {37
T BB Z B, BIRAER R KA UL
BZHZUY) Fr 45 FAIE S8 T 52 8050 2 () iU AE 2Y
PN A 20 M HE 51 A i, BE A SR A R A TS
AEH , AEM [B) A7 FE 2R 1 9508 )2 B i Je 1) 26 1 ) o
A ALk B A A, DL S AR ROR ([ A
AR ME, 1987 ), ik 4 B M AR Ry TE KO 0 2
( Paphiopedilum dianthum) ( 52 7555 2007 ) 4% 4%
#J2% ( Cypripedium henryi) (Li et al., 2008) FJ{& #5
HE EIEWAT B, R, RV AR R RS AN
IR0 IR B 3 A R AR R B T A 22 BB B A5
WYL A HEAE (Li et al., 2006, 2008) . 3@ & 1f5 O
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T e 2 H R T H LS SRR, IRE S
KL BRTEBRRISIEN o Tk FaBiE | B b it
3 o R R R U S A 2 S B AT A, 7E 6 B
AR AR R B R AR 2 3 A% 1 G M AR
FyhL, X5 Wb 1S B A W) 58 L T AE K (Li et al.,
2006, 2008; Zheng et al., 2011) , #FFT & H, X L
FTEAL Ry & R B AE R R A6 BRAR TR i (smears
of monad) o U & f£ ¥ (van der Gingel, 1995;
Binziger, 1996 ;Biinziger et al., 2005) , ItAh, KK
G302 @ B O 0T 2 Sk R AR, B 43 1
(N section Sinopedilum , sensu, Perner, 2009) 1%
AL OB BT N — 1> 58 8 b M 05 1 R A
Ky UL, TR ST T AT A8 by B 0 PR IR W EL
B ERIHE )
1.4 =R, BES=-BERH/NR

BAEES 2% — HLAE A /Nt ( monandrous orchids with
sectile pollinia) , ¥8 & S8 AEA i 1 A 0T B HE S FIME S
(Y AEAT: 25 B 5 T B, B AE 24 ORI SR By o 1 Y
AER AL, 4Bk AR AE Ry /N B b 1 o SR B, X
YRR AL AT (soft pollinium ) | 3= % UL F 2 W&} (K]
1:D1,D2), ZWFFE 2R ik RGe b A% 021
Z— N ZAE AR 2 AR T T RZS 180 JE A 3
630 F, 29 (5 == B P AL 15% ( Pridgeon et al.,
2001) , SUR TR 2R (Z5 21 000 Fl) o ] —H T
PEAER/ NIHSDIE X Z 4, BB BIE 1Y [8) 5 46
#3 /N (fairly homogenous wedge-shaped massulae ) 25
VBB 1 H AN P 4 2 R A T A R PR 24 1
YT AE Ry WA R B RGBS B B 25
(accessory structure ) JBRE T AE 30 ( Freudenstein
& Rasmussen, 1997) , {e# A JE— A7 8 T G 4L
¥4 (Johnson & Edwards, 2000) ,7F—E 2 -
P T 5 A6 AL K %L (Singer & Sazima, 1999,
2000, 2001 ; Singer et al., 2008) , & 2= B} fk % 2%
e 22 R T S ) 1 Y R R R R
( Dressler, 1993; Endress, 2016)
1.5 M=, BHES=-BEHHE

B A > — ELAE # F] ( monandrous orchids with
hard pollinia) , 5 & 864 H1 1 A 0T 5 4 88 A 19
AEAEAIAE Sk 8 B2 A T, A6 2 U TT 24T, 188
BEER N — A ) R LR AT, DL TR 22 R (8] 1:E1,
E2) . ZWARHE = RHOAZ O IERE, o 245 4R
Az 22 BB AR 22 A A AR I AT L X 609 17
J% 650 J& 21 160 Fh, A Ff Bl b 2 B 48 74%
(Chase et al., 2015 ;Freudestin & Chase, 2015) , #}
2RI AE 5y IR 56 #E R AT 23 I HORS B0 Y
A, T A TG | 2T, B2 22 R

RAR G T IS 0 s R A AL K ] ((so-called
“waxy” or “hard” pollinium) ( Pridgeon et al., 2005,
2009, 2014) . WANIIE ST &, — il 74
A€ Ky AT DL Al MR 45 i AR Ry
(pollinarium = pollinia with attachment ) ( Dressler,
1986, 1993 ) , . 0] LA 2y JG Fff s 405 #49 1) #R AE iy 1A
(naked pollinium without accessory structure) , 5%,
FAPh BORRAE R AN 2> Bl A5 0 AAE 25 LAl 58 (B 5
AL TARAL T 46 25 FIAT 3k i 22 18] 1) 385 i 4 U 2
FNIN T IS 23 73 W R TR RGP W B, 5 Bh AL 141 2
ALk & B L, 58 AE B (Dressler, 1986, 1993)
XA AEZE G AR 25 B ) 3K 3k UL B B 20 A Y A1
22 J& ( Bulbophyllum Thouars) | MV 4375 B9 A ffHE
NG 2 258 ( Dendrobium Sw. with their alliances)
(Dressler, 1986, 1993) . 534k, 7 A B J& 45 ¥4 1o 46
Foy BRARFAE X 4 22 SR #9335 A £ 3 BIL ) R AR B
WAL AT 2 0GB AR R | L% A 1] 8 AS [a] Y
AL S I A [ B AL Ry L, SR B0 i iy 8 e —
M 22 FE A% 53 A 253 PR T AR BILART ( Pridgeon et al.
2005, 2014; Endress, 2016; Mosquera-Mosquera et
al., 2019) ,

2 ZFFEBRALER O F MR NS
ERES5XFE

2RHRAERTE R A R AR R E R Rl G h
BRIk i B kK B S A LS (Rasmussen, 1982,
1986 ; Kurzweil , 1998 ; Freudestein & Rasmussen, 1996;
Decraene & Smets, 2001; Rudall & Bateman, 2002;
Endress, 2001, 2016) , £ 45 0] & M &5 8 H M HIh g
I3l B B AR 2R B 4K 24 A I HIORY B 0T 28 B AR
b, LKA 22 R R A B PRI 25 R i o &
RS, FSE = FEa] B M EE foRe stk &
HARG R SO B A SO 1T A SC R, K B
PIR 4 MR
2.1 ZRERHERRESLHER

KT eSS A B S T RE 43k 1 181k 2 S W
FLIRER I3 R B XA [) 2 A FSU A AE 25 440 18 WL € 00 L
B, IAE 22 B 03 2K R 5K & (Dressler, 1986,
1993 Pridgeon et al., 1999, 2001, 2003, 2005,
2009, 2014) , XL Ny T A S HB
2R A 6 MonT B HEE, 7E i 1k i 7R b £ Rl
34 BOR S KRl B OME R Ry Bk 50IR Ak
( Dahlgren & Bremer, 1985; Rasmussen, 1982,
1986) , ALt B AT =R T RGER B A = HES
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2% W} Epidendroideae
{£4314] Hard pollinium

2 F#} Orchidoideae
{E473 7Nt Sectile pollinium

FI122 £ 8} Cypripedioideae
Fit:4E K} Sticky pollen

FI=WH} Vanilloideae
Fhit4E ¥ Sticky pollen

3or2

#122 W El Apostasiloideae
1L K1 KL Pollen

I = A B #EEEEH Number of fertile stamens

A 2R =322 5] A Kocyan Fl Endress (2001) |5 B. &3 2WRH(RFEIE2) ; C. W2ETERH(ZEH ) ; D. 2R & E
BR2); E B2 URN(CRIETRE) . a. 25 o S8 v 805, s A3k seo MR st AT H RS sta. IRLHERE . A50K
2B 5 AWERVT T RGN, 5] A Singer 55 (2008) ; 1314 5 AN WRHMUERIEBEM A, 510 5 AW R 2 288 19 16 25 508y
BT,

A. Apostasioideae [ Neuwiedia veratrifolia, refers to Kocyan & Endress (2001) ]; B. Vanilloideae ( Vanilla siamensis); C. Cypripedioideae
( Cypripedium yunnanense ) ; D. Orchidioideae ( Satyrium nepalense var. ciliatum ) ; E. Epidendroideae ( Vanda coerulea). a. Anther; ¢
Column; r. Rostellum; s. Stigma; sc. Stigma cavity; st. Fertile stamen; sta. Staminode. Left column is the molecular phylogenetic tree of five
subfamilies in Orchidaceae, refers to Singer et al. (2008); middle column is the varied structures of column from the representative of five

subfamilies; right column is the different pollen dispersal units from the representative of five subfamilies.

B 1 AHESHE. AEENENEMATRBE=ZRSXREFZNENLES
Fig. 1 Evolutionary trends of the numbers of fertile stamens, column, and pollen dispersal
unit in the molecular phylogenetic tree of Orchidaceae
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P EARE UM S A =2 R S B A A e 22
AR AR 22T 2R (E AR R, XL
R BT G 254 1 L%
22 AR RRAR T ERELAEPEREEN S
wmEE

BERM B ERE AR LM ZiaH, EL
WFGEAT LAk £ AN [A] B 255 45 H A AR RS0, M AE &
HRAEMERT ST, RGNS LR G
LR AR R EM RS AR EREMAET
5, WL E WA Koeyan & Endress, 2001) 4 2%
WA} (Kurzweil, 1993) | 2% W El ( Kurzweil, 1987b,
1996 ; Luo & Chen, 2000 ; Kurzweil et al., 2005 ; Box
et al., 2008)*ﬂ*x‘fémzﬂr(l(urzweil, 1987a) , 1B
TR, 36 6 ) FH 4 1 W B WL B & B K
A PRI 28 R e i Ak 5 SCI IF 9 45 R K
ABJEFE T A AR BB UL, B 22 B B 6 K
HERE &AW, N 50 eSS i 5L & B B LT
IR HESS RN, A e eSS T Y 1 B2 BUR Ak, Ak
SRy WU 385 0 B S 2 A
23 ZERFERR=AMESZESHME

PR F RPN B fE 2R F
eSS B A 25 B W A B RS IR R F IR
L G B A B A AR W A BE B 7R 1 I 288 Dt
FHABAE AR B R (AL e TS MERE ) AW
AR R 28 % BT 5 A 4 U1 e ML 8L) J
K48 7R MR I R H R YR R AR AR IR 445 R
R IR | oA FE ), X AR AU 22 RS B 5 )
R, AR R 2 R R AL S AT
HESE B 2 7 LW AR X5 2 (Stern et al., 1993
Kocyan & Endress, 2001) , Chase 55 (2015) %% B
RAAEMALY) R K T\ TR B P
JB8 (R RE RS S B ORI T RE 43 A Y S R TE SE T 48 22
PSR R AR T 2R EM R4 H
(Asparagales) , 47 T AE N 22 B0y HE A HE, 15 3
THFREFEIE A T 3K
24 ZREBERELENEZETNHARIARK

KN LK, ¢ T 25 U 88 19 =2 R AR =2 0
BRI IS A8 B AL IR S T e o1k & 2 = BHE Y %
FINTE, Hrh STk i K S B JE = B o 2k
2258 Kurzweil B RIIFFEIR . Kurzeweil (1987a)
SEE A R B R S M ISR T AN [R) SRR AR
(sensu, Rasmussen,1986) HACE LAY 90 FF227ERY
e B KA AR R AL S f’ﬁﬁ 5 HER Y
i E R I S A BRI AT e T A SR A
R A IR AR S A AT L??EE’JHT EEAR |
REFR R T A8 HHE S5 (AR H

43 %
PREE 5 B 5 ) 1 #8 B 2k U ( Kurzweil, 1987a,
1987h, 1989, 1990, 1996 Kurzweil et al., 2005) .

B 22 1% ( Epidendreae ) #1718 22 % ( Vandeae) ( sensu
Ramussen 1986) 1 39 J& 47 R 2L LK B #R

TE LJJEE/J%{)JWE%(HH( L4 auricles) 5
AR A e 28 T ] 0 R T 1 o T A ) i 3 A e
SRR BB Y, N SOk b 2R
Tty , JE eI N FE AE I, O AT B R IR &R G2
S ( Kurzweil, 1987a) , # /, 78 22 W B} ( sensu
Ramussen, 1986) 19 11 FPZL ] 2 EAE Y AL S B
KA AR HOR G5 UL TR A SR A IR T, A Ut
AN BRI Ry 1R AR 2 A B3 A a4 T AR A R
Jir R s A L DR R ek R v T v R
TRIRG, BT UL AE 45 18 B 7R A 3] 38 Ak e 285 9 e
[F) B = 24 sk 58 4 I [ e Bz i (Kurzweil
1987a), & H % I Bl ( Neottioideae sensu
Ramussen, 1986) , Bll 19 Fh & &5 2 ¥y Fh B 1B 1k
TS A 2 B AR Ay i e =X B0 RO A e
GBI T R AR - AR L B T R B A
B b ( Kurzweil, 1987a). fF 3 f >% W j&
( Disinae) B 24 Fp 22 46 7 ( Kurzweil, 1990) , & &
FE A ) R 25 4 R A BRIE, BE A W] F AR
AL 22 A IR 35 7 38 00, rh et J2 58 2 R
BONEEN, 12 Fh 5 JE 22 W % ( Saryriinae ) B AE#F B
ECTINNI = b 7Ny O N T | S o S R ] e
W8 3 SCASRE 32t Ok F IR A R HIR 45 48 1Y
BRI 4, 3 A D0 R 149 893 24 2% % ( Cranichideae )
N 2% 1% ( Diurideae ) [ A 85 4 4% B & 4 1o 72
(Kurzweil et al., 2005)

KE M= ﬂf’ﬁuukﬁ 1) I 58 B B D, Luo

1 Chen (2000) F I HUBE M EE T 4LT] 220 1% 6

J& 10 M2 FEMAE R T R AR R T RGR T E
BEAFRRIR S5 A0 AR R, O PR 22 ]E?’FJrE’J_IZ%fﬁ?f

53R R G i SCAR L T e mly, [RI A, 5 ek 22 R
(Hemipilia Lindl. YEBHSE X4 (Luo et al.,
2005) F1 ¥ F £ X AL J& ( Habenaria Willd. ) 8 %) /)
B R A R R R (P LB A, 2023) MR E
5% 8 0 2R 400 R4 TIRTE
AR AN T B T 1 0F 5T T B R B AR 24 B A
WREMEE R EMALY 7 A1 kB R
ﬁhTE%Tn B BRAE G A U0 R N G
G EE A X 2 R BB R B R - CT
( Micro-CT) A0 g £ K /3 #1 T Bt ( Gamisch et al.
2013;Pramanik et al., 2020) , \eS B kK4 HLEY)

B UL s e 0 B2 TR B S R T il e,
ﬁﬁﬁﬁiﬂf’ﬂfiﬂﬁ MR FR G T AR AL T
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TORLRUE A

WAL, 70 AE S i == IR AR == R 5L A 3
YRR 2 303 AR B RS R, AN, 22
WA % B Y B 2% (Satyrium nepalense var.
ciliatum ) B 73 AEARAFTE IR A AESE | TR 1l 2y e P
PR, R 22 B b AT B e S bR 0 B AR SR (RO
Ji,1979) o A SCHYEF LGS T H M Al W] ok 119 A 24 &
B, KB NIRRT,
{EAE/INFEL - DU A3 0 A A5, IR (i
) o BB M A BT 2 BeEl 3 AeT
B AR H 88 E R PR R =
wn, % 8 2% & ( Diplandrorchis S. C. Chen) [ =
( Neottia Guett.) |4 2 0T & MESE, o = 1) 4 16
% J& ( Tangtsinia S. C. Chen) [ =k & % )&
( Cephalanthera Rich.) ] H 5 MR 1§85 Al b —
MO S (B0, 1982) , B2 4 2% [l 78 Ff ( Encyclia
cochleata var. triandra) A 3 0] BHES , g N
5B A K (Catling, 1990), & T X 4654
w45 2 B & 4, Pabon-Mora Al Gonzdlez
(2008 ) F| FH A4 s g5 A S U1 R A58 T 2230
BHE R 7 L 0 AT FR R FRAE R R B I 22
( Telipogon Kunth) f& Hir 1) & B B R 5
R, UL W 2 & ( Epidendrum L.) S Hir 25 2%
BE #E M 22 J& ( Microepidendrum Brieger ex W. E.
Higgins ) 55 {6 & & Ja I 19 45 #4 ##1iF ( Valencia-Nieto
etal., 2016) 55, [HIMt, A B AL AV A %
PRIZH 7K P S R 58 2 B B HY I Y 3k 26 S AR 1
B HIE SHLE], o7 AR B = R 8 & 7 St
Bkl

3 ZRTEABERETARBHBLE
AL B #F 58 IR

3 EMERBUENSERZFEREX

i, 8 2R 2R R G H L RKF B
BONAGE I Iz R BB T B % &
ol i) 119 4 288 A B R 23 % 00 R UK, iR 1 ¥
7% (Chase et al., 2015;Li et al., 2016) . = BLHUH
BTG AL ) A6 A A BE UM REAE AR B IR
JEANFRE ) 22 R, RAREN P RRG R
X (Burns-Balogh, 1983 ;Burns-Balogh & Bernhardt,
1985 ; Burns-Balogh & Hesse, 1988 ;Pacini & Hesse,
2002 ; Blackmore et al., 2007) . {E¥ IS FIAMEE L]
Wiks ik 72 W) — DN JE N B M ML T 2 R
( Gymnadenia R. Br.) . Y8 #{ %2 J& ( Neottianthe

Schltr.) (& LIE45,2000) Fll £ XUAEJE ( Passarelli &
Rolleri, 2010; Mulgaonkar, 2011) , ] ¥k J& [A] H
R 53 Fn A 5 (R . B — o AR TR Y
ARG L, A B T 3045 5o A S0 19 46 0y JE 8 R ik
(s, B EE R4 287 5 30, B, 18 F
1 fitE ( Dendrobium Sw.) tH4) B A 3 50 B 1Y i
fL i £k ( Bhupendra et al., 2012) , /1 [E ;=4 14 Ff
A fRHJE AR ) A A T 25 R T8O 285 R 1IE 76 b 1] 22
SR AW R EUIURLAR 55, AT H T 2k A
(b 6 53] ( B MR 55, 2021) Al T G SE U
HZERE ( Pleurothallidinae V. ji% 21 J& ) M) 4643 A 19
WA SMRE LU TE & [ A2 b Z 4, B 2 45 W] 10 i 3
TR 2 (Stenzel, 2000) , T KUAEJE (4 Fl) (46K
A1 2% T 20 L 3 AR ARL, 359 Sk IR S04 ( Passarelli &
Rolleri, 2010) ,
3.2 EHBHMEBTENERENFEREX
AEH R OE AR AE AN AN AE £ 5853 28 T T4 1t
JEASUESE , 7 HLXE 7 P A 22 B} ey B G 0 v Ak Y
BRI RA T B, 5 8 22 % (Neottieae ) J& —
FEAC A FOR B DA SR B8 U G A8 R Sy R 22 AR AE
Bt 22 7 B o 4R 2 W ( Pacini & Hesse, 2002) .,
Barone %(2014)%“%?3%%%?%%@%%%5% 58
10 B 22 AERYAE R H s 1 G (0 A8y S BE 1) B 5 2
FRIETE R GERT 1 52 B R vy ol 31 )5 A e A i 3 [
IiF BURLAE 53 S 4 B AE AT A6 % 1m] 4 1y 2 b i g
GACKY UL T A L 0 0 O VAR R B 22 AR
G AEH O A SE R K], =R A A )
TERI RIS, W41 ffH)& ( Davies & Turner, 2004 )
MEE 2R ( Maxillaria Ruiz & Pav.) ( Davies et
al., 2013) , Wi 3 76 8 WOE 25 254 J7 i DX A e
B AL AL I L BRI 22 BT ) A% by A 23 o M
A —AHLH] ( Davies & Turner, 2004 )

4 ZALATRE R E TN
B 35 2 B9 B 50 AR

TE 2B 4 28 F O FROTEAL (fE R AL R
TER AR NEFNAE 3 A1) v, B 25 B BHLfigk 1Y) 2 A
RS HAE R RL (] 1. AL, A2) , B R Z 1]
TeRE 31X 5 IHER 73 9 1A ) 0 AR R Y JE A
fE—3, #22 WRH Ly 38 7 £E 1Y B o3 R 4 by B3
GACK I — R R B 2 (BT 1.C2) [HREE
R FNPE AL By AT (32 A1 E AR HE, 1987 ; Singer et
al., 2008) . A2 AL H B0 Tl B AR AR R
RAEM MK A (K 1.B2) (Harder & Johnson,
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2008) . =SEARE BTy PO A AR B A A R — R
T 1 R4 oy 1A 5848 A VB (B 1. D2) ( Barone
Lumaga et al., 2006) . & 28} 85.7% ¥ Fp L 4 1)
22 PR KB A 1 Pl 1) A Ry T 3 — 2L 2R R % A
A i 5 A8y AT (8l 1. E2) ( Dressler, 1993 Johnson
& Edwards, 2000) .
4.1 B BT AEBIE MR E B 3 KF W R

TEZBIAEZS K B I W1, AL 25 BE () SR B )2 AR
BRREHL NG R, 25 T e 2
AR RO ST AR, F8A 3 R R,
S—JSIEAEN Y (pollenkitt ) , Bt FhME O IE 254
JAH B, 4G — L K VAR DT 2R B B N R
GLH R H AR A W) AETE T ARy 5L R A A1
BB, W) 5T AT LLKE A6 R 5 2R U 5 A6 R A R AT
A7 IEK o328 A R Ay 5 eSS TR e v 45 2 R
( Ackerman & Williams, 1981 ; /T3 Fl F R 1k, 1987 ;
Pacini & Hesse, 2005), 5% — 25 & ¥ ¥ 4 %
(elastoviscin) , & 2B} Hh i 7 WL BE PR 0 T, J&—Fh
=T IEZ & W ( Blackman & Yeung, 1983), %5
A B R (Schill & Wolter, 1986) , FIAEZ5 N BY N
YUHJZ A LR AR TE B, J2 A6 K AR 0 2 B 4, T
OB VO AERY BAE R N IEE G BB T 7 =2 WA
W 22 B v 15 745 H2 3B ( Dressler, 1986; Blackman &
Yeung, 1983; Hesse & Burns-Balogh, 1984) . %% —
AR HABFEYEY) B 8k % 22 ( cohesion strands ) , Y5 H
DY JE B R ) I R UG 7, HE A AR R A
FlEW, TG ESEWL A (Blackman &
Yeung, 1983;Yeung, 1987) . M4k, 3T 3 2 fEFE A
PR W, BR 0L =2 WAL Ah, oy 4 R £k
MIKC * &1 P—3I7. 3 5E PR, SOl A8 4560 A 53 25 1) 26
TG AR I B W BE A5 AL B B (Kwantes et al.,
2012) .,
4.2 TLMINELEI B R TIEMBIE A B R T

A ISR R 41 4 PR B RN O S rL LR T == B
AEARL Y AL K3 1] 22 8] 7 R T 28 4, TA R HOR BT
(Y HMEE I B 3 2 ) B T RE S5 AR B R i A A B T
SRR G T, TER 22 R Diseae 15 L, 4643 Fi
A A 2 38 1 A Ky 141 A BE Y BT 55 )23 A S BN
( Chesselet & Linder, 1993) . FEAP L H A otk 5
3 BT B AR B T 22 46 b, BT B AR A 4 H ] — Ak
BESUM S Y BT IR AE — B 5 1Y J2 A6 24 BE 1Y &%
Hi)Z B R 5 f# (autolysis ) J5 B H 1) — F IR 25 2h
W3R, XA o e S 23 TR HE S AR K A N2 3% T
[& BT A B9 /N0 F ( Fitzgerald et al., 1994) o B¢
TR A 5 B I [ R T 4 7 W BT R B AR R R, A
B, TEA YR I Bl AT 5 4653 AT P S B A6 4 ik

Z HhBE UM 2 (Zavada, 1990), At 78 B 2%
( Epidendrum ibaguense) "', B ALK} A 2 B 43 )2
(reveal layering) ., fE43 ZNEE B 41 43 M T2 A E )
N BE JZ (amorphous nexine) |, 78 355 T A B ALK, [F]
Bf #MEE )2 (sexine ) [a] 46495 A1 ] 31 5 £ ( Blackman &
Yeung, 1983) . PHtt, 1645 & R A £ Z 0P F
R E TG 53 W) o X 203 W) SRR I &
F#4KL (adhesive materials) , H 2585 )2 40 i 7= A= (2
BE 1 B BR T WA PO & ALK RLAMEE Z 18], T
BEOCHIT 8, X — 2 2 RE W I L — A 1 [
HIHPFE (Fitzgerald et al., 1994) . £ E ALK /NEAY
B2 BL (N Loroglossurn  hircinum ) ( Pandolfi &
Pacini, 1995) , 4645360 UL DU -G 1685 R B /N AL, T
(RSl TR U i A N~ S S T o o 1 1 R
)2 SEAM B — 2R R DU A A6 A I R ARk | T A
W— 2N ek R g b . HAE My 1 BE S 47 A A
{RIBR T He A2 B AE Ry e Ah, 7 — 2L B A8 Ky
INBRFZEHEE B (AN Disinae) , 5B B9 DU & 468 P9
A (calymmate ) | {H B R EE A ALY /N B 22 8] B9
5 B % % (acalymmate ) ( Chesselet & Linder,
1993)

HH AT UL, 22 B 4 SEHOH BT R R AE By
L REAEMTRL (U5 68 ) | AEA /N HRTAE ¥ AT, BE
WREEAE Y RL Z [A] PN TR I 2R 09 2 U5 37, S5 A8 8
RLESR B G AR R T A0 BE Y 0 [ e 25 & e
R, Z 0 e 7 — S A fRERPE B 26, AR 2 &
B I AR L /)N F - 240 L s 30 3] A AR R I
20 it RE 2 ] 1 J0F IG5 | 22 A B 28 45 1) AR R RRAE
A=, K A B T B AR 2 B W 1 AS 8] IO
AIT I R A

5 ZTMAERANREHNZ TR
il -]

FEZGHOR B TC TR 254 U =2 R IR 22 31
PRz 5 01 G, S ) 43 A B BB A O B A Al
( Dressler, 1986, 1993; Freudenstein & Rasmussen,
1997, 1999;Singer et al., 2008) . % FH} AUk .
TCAAEK /N T8 TRl — > 56 -8 P pl A [R]85 H AR
TEAC PRI 5E — 1~ B B A W AE R 4R &, HAK
H B 450 F 5T 55 78 16 | Jm AR ) 22 5+ )
HEZM RS E X, B 22 0% ( Goodyerinae )
1 E JRAE T % ( Habenariinae ) B A6 $ /N B 26 3%
1, Cloraeinae MV % B 48 K3 /)N B T 48 ¥y A 4R
(Dressler, 1986, 1993 ; Rasmussen, 1982) ., #4 >}
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FHAHOR B0 A RV ECH BOE S R AER A1, A B R
A BT 5 K B AE R A o AR R AU [) 1 - 3
N T AR % B AT (R AR A 4R B LT, ZH S0 53
fAT 5, AR T HESS 2L, fEmdn R85 1 A6k A
b A A B S5 A8 4 A Rk B A6 K AT 3 1 —
T AU B B %, B T A6 K PURIAE A A1 4
TR HESS LAAL, 78 24 B T &5 A4 B4 26 45 | 286 2 R 2
WA [ E 88 4120 (Dressler, 1986, 1993), A
I BRSBTS AL A T2 AL ) 1 A 8 A R A S AR 43
KRG FMELENE,
5.1 ZTWRIEH /IR HETI B

2R AR /N B R R A — R R S Y R
JCH B, HIEASTE A& (] A2k W] i, B B B
425 % B X ( Dressler, 1986, 1993; Rasmussen,
1986; Freudenstein & Rasmussen, 1997, 1999;
Singer et al., 2008) , KT EH/NRET Lk FR
g2 L, R S 5E WL Freudenstein Al
Rasmussen(1997) 1 T4E, fbifilat £ 7 2 WA £
BRSO R AR R IGHE, LA I W R 30% Y
Tl WS N G2, il 3k A U0 7 A R S T
ANFZERE ALY NI TE S S50 M LR G R 4% %
Fo WA R R, 22 R ALK N A W Fh
FEARSAVA— iR BRI, (1) 20022
BULER3 /INER (orchidoid type) : T8 HESHE 55 HIEZ K
INAEALER AE Ay /N B A A 3 /N B R 4 A= B0 i
1A # Pk B9 5 £ I ( Dressler, 1986; Schill &
Wolter, 1986) , I 1iii ¥4 J& — J= JZ 8 FLAR HE S £ 7T
S EI AR AT X AP SR UL T 22 R R o S
W BE M 22 R 2D 1] 22 0% ( Orchideae ) |
Prasophyllinae W A1 25 22 W ( Tropidiinae ) , LA
M A2 22 )& ( Stereosandra Blume) , 24 2@ %A
i BB A =2 R 22 % (Nervilieae ) |
B A WX AL A AT, B — X 46 K AR A B %%
SEE—, (2) 22 H (epidendroid type) : FEH /]
P IE AR/ NG AR 38 5 2 2 )2 HES, A6 H /)
ez a2 R R G TE— i, XLh
Fh M B 22 ARARTE B 5 % ( Epipogium roseum ) HV4E 53]
W R =2 M AE K A B 4F L2 AE K /N He gl i,
JZHCE Z T HAZ A A, Vermeulen (1965) TA
R PR AR R /N LT S AR R S B A R OT R
BE— &, WRFETE 3% 5 f B8 (TEM) T AT #0052
#I| (Hesse et al., 1989) . M1 FREE 204 A
A7 S 1 B M 220K W 2R A R AR DRk,
AEH /N Bt 2 A B9 U A FE K ( Rasmussen,
1986) . (3) i WAL K /NS F5BR T LR W Fh
TR I — ST AR 5 i i 2R A

WA 44 o BN, 268 22 & (Arethusa L.) BYAEH /N
e BRI & AR B v HER 18 5 i 2 s
( Ludisia A. Rich.) F1 Platytheles J& ] R 1E45 /N B HE
IR BB KA T AR R RS R, LB R
( Coelogyne Lindl. ) I AEA3 /N He | 19 1O 5 A8 43 T AR
MEFUN . b S 2 A6 1 3 v e Y B IR 2H 41
TR ERIG  RBL T rh S 4G K AT, A 36 5 2 T RN 36
1% )& ( Calopogon R. Br.) , iX 7£ #f % WV F} HLAR /D>
UL, R X P B B — 2 R KR
52 M=TRAEEN AL B FMESHARERE
R 220 B 1 A6 by AR &8 Ry, o BCH | HES)
(IS ) BT (5 B e %) K H M s 55
e [A]— 43 RE P BN RaE | TR R R AL 18] 2L A
AW RRG AT B8 B ECH 1E20 000
ZRM R 22 5 B 2 S ER A R RRE
HILEY TR Z 381 300F 4 B 22 %, A& T
122 )@ ( Vanda Jones ex R. Br.) .48 H 2= J& (Aerides
Lour.) 1 Kk 4 *% J& ( Renanthera Lour.) 5%, 4 P 4E
3 A1 3t UL T 22 J& ( Cymbidium Sw.) A1 it A 5
2J@AE, 8 AN AEk A BLAE ER 22 J& ( Calanthe
R. Br.) MM 2 J& (Arundina Blume) | B9 T 2% &
( Phaius Lour.) 5§, LA, 6 A~ 46k AL B AE =
437 1Y Pleurothallidinae V. J% , ¥ AR A B £ W 58
TR RS O TF R 22 RS [R5 H A8 A
IR R R G FE L, 2R KRR T —
SE I A1 4 PR Burns-Balogh & Funk, 19863
Dressler, 1993) . Hrp d5 3% i 09 WL s A N B 24 &
BAE 2R R G AL A AE B R IR A RS R
O LA B R A RIS AR SR B . A =2 R[]
BCH B A6 R AT 85 T 4 A, 84k % 2 G 0 Fh oy
T, RIV3E 3ok AR Rl R ST I 2 A R A 33
JE W 6 5t 8 /> ( Holttum, 1959; Burns-Balogh &
Funk, 1986;Dressler, 1986, 1993) , iX 4~ W 55 8
-3 4552, S 40 gt PR R IR B B AR ) b B
DL 25 % s f 7 8 H 2 4 > (Johr et al.,
1992) o [l WA W0 S0 TA g 1 22 SRR K3 AT A H
1) 38 AR B 2 Oy B ), R TT 3 Ao YR A 4 S 4 N 2
BG4 .6 5% 8 A, L AT B IR A= fil A B
Jeab i, o8 NI AN 6.4 5 2 4 (Pridgeon,
1982) , SR, FfL [ 3 144 RT3 ik 1) Vi e % &4 1o
#RFLT Pleurothallidinae MV J% , 1% V. J% 10 48 453 A1 %%
H BG4 (2.4.6 .8) &4 , 3X YR 420 B 2=
R AE Fy A 22 R PR B AR A ok T BE R, AR,
Pleurothallidinae M. % ) 73 F & 4t 2= WF 5% ( Neyland
et al., 1995) Jf AN 345 F ] 328 4 538 Va0 10 WL A
TEZIE W) o0 F R 1, 8 A4 b 1A 3L 1Y) i
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FLOAT DUSEAEAAE ;2 A5 4 468 AT 0 IR R
HA ek, (EEERERNE, LAWY
AR CERAE 2T AR R B 456 R G
T HERT A
MAGRRY fE2RE kBB AT
I FEE 2H 217 3 Ak R e o T A 5 A RS [R)
MEITE A B L 2 CE 2 [EARAMR ., 1
B RS ) 22 SRR 22 SR A8 2 7 O R
o, R AR 2 R A A T R 2L B H
HY 1] RIS BT A /N RN A K 1A g 2 R R g H B
£ Y 5 YEAVE H (Dressler, 1986, 1993; Freudestein &
Rasmussen, 1996, 1997, 2002; Kant & Goel,
2013) o XK NIZA T BRI 2 L AE 24 il 2 g
O3 R A FE SR B O 1) R RO/ NAS TR] (AR
WAER) BEARE (2.4 8)MIEEZH (2%,
LA R IR B9 EOK 80T (Kant & Hossain,
2010; Kant et al., 2013; 7k #3 %5, 2019; 2= % %,
2020 PREEAE 2020) , BRI . (1) 4 4468
AT IE BOHL I A R i 2 488 T 1EAE 25 R B 0,
T A AR 2 % By b e oA i — ZR TN R
ANE WAL TG W R R, K 4 D ER
A, 0T A MHE R 28 (Malaxis Sol. ex Sw.)
(Kant & Hossain, 2010) 4§ H 2% 3V J% A9 35 Mk 2%
( Smitinandia micrantha) ( Bhanwra et al., 2006) L)
K 2% JE 1) S0 2% ( Cymbidium pendulum ) ( Kant et
al., 2013) . (2)8 N AEH: A A TE BUHL il to A X
AR RIS — X AE 2= A=
6L AT M AL 2L R 2 SRR S B A B R
HRELH L A A 25 BN R AR i, 72 2R T 8 AN 4E M
T E 228 (Eria Lindl.) %+ >2 & ( Thelasis
Blume ) F1 4 & 2 J& ( Appendicula Blume )
( Freudestein et al., 1996) LA S AT 22 J& ( PR 52
85,2020) , (3) —Xfe%k SRR A ALK A
T WAL % FF %€ 7], Freudenstein 1 Rasmussen
(1996) BYBT5E T ik = L A6 25 % B A RL, AR AR
BCAAC 2 i BV RRAEHEI 2 Bk A& i TR 24
FEh bR H A A E N — KA
BRI, AL 25 4 Bl W A 24 % 1
BACRY B V) FI S — X R A B s iy ek A WL T
G 22 J& (Acriopsis Blume) AU 2405, X — s 7
2 2% ( Cymbidium aloiflolium ) B — X IR 2446 K5 A
( Bhanwra et al., 2006) F1 K £ J7 1% 22 ( Vanda
coerulea ) (TREREE ,2019) W) — X 2468 A 1 K&
BRI RENES, 15 E RN, Lk 5
BRI SRk — B2 7 0= 5 - 48 W 22 Wk
( Vandeae-Aeridinae) 5B R R G E @ 1) EEFr

W, EEIRAEE — o3 SCRBE AR 2% KA,
TR 5l L 24 10 46 89y 1 47 4iE ( Dressler, 1986 ; Chase
et al., 2015), 40, A5 SCWR N N DR 2 R
( Pennilabium J. J. Sm.) I 46 ¥ A1 o 4 2 R 24 (W
L JE % 1999 Chen et al., 2009) HAEZGIES KT
B TR BT B s A TEA 2 R
AR AN AL (B4, 2020) . AL, A
BN L) KV R G T 48 B 22 WY A AR
SRR & 1 46 K VR E 19 & B R, S A A
TR 2R 58 53 2 B HEHERA (19 16 B AP AR 3R

6 ZFHIL K F WK ¥ RAE

ZFRHEZ R B IR 2 R R B 1) 2
PEFMURE P | S HOKS B0 6 28 2 A JE BRI AE 25 91 24
Ty AR TR A i 0 22 BORE, o R g Ak 4R 1
THESE (Swamy, 1949; Sood, 1986, 1989; Sood &
Mohana Rao, 1986, 1988) , ik S&4FAE 7L FL %
e 8] 52 B — o Y o 0 2 S e, O B 2
BRI IR & & 2 % &R S0 e 3 41 T 80 e 4
( Mohana Rao & Sood, 1983, 1984, 1986; Bhanwra
& Vij, 2003; Sriyot et al., 2015) , KX TF2EAF
MESSAE 25 ¢ B W BF 58 9% RL 3 4F ok 2 1 i 3
(Kant & Bhanwra, 2010; Kant & Hossain, 2010;
Kant et al., 2013; Gurudeva, 2012, 2015a, b,
20165 5K #5 45F,2019; 5K B 45, 20205 4% 5 45
2020) WX NEEPTELLT 4 A J5T: (1) 2 FHE
HERE MR T R A E B4 25 4 i
MLAARRAE ; (2) = RHE 2 BE R F R B2 24 E N
RE LT AR 0 JSE S A 0 8 S KRG AN M A B H 4
FRAE 5 (3) 7ML F-RE 20 i 9 A5 73 24 176 2l 19 i o 73 24
T /M U ARHESIE X Z B R ; (4) 1K
BAAE K5y 20 B A B DL K A 24 T SR ROk BT Y
TEALH . A BT RERER U], 625 & & G
SFHRFETE TR B A A 532 B T K- E AR AE W
WS BA —E N RRE ¥ E L A9k
FE TR,

6.1 LA EH BB FI T

iy A= BN L N = N R AN SR 1]
i A BT R L R R AR = ECH I R G 2
B, RTZRMESENEH, /TGN 5 H Al
BFAEY) —FE N %N 4 % (Swamy, 1949; Sood,
1989) . IXTEAU 2B 48 24 £ D) T 25+ 5L A5 3]
UESE 40022 R A A8 24 B EL W Xl 2 A 2Y = H ke
ZAE IR 215516 ( Kocyan & Endress, 2001)
XU B2 B 1 8 U5 4 A I ) 45 L, AT AR Oy
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TREHE (Chase et al., 2015) , 22 RHAYFE 25 %
WHICE R 4 B ATREAL R, W T H
JEHI 2% ( Cypripedium cordigerum ) ( Sood & Mohana
Rao, 1988) Fl k& Ik# 2% ( C. japonicum) ( Ghimire et
al., 2020) . [FJS, RER 4y 22 BHE Y (22 R FI R
22 WARL) #7434k A — X A 25 = ( Freudenstein &
Rasmussen, 1996, 1997, 1999, & K 3£ 5% 2020;
Kant,2023)
6.2 RHBRLRHFHSHME

2R AE 2 RE K B R AVTE R LR
FrHZFE, By n 62y B Z80E % 5 2 D
T, AT 4 FhAE 2 BE R AL A AE SR AR
T A XL AU AL B (Johri et al., 1992 ;W
WEEL,1992) o BUA BERERB], 2R IEZ BEZ
AL LT L 2% S BF ( Kocyan & Endress,
2001) A 2% W B} ( Swamy, 1949; Ghimire et al.,
2020) . 2= W B} (Sood, 1986, 1988; Kant & Goel,
2013) FB 22 7 BE (Sood, 1992; 2% Bk 45 | 2020
Kant,2023) . [6] i, 75 — 229 Fh B 4F 24 BE 2 4L
6~7)2,)8 T £ )2 (massive type) L2 BE . £)Z
RUAE 25 BE B I A 24 T F- B 558 (Liparis 1.) (Sood ,
1989) , J5 2K i 22 W 22 J& ( Cymbidium Sw.) ( Kant
et al., 2013) &7 > ( Spathoglottis plicata) ( Sriyot
et al., 2015) . F& 7 % J& ( Eulophia R. Br. ex Lindl.)
(Bhanwra & Vij, 2003) %, fE KA E 1624
BERR G 7 2, mik 9 J2 (SRR AE,2019) , HET, H
THORME D | J6 24 BE R M R AIAE IR LA 1 4%
FF RS A W AR
6.3 NAFREFMRSHAXNSHE

INRLT AR R A A R R LB R 3 24 T AR
b TEZRHEZS K F [ I A9 i 5T 43 24 b 45
i, UL R4y 2 B A 4540 22 R (Koeyan &
Endress, 2001 ) , #7 2% W} 1 # 2% J& ( Sood &
Mohana Rao, 1988) % \VH} %) [ 35 22 J& ( Peristylus
Blume) ( Gurudeva, 2018 ) . # 22 iV Bl #9 K K
( Gastrodia alata) ( F2IX>%,1983) 4L > ( Sriyot et
al., 2015) . = #& ¥F & 2% ( Calanthe tricarinata)
(Kant, 2019). = B M J§ 2% ( Pennilabium
yunnanense) ( ZEHE4E 2020 ) FIAT - 22 (I8 PR B2 4,
2020) 55, AR, LR By R D W T 2
BHEYJE 22 J&@ ( Ophrys L.) (Aybeke, 2012) F1% ¥ )&
( Spiranthes Rich.) ( Kant et al., 2013) KA % 37 &}
M RAE TR 22 (BRHR 45 ,2019) 5, & F i 43 4
J7 = R G A S, O A WESE A R B Y A
I3 LBEN H UL SR AR ) R AELAE | T i 2 A Ry
/DL & TFAGAE ( Furness et al., 2002) , X 52 %}

T E B9 K 171 4 H ( Asparagales ) M . - 8 4
(Rudall et al., 1997; Furness & Rudall, 1999;
Furness et al., 2002) B9RRIEFEAR—2
6.4 hFMSEHEIIF K SiF
ZRHEZS R F WA, AN 0 A 0 HE )
WX ZHE, WY 0N 1o R HES)E X 2
SIE T AR B R R AR ACE 1 ~2 ARSI 5 2 )
A3 DL B AR, 2 RHEZ R B, ME T
PR HEFE il 248 IR = /0F 5
i, BINE DUTRAR A2 %008+ 38 X T-1E (LB
[F]— Rk BB 2 22 R 19 19 43 AR HE S, X A 9 1
R4 AR UL (Johri et al., 1992) , [a] 34, [A) Al
Y NI R HESDE X 2= A 2 R DL B A
MIATIA 4 B 5 B, 378 At Bl Al o A R 5 DL
(Johri et al., 1992), Furness F1 Rudall ( 1999 ) fiff
FEINR AT IAE Y R /N U A3 AR HE S R =X
WS M R T A R R AR, A 22 A
KRB FERIEAINE X — 5, BR—Mp 2 A —
Pl 5T 5324, /ML DU AR I HES D 2l 3 2 4
P L b (B AR XK P Bk R A Ok . /N T Y A
ZRERHES Oy XA e, B8 T UG 46k 1Y HE
B, M 80T AN (] 465 4 1 46 K3 /N B R AE by A
(Johri et al., 1992) , /INMELT-PU4MA 1K) HES T 203
A5 A6 25 A U A8 H 1 HE S Oy PR R — 3
XAE H A K /DB 2% R (Kant & Bhanwra,
2010; Kant & Goel, 2013 ) FlH W [ 48 45 A 19 b4 22
WFRH(Kant, 2019; FHiME45,2021) 194648 s
fE P A5 BHIESE

7 PG REE

ARSCRI AN T 22 BRE S K 7 2 R R T 5E
LR PRGN R, (1) 2R T R G5 M
T 24 ME WY SCHRF AT 8 R i 2 R A R
ERREE AN T MR R G A A
AT AR R, (2) 2= BRMEE K H A 9 R fig
oA R AR AR B K A o A R AT AR R B R
BAL UCERLG >R EIME, (3) BUA BB
B8 T 2R E R 4 EHOR O R R OB &
FRAETEE AL P | J AR ] 22 S B W BLAT
B R R Y L (4) ZRHIREAE
BPRL AER /NIRRT 08 A B AE A B A 3
Je, RIAER S R B R LA R E Y B, (5) =
R ALK /INR B ZEA AT 3 8 (L0T] 22 B 22
FS PSR 22 WA B A R H (2.4 .8) FIE
A (e GRE RR AL AR B h T 50
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2GR IE A A B R A 2L 5 E | ) A
MBI, (6) “BHIE KB R, 62
FHH 2y RELE B RM N )ZMMZEEE A
BRI 2010 M5 R AR /N U A A HE
SITE A0k 40 A% 50 B 4 R RS R) 22 5 B i
HARE N R¥E L,

MRS, 2R M R, S AT
FEAEBOY LG AR X 35 28 ) Fhd b AR TE R
BRASF- I, 0T & b 88 A1 AL 25 H0f oo 2R R 46 R i
BTN R O R R oy <~ (B N 2 I S S e
KRG T LS & B 2R CFRHAIR
A EERTRGY . T SCERL B, A SCA N 22 R
HEE R BT 4 DO TR, (1) /] & 1
SEARALHE S B TR AL (2) B AR (BT AR
A FAE R AT A 0k PR T TR UL 5 (3) L2 & F
SR FORFEE R B A E AR S R E R (4) 16
2R A R AR A OCER IR IR SRR

BT 22 B S & B R 5T 0 R R AR A i R A
BRAR L, A SCIN A B DL 4 J7 T
TAE,

S— AE IR ST, A DB Rk
FIFH Z 2R F B, WEFAME A& 42 1 AR S AR )
2E RN B S & 2 B R I 255 A T W B 1 Ak
WUEASRHE A HE 22 BHE & & R AF 0 L ik 2085 1
R A A BTSRRI L S L TR ) S AR H S Ak
2R B FRIE AL T SRR

5 IUA BRSOk 2 4 T SRR 2
RSB DN el S W VA< /B M= N S G P 2
22BN JE 2 WA MESS 78 B KA AE 25 &
BT, XA WRE A F =B 2R RER
B IR LR AT, X T B 3k 0 T R 0 R B 1Y
ARG AR B KR A 5 B SCsRVE AT, H OO SR Y
22 B ) B A A 1k 1018 Ak T 358 435 4 R ML AT
BHESE R IT L B S5 48 B & AR PSS T e
R B R RE, SR, BLAWFS RS T 3
J& 4 FPAEYI AL 28 B & 4 (Kurzweil, 1993) | =
YL JE AR TR, DU Ak, BUA MR 0 A JE 22
WA RS & B GORHEE R D EASE SO,

55 = HESS VT K B RNAE 245 ok B ot S T A
SRR B A B S AT T AR S (H X A
SFAEFEERE N B AN [RS8 (| % g (] ) 26 30
I —E RRIRE AN AE R OC T BT HESE T RE 4
b B A2 K B ST RN & (A 3 SOC T

50U, 2 18 2 A K TP 2 M G 45 A8 R 11 7R )
=T T R EEAE AR SO SOk R R S B
ARV IR BTG ) A6 B 1 BE SUHT B8R R B =, B

DLFAS BB B 90 B 5L, AS BB &R 48 b 48 s H 42
RGEFRE L, EWATFMIE, BT RKRG
G R OGS, ) 99 4 3 3R 0 W 258 L
A8 Ay HIBE 25 K FEORS 5 oC N AR A5 A R W o,
ARG =T 9325 R G R AL L ARG, 1l
i, ge 2 JE A 22 i 4r 28 R G0 Ll R JE RN A SR
2 Ja 1) s () S PR 0 R Ry 3 28 B G SR 1Y)
FEH 22

WL, RS E MRS AT LR g
NP ARTE Y S04 BR R A O 8 A B Sk SE —
VI, B OB BT B (R PEAE Ry A BBy /B
FER L AER A AEN A ) (BOk SoC A AL
TS (3 DR AR E LA
P b BE Y B JE 450 (A AR I A A HOIR 4
W O EEHERE) AAkFdBRP 2R 2
JERIAE 2 RESAY ANE T IR 2H 200 20 MORRAE (9 %
W2 SMREE) &, Hoh Hom o R R Ll
RIEAIR, GLFGAEH NP AEKy ARG #y B T 9l )
A, H T TR A A R R HE B
(Harder & Johnson, 2008) . HAh PN 25 1) Ll AR 1E
TR SCHIF S B RS /D i R B B DG T )T
i, BEE W TR A R K SR R A
HSCAFRITEAS Ll AR TE Qi B 358 i 1] 3 2
YESOAR T, WRE R 2= B e S 2 B AT 5T T W
PR, AR SO T A 22 BHRR A I 468 SRR Ll
AT H S A FR 0 R SR RN R A Dy B A7 b
PR 2= BHHERS B 2 MR TE F G A0 RN 3 N M A
oy B A5 AR R AR R

SEH .
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