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Tt M R B RN, AR AR 2R AR 27 i i S B
BRAR, JTRe Sk 7 A g LR L B AL R SE Bk

Wicks H 191 2021-03-08; #5232 A 11: 2021-03-10
* J@IAE# Author for correspondence. E-mail: xuweihua@rcees.ac.cn

1 R EETSH

] 2% 2 el 4 T S il R SRR ORGP . SR BHE AR 2
MAES MR E R E S AS TR, MBI %R
RN ALK, g2 T HEE 5 A S
HE6012. 70, B s Xl 4 K 5K A [ py ) AR &S AR
SO PR AMERRUE, SR ) A S
U B o TR 1Lt A X6 AR 25 A 23 MR IR A i B X 4
%2 TR AEHEAT *ME, X RIRTR AR b bk e B 45
31 207G bR AESS TSN BN, I B 20204 46
SRR E I IN2C; B LA X S 2 2 A
P10 AL, BRFE A B AR A 23 AR R AR
MR EEUBE, IR S E BUR Y, R mEA
A wi RFIEE AR R AR AR AMEFRHE, 20 1) b B 17 B 4F
15.570f113.5 042 = £]307C, # 220204681, &5t
TR *ME R FR 3,058 22.84 FT i .

2 FFREEESH

Il 5 el 22 A T RISk, B
AR R AR, FR s B T RS X R R A A
MR, I T HERZ A L HERMET AR R R
W, B 5 BUR DRI ARSI EE . R 8 i R R

https://www.bi odiversity-science.net

FEERLER SEMm



FEERAER S E

276 £ W % # ¥ Biodiversity Science 2021, 29 (3): 275277

AT g A s T TR g A A A S U R (il
1)), DL AR K Bl e g il BT
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Dk A SR AME TR SR AR . BRZEF DX
WLRE AN T3 SRR AES T, il it 78 & XOT
J R, HR A W BT A AR S PR T X A AR
RESRIGE X F LA, A B34 Rt 2 b nliks
1,000/ 7C

3 WIAATRML

(] 5% A el 388 8 > 38 0 o7 22 35 2 B 24 1 i B
AR LANVIRT, BE4E T AR BIRMR R, e
B E I, i TS RE . ST AIX
BEMEY R PR, R R I T
P, BRSNS KOS, B AR
SRR RS T H I E LA B R m B3 H I E
1ZE 0, BAEY 0 T8 M 1,5007C 32 & £
1,80070, &M — P — " &S AERE T A KAL
17,2107 0 KRER IR A5 X S A BN L B B A B8
Ki0713,2784, HHASEY KAL10,7774 2 M)
% KA02,5011, HEAERZ HHE1L,990A, H ik
F190.3%, AEFEY A KA T % L HIA7.3814 78,
T NIRRT B 18,5557T

4 IFEHBRFIR

SRR AR 7 b P R 2R 2 e DRI K
MG TR, G EAME, BEOR
AR, SUHES) T E XA EE R AEEA A
KRR G — B, R TAHEX KRS ESRT
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IR BERRPSLTIT R R RS, A
RGBT OB A A 7 i 4B . BN
W B 7E B3 R R 4 2 41 & 2 {r ¥ (fortress
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ABSTRACT

Background: The establishment of national park system (NPS) is an important content of ecological civilization of
China, and is an important measure to realize modernization of governance system and governance capacity in the field
of natural and ecological protection. Aiming to obtain practical experience for reform of the NPS, central government of
Chinalaunched pilot construction of the NPS in 2015.

Progress. For assessing efficiency of pilot reforms in the past five years, we carried out in-depth investigation and
research in 10 national parks (NPs). The result showed that: pilot reform of the NPS was reliably and orderly promoted
and accumulated a batch of replicable and propagable experience, especially on top design of the NPS, establishment of
management mechanism, law and regulations construction, ecological environment protection, strengthening foundation
of protection management. However, there was also relative lack of laws, regulations and standards. Management
system reform of the NPS did not reach the designated position. It was also lack of monitoring system of ecological
environment. Financial support was still not mature, contradictions between natural protection and society development
were still obvious.

Per spective: This paper provides relational countermeasure and suggestion for law system construction, deepening the
reform of management system, improving the ecological environment supervision mechanism, building diversified
funds safeguard mechanism, and promoting to build, to manage and to share the NPs. This paper also provides
reference and basis to formally build a batch of NPs, and to preliminary establish the NPS in 2021.
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X0 Il ALY B i o JE AR IR A ORI R 1 1 B 28
FIRAIIT R A, BEMAE—E R EHIZ) T HEIX K
J& (%5 3845, 2020). Bl il s fst ok 1 IR SR A B R
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Shennongjia Nanshan National Qilian Mountain Giant Panda National ~ Rainforest Pudacuo Wuyishan  Northeast China Tiger Qianjiangyuan
National Park Park National Park Park National Park National Park  National Park and Leopard National Park
National Park

m RFUA Higher income
w BEALALSL: More employment opportunities

R AEBI. DFEK. RSN BEK Getting some preferential policies, such as tax breaks, petty loan, and priority to employment

= #MEFRL P Diversification of compensation methods

» FHEMREE S HEREINMIEE Reasonable channel for expressing one's will

w A EREWESIMRY Protecting the ecological environment
G SO REE 1 BRY" Protecting the traditional culture

u AR IRAES A BTH S Improving public awareness of environmental protection

El IMERLEHEES[AEFRROMXERNEIERAENEZIFKREEMSLE

Fig. 1 The community’s main demand for a national park based on questionnaire in nine national parks
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ARSI QIHT 2 28, REER T BUAEI . G—F&
LS, RERY . LELEH =IES
%(http://www.qh.gov.cn/zwgk/wstem/2020/08/19/01
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G —EHIERE, — P —REP. RN
[ FAS—" 1) =VTIRBEA, A 51 [l e i 4
BT H L.

A AT g gmbEHR R, AREEHE
AETIEN, A M BAR AU BT G ] i B
KI5 ]40044, FESL T T = VLR E 2K 2 bl i B
FEXERZULE . 2. M—JUET LR e B
(0 XA AT BUE B AR R SRl B A AR

Wk F 9 2021-01-17; 4% F J1: 2021-03-14
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CTUIEAR KT WUAE  SEBLAR At R DRI ELAN
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&, FTE N R A 6K IS MR A A E] £ EH N
N S - = N 07 N B i O il S 7N e
WARTFIZR AL B SR R4 b A7 DhRe 40 L LA &,
G, SATRMRRY . RAGBE, ARk
(1) JER LA AN 58 BEVEAG B RS . T AR BRI A
JER AR FE R LA OCHAR E, KA E KA. ﬁ%ﬂ@ﬁ)&
TR A it %U&’ﬁ/ﬁ’ﬁ?ﬁ FHRUTIE
B, BRER NG B IR BT T W Al ?V‘])\W
B R . RS IR AR, R
Ly 7K R 9 — A A B R (R R U, BRI AE S R
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TLUR K T 26 B (A7) ), i) o [ 28 — AN R R
Pel A AR (=TT L o 2 el SRR ), e R
=T 5K 2 [l 2 T e R A S DR 2 R
X, It E . NS ERMEIAERLTX, FiHl
e JE K AR R F s A AR 25 S A A% 7K X1 R S A
FEEbR. [, B X = VTR E 5 [ i B 0
BONX B, fESA LI, ARGE A e T
CEVMARLRDY RN, A 3RTE T B i
BRI o AT R B ™ s 1l P PR30 A2 A5 34 B,
74 e PR s ) 5 o el VA B I LB AT AR B0 -

4 —P—REP

Wt — P K AESEP AR KA, [EHX
17,211 R HFRIE B, & H T981,8007T, i3
PN 275 2 o0, 2t 7 E o, 4
RMNESFIHE AL R #H . TR — AR
EFEP R, RS HAESRY M. ESE
o AL SR HEB IS G o el X AR AL SR A
BN, PRZR DAY B OO 31 1) 45 PR
ZENH, 5l FHRMNFEF AW AESERE . HIR
BE S AESHRY TREY 5 AR RS TE,
AR R e KA A . S B & P S IR
L, AR & IR, s R ROOE T,
B B R R EN WS R IR T B AR, A
AL A JAE A R AU T 5L
BHEFARAESRFRPHLR, REANKRESE
BWEANE LA, A Re78 /RN R RBEA B
S PEFRR A

5 —iF&EGu

SRE B I R EOR, A Kb A
B IR R o T e = VLU X SkS = 2 7R
5 R EHE R v, B E X AR KT &, A&
“REF. HEE. W EE RINRES, HEsh Kb
— R E RIS, JHREEEESREN. WA=
LR ARG EF E S B IR A IR &, R IR
P = VLIRS S . R T =05 5 el BT
AT, 5 EREER S E =TI E R A

Bel 0F 7T B, SR A6 AN A AR ¥, 7675 3 K22 %[
FAFAMKREE . T2 IFREAHES, B2 TR
MAEENUER, 5 E A2 R E KA S E G 1ES R
W BWEAKFERAEBAKER A, #
B A A I B, TR, N E K S
PR R S .

I PL 2SR, AR HIBL R B BOIAS B B
Ro H AT E K 2 b A 2 5 (Panthol ops hodgsonii) «
5 J& ¥ (Procaprapic ticaudata) . J# % ¥ (Equus
kiang). EF4E4-(Bos mutus)Fl F J& JiE (Przewal skium
albirostris) 4 M%1 9675« 65 3.6/ 1715k
(R), MEBEAEPREKE 2 F . 20165 IUCNZL
24 SR R S TR B S 0 A\ G B DN e
20174E1UCNZL 1 44 5645 25 5/ (Panthera uncia) A i
far R Gy far (S HRIE4E, 2019). 20004 LA b
AN H R R AR L, HAnETRE. E LR
FEAE TR o BRI R FHHERN 1 R BT R KR
SR, ) T IR A, [ X AR
LRI (R HT 425, 2021) .

VLR 5% el A o) R o B A A A B AR A
Treften . BHAASCHE . AMEBCRSE TS 2 10
B, bt DU G

(DA THEFERIG A, FRTEAROTRE. &
T FER G SRR b 77 WO AR 73 5T, 4 R AU AU
XOP A TR U], I BT 4 45N AR B SRR IR IE, R
(VLR E K A AR T %) R e X
AW EHABAT TR RS 5 RN el
B TG S CHE, BRI A
THIRE. BRI ESHAIE R R A S
HILHIRA rpr o I I TR A% SOAH i, W X A
ARETERSRH, #RGIENE. HEMENE 2
Heo SUCEERTATIN PRI, AR
EIPAW LN R&RIE, ERERREITS
Yrgr P55 il P AN I, RS ORGP A R B
B e IR I R I P IS E R AR EE R .

(25 NA B FRAR R, IR /1. N
RN ANA TR IR, @ 238, A
JTFEIREFFE 2 ORBER . E . KRS SER 2.
BB SEMR IR A WAL E K AW AA LI, 5
FREH AR RN, ST A ARACE . InREIT
SCREJIRE, Seit L IR, AOT R IR
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FESTARSL (S =TT S ST B, MM R I
BATEH . WRLILZ T AMEER, KAT =T
EB R, SIS ERBICR A, kAt
B BN B [ 5K el e 1 ) AR T

st ALEARET (= kB RANBKREKE
IPAEIMARE Y Ao (=T R E RAB RS XS H R
BEY., RFERANRS ZFIEHE RHEL.

BFT A =ILIRE R A E AR I EEL 303

. ORI, BB TR E RS R

AEAR X T

S5 3CH

Ca ZY, Qin W, Gao HM, Wu T, Chi XW, Yang JD, Miao ZY,
Zhang JJ, Song PF, Lian XM, Su JP, Zhang TZ (2019)
Species diversity and fauna of mammals in Sangjingyuan
National Park. Acta Theriologica Sinica, 39, 410-420. (in
Chinese with English abstract) [%4R1E, B, Mg, =
i, RIS, BRAR, BEME, TR, RIS, EHY,
FREEF, SKFEME (2019) = VLR E KA I S K 2
P& IX R, E2REAR, 39, 410-420]

Zhao XQ (2021) Ecosystem Status, Change and Management
in Sanjiangyuan National Park. Science Press, Beijing. (in
press) (in Chinese) [#4#4: (2021) =VLYFE K /b4 &
RGPUIR. B, BAL L, Abst(EnRl).]
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JRELTG, A, 758 (2021) =VLEE R A FEPGEA S SCE L IR S HE. Y2 R, 29, 304-306. doi: 10.17520/biods.2021047.
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EHSEIVE B AR EE TR, ALK
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L SR AR SR T 580 (BUR RTFR CREMATT D)
WA, R 5K Dl A ) i 5 B g L 7P H
FAEN— AL EE, GEE R SR H
SR T A B S S IS L AP FH ) 0 — A
SERARI g — B, PR A B2 KB B R BT
MOLFIE R, AR RS . KIS B R B
P HRAR TR . A KA S Y,
H K o el LR G — JBR AT BIR A B 28 547 B
PR X T30 2 AR 7 Ak 2 11 B 5 8 el (G R
s #ARIREE), EENME R A B B,
7B AE A B 32 B RIEAL o =TI o i o
S TR AL B T N A R AR A
[ 2 2 bl AR il X, 8 T ) R B A Tl
XRTF, JUHAE BHEIA R & PIE o Ty 42 58
BN T CakTr %) , HAERE ST RAESK
REZ B PUEARSI . AT 2R S 4
BT R & U i R A U5 R AR,
TR T B =TI A BRI R 45 B,
ERGISE

Wk 39 2021-02-04; 4% 1 J1: 2021-03-08
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PRIMR R AT BUAEBMIL . =L [ 50 bl i ]
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Bk o FFEEE 3N X3 KA B R LB Mol
FIR KBUK B AR S5 BIA TR BT,
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The Giant Panda National Park: Experiences and lessons lear ned from the pilot

Sheng Li*“", Jie Feng“?, Binbin V. Li*”®, zhi L2

1 School of Life Sciences & Ingtitute of Ecology, Peking University, Beijing 100871

2 Shanshui Conservation Center, Beijing 100871

3 Environmental Research Center, Duke Kunshan University, Kunshan, Jiangsu 215316

KRB [ R 0 ek A T 20164E8 H |l DY )1l . Bk
7h. Hil =8 NRBUFBES R CREERE R Al
RHRR ST R) ; 20165E12H5H, S FaBidE
R FF R R A TR A O A S N B = e
UG CRBERE KA AR A7) ; 2017
FLHA3LH, HEf R AT. BEEBRPATE K
CRREAE K A a5 7 58D 5 20184F10H 29
H, KRB E R AT 5 IE RS, 20184E114,
RBEREARE LI B KA [ H A B R . KREA E K
AW AAE R KRB B 5 A [l kv 44 & 2R
FRARHEREL, 2020423 H 17H, KAEAE A [l EE R
EIR KRB 5% 2 el 5 B 0 (R AT)) 5 20204F:6
VA E N 2N E (PN TR B ) EIV I PN
M K A SRR GAAT) Y. IR Rl AR, WP
AR REMERA RS, BEHER. T
R A (A Sl ) P R S R EAA R, LR
BEHERIN . FH R4

K HE A L 2% el ik A X T AR 27,134 kP, 43 A
E3E 121 (JN)30E (i X), FHrPu)il, Bept. H
FRAE AT AR 23 B 920,477 km?® (i T AR I
74.36%). 4,386 km? (16.16%). 2,571 km?(9.48%).

Wk H 3: 2021-03-01; £:%% H J: 2021-03-11

A XN R & 2K B AR 8Ly, ST FR21,347
km? (I BR 22 O B 4), o w5 X T A
78.67% (Huang et al, 2020).

1 XEZE

KRR ] 28 A el v s ST S0 ), 7 P A ) 1)
B BORERNLEI G, XS AETMES T
AT TIR AR BIR 5 Sk, B4R 1 2 77 1 1)
&R, Kb, DN U7 R AR LR,
BA B AESHET ME.
11 ZEHEINEEMHSTEEM

FE T 104 B 5K A el fA ik A b, R Rl 2K
AR ST AR K, AR T =ITI6(123,100 kmd)5
o3 111(50,237 k)it s (X (ki 4645, 2020). 782
(o THD ARURA AR T B 5K [l i AR 1 78 2 AR B DAOK R
i (Ailuropoda melanoleuca) HCE I LI AES RS
(1S B S S M o AR A ] 3 DY VK BE A T A 5
WX V0 55 TR AR KRR R R A R
87.50% (£)1,631 5 )1k HE A i S5 b [ £ (1) 70.25%
(18,101 km), [AII 7 3% T 25 /06414 HESh 4 e
F13,446 N FH AP0 Fh (AP B Hb(Huang et al, 2020). H

G H: ASTHEAEY Z R IS PP H (2019HJ2096001006)
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SRR REAN 1 5K 2 el it DA B — JEE AL 470 P K BE 3t
%, BOATFRER, POKRES N B AR YR R
BN AT DL R K 5 2 R38040 A 1) HAh K &= B AR Bl ke
YiynFh(Li & Pimm, 2016), [A]R 3 SR E AT 0 H 2%
FERIAES KRGS (We et al, 2018).
1.2 FMRFHREEREE, SIFEIRAES
CRAEME R A EAGR AR B, B
TGRS, QP AR E TN, miEeR
5, JEdtE, 51 SR MER. HoHgl. FHiR
ezl ERAet It SR, B aih
RS 54 ST RIF a6 4 FALH A2 oA S
AMENLH, TRE TR XK AL, (R NS
H AR LA
RIS, KRAEME R AR S AL
VERERE, T BRI YINGO. Mttt X . ARsHEs
SRS Z T 1B SR s A O, i g SR
ANX ALK AR S I AL LA X A
& 3R ROR R AR A K B A T 5 P 4 2 Fg
1, AT THE X L LA 1 54K, RO 2 A
ARy, RIRY N X ERTEHE K (Jin, 2018;
FHMZARE, 2021), ZitAe e /3 Il B BEATLA A
PR a2 E0 =7 — A% = (BAR 12 %5, 2020),
FAE AL A L S B B E R BRI, TR
CRBEME 2 A A X @ A R HIE) . £
FRHEA S @ L E S, FEHa® RS 5
KRG KA e @ ik R 7 NS st fEIR X
BRI HAR A 2 B AT BUX S B GAT 3,
KM AR X WO LI X . & HL U8 E
PRIEAT B HEIG B AR R b N 3R R, MR R Xt
Fr AR RRIAE R G, LSRG T8, LR
PO RGP S . 7E R REA I 5K A frd AN I 4 X
TERE WO aSCAR AR A 25 R AR, R ZRSCH. R TR
PR X AR b, A 3,059 5 NIR, FhfFtt 2
P 4244042 JITC S FF A SR 104E I AE BRI S 4tk
J&, TWRBURFM AL X A SRR S HLH], NAES
N BRI B R . R 3 T R X A AR
RIS, HeERE R, s RE
ML, FHILEARE S0 (17 AT AR SR
B IR BT A AR D 78 00 B 2 O 4 2 R
BN E KA E R 58 B T A 325K, [
B PR T a0 ] 75 1B 5% 28 [l f 4 XA 3 o 22 8 4 2
RS RERRR, W4 X 252 mEHT

FARRAE, 0o T oAb B 5 el i ml IX B R
LG (S %, 2015; Jin, 2018; JER B
2020).

KEMERAEA S SEHREA XS,
FEATFAEX S5, #EIX 2 KRR E 5 2 [l 1) 5 2
YLRER Sy, KRB B Se B se B L Tk Y
S FIAE S FEET A SR HLEI AT B BUE T,
FEIX AT R K REAN B R A [ s % 1 A 1 %
13 BMHBEZERGN. RECHEEE
PTENER

A2 ) 22 R P I 2 ] R [l R A TR A O Al
Z— (K RL, 2019). 55 T-20tH 20604 AK AR E 5K
55 [ B pk 2 6 K REAG X — HE AR b B A S5 b £
PRI, ERAER S E 3281, WX
N SR BARRT X A EERUMRZ H
SRARY M, (EZRIG . IR, IRk 1125 X B TR
A ELE By i X B AR R X BE (LT et al, 2010,
Yang et al, 2020). LLIXEE K REA (R4 H A SE A, &5
AR A ERRER A A, 1% XS T RN RGN
BEXTHT AR DR BB PRAE . WS Hh K £ AR B4 0 M
Z(EF MR, 20068; PU)1E LT, 2015). A4
Xt 2 8 A L i K RS BT 2R B 4041 A L A
X (Li et a, 2010); &+ 2 EMKE, 1£H
KRR TSR], 3K X A L E B RO AR
AL L AMBNLIE I N 2%, B #6135 LM LIT
1776 (Li et d, 2020; 235, 2020). LAKRES RS
[X 7 FL A R A% o T R 7 R 3 58
g, DT 7 bRt 2 ROE U A, BRI <Y
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JE AT o A5 T — e R T I H k= 0k A2 A R 2
&2, s Nk ARy SRk X & Aol kR,
A AT BEINEI RIS BP0t REA A S 1) 52 .k
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R WEE R, 37, AR T AL S5 BT 7R R
PR IGHSER T 5 BB AR N R E R, X4 A 57
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Swaisgood et al, 2018; Wei et al, 2018). {H 5 it [F] A,
K RESHAT S H B (R AR R AL R BE DTS PE IR (XU et
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H BIR) 52T, 850 R REA R B /N ) R S
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F“ B X & —" &R, 20174610, Wil & BU
[F) 2 AT St (e LR ] 5% el b kit X A4 R
%11(2016-2025)). 20194E7H, Wil H BB EERITIH
ERAMTE., e, i rSRiliFEERAE
IR, MAEUNEEE, NG — R
Hf, ZHEE MR . 202091 H, B FARLAN
B J ) (1B KA [l B Ry ) kv — TR W X 1 O &
AR ALK T E W A X . 202048 H,  (ERILIE
— 7 Ll AH 5% e AR R (2020-2025) ) dE & 5%
PR, BT BUR IR S .
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BRTT Y5 =1 11 AH B 2K A el i e St i A2 e,
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252 k%, JE AR HTVT G BUR PR T, 3 1 1L
X, BLAE ERH L= it E R R B AR X PR
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EREER, X, EARFTE HARTIR S
o, 570 b X A 5 5 0 35 R = T B
B I 22 (F 5 (2%, 2019) . 7EARVIYE X R B 14
X, R Hb g T AR S B 4 i 80.70% 5
88.51%. fEMLET &, B A WA s Lt X
PEEAR FARVEIRI G — i B, S Al i 75 g
Z I R )

BRVT IR X T 20184F 26 S i [X P 1) 4R A4k
AR A S, AT T AR, U T RAFW
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AR AT T, B 8 RN B AT BN R

RO EH, BN RAERSERR RV,

W SRR BT A L R AL G — PR 25 B [ K
AR (EF RS, 2019; ERESE, 2020).
20184FE2 1, WL BUMMEE, il X4
PRAR L HOAE A M S I BT . 202046 H
B H R I 25 Bl AR A A SO s, TEAN R
TR AR, B STAUR) SCS5 RIE £ T
BTN ANTE R E AT, FR, RRER
A A AR - 20206E9 F, AL E AR K IH S
TR R AR TTIR P DX AR 2, 75374 Mk b 47 Hh A5 A
R, ESAMERE 26T/ N, WIEEZTH NE
PR R 3P AR AL R e

BT YR — T LA ] 5K 20 el RV TI8 X ) A AL
ORI IR R, TR E B 7 SR AR X HE iR DU XA
FEl >y AR I AR R Mk RIB AR T 458, 152
TR AN N, O 5K A Tl R A
BHR A RUCE B ORI IR LR S 491
1.3 ARMAE. SN ERXMEE

B LIE—E IHE K A s B, sEE

e XN BATIE S A Z PR T S
AR AR, KB 7 0 ke R D [ 52 el R )
B o bl R S b E R B ST
s ERFEBE ST WL RS AERUR,
FE AR A28 SR LI K 2 SR S 1,
WRFEAR VL IE AR bR A4 22 R A [ 53 B A0 A 2 00 0 A
Fruti, WX AN b 7 T B SRR AR AR S R
4 fil B e (Muntiacus crinifrons) < 1 # & 2
(Syrmaticus elioti) FETEAAIFITRE 1T 32 IR
W75 W (Chen et a, 2019; fEME4%, 2019; 4
P45, 2019a) .

FEIR U], ARVLYE Fr [X 3 57 4D 78 o 4t
EENYLLAMENLIE IR 4, I 25 & i X S g4 o 3
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H/NFTSE, 2020). 454 DA, T, i
HFETT 4 H 3 A 2 AR BOR (AN EE, 2019;
AL 2020), FESTALAIRN . BIHEYLEE IR
A W&, X IXNAE 2 R A RS B
ST RBEIA . RSN, S B
IR R BRI S5E R, WATTR T A2
PETE AN AEREHLE (7] WiChen et al, 2019). AV 24
AR RFR R RZWI LU et a, 2018)55 /7
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on 2 A, 2019; kiR AE, 2019; & - AE,
2019b). % [HJ LRI (B an 245, 2019; A P4,
2019a) PRI ECRVEAL (1140 FH /RIS, 2020) AERS
RGBT (F0 22155, 2019)56 T./E . 20194F
9N, b [E U I A1 A2 B ) 3K [ AT RF 4 K e e
SOBAL (HBERORE G SCHE AT RREE A R H AR TS ), X
YLV 582 bl A2 22 5 1 B 0 o 9 7 8 38 40 2 —
(https://www.fmprc.gov.cn/mfa_eng/topics 665678/2
030kexfzyc/P020190924800116340503.pdf) -

BTV — (A R A el f i R v, 84k
DL RWE, BN E KA R R, MR RS E
e B EAE S E, Rt FE 54 bl AR
71 PR R 2 A B R A R ) R

NN
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PRARAE FOANE B B AN I T — IR AR R

(L) 2 TR A B R SEIAE S RS
SRR TR R AR R R . A — [ B X
(LR 13 R B8 65 A 5 4 47 v ST AV 85 S R T Ak
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TR (B an SR 5] R B RIS R AR R T
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BT 32 30 B D R Hb X 28 5% R Je FR 4 i
FEAM ST EUE VR 7 ok, H 7 5 B A St i AR
ZAIRLL, HETMA U94-3,00042 3k . RO EE
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P L1 ] SR Tl A ) 3K X T 7 R AR AR X
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ML R AES KRG R I R KRR D
IR R A X R R 5 AS RG R BB I
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TR FIEAIFE, FFERRBAT. EHEBRIIA
JT20174FER % o Sr B R A I Ak A T %2 ) (AR
IR CEARTT %) 18T TS iR, 20204 2
A58 B OEATR 4%, 2020). 20204F 2 [ 57 2 el 4 i) ik
HIE 24, fE20214 0] M 45 S A%, BENE
F o AR SR, W E KA ERIE T 48
A RN E R RS ORI X 2 —, HFkE &
REFELAEE —, EXXCWHEHEEE —
(http://149.5.6.212/html/2019-04/24/content_82971.ht
m). e A L E K A 2 10 ME SR X 2 —
1T Ly A 3 AR50 2 AL PR o A A b X (P Ve
&, 2009; TSR, 2015), (HAE 9 5K A A il
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e, NPVEER. LHRUB S . Pl IsoR H 4k
AR AR, 2SN L (I %, 2018).
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R 2K el 5 4
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A H AT, AR A S5 HE AR 5E (Box 1)
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Box1 K& L ERXABARHXEFEERE BRI

R

HBGEPFEEIALS FRARRN, FTEAEE; #3
B g, FRASEL, NASKRFH X IRASRP.

WEAAL A RA LA RRABX: WRERA T LF 5 TRE
¥y RBREERSE B R BRI A 248 KA R RIR
HHEERA. BARBFHE, REEA LG RKL
W —F AR

RAEFRNHASEERF: K R0 E RN EHTA A EE BUFL
TR ELERANEEEEITR, KERASRIA AT
BREFEAERZLERAAEER R TRY . EEAEE; K
B XA RARPTA 6 8 A TR by K Rl B R B R AT

BRI
ERFR, AERIEAA . LIRS R X
SA/RE. AR K R RNIAZ FARE
HRASLHRE X EE.
ERTR, HFE2THEA R, FHh L% —
ERE B, B RaBR—HREIE TAERECE
RSP RIS R EE,

AR, FTEAESRBAN T A B EARICE
FA SR R,

% —5 12,

09 TR REEALS.

3 AR AR R

o HIFPRBESBAMI EIUAMBHEANDE. HEAEAH

o EABHMLLL: FI L AMNARHMNG; ELER
HHA, AR GEE ENS]; B AT SRS A

HHy XA FTRERALAREHAFRIA, 4 +R
TAREEEHIR,
FHyTR, AHEIE . SBRERE. 2%
BAHIFAFE L,

J PR 22 565 (4 7 Y PEAE T AR AN HL 1) 2 75 R] A2 2L
bt X HEAT A SRR R ] T Rk — 5T e
BB R G E (T R) R, S
SCHIARA S T A IS SO0, 2R
] A A P A T A AR R T TR X ) TR A OG A
7 JE I TR R BT L . B B BOR R AR 5%
WA, WA R AL 3t 5 4 R . PR,
N SCANBL b T T g A R Lk e 5 ) T R A
PE, IR Dy mlr LA i HE AN SE s HET PR,
SR AR AT U .
11 AESMENEIRAFIF B EEREIRIF

(D (BT R |, WA ESHE T e
4 WU I B B R L [ KA T B R, JRAE
s X L 164> 3 2 2 B (1 3E) 70 Al B L K A
bel i Hul, R B R B R B AR .
ARG DRI IR L G (0 BN AT LT
WA

(2t X AT BOh F R g, 53R i 5O [ ST
TEEBRORYLE RO R RS IR R A
T g0l AR ERILENLE . XA
SRORY LI <R3 XA G — Pl AR EL B A

A DLAE i B AT BUXOT e A 4 58 B VR ORI A [X 4R
AT RHET
12 BAEKEHRG—EENEFIRERESIHS]

XM AT & IR ZR 58— B2 [F
XA el Pt R e R PR, T R [
TP EAE . B RS AR SEAE ML 4L
FHHAT TIRR AT

(D5e¥ A BRI AN X775 48w
AR L ARSAT IS B B, B T A LA A
B, R BRSO [ 5 28 el B . A A P 9
DA TN XU T R B4, R T
SRR LU 30 . e rp SR 218 PP LA AR £R
PR E R, R EAT 2 E e (M X AT BLEAT
SE RUES

(2 ISR FN L o FEMAR B B R AY
T, 5 X RS T B AR
P, K B R X 1.0277 ' BT MRAT S
— G AL, IR bR (L8 AT T
PAAbB . X19,2427 N LTS s AR ZE LTS AR AN B B,
SRR A B RIARAEBEAT #h Bl o o DLMAR
BOHATR — 8, EER I E R, B AA A
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A5 50 A X ] DLIEAT 2 AT

(3) B EE A X 43k P ot AR SE L 1) o % B 25 DX 33
(O Sl bR, TEMRR BRI RTIE T, XA 1 i
AT B S, IR A A A A AR AT R
T, O8RS RIRE S22, 2497 o H b g AR S AE
SR TG T R BUR 9 4 78 48 I HL X AT CAEAT 22
AT
1.3 BEMFIFELENS. SIFtXL RIS

(VISR EERE. Ba (RILEK
AL EEEETIME) |, BRI E R A
BT ER . JRR I XS4 IEX A
VIR Y B Y RS SR B T R
XS RRFAERIE . ML ET N WX
HEMES SEE SRR X KRR, a7t
AT I AET

QBB LI R AL HeT 2 A S A
W e, AR TR, Ak, A1E
th BATE A L R R TT R A P28, R AR Sk
RONE; IR AT 2 Thig, St B 4 s Vie A7 =,
g1 A RO IR 5 (kAR B IR AR B Pl K
B, BRI X BEADL AR, SEEk
AR, Zootk, BIFES. STRINME Rk Kk
J&J7 ), Ay LA AT
1.4 BUFFHUENLE

1E T A A IR BE 25 A PR O R AT ML A 22 ik
FICE AR R, B Ll [ R A il $hak S A
BB A 2R ILERAE SR AT ER
ON R B R AT BRI AR AR, R T ER A
el W BRI, ik IR R 9 R A B
HIN123T, & (1L E 5 A [ IR P 5 A
MR HFATBUL TIRCTAE T ), SHATHX SR AT IR
AE ST RIS L . F B DA T BURF A CHR 14T
3 (04 St SO R B AR PR R . ARAR B IR
B ISR . AR A [ AT TH 1435
A . M R RISLIATBUL ST, SRR
P [ 2% Bl B R AT 0 o i o I o Bl A B R AT I
PUEEAR T, EHSE-RPERE, EEHRAT
AN BAR S B AT T R 4 P2 1) X 3 )
DAEAT 5 s dfE ). (RN, e B R AT BORIE AL
J&, T AARSRIR R A P AL R IR IME

21 REMTERZASERA

RGN B KA A SR Sl T — e
55, AXE (SRR, A EZA L.

12, B E A AR s X TR TR
— AN R G I T8 E R L P
R LRI X4y, SUE R T 5B BRI, R
TE R AT AT B P e e A 2 7

Fok, wlsNE], JEAE & S OR S H 8 A |
T RENRERERIEH, th=h Lo 4,
WO IRTEIE A B, B B S R T R

B=, ERRER TG S HEG, mXEa
GEMBE SR b, S B AT RR S, A At
PR U R B e LU TE G, 1R R A5 -1
S R 5 A TR ER . Rk, SR+
MEHIFRA LIES —.

E0, A EES AT B, B TR
22780 BN PR T 5 R 5% 44 i IX P 1) L R A A i
Y FRMOGZE. ERIUE, RV AT SOH R
RIFEAT RSB AT R EE il . XH R TR
SRR I, (RS FORRRI S CRMATT R K,
WA Az e CR L SRR, DR e DUV L 8%
A IIEH ALY S5 K R E .

2.2 K BRLUERE A% R s I

SR TR R R S AR, RFELER A
el 75 2 5 38 LN 5 T LA .

(ORI b, Ehnsais EAE g —. B
MRS R e B B, B ST R [
FH AR X Ve E g —, dhmiegs, 20
EAE AL RV 4730 [F) 25 = J7 TH S 52
PEFERE (] YR AN S5 47, 2019; =%, 2020); &
BLE M AR B B, 0 s £ A4 b dh 1) 4 — A
WG AR AR ZR LA P R AL
(f A%, 2020).

QFIH L, seBfrraE . Ralmgnt
T SEA 1) 22 Dl e = b (0 % FE R AH i) A BT (1
JEBL A, AR AR LUK VR 8 10 i REAA R 5 SR AT
o A B (A SRS, 2021). [RIUL, MiZAE %
REE R AR AL, F RS ER AR
7 i i R R R AT R IR B I, R
X LG aEE EEEANERARRSTFEE
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Mammal fauna and biodiversity in the northeastern Taihang Mountains
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ABSTRACT

Aims: In order to determine the mammalian fauna and diversity patterns in the northeastern Taihang Mountains, we
studied the wild mammalian resources in this area from July 1st to October 30th, 2019.

Methods: We used a combination of line-transect surveys, camera trap and other methods. The number of species and
distribution patterns of mammals in the Taihang and Yanshan areas were compared using biodiversity indices.

Results: A total of 68 species of mammals were recorded in the region, belonging to 7 orders and 22 families. The
majority of species were Rodentia (24 species), while only one Primate species (Macaca mulatta) was found. In this
region, two species (Panthera pardus, Cuon alpinus) were listed as Class | National Key Protected Species in China and
10 species, including Naemorhedus griseus, were listed as Class Il. The mammalian fauna in Taihang and Yanshan areas
was similar with an average faunal resemblance (AFR) of 0.844, but the number of species in Taihang (66) was greater

Wik H #A: 2020-03-05; 52 H #: 2020-06-24
FEWH: AR 2R R AT T H (2019HI2096001006) A1 E 2 H 48R 223 45 (31672300)
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than that in Yanshan (50). The diversity of family index (Dr = 2.994 +0.251, n = 13) and genus index (D¢ = 2.443 +
0.161, n = 13) of Taihang were slightly higher than those in Yanshan (Dg = 2.458 +0.170, D¢ = 2.259 #+0.149, n = 10),
but the differences were not statistically significant (P > 0.05). Taihang’s De.r index (0.145 £0.022, n = 13) was
significantly higher than that of Yanshan (0.078 £ 0.014, n = 10) (P < 0.05). Our results indicated that species
composition in the two areas was similar in family and genus diversity. Whilst, the species diversity of Taihang was
higher than that of Yanshan, and dominated by mammals from the Palaearctic region. Although there were 10 types of
distributions in Taihang and Yanshan, the former’s proportion of species from the Oriental region (19.11%) was slightly
higher than that in Yanshan (17.64%) due to the relatively lower latitude.

Conclusion: There are environmental stress on the distribution and biodiversity of wild mammals in the northeastern
Taihang Mountains. It is suggested that the specific survey should be carried out in this area to determine the stressors
and the mechanism of influence, on this basis, the reasonable strategies can be determined and the efficiency of

conservation can be improved.

Key words: northeastern Taihang Mountains; mammal; fauna; biodiversity index
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Bl XITLUHRIAEHAEXERELZS . 10 FLUE; 2. RER;3: B E; 4 ER; 5 KEE;6: 58, 7: 5KKE; 8 B
B; 9. EE; 10: FREE; 11 BX; 12: fkE; 13: FRiBE; 14: EFKX; 15 FRKX; 16: IMX[X; 17: BLX; 18: F

AX;19: 4pEE; 20: LT, 21 MK,

Fig. 1 Surveying area and transect lines distribution in northeastern Taihang Mountains. 1, Pingshan County; 2, Lingshou County;
3, Fuping County; 4, Tangxian County; 5, Laiyuan County; 6, Yixian County; 7, Laishui County; 8, Yuxian County; 9, Xuanhua
County; 10, Zhuolu County; 11, Fangshan District; 12, Huailai County; 13, Chicheng County; 14, Changping District; 15, Huairou
District; 16, Shunyi District; 17, Miyun District; 18, Pinggu District; 19, Xinglong County; 20, Zunhua City; 21, Jizhou District.
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FARRREE VP VRAE . oA AR B e ISR, FR
ARPIFE R b TR RAEN, BESE S0k, THEAS
SEATAZSE . $RIB2021 4 B b (B KX s AR BT AR
WD) g RAT L AR AL FR e 2L 3h P TR 37 45 4%
(http://www.forestry.gov.cn/html/main/main_5461/20
210205122418860831352/file/2021020515195033676
4982.pdf).
1.3 HUESHh

S B 25(2007) . Smith4(2009). 7K 54
(2011). ¥ ENI%E(2015, 2016, 2017), Hfi s ¥Fh b
PIXRIZE . ORISR LBE A%, X &
FHIE. tHE B Z MR EU(De) BHIZ FEIEFREL
(DF) K Fr #EAL 1) G-FHE £ (Do) (R & NI g 53,
1999). # Xk NAA LA, BAAT JLAN 7 A £
ANFIR R, N SCZH X Derfe BN E . 1HE
AR

(LFH Z FEVEFEEU(DF):

m n
Dp:;Dpk; DFk:_lepilnpi; Pi = Sii / S
=, 1=

b, mA AR, SCAKEHIF AL, sk
HiJE IR, noKERL R R 2L
(B Z FEIEREE(Do):

p P
DG:—ZDej:—qulnq;; g=-s/S
j=1 j=1
A, s B IR, SRR, pv B EL .
(3)G-F#E#(Do-r):
Dc

Do-F =1— —
F

DR AR AR 2, De.rfa 80, 0< % <1.

SRR EL (X)) I 2 A e B3 AT T 5, i ttest
RIS PN | X TR B 2 FE 4R 52 = o R3304
[X ZAH{LLYE: (average faunal resemblance, AFR)% %k
O ORAT L F X ORI L X )W LB X & I AH
i, HE AR NAFR = C (N1 + N2)/2N:iNa (CHIH
AN DI IEA B FPEL NUFIN 73 50l e 7R R A X3 )
SYIRE) . AFRIEIN0-1, MMAFRN0-0.400,
INERIT R F; N0.40-0.591), FRFALGEER, N
0.60-0.791}, FRHVI XK, HN0.80-1K, FRIk
5% R (Wi 4%, 2008). Hdl 7> Hr K FHISPSS 25.0
B, WEMKE AP =0.05.
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2 HER

2.1 KITWZRALEBX 8 AR 2L 0449 F

ORAT Ll 2R b A 350 5% B A g L 30 ) 68 Fi (i 5%
1), RIETH22FR}, HA L MM B 1R, @it
PPN BB H sk JRIEE . U5 IRAN STk # S
YIS WEUGH AR, N24Fh, 5 DX I L
NS 135.29%; B HLITH, (5 EE25%; #
FH15H, [51622.06%; 754 57 & & H 3165k
(8.82%) . 1 i H 375 (4.41%) A1 f JE H 27 (2.94%);
REKHNED, UABE(Macaca mulatta) 1Ff
(1.49%).

AifF 7 X 380N 4 A B SR R B AR S
A 2F, Bl 4 %k 30 (Panthera pardus) #1374 (Cuon
alpinus), B SN SR 37 5 A s WA rh A 5
(Naemorhedus griseus)%107#; 9 LB IUCN
41 {0,424 55 (https://www.iucnredlist.org/) 51 4 52 470
Hifa. H e fe); 31F: (b EPFHESh AL (44
) BN AR, X SR RS
44.12%. BEAL, Y DXI PN 23 A7 R 3 R A R AL 5l
Y4 & Fa & (Sciurotamias davidianus) . H1 #E § 5
(Eospalax fontanierii) . 1| 7§ &k U4 & § (Chodsigoa
hypsibia). &% (Scaptochirus moschatus). 1t %% 5 H-
I% (Myotis pequinius). K T, H-4E (M. davidii) & B
BUHIE (M. fimbriatus) 378, 53R EREA AL
SEU4.79%.

2.2 KITWHRILIHE X RARK

X3k py A AL A A AsF, SRR
66.18%; ZRVEFVIMI5F, 1522.06%; | AT pp8F,
1111.76%. FHor, KAT A X A6 SR B b 4
(66.18%, 45FH) T #& Ll X (50%, 34Fh), H AR
TR FPAL(L3FP, 19.12%) 55 1L X 3k 2 1 (127,
17.65%) (#£1).

XA A R, AR R R, 1A
18%}1(26.47%), HALALE /D (2%, 2.94%); ZRiE A
Fhr, ZREERE % (8, 11.76%), 1M e A [ Y 4y /b
(3T, 4.41%) o RAT Ll XFAE Ll X Y 350 10F45)
WA A, ARORAT Ly DX 2R S M b i R
UL (35, 4.41%) E & F#e il i X (1FF, 1.47%)
(%1).

2.3 PSRRI O
KAT I A X D %1(2.994 +£0.251, n = 13)F1
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Rl KITWHRALEBXEHIEFL X RLERK
Table1 Mammal fauna in the northeastern Taihang Mountains
X % Fauna ZpAiZi Distribution type %% No. of species (%)
RAT I ZR LB RAT R IX Fell X
Northeastern Taihang Mountains Taihang area Yanshan area
LEle HJEA Palaearctic type 18 (26.47) 18 (26.47) 15 (22.06)
Palaearclic 4 North China type 2 (2.94) 2 (2.94) 2 (2.94)
4=Jt%4 Holarctic type 4 (5.88) 4 (5.88) 2 (2.94)
fFiERY Central-Asia type 8 (11.76) 8 (11.76) 5 (7.35)
ZRA XA Monsoon type 9 (13.24) 9 (13.24) 6 (8.82)
A Ab-#E4E% Northeast-north China type 4 (5.88) 4 (5.88) 4 (5.88)
RV % Southern China type 3(4.41) 3(4.41) 1(1.47)
gglemntal PR Oriental type 8 (11.76) 7(10.29) 8 (11.76)
B Fr - BT 1L X 7 Himalaya-Hengduan Mountain type 4 (5.88) 3(4.41) 3 (4.41)
AR N1 EE S iy 8 (11.76) 8 (11.76) 4 (5.88)
Wide spread Inconvenience divide type and widely distributed species
F2 KITUWRXE5#HLEXEELIF SRR
Table 2 Comparison of mammal species diversity between Taihang area and Yanshan area
LURLE HFEFE  FHBX AR BZ RIS BRZEEES G-FRH
No. of No. of common Average faunal resemblance Diversity of family ~ Diversity of genus G-F index (Dg.r)
species species (AFR) index (Dg) index (Dg)
KAT W X 66 48 0.844 2.994 +0.251 2.443 +0.161 0.145 +0.022
Taihang area (n = 13)
Ml X 50 2.458 £0.170 2.259 +0.149 0.078 £0.014
Yanshan area (n = 10)
P (t-test) 0.157 0.572 0.046

Dot %1(2.443 +0.161, n = 13)% = T3 1L Fy X (De =
2.458 +0.170, Dg = 2.259 #+0.149, n = 10), {HZE R
I B IKF(P > 0.05), De-riE%1(0.145 £0.022, n
= 13)BEm T 1L X (Der = 0.078 £0.014, n =
10) (P < 0.05), KM XA IR &
YRR [FE AT W XA F 22 B v T 8l X
(#%2). MAb, #l  XFRAT L A X HSF3 8P IX
ZAAME R E(AFR) ~0.844, AN A X A FL 34
X B2 MK R

3.1 KITWRILEREFLEh 494
NI A R LR A R B 2, DX AR
JEo BEK. MRS . MERRAL. B
NG E A EASE SO E gk R RS R YA
(i B4, 2001). B3 52 EORAT i ZARABER /K L PR KF
LA, %X L s R 4 &

ok F5 7E 83 K F, IR (Canis lupus) & 2 & (Ursus
thibetanus) 253545 47 #ii (K 548, 2011). H20tH 4
HIRAR, RAT L ARG St A 3 ] 3 X Selon B A )
/LR a7 Y-S O N DL A NN E2 R WY 2 7.5 AN 4
I B 45 5 35U EF AR s ) AR B o B T R kA 2k (5K
i, 1984; PR T4, 2004; PREESE, 2009), hnz X
P 22 PR R R A v PR T (B A, (SR DX 3
B PA EHh THAR 2 RED, F B0 2 B A S ) W
fi. BEIE ZREPEACE TR ek B 3 55 (2006) (1 B
FRM, JE AR T A AT X 1) )5 B (Moschus
moschiferus) H /i CLICHEFAEHE . AL RARH, K
17 ZRAC B IEAT 68 R LY, AN 53R E L5
YR 5 H0(693F1)179.81%, 45 A I Il L
(4.79%) 1z AT 13 (1)U L BN W Re A #2.(21%), JE 3K
] 4 2R R HAR T 38 = X 5

AT RE I, KAT I AR AR 1)K R B 2K
FEA S (Prionailurus bengalensis). 5. %
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(Sus scrofa). HHAEBEF . Ji(Capreolus pygargus). %k
M. 5% (Nyctereutes procyonoides). 77JK(Vulpes
vulpes). #ffi(Mustela sibirica), 41X 734 f 44k
3. MHEARE. K. 5. %¥H(Otocolobus manul). £1
¥4 (Martes foina). . §fi(Mustela eversmanii). F§fi(M.
erminea) S FILE 7 s b oy A Tz X ik, (HE 24
RIHRIE . SRR R B4 I IR KA S i i
A& SRR, AR 22 R Ui ] 35 38 7S 1% DX BRI 2 A
W T TS R S DNAKE (i 55 1 SEUE PR R A o
AFF 58 X481 1 15 B0 BLSE S B FA BR(Sciurus
vulgaris). JbAEFA iR (Tamias sibiricus). BREIERA B
(Tamiops swinhoei). K4 57 (Apodemus peninsulae)
AIdb4t B (Niviventer confucianus)2% v, # WK
AT W ZRAGER I LR AU X 3 — 2 NS AEFhan
/N B (Mus musculus). #35K fi (Rattus norvegicus)
S 1) BRI R ZE A T e 2R R RL AN Bk SRR AP AR
ERBEVIIRTPA LT 7356, ARWFFEAL S 7 2
%44 < i (Rhinolophus ferrumequinum). 22 H- i H-
g (Myotis blythii). XU 48 (Vespertilio murinus).
KAZUE (Eptesicus serotinus). #1L1#E (Nyctalus
noctula) 5N B F HAM, T P il sk (k2 4%,
2005), iX W] e XA B AR AR A K N ZRTE S
A 2%, SERREBAVTIIRBERY, FENT EER
J BEE A XA B Ll AR ) BT B ) AR M R I .

MM ARE, KATILARIGE SR EA —E
FEERYE, DA ETRREA A 280 B I A L0F0 [E 5K
2 E A (R B AR 54, OFPIUCNAT (4 44 3 52 i)
P UL S 31 [E SN DAL (44 55 ) 2 W Fh, L
HRRKPRPRENE . BeAh, $RE20215 Rk
(E K HE SR E A4 |, TG A
Rl SR A S B BT 4 Dy [ S N 2 R B
Gk
32 KITWHRILEHA NI ZHMERXF

AT L ZR A6 I T B L ¥ 0 R K o 1 2 X
A, BIRIEIEY, ShPIIX R ABEFH, K
17 X 5 31l X EPE R 304 X R A B (AFR)
AR (0.844), WAy X 43 A (1) B R AP A A%
WAL, X RAHLFE R R KT X FIDeFR 2L
(2.994 £0.251, n = 13). DcfE 4(2.443 £0.161, n = 13)
=Tl F X (De = 2.458 +0.170, Dg = 2.259 =+
0.149, n = 10), DerfEHEZE/m THIL X (P <
0.05), PN F X EIYIFERHE K 4H A R

2021, 29 (3): 331-339

BEXRAT I XYFEZEEEs THROAFX, x5
PIAN P DX TR K RS A SR 22 S 5. KATIL Y
DX AN LUy 7 DX 3% v 43 AT 9 1L M- B 5 5 O 5,
Hiv A5 PG 1] 2R B B IR T G AR, B KRR
BIT0 2 RAR A, 32 B 23 A S SRR S0
T2 R (I DA%, 2004; 255145 2017), YL
TR R AR 32, BRI AN B X 2 A IV L3 )
Pifp . X R B AL 55— 07T, ARAT LR X
Hb PR R L XA, KGR M A &)
TEUR S AL T L X8k, DALk, ASHIE 9T B ORAT
A X P 8 FE R 2 R E R B Tl
X, Ay EUE T it AP i 2L 20 0 = FE AR A (R 26 B o
S SR AR — ) S, R Eg b, g 2T
W FLB YRR R IR T R (PR EE 4%, 2009).

ERE P ER X R, KAT IR R 2 s
AL AARAEIX, RS FTIX 5 ARIEIX, HE G0
o ma . I L R AR R B R . EAS
For, ORAT W AR b0 3 43 A A 45 R o b S R
(66.18%) F1 155 4R v S 4 Ff (22.06%), Ho o b 5+t
YiFp e ) AR B Rl i £ (26.47%) « SR ALEY R b
(2.94%), ZRIEFYMFHI AT K% (11.76%) ™
o (5 2 f 20 (4.41%), 2 W ORAT L ZR AL B i 2K 5)
WX R LA B ARy, REH A I R AR R
FETFIR IR AT B IX RAFAE . X 5 1% X ITE
AN F A DG, BIORAT L ORI L
Fr X BEA FE AL S 1 AE #E o A, A 2 ST
X BN B A HLIR AR (5K 5@ 4H, 1978, 2011).

FRUE AR FT IR AT L XA (L Ay X 1 3))
PIIX RS R 2L, 32 AL ARl B 2 T 4R
e AR, B K AT L X AR R S R LG 4
(19.12%) M i T 3He L F [X (17.65%) o [X 455 0 < 2 AN
B 7K S 7K AR SR A T B 5 B A I o A, T
T 5 e HC B R YRR R 2% A4 1] 2 5 B 4 )
Yoy Aii Je % FEME IR (Post & Stenseth, 1999). A47
L By DX R 8 B R X i L DX IR, K AR AR AT AR G
IF(7koRAH, 2011), ERFALAIMITE IR A0, (H
AR, ORAT L X7 77 1 PR 2R S o 3 AT A
Z . WIERG, B XA 104 #3845 A Y
BRYP AT, AERAT L X AR SRl (1 5
Hh [ B LU AT (4.41%) 22 5 T 46 1L X (1.47%), TR
AR X E B HE - T 1 DX A A A G 45 A T
(4.41%).
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ORAT D ZR A B U AR R e 95 B 8 (T 4R AT
FERE, 1995). 1EATERANDIIE URARIR T R T, b
B RONE RA IN E) 3 81 L FR 8O0, 2 A sl in
JR IR ARIT S SR B RN, AW BE S BUZIX )
Yoo A B AR AR, AT B IX 38PN 1R 2R 3 S A A
1o A J6#% o
3.3 KITWHRILAMEIIEET ERTT

B AL SMIAE S 2 k. ZEARMEZ TR
gifr, MEEDUEAKNTE, A AE S 4 2 A
FXILI G R ASER G RPELIL 2050
HAPLHEIE . B FVERTM VLS5 8 SRR & A, X
AT WZRAC R (1 B 2R 2 AR BEAT T ATVl o e 4T,
FELAAIS A J5E A 52 0 S U8 5 v ) 0l LR, A
FETHEFHEAT, HPT XA IR, 2
NFRERIRAMR S IR AERE R TR KR BOAC 500,
AEBERONTTRE, SRR FEIRAE A IR B
BRI E T, EE T AT I AR S A X 85
SPAE L AR SRR A X ([ 4%, 2015). 4L,
AR L AN A ATLAR FLAE AT 2 A AR S 2R A 5 ) AR 1 B
HA L, MR, DT R i A L
ML o Mo T & X b A R F L, SR
HELE, NONIESREECR, k. s, Lot
RKev WRUFAEIE SR SE ARCK T, R
A IR AT, B X N SR R
5 7 SACHO b E AR, BBk AN R VR S
AR . B, JRATTEE & SCER A e Ay
R A ARAT ARG B A 85 2800 A, Sl X = i i
& SRR RN 5L U5 R AT S B R o A
LR R 3 55 5 T AN e 15 2., RERCR M
WA XA ) 5 2R 2R R IX R A0 A o 7B S5 2R T,
o7 3 R 5 S0 X3, BEAT S s 1R AR A SR
BPRFNDHERN LA .

3.4 fRIFEIW

KRATIARAE B 28 354 [ K 0 H SRR X K
15N TG B ARORY X, (E PRL M Ak 5 S K Tl
Rl 30, i o B2 PR3 T (BR) P SR (R 22 T i e
2% X SR PN IR R LB DR B A 8 EE T SR AR K
S, R R M NAN VMY, JOF T 0 s 4 R AL
IR LB R B 5K, A 2 R CR Y AR
A S A A .

FE A HTHE I R BT R T, NIT A HUHS
XS AU BT AL Eh R WU A, BT % XA %

MEATEE: KAT I ARACER AL B X R L 2 FEE 337

WEIN A AT RESE, JFEEAT R ARSI
Iy BH LARERI IR A, G A L ) B AR B )
PG B A RS D174 S 82 B T

i PEARKFREFRGETAL. HRE.
Gk, RaBfeEREEERFALEINAL, it
—HEHT.
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Appendix 1  List of mammals in northeastern Taihang Mountains

A A B
A st s Wl j(;lzm g ot O e
Species Status IUCN Red Red Listof  Taihang Yanshan area Distribution FaUn\a Data source
List China’s area
Vertebrate
(—)Wis R
Q) A RAH
HFARL Sciurotamias davidianus* LC LC N N E kR HIMAE,
LLAMENL
FAR. Sciurus vulgaris LC NT v v U HIbR s
Jettka iR Tamias sibiricus LC LC J J U  HibR BshEE
K46 B, Tamiops swinhoei LC LC v v W AR AN
S HGHER Trogopterus xanthipes NT VU V N H A ok, i
/NKE Pteromys volans LC VU J V U kR it
VAP EE R, Aeretes melanopterus NT NT N H AR SR, U
%1 /R ¥ B, Spermophilus dauricus LC LC V N D &R ik
()& RFH
KArBL Tscherskia triton LC LC J J X bR EPAMAE
B4R Cricetulus barabensis LC LC J \ X bR BAMES
KEEB R Cricetulus longicaudatus LC LC J \ D s | O ST
KRt H B, Lasiopodomys mandarinus LC LC \ \ X HALE AR
K HE Myodes rufocanus LC LC J N U HdER ot
3) BBt
/MR Mus musculus LC LC J N U HbR BsMEe
A B, Rattus norvegicus LC LC J J U  HILR T4
JE#L & Niviventer confucianus LC LC J V W R EPAMAE
ML Apodemus agrarius LC LC ol J U bR m4EeE
KU B3, Apodemus peninsulae LC LC \ N X AL BN
fr4ElE . Apodemus draco LC LC V N S PAERE SR
TR Meriones meridianus LC LC J N D HikR  oEt
(4) BRI RAL
T BN R Eospalax fontanierii* LC LC N N B HALR Sk, i
ZALE R Myocpalax psilurus LC LC J V B SR ok
i JE S B Myocpalax aspalax LC LC N D I e
(5) BERA
FLBEBE R Allactaga sibirica LC LC v D TR WA
(=) ®WHE
(6) FF+
%% Prionailurus bengalensis I LC VU \ N w FHHE,

ZLAMNL
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4443 Panthera pardus I VU EN \/ N o) KRYER IFAMETE
P Lynx lynx il LC EN S c wAeA Sk
%) Otocolobus manul I NT EN \ D dAbS Sk, Vil
(7) RAFH
HLFfH Paguma larvata LC NT J \ W AR SCER, Vi)
(8) f&Ft
HAE Ursus thibetanus 1l VU VU \ N E HARR SOk, Vi
Q) RH#
F*IK Vulpes vulpes Jii LC NT < \ c WAbs BN E
R Canis lupus i LC NT V J c A& ek, Uil
%t Cuon alpinus I EN EN S W AR SCER, Vi
TN,
%% Nyctereutes procyonoides Il LC NT S J E LiEle s
ALV 1N
(10) kit
TN
FEHE Arctonyx collaris VU NT J \ W i
ZLANHERL
B AN
WPNFI%E Meles leucurus LC NT v \/ u Bl
ZLAMANL
L SRS
il Mustela sibirica LC LC J N U  Hien
ARV ER N
18l Mustela erminea LC EN S c wAbS SR, Vi
8l Mustela eversmanii LC VU \ \ u wAbS SRR, Vil
HWESA Martes flavigula I LC NT \/ J W AR SCER, Ui
F%2 Martes foina LC EN \ u WAk sk
=) BEE
(1) 4%
L SRS
HAEBE¥ Naemorhedus griseus il VU VU < \ E Eiple
AR V)N
(12) e
Ju Capreol NT \ \ U o des HIRRE,
apreolus argus LC
Preos pygard LLHMIHL
(13) 3&#+
L NTES
5% Sus scrofa LC LC \ \ U LBl
ARV Eb N
(M) FEAEE
(14) BH
ZALHISE Erinaceus amurensis LC LC S N o RES WHMAE
355 /88 Mesechinus dauricus LC LC S S D LELT E N
(15) FgERH

¥ IG/NESR Crocidura gmelini LC NT \ 0 RER SOk, i
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JI| Pk i S Chodsigoa hypsibia*

= O /K BES Chimarrogale
himalayica
(16) BERL
E588 Scaptochirus moschatus”
() RKH
A7) A

B3 Macaca mulatta

S R E
(18) #At

iR Lepus tolai

(19) B A&A
755 /R i 4% Ochotona dauurica
(B EFH
(20) ZKIEH
L% Rhinolophus
ferrumequinum
(21) BRiER
RH B E Myotis blythii
Jb 5t HlE Myotis pequinius*
KB R HEIE Myotis davidii*
T bR B 5l Myotis fimbriatus*
XU IS Vespertilio murinus
7 E Vespertilio sinensis
KAZUE Eptesicus serotinus
#1LE Nyctalus noctula
i@k Pipistrellus pipistrellus
5% FAR3E Hypsugo savii
KHE g Plecotus auritus
WK B EE Miniopterus
schreibersii
M S &0 Murina leucogaster
(22) RYniEHt
9 H-RWIiE Tadarida insignis
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SCHR, Vi)
SCHR
JCHR
SCHR

SCHR, Vil

SCHR, Vi

SCHR, V7T

SCHR, Vi
SCHR
iR
SCHR

JCHR

SCHR

SR

L HERELESH (PEHAL RAECE2M)) (4 ERISE, 2017), 2. *FR Rl (R SRS BB CE KRR B4R
WifEEEY%: Wift(Endangered, EN). 5 f&(Vulnerable, VU). i f&(Near Threatened, NT). J&f(Least Concern, LC). 3. VR RTEF X A H
4. RUE: BFAMEATRAG, AMENLIEI; SCEicE; ViR . 5. /A8 B ARJLZY; C 4t D bR B SRKIXE H E SR -
Wil X 7; O NG VARI Ay, S M P E A, U B2, We FREERY, X: RIE-ARAE . 6. SIX R AL SA, RS, T A
1. Classification system reference China s Mammal Diversity (2nd edition) (Jiang et al, 2017). 2.* means endemic; For protection level, refer to the
list of wildlife under state key protection (2021); The level of Endangered: EN, Endangered; VU, Vulnerable; NT, Near Threatened; LC, Least
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Concern. 3. V It was found in an area. 4. Source: Obtained through field investigation; Camera trap method; Documented; Interview survey. 5.
Distribution type: B, North China type; C, Holarctic type; D, Central-Asia type; E, Monsoon type; H, Himalaya-Hengduan Mountain type; O,
Inconvenience divide type and widely distributed species; S, Southern China type; U, Palaearctic type; W, Oriental type; X, Northeast-north China
type. 6. Fauna: Species of Palaearctic realm; Species of Oriental realm; Wide spread species.
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ABSTRACT

Aims. Protecting biodiversity in highly populated metropolises is an important effort for globa biodiversity
conservation. Beijing is home not only to alarge human population, but also large biodiversity clusters. Three levels of
conservation management have been administratively delimited: the nature reserves, the ecological red line, and the
construction control line. These groups, as a whole, represent the potential areas for conservation (PAC). We intend to
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explore the methods to conserve the endangered species of birds in Beijing.

Methods: Here, we explored the coverage of 30 recently recorded threatened bird species based on the existing PAC.
Based on each selected species’ habitat preferences, we calculated the species distribution models and combined it with
the land use and land cover map to generate the potential distribution map. We then overlayed those maps to obtain the
overall distribution pattern in Beijing for the selected bird species. This distribution pattern enabled us to calculate the
species richness at any interested sites within our study area.

Results: Based on the species richness map, we ranked all habitats as four grades based on the number of endangered
species present. We also classified urban, rural, and natural areas based on the intensity of urban land use and human
activities. This allowed us to calculate the coverage of our ranked key habitats and different urbanization gradient by
each of the three PAC groups. We had two major findings. First, 95.64% of grade | and 86.32% of grade Il habitats are
within the rural areas, whereas merely 0.69% of the rural areas are covered by nature reserves and 15.15% by the
ecological protection red line. Second, the defined key habitats ranked as grade | and 1l but not yet under the umbrella
of either the nature reserves or the ecological protection red line are mainly wetlands (waterbodies and marshlands),
high coverage grasslands, farmlands, and some large-scale green patches in urban areas with large bodies of water.
Based on these results, we offer the following suggestions to help with conservation: (1) preservation of wetlands and
the high coverage grasslands surrounding the urban cores efficiently; (2) maintaining the scale of basic farmland and
food crop planted; (3) including all bodies of water, marshlands, and high coverage grasslands alongside rivers in
ecological protection red line area; (4) delimiting biodiversity conservation zones in large urban greenspaces such as
major urban parks; and (5) optimizing the structure of woodland communities in rural and urban areas to satisfy the
habitat needs of some specialist species.

Conclusion: Implementing those conservation practices will provide Beijing with more diverse avian communities.
These efforts could be a good case for biodiversity conservation in other major cities of China to follow.

Key words: habitats of threatened birds; biodiversity conservation; potential areas for conservation; rural habitat;
wetland; urban green spaces; metropolitan Beijing
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224 N N ES 22 (Dinerstein et al, 2017). b st 4:4 %
FE LR B SRS 14 20 BT 45 SR ot v | At A 1 25 4R X
BA R

H AR DR X X A AR IR X ST
14 DX 33 A v R HE — 7 T AR T DR B DR 37 R0 BRI

L. B804 LK, b E# Y T174MH
SRR X . 200645, Jbatmifttut (b i PR g X
%/(20064F-20204F) ) AF A A6 5t 7 s 44 K1 (2004
FE-20204F) (1L TR 2 —,  MBIR il 2 4 1) £ B2 K
JEE T I874. 4% 1) FHb ) N PR 1 72 14 2 (2 e sl R 422)
(e, 2006; {7k, 2008; T £, 2009). LA
PR AR A 2 )N Bl P LA ek B B A A Th R
Vs 2 e ] P A R AT X3 (B A R RR BH 3 =
2014). 20184F, Jbantth N REBUMF R AT st i A 45 1R
141 2% (http://www.beijing.gov.cn /zhengce/zhengcefa
gui/201905/t20190522_61382.html), T FH 5 117 42k
T HA26.1%. IR EARLRY X BRI B 4R A
AR LR LA RS N B 1, WAELE T 3L
(A=W 2 R BR A E ), WOaT iR oA AR S R
P (R SRR R 111X

B B S R s R s R, el
TR S B B 5 IR K I A 4K (Herrando et al,
2012). b HUIA Y ORAIE 7 X0 52 1 B 2 S5
RS R AN 2 SRS Bl R, A TS5

https://www.biodiversity-science.net

fxmE



ks

342 4 ¥ £ # ¥ Biodiversity Science 2021, 29 (3): 340-350

(D) VAFEAL 5T 2 A R 32 1 B3 SR N HR bR, FrsE
AT ) 32 0 5 S B I LB AT 0 2 (2)7)
79 3 BT 3SR 778 77 DX Al 5 T 3802% 2 52 M 2 2
JE ML PR 5 1 0L () T Ak X I S e B
ol KRR RIE X E SO, 0 R
T8 52 M 15 A S PR o B DR AN PR I

1 ®RAEZE

11 MREXEERSEX

A% 3 RAA 5T 3 B A3 (BT 1), T R
16,405 km? . AL HUA T A0 b P SR P ks, pauAndL o
Oy AR RAT LRI L, R AT S, KM K.
F SRAELAP LA T s 9 P R I AR T Rl VR A AR O 2

HAT, G50 gk X 58 A TAE 0P J5 A 8
PP IR, MR 5 AASIE KR TN E . R H L .
R KPR KBS BEH S F MR R L Hp 7R b it
FIRIX A 145300 mUEL T 3 L X DL ZE BT 5
JE 322 ¥ #2600 m EA T (1 3 Ll X (N T b A T
49.44%), KO XIBMA £ A ERX . Jb T
P J M X 120 #4300 mEA L 1y X K% SiE PR IR 32
HEH600 mUL b1l [X b 2R 32 Bl AR MRORTE A 7 5
NATF R (N T AL 5 1.54%), A SC# b2k
XIRAR A AR A B IX (K1)
1.2 BEFRIE
121 DEFGEMPFSIEHRE

FREUK H 43 # R (Google Earth) 1 4> T2
A8, AR 905 m, a6 AL R 2 X
M RAERXEHE, FAHL2017FE R8T, B
AR TREPGE T E R R —E R i xk4
LW R G 5 = 4B ER, A HEERONS my R ER
BYAZ X ARG B 930 mir) BT s A gl
1.22 JEERHIEZ SR EE S A

BT IUCN 1 858 VPl 4, b o T S5 el g
I3 A4 30F0 52 [ 25 (IUCN, 2020; Lepage, 2021),
Zok 1. H, #k59(Turdus feae) EHE =TT
FE A ARAESX, IEHEFENER T SMEE
Fid3%; #5¥(Crossoptilon mantchuricum) 4 4E4:
TEAE FARAEIE X RS2 b S 2R3 i A B &
16 5, i1 SR XA LD X 2 AR B, BOK TR
Wi gkt AR (PEZESN) (T EEER

b [E B4 S g B B4, 1978-2010) A1 ¢ v [ 19 25
ShFA) (MacKinnon et al, 2000)%5 ik, Z% b
T35 DX A M) FH AR R A H [ b BRI A 2R R
4" (http://www.resdc.cn/data.aspx?DATAID=99), I
PHIEE T MASDN—K BN KEEME
M%)
123 LBESHEE

AR U 5 i s 0 B4R P SR BCLE b 3T 3
I3 A 30 Fh 32 i 5 21 psi Aor 2545 (http://iwvww. birdre
port.cn/index.html), F£7E Google i B H % H Ak bridk
ITANTRLE . BdEn fR 254 2002-2013 45, Hb
78 1 2014-2015 “FHB o S EE . o DI S g s
OBHEE S0 SN AT RN THE, T8
P EAE DR LR CH(Hu et a, 2017; Li et d,
2020). HMXGREL eBird HdiEZE 26 iz i 12 S A
A AR N B A ISR E A, I PRy 2013-2020 4
(eBird Basic Dataset, 2020), Ui s 2 i & ¥
(Platalea minor). =77 i iff (Hali aeetus leucoryphus) «
T M5 (4 % (Egretta eulophotes) Al (1 1% Ak 42 (Cyornis
brunneatus)ic sk sl . HLAME S T AL &
A(Wen & Han, 2013)F3i i £k th(Huang et a, 2015)
T 1 S S A S I T A
124 {xFEHEXSCE

b 5T 4T R B B A B B R BIE
T EARRY X . JE 5T A S LR 428Nk 5 7 PR 1)
LR 3 BRI I X i ds
1.3 HESH
131 ZWEEMEHTESH

EH RS R R GE(ArcGIS) T, fd F ARk T B9t
RS A ASX P AR AR X TEPA .

TEI T 4 A X AT 2 AR 35 XK A R 2
TR e 1 AR A5y 2 T DR 4 R 4 Sk 1 R S X LA
SN2 I S SR B . I B 1.2.2 TRTIA 3K
WIS R R, 78 TR G B EXS bRt T d ik
XA 2 A AR5 X ) 5 S0 2 b 4T H AR, 3RS
5 XIS S B M Ay A7 1

TE AR DCR M B, ARG
R 2 R T SR A S R A T PR B M . S
T AR AE Mtk 1,000m BL ) R B Rk Hb
(MacKinnon et a, 2000), JtHL2&if441,730-1,930 m
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HI4EAEY% I FA (Larix principis-rupprechtii) bk #5538 4§, 2003, 2005, 2010). & #E LA A S Bk FERRAIE,
FEAL R4 TifF$R950-2,200 m, $ I M AR HIA35° % FHUHE SLAS AN S A B .

75163350 (3K [E4N4E, 2004; KPLLE, 2016) 4%t i RE IR TT B IX £ AR DR AR A B3 XA,
MRS BT REVRASHR . EAMA B A B GREAN 3, SRR R W 5 28 2 b 2 1) 4345 P (1 2)

K% Legend
[ dbainiiRii A Boundary of Beijing
M T ESX Urban area
[ A4EBEX Rural area
[ A#R4HEKX Natural area

Bl dEHEHETERX. 2HERRMBARAERXTEE
Fig. 1 Therange of urban area, rural area and natural areain Beijing

B % Legend
N — TS5 Boundary
A — I3 Ring road
I T River
WA Lake
7K J%E Reservoir
M 555 Pool
M Shallows
I 7k H Paddy field
EL4h, Dry farmland
I 3 A MK Shrub wood
HiAkHh Open forest
M A # s Woodland
HoAth ks
Other woodland
W ST
Grassland with high coverage
W RS R
Grassland with medium coverage
W EE R
Grassland with low coverage
VA PEHE Marshes
#2131 Bare land
Yo Hb Sand land
B #4544 [Fi b Bare rock

E2 JeRMEEHEAM I E S EATHHERRX . £ FEEXFERER XA 555 :24.49% \ 81.14% F114.37% )
Fig. 2 The distribution map of the habitats of threatened birds in Beijing. The coverage ratio of the habitats of threatened birds to
urban, rural and natural areas was 4.49%, 81.14%, and 14.37%, respectively.
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132 ZMEXFEESHIRE. WSS REIIE
5t FH 3070 52 il 1% SR ) S B 2 [R] 99 A1 )i, R

B KRR (MaxEnt) 13 214 & b 4 [F RURE 2 18] 734,
I A R, RSO0 1 km (3] K55, 2015,

Huet al, 2017). A3 1.3. 1 3545 ) &2 2000 12 1 /0 A
DA K A Folt 52 il 1 28 (R A S e R AT FE P A 3,
JEKE BE N30 m, SRASREFSZ ) 5 i o3 A 2
W 30F0 32 i & S FRM 43 A7 B J2 AE ArcGI S A B
T2, REACE T M SR AR .

FRAE 52 10 & 2K =5 B o Ak RS HUE, K15
53 10U A il 4 S — G oA S b 450
5100 %I 73 — 90 oSk A St 4553 3-BHIRI 43 H
SR S b £33 130 A DU A R

H4 M eBird 3K B 1) 26 F 52 iy & 2% 55 A7 H i 1E
Googledth it 47 N TR IE, SR 54458 1F J5 5o
TEArCGISH B #2395 A7 21 52 iy 1 KA JS Hb 73 A7 4% S5
L, IS o A TE S AT S B A ) S B, SRR
YA SR A B
133 EEMSMAE=XXBHSHREZHRF
Ee 451

fEFIRTE AR IX . 2 R AEBEIX A E SR AR IX
23 1) B50H B2 U B % 0 B A S T o A 7E R
TRELB . 53 A E SRR X . RS RIP 42670
L a2 152 2 1) 2 1) B i FDL T B SR R A 7 ) [X 7
BT ERAIX . 2R AR XA E SR A SR IX AR L
i LA B2 78 55 5 2B 2t o T AR LA

2 &R

21 ZhEAHSMETE S

Jb 5T 2 i X 25 B i K 20T R . 2
KM E L 115,041.30 km?, o b 50T I8 A T AR
30.7%, HAT70%LL FrARTE 2 M AESX

— A S A, MR AR S T AR AR K, (%
i K AT S 5 T B 159.05%; BT FR R 2, 5
26.91%; 7K 32k [ A7 15 8.029%; E M AN A& ) F 43 1)
13.27%F12.74%. SR S, G ARHE & AR
5% K (49.59%); FHb iRz, H26.90%; At bk i ZE
=, 7.33%. — JEAN R S R 52 i 5 AT B
T AR R o 52 B B 28 S b TR ) B A5 R D B
2,

22 ZWEAFEESHIEH. THELEIE

2 W 5 282 E B4 A A% SR Bk 4 R P SR 3.
SE LR IR, 83.48%[1) 3 IE 1 2 f AL TELE 52 [ 1% 2
SVHb gy A X, b — 2 G B 1 SR B 7
ALT7A%0) R, e B AT 5 Hh 78 75 6.09% 1) KA,
= G 5 Hh B 55 5.80% 1) AL, DY AT S H 7 5
29.57%I1] s AL o

Jb 3 T 352 W 5 2K S B A A i R i I 3
TNo SRS IX [P R B K B R L R ity e th, 3k i
BRX B R SRttt AP, ST A XAE I [X
GUIEKAR R 32 W 5 28 = 8 FE dmn I X3 H O &
T o FE RN A, A AR B AR AR B IX 152 1 1
KFE MG,

— SR OCBEAT S M T AR T KA A . K
e ulE DA RE A, OB B B K
FRTRT IR | e R 1 7 o P Bt = A S ) 3
LGB L VE AR L 78 5 M7 o
VUG 2 U LR AR b . AR DL R R . R
T HLAE

Gy S o Al A T T AR Y B AR A FLAE I,
WX . 2 A A5 XA 4R A 185 X 20 A7 Ee gt
FKAFTR. GEREIR, 80%LL FHI—2 . oA
S A = Al S, DL 70% A 1 Fé DY 2 A S b ASr
T 2R AEBREIX; 10.61%0 — 2 B B b A7 -39 i
BERX; — G RO S R AE AR AR R X 4y
AR, DY AT 5 b 0 A 8 I 20% 4 T 3 AR AR 5
X
Rl FTHEAZEHEMARTERX. 2HEBERME
REBRE DAL R E S S E AR L 51

Table 1 The coverage ratio of the habitats of threatened bird
to urban, rural and natural areas and the whole area of Beijing

73X — OB RN =2 VYA
Types of landscape Bih The B The B Sib
1st level key 2nd level  The 3rd The 4th
habitats key habitats level  level
habitats habitats

W E %X Urban area 1.87% 10.61% 2.98% 4.88%

S AEX Rura area 95.64% 86.32% 95.64% 74.72%
48455 X Natural area 2.49% 3.06% 1.37% 20.40%

LT Thewhole  1.52% 1.10% 7.08% 20.33%
area of Beijing
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i Legend
[ bz isii A Boundary of Beijing
— FE AP Main roads

ZSREFE
The richness of threatened birds
pw 18

]

E3 IRTHZWESREEENZTENHIEE. —RXBHEIMARR: L BRKE 22 BTKE; 3 TRKE 4 +=
BRIKEE; 5: iDIAIIKEE; 6: SREKEE; 7: BFKE,; 8 KT/KERHEE DML, o BRI, 10 iBM; 11 k&, 120 X
B, 13 B 14 345, 150 ShokGAESAER; 160 B, 17: EPARE, 18 BEM IR AHRMARE; 19 FAEAMRE; 20 EiHE
AE; 21 HEEE. UGN, 222 RERPAE, 23 BRESE; 24 NAMRMHRBARKRIPX; 250 BRRAME,; 26: 225

| SRR T 2 ] S A T Rt K A

Fig. 3 A map of richness pattern of 30 threatened bird species and the habitat classification. The 1st level key habitats are as follows.
1, Miyun Reservoir; 2, Guanting Reservoir; 3, Huairou Reservoir; 4, Shisanling Reservoir; 5, Shahe Reservoir; 6, Chongqing
Reservoir; 7, Haizi Reservoir; 8, Daning Reservoir; 9, Chaobai River; 10, Wenyu River; 11, Yongding River; 12, Dashi River; 13,
Juma River; 14, Juhe River; 15 Guishui River; waters in urban green spaces, 16, The Summer Palace; 17, The Yuanmingyuan Park;
18, Olympic Forest Park; 19, Chaoyang Park; 20, Yuyuantan Park; 21, Zhongnanhai, Beihai and Houhai; 22, Longtan West L ake Park;
23, Miluyuan Park; 24, Hanshigiao Municipa Wetland Nature Reserve; 25, Baifuquan Park; 26, Cuihu National Urban Wetland Park.

23 RIPB DX RTISR B E L)

H ARG X« AR A PR 4 2 R PR i el B 2R 1) 7
i 1 AR 43 0l o b 5 T T AR 11 4.51% . 26.83% A1
74.40%. —RLRYESIX AT ERX . £ AR
XA AR AR 5% X 78 25 L 3R 2R o JE BT 4
f) SRR (X 78 75 26 (4.51%) i ik T4 [ - 7K F
(15.33%) (http://www.mee.gov.cn/ywgz/zrst bh/zrbhd
j9/201905/P020190514616282907461.pdf); 4§ 17 %
B IX 52 AR 4798 7 (X 78 i AR EE 1 9 5.75%,; A=A IR
P o T AL s 15%01) 2 A A 855 X RN 50%
[ SRABREIX ;BRI 1 26 78 5 1 63.20%01) 2 A A=
BE XML B AR A8 IX
24 EZEW/IAMIRPT

SRR T XK AN G A 2 b 1 7 5 LG A
MR 85 RTIR, HIRRI IXAEIL 5T A Xt
— SR OB S Hh Y 7 5 LA I 10%, N R O B A

2R = 2 A S M 1) 78 2 B DU AR AER (43 9 9 1.66%
H10.39%) . AR E 5 1 A6 5017 B 1 50%
) — 20 5 i G 2 M A0 1/ 30K — R S B B 4, {H

F2 ZEFEIPEBHX GIEHEHEHRSETERX. 2
MABRERXEELLG

Table 2 The coverage ratio of three categories of potential
areas for conservation (PAC) to the whole area of Beijing,
urban, rural and natural areas

TRYWEAX destiils TR ZRAESIX B ARAEBLIX

PAC Wholearea Urbanarea Rura area Natural area
of Beijing

HARYX  451% 0.17% 0.69% 9.46%

Natural reserve

BRI 26.83% 0.65% 15.15%  44.77%

Ecological

protection red

line

MRS 74.40% 4.93% 63.20%  99.50%

Construction

control line
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R3  ZHRIPE X3S RAT R Y R EE 151
Table 3 The coverage ratio of three categories of potential
areas for conservation (PAC) to the four levels of habitats

RIPEEX — /BN O =ZeiiE s PO S

PAC Bih 1st S 2nd  3rdlevel 4th level
level key level key habitats habitats
habitats habitats

HAMRY X 9.01% 1.66% 0.39% 5.73%

Natural reserve

BRI 428 59.82% 31.40% 3.83% 19.48%

Ecological

protection red

line

PRI RLZL  75.67% 56.56% 68.87% 69.73%
Construction
control line

7 i 1) = AT J2 b LA 541K (3.83%) o PRl 1 227
w5 1 34LL F R — 2ot S . 50%0L F i gk
TGS DL ORI o = DA St

PR A1) e 2k L2 78 76 1 50%LA L 1 32 i 5 S5 A
S, SR, 31.17%f — 2 BT JE HE, 66.94%0) —
NS, 95.77%I1) = A 2 Hb A174.79%(1) VY
PG DAY H AR X R AE SR A . -
R A B AT i AR R, HrE 25, 3%
G5 L 270 K AR S T AR AN R AR o 45 SR BoR, Rl

H AR OR3P DRI A 35 DR 4P 20 20 78 o5 1) 2 WD 28 — 4%
B S E WA KEE. BUIE. MEHBATVA A
M SSRGS O, OB B 2R
IR USSR MR 78 o P S A MR R 4,
T = 0 S T R S . A AR MR ACRR, DU 2%
WS T R A MRt A AR A 4t

31 WX S A S R

I3 HT 45 SR BN T 29101 52 W 12— 2 S A
ST £ 10%011) — 25 BT S A T30 T R R X
XA S 1 2R = B FA A S ) 5 K I AR
BE T LR D R B T A [l SR kb f K sk [
AN I TR, THIR10-35 haft 2> [ Bl o] 4 28 e
TR KR 4 F WL 2% (Fernandez-Juricic &
Jokimaki, 2001); I 7 @ i Xt w] i Ay e Ak
9 5L 1 (Jokimaki et al, 2018). E AN BT Eow, dbat
T A X P R K R T 3 vT DA A ik 150 1
PP K A A S (MR L 5R 4, 2010; [H
REE, 2014; XIFEEE, 2015; 554, 2019).

IR AT R X A ) R A, S, B

&% Legend

] b2 A Boundary of Beijing
— FEEH Main roads

B T S b 1st level key habitats

[ 2RO B M 2nd level key habitats
] =ZuiE #b 3rd level habitats
B VUZA M 4th level habitats

B4 REFEBARIFPRAMESRIPLEBEENZI S L S E 56
Fig. 4 Thedistribution map of the habitats of threatened birds uncovered by nature reserves and the ecological protection red line
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R4 AWARRIPEMESRIPLLBENZH S L —RXE, ZHXE, ZRMUEHESIXR ZHER(km?)
Table4 The types and area (km?) of the habitats of threatened birds uncovered by the nature reserves and the ecological protection

red line
—RMEH ISR — LR AT 2 M TR ORAEAT S = 2R AT 2 Hh VY 2 AT J2
Habitat | Habitat I1 1st level key habitats  2nd level key habitats 3rd level habitats 4th level habitats
KIS [ River 0.600 33.434 8.409 17.644
Waters Wi Lake 16.765 1.884 0.162 0.783
JKPE Reservoir 7.720 0.345 0.054 3.853
iJ% Pool 39.389 9.231 1.167 3.940
M Shallows 3.205 1.152 0.184 0.597
Bt JKH Paddy field 0.002 0.022 0.483 0.050
dalllaley i Dry farmland 1.489 6.941 984.528 174.111
ity WA Shrub land 0.138 0.192 21.947 37.895
Woodlands ks Open forest 0.092 0.236 0.274 33018
A Hd Woodland 2.716 8.152 32.228 1,479.720
H Al bk Other woodland 0.564 0.612 4.678 319.142
iﬁ;m“ iﬁifﬁwzaaSmdmmmm 19.786 39.669 1.054 15.808
iﬁi%i?agfrm el G 5.969 11.621 8.328
ﬁ\%ﬂzfﬁ i Grasdandwithlow ) s 1648 7.772 7.060
AR P Marsh 3.439 0527 0.083 0.579
Unutilized R
lands ¥4y Bareland 0.149 0.398 0.653 86.917
Vb Sand land 0.010 0.013 0.037 0.866
A R Bare rock 0.008 0 0.002 2.239
#7 Total 96.230 110.427 1,075.334 2,192.550

Al B BEARIT SRR A B BB AE .
TR 2 KA b o KR SR T @ e B,
FETF LIS (Aythya baeri) 45 Sk 55 | 5% 5 58 (Emberiza
aureola) 53z fih S Fh . _FIR &I A4 7E35 hall |,
B AR ZH S, NI . PR T
SRR E MR M R . (T AN SR
V¥ 195 2 %o G S 1 ) o AT, DA R 7 S it
JITH SR IR, H AR X P R 2 A7 S b 5
%, BRZHEERGE R, 2015).
IR X BA AT RS &5
JEPE, bR RIS AR g X E AR A5 e 3k i
X (ZINF5%), AH B (4 LR ECE AT DL B
FOZIX IR EM L REE . BRI X A SR 40
28 W AT DA T IR T X N R AR A [, T
HOR A& D7 50 0 B 5% kORI A AR K
AR KR B R B T Gk . 20194F, JbniTi & A6 1
CE R AT S 5T PPN F AR AR ) o5 b
YHE, R SR AE I T SR AT 2 A AR 358 X I AT 0ot 52 iy

52 [ AN R HE R S A o A B 2
R, FFRMGE =AY R R R, E
Befih I, AR UGH— AR X R B SR 43 X
EHHE, REEMZHEERE X, RIEDAE R
oKW 3 R DR Rk T 2t Hh e 9% O 10 haslt AL [
TR T B St B — @ AR B K AR VHPE, M
RIS B B PRAR A CRIE BT 45 A kiR
PORER TR, EEE H S RN B A,
Il 2 7K AT S5 3
32 ZIARXZMEANE SR

S50 1 5 2 B i A 81.14% M T £ A AE 85
X (E2); H—gockE, HOCHM =R S HhTE 2
T AE 852 X r i Ll A7) 248 it Bl 4200 909% (1), ARk
T AHEHL . FEARMR . AIBRTA P2 SR ) — 2
A B . SR, BT E AT SR AR I T Ak
e, g N IR TR, Rk L 2 5 i
[X 328 [ 388, 117 %% A% (http://www.gov.crv/zhengee/cont
ent/2020-03/12/content_5490385.htm) . £ A 4 15 [X
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e S TR T 2l DX SR A 05 DX e 3 o, 7SR
W SKREERE T, AR T 2 A A S o 22 e

BIX IR, 2 M X KR L (Seto et al,

2012) . H IR L, 50T b T2 S SR AR K,
2 X SR A Pl A I R

H AR IR XA 2 A A2 155 [X 78 75 LE 491 54 0.69%,
FETTHRK B BFRGU SOAMRE MRS A ) B AR
PRI IX o AR ORI AL E K E XN 2 AR 5 X ) 78
i Lol 915.15%, 3= EETTHERR B T A AR
TR E TSI S R R D A e b . B ) A W 2R Rl e X
HO6E £ AR IX )78 55 LA R 63.20%, FE Tk
FEEARE . B MRE. S RASEX 2 BA S E
SRR B R RY XA SR A% HE & A
JE o (BRI SRR (2016-20354F) ) HAf 9%k 4%
ORI RIE R AL T 2 A AESEIX, B ngs 2 44
A AR 2 A1 BRI SR ORTF, i iE L AR
ZFEVEE i, A BT S E AR I, 2 —
AR R HESR, 4 2 I AR 151X 3 AT B b A
IR g AR

BT TOOCHR AT St S R K A S A )
MM, S SR R, 72013 AR St (A
TR CRAP 2645 ) JE A b, B 3k — 20 AR CRAIE /K 35K
TRV R 7 R S OCBR AT 2 M AR AN D,
BHFTREAAARKRBARIRT, X2 Ek.
PRI, Wifa /KA B, fa2R55 R W Rt iR It e b
Firo X THEEWE A SR LBERN ., m7E 5=
FOHh . AKIRIA M, VORI AN AR S LR
LA N

AR A& — BE R R 52 i B S 1 EE A S (LT et
al, 2020). #5150 dE, #(Grussp.). ¥ (Otis
tarda). JfE(Anser sp.)%E 52 W 5 RAE A AT,
Z AL T 7K BEME T AR B B8 R R XIRAE
ik Z 3N TR N, B T PR P AR A Ml K A
K ERFEAR I B T K. L HETIRE L
1,000 km?3t 4% & H (http://www.beijing.gov.cn/gong
kai/guihua/lwngh/cqgh/201907/t20190701_100008.ht
ml), AL IR AY6.10%. it TR E %
4, IR SRR IS, R WA RE A T
R AR THT BT AR AR HH R B F e D A

T HAET = DU S & bk, &

2021, 29 (3): 340-350

S AR S TR I AR R X A LRI 1 K TR S
], AR AH S H 5 bR, 38 003E B2 ) S A 2
WIVEAAR 7o 78 o o B, i AN A Bl R T AR
TEFXS T S b X B o . — [ R T AR N AR, B2
GHEBEE LAE, Sl E A, DA
L H A S 3
33 BAREEXEEM R

M EE REIR, AR IRY L Z K] e AN PR A 1k
22 R e X3 4 A 7 E SR AR B X T 44.77% A1
99.50%. AT E, HIREBXZE] 7RI RY .
SR AN EB%) — « 20 5% [y B 2RSS A S b 4y
A TAC R iR B R A SR X, (HIX— ) R IX R HAh
YRR, A LAY TR T 7 L AR S A ]

4 BE

i I AR = 8 B 7 A A R 4R IR DR AP X A5
HBA 4 (Lawton & Gaston, 2001; Moradi et al,
2019). (HANRIINIIRZ, WfEYFh oA 23 0] 5 N K
o R TR X LA = ) — B, SR R U
B3I NE 4 (Luck, 2007) . LAEZE N 855 1 R
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MiE1 JtERHEZTHEXZRR_LMSMAR, #IERIE: International Union for Conservation of
Nature (IUCN), http: //www.iucnredlist.org. CR: #RE3ifE; EN: #ifg; VU: SfE.

Appendix 1 The list of threatened birds and their habitats (II) in Beijing. Data sources: International Union for
Conservation of Nature (IUCN), http: //www.iucnredlist.org. CR, Critically Endangered; EN, Endangered; VU,
Vulnerable.
e IUCN 2 e —ME R
Species IUCN threat level ~ Habitats (II)
HERIEHY CR W WAL KEE. UdE. MEHL. VAV
Aythya baeri River, lake, reservoir, pool, shallows and marsh
H# CR WA KB GiyE. M
Grus leucogeranus Lake, reservoir, pool and shallows
B CR MM, B FEARAR. mRAkHL. R AR VAR
Emberiza aureola Shallows, dry farmland, shrub land, open forest, grassland with
high coverage and marsh
AR VDY EN WL I KPEL YivE
Mergus squamatus River, lake, reservoir and pool
FETES EN WL KRR BUBE. WM. VR K. SeELEERE R, VA
Grus japonensis Ve
Lake, reservoir, pool, shallows, tidal flat, paddy field, grassland
with high coverage and marsh
RIT EN WAL K GuyE. ML, S R R, VEEEH
Ciconia boyciana Lake, reservoir, pool, shallows, grassland with high coverage and
marsh
o L EN WAL KEE. i, M. VEEEHD
Platalea minor Lake, reservoir, pool, shallows and marsh
KA EN BN 273
Numenius Shallows and tidal flat
EE G EN RN, P R, kB, B
Aquila nipalensis Hh
Grassland with high coverage, grassland with medium coverage,
grassland with low coverage, Gobi and bare land
&4 EN TR, PR, (OB R, Ehe . R
Falco cherrug 2 T
Grassland with high coverage, grassland with medium coverage,
grassland with low coverage, saline-alkali land and bare rock
S iy EN WEARM . (IRE R, Wi
Emberiza Shrub land, grassland with low coverage and sand land
ML EN W WAL KEE. DU KHE. s R, VA A

Acrocephalus
sorghophilus

River, lake, reservoir, pool, paddy field, grassland with high

coverage and marsh
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S IUCN gl @ A R ey

Species IUCN threat level ~ Habitats (IT)

St EN W WAL KEE. UdE. Wi, VAR

Haliaeetus River, lake, reservoir, pool, shallows and marsh.

SN = VU WL AL KEE. BUE. Wb, JKE. mEEERH.

Grus monacha PEHh
River, lake, reservoir, pool, shallows, paddy field, grassland with
high coverage and marsh

N VU ML, AR, R, R, SR

Otis tarda b
Dry farmland, grassland with high coverage, grassland with
medium coverage, grassland with low coverage and bare land

pudil VU WA K. BudE. MEHh. MER. WHEH

Ichthyaetus relictus Lake, reservoir, pool, shallows, tidal flat and marsh

EIL vu WL KFE. GO MEAH. BRI, AR, B

Aquila heliaca M, R R, (LR, VM
River, reservoir, pool, shrub land, open forest, woodland, grassland
with high coverage, grassland with medium coverage, grassland
with low coverage and Marsh

WAREY \V) M KH . VB

Acrocephalus Shallows, paddy field and Marsh

Wk wU L

Turdus feae Woodland

ey VU BE OKEES G, Wi, R

Anser cygnoides Lake, reservoir, pool, shallows and dry farmland

NEE VU E NN N N NN TN s

Anser erythropus i R VAR
River, lake, reservoir, pool, shallows, paddy field, dry farmland,
grassland with high coverage, grassland with medium coverage
and marsh

KR vu WL WAL KEE. Y

Clangula hyemalis River, lake, reservoir and pool

AP VU WAL KL GO

Aythya ferina Lake, reservoir and pool

o X8 VU FEARM. BiMHh. AR

Crossoptilon Shrub land, open forest and woodland

11 BT VU WL WA KL BO

Podiceps auritus

River, lake, reservoir and pool
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[UES IUCN [ e — 3mSR

Species IUCN threat level ~ Habitats (IT)

SEyk] VU WAL KR YUl WM. KH. S, JHEEH

Grus vipio Lake, reservoir, pool, shallows, paddy field, dry farmland and
marsh

EU =k VU Wt

Egretta eulophotes Shallows

FH 35 VU B, BEARMR. AR, HADMRML. EER

Emberiza rustica Dry farmland, shrub land, woodland, other woodland and marsh

L i VU WA KPE. DUYE. WML, S SRR, PR R R

Clanga clanga AR, JHE

Lake, reservoir, pool, shallows, grassland with high coverage,
grassland with medium coverage, grassland with low coverage and
marsh

BRI VU BEARRKR, A

Cyornis brunneatus Shrub land and woodland
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MR 2 LRI DA S & X EAKRES. © FAERATEHFT 8 ', TUEER/NTF 8 hm?; °
BHERIE: http://www.bjwater.gov.cn/bjwater/300795/300797/

638577/index.html.

Appendix 2 The area and proportion of the habitats of threatened birds in Beijing. * The area of the lake is bigger
than or equal to 8 hm?, the area of pool is smaller than 8 hm?. ® Data source,
http://sw.swj.beijing.gov.cn/bjwater/1281848/1281923/index.html

— S Hh RS T HrE
Habitats (I) Habitats (II) Area (km?) Proportion
7K T River 128.34 2.55%
Waters (8.02%) W1 Lake @ 23.63 0.47%
7K JE Reservoir® 161.93 3.21%
iyE Pool @ 60.78 1.21%
ML Shallows 29.81 0.59%
b 7K Paddy Field 0.64 0.01%
Farmland (26.91%) £ Dry farmland 1,356.02 26.90%
b HWEAM Shrub land 69.77 1.38%
Woodlands (59.05%) ik Open forest 38.20 0.76%
H M Woodland 2,499.78 49.59%
HAf A Other woodland 369.38 7.33%
b R Y L 111.33 2.21%
Grasslands (3.27%) Grassland with high coverage
Hh 7 5 S L 32.98 0.65%
Grassland with medium coverage
78 55 5 Hih 20.42 0.41%
Grassland with low coverage
SRAFIFH H VL Marshes 11.78 0.23%
Unutilized lands (2.74%)  ## -+ Bare land 94.70 1.88%
Vb Sand land 6.69 0.13%
A4 Bare rock 25.13 0.50%

&1 Total 5,041.30 100.00%
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Appendix 3 The percent of point data from eBird locating in the distributing model

Yrkh FESEN —ZeRm gk =S IUZEME AR NE HE
Species B A S5 1 A S5 1 H The 4th
2 The 1st The 2nd The 3rd Level Percent outside the
Percent in Level Key Level Key Level Habitats range of habitats
the range Habitats Habitats Habitats
of habitats
MOEE 100.00% 100.00%  0.00% 0.00% 0.00% 0.00%

Acrocephalus

sorghophilus

LR 100.00% 0.00% 20.00% 0.00% 80.00% 0.00%
Acrocephalus

tangorum

1 e 80.28% 40.85% 5.63% 7.04% 26.76% 19.72%
Anser

cygnoides

ANEL 100.00% 50.00% 0.00% 50.00% 0.00% 0.00%
Anser

erythropus

F1E B 100.00% 0.00% 0.00% 0.00% 100.00% 0.00%
Aquila heliaca

B At 100.00% 100.00%  0.00% 0.00% 0.00% 0.00%
Aquila

nipalensis

H KB 94.44% 44.44% 11.11% 5.56% 33.33% 5.56%
Aythya baeri

ARSI 80.00% 38.00% 8.00% 4.00% 30.00% 20.00%
Aythya ferina

RITEHE 100.00% 66.67% 0.00% 0.00% 33.33% 0.00%
Ciconia

boyciana

L i 87.50% 12.50% 25.00% 0.00% 50.00% 12.50%
Clanga clanga

KEM 100.00% 66.67% 0.00% 0.00% 33.33% 0.00%
Clangula

hyemalis

(L] 100.00% 100.00%  0.00% 0.00% 0.00% 0.00%
Crossoptilon

mantchuricum

5 i 55 75.00% 32.14% 7.14% 0.00% 35.71% 25.00%
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L7/ FESZRN —goREE TR =S DUZEE  AED SR hTE
Species EHERE S PSS Ho The 4th
N The 1st The 2nd The 3rd Level Percent outside the
Percent in Level Key Level Key Level Habitats range of habitats
the range Habitats Habitats Habitats
of habitats
Emberiza
aureola
SRR B 100.00% 66.67% 0.00% 0.00% 33.33% 0.00%
Emberiza
Jjankowskii
FH 35 91.30% 54.35% 4.35% 13.04% 19.57% 8.70%
Emberiza
rustica
EES 64.00% 32.00% 4.00% 4.00% 24.00% 36.00%
Falco cherrug
FHI#S 100.00% 100.00%  0.00% 0.00% 0.00% 0.00%
Grus
Jjaponensis
EPN 80.00% 40.00% 0.00% 0.00% 40.00% 20.00%
Grus monacha
FIRLES 100.00% 40.00% 0.00% 0.00% 60.00% 0.00%
Antigone vipio
TR 90.00% 50.00% 0.00% 0.00% 40.00% 10.00%
Ichthyaetus
relictus
SF) 100.00% 100.00% 0.00% 0.00% 0.00% 0.00%
Grus
leucogeranus
HHAERK DY 100.00% 0.00% 0.00% 0.00% 100.00% 0.00%
Mergus
squamatus
PN 100.00% 50.00% 0.00% 0.00% 50.00% 0.00%
Numenius
madagascarien
Sis
K 85.71% 7.14% 14.29% 21.43% 42.86% 14.29%
Otis tarda
FHREIRS 84.62% 38.46% 7.69% 7.69% 30.77% 15.38%
Podiceps
auritus

a5 73.68% 63.16% 0.00% 0.00% 5.26% 26.32%
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L7/ FESZRN —goREE TR =S DUZEE  AED SR hTE
Species PSR 5 5 b 5 5t Hh The 4th
N The 1st The 2nd The 3rd Level Percent outside the
Percent in Level Key Level Key Level Habitats range of habitats
the range Habitats Habitats Habitats
of habitats
Turdus feae

M1t Total 83.48% 41.74% 6.09% 5.80% 29.57% 16.52%
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10 R mARERE, TEFH 110036; 2. ALty KA 2 R 5 A TR ACE B HE Ao =, Jbat 100875

THE: % (Suaeda salsa) 2R VA I 1A 15 ) i 1 X VT 11 X381 B B 2R 2, /K S T AE A5 BRI S B . AT 5 A
LT 1 R 2 ARARD X ORI Fe Hb A, G Xof S k5 A 78 38 M R RH 418 90 J 3 vk 19 A I R DX T 6 = 4 1) /K S 4 R 1A 2 A
TN, oA S HbBE 3h Vb RS A S 2 AR M AR AT S 0 R R R o Hd S BN A5 5K 2 28F16,348 L ik, Hrh#h
M R ] S BN ARI 3R, Ve BT MELR IR BIARI 7R, YR BTMELR A 2 R I 3 e T b S VR . Ak, SR E
S VR M 55 R 408 T TR MR S TS S S VR L AP TR R ZE 5, AR BRI SR VA b 1) 5 IS 4 2l AR R A5 K () R A 7
(Numenius madagascariensis). RIS (N. arquata). kil (Pluvialis squatarola)%s >y 3, MU i ik ik LA 2141 (Charadrius
alexandrinus). RIgVEES(Calidris alpina)&s/NUEAES N T, X UL PRI A BEAE & K 2 REVEE R BT AR F I TR . 17850
HER I, Ve )Tt MERR T 5 5 S 1) 3 AT 9 L £ (58.71%-93.26%), 11 £ 3 1534 4 V8 Wb 5 2R (AT N BE B BUR LU i L&,
HAFERE, R IERFTMEN . XE— DU, PMESEK S EmA A P B — e STz R RE S
FE SRR O S B 1) S R RO R I TR MR, (2, WA AE S TP AR R LL g L R e AT, X B FLAEAS T
A B BRI AR TAME, 38— PR R SO AL, TR RSO A5 B BT 2 ) L RO 22 R M 4 e v R4
EAHERINEH.
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Community composition and behavioral differences of migrating shorebirds
between two habitats within a Suaeda salsa saltmar sh—mudflat wetland mosaics
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2 Key Laboratory for Biodiversity Science and Ecological Engineering of the Ministry of Education, Beijing Normal University,
Beijing 100875

ABSTRACT

Aims. The Suaeda salsa saltmarsh is a typical estuarine wetland along the coast of the Yellow Sea and provides an
important stopover habitat for migratory waterbirds. From 2017 to 2019, we conducted a bird count and behavioral
observation at Liachekou National Nature Reserve to examine the community composition and behavioral differences
of shorebirdsin adjacent S. salsa saltmarsh and mudflat tideland habitats.

Methods: In adjacent S. salsa saltmarsh and mudflat tideland habitats, we counted and comparied the difference of
shorebird community composition and behavior during low tide period.

Results: A total of 6,348 birds comprising 4 families and 28 species were recorded. Species richness was higher in the
mudflat than S. salsa saltmarsh in the spring and autumn. Moreover, we found there were significant differences in
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shorebird community composition between the two habitats—the S. salsa saltmarsh was used more by large-bodied
shorebirds (e.g., Numenius madagascariensis, N. arquata, Pluvialis squatarola) while the adjacent mudflat was used
more often by small birds (e.g., Charadrius alexandrinus and Calidris alpina). These patterns indicated that the S. salsa
saltmarsh has a distinct ecological function for the community formation and maintenance of species diversity of
migratory shorebirds. In addition, behavioral data showed that foraging (58.71%-93.26%) was a dominant behavior of
shorebirds for both habitats, but a significantly higher percentage of roosting behavior was found in the S. salsa
saltmarsh, particularly during the spring stopover stage.

Conclusion: Our results indicate that the saltmarsh is an important roosting habitat for many shorebirds, and this
function cannot be replaced by the adjacent intertidal mudflat. While the general biodiversity of the saltmarsh was lower
than that of the mudflat, the large proportion of shared species-composition between the two habitats imply that these
two habitats are complementary. As a unique combination for a wetland landscape, the S. salsa saltmarsh and mudflat
play irreplaceable roles for providing stopover habitat and maintaining species diversity of shorebirds during migration.

Key words: Suaeda salsa saltmarsh; Numenius madagascariensis; habitat use; shorebirds; Liaohe Estuary wetland

AT R — B TR AL, B RR K AL
IR R ES RS, NEAFEE WA,
WO B 2 M E R AR TIRE, fERREYZ
FEVE 4E 7 vh R 45 55 ShRs B9 /R H (B 7k 2%, 2002;
Millennium Ecosystem Assessment, 2005; Murray et
al, 2019). ] PRI AR 2 AR B R A, P =6
(Phragmites communis)iE . iR =k
JE€ & (Scirpus mariqueter) ¥ Hb . & 3 5 3% (Suaeda
salsa) #h VAR HLAE, AR R ()98 H R & P AR A 7R
KIS it 1 AR B35 . 1 2 P b 5
MG TE R T A AR S RN, o B 2R 2 4R R
#HEHLHI(LI et al, 2011, 2013; Gomez-Sapiens et al,
2013; Jackson et al, 2019). #A1f, & EKIWF R LI E
X e A — B LA AR S ST ST, G0, R
1350 V) ok M 40 180 B9F 56 I\ A X o A 5 7 7 2
HKGRFEPBEH, EEMERGTHER
R HEE 1 H (Choi et al, 2015; Jing et al, 2007). i
XP Ty 07 I AR AR SR 2R A, i SR VA VR H () SGTE
Wk b . RE A BE AT N 9 TR VR B
(saltmarsh) 7E 7K & B St R 7 TH, 5538 A] i
IR A — % B T AN RE LAE KBRS
e 22 1 IF i WT AR Dy 2 ) T A B 7K 1 AR L
(Burger et al, 1997; Ma et al, 2004; Jackson et al,
2019) . {HIX MR 1 7K 57 7 00 B BT AR A I A
A TREHNR /015 35633 (Masero et al, 2000; Jing et al,
2007; Li et al, 2013), 45l@xf T —SeRp R HEAN
HAERHRAST RIS (LI et al, 2014, 2017), H
HEBDIREEE FHRABE T

R R IR A TR X . R ERRER
BB AR ) PR TR) 2 U U o U b (AR R A A

2015) . AHICHF TSR IR, 7K 50T v I Hh (0 7 St )
FZRIBAR, 32 PR X 2 X I ) Eh VA A %2 LUK
%L J& (Spartina) - € & J& (Scirpus) A1 ¥ & 1 &
(Salicornia) %5 = [A] 73 A1 5% HAE MR = (1) 2R AR AE YY)
RNE, FEOTHNERZE, KT SRR R
(Darnell & Smith, 2004; Jing et al, 2007; Wan et al,
2009; Ma et al, 2011). GnF& B 7R HATHRR HAS W A
12 ) H.A¢ K %E(Spartina alterniflorus) v 1 32 2 2
FE T IR AN 5 DR S 2 BRAIS 17 AH S S b %) 7K 55 0]
#r{E(Jing et al, 2007; Gan et al, 2009; Hua et al,
2015). 7EFRE AR AR, R AL T R i X
BRI O X R B A — MR AR AR A, RN
“LLEME, R EH SR OB AL B MR IR S OW . G
TIXFhAE SR () A ST Re AR S B I, EA
CLEJF R 7 KA 5T(Tian et al, 2017; Lu et al, 2018;
PN, 2018%) . FRT, T dhhe % EhyE g Hh 7E 2
A 2R FH 7 T B AR SR LD, 2 BT R A
K SRS IR T I, VA
AL (2002)WF 78R, £k MBS A= 55 W] AF Sy SR R
(Saundersilarus saundersi) 1115 &8 25 ft) 5 2 5 ih;
Li%5(2014, 2017)R 58 R B, #h Hbmelsz £hyE i i 2 1
TS (Grus japonensis)id 74 1 1) 25 22 5d & o 1 25
ol 32 & VA U 1 R () 4y B 1 iR AR U b s W
WA, MEQERFREN K S BT 2 PR VA B b A Ry
A ThRE . WA AT MR I A A —Fh T #i T 4k
TR DI A 2R, 4 BRI /K & I A
FEACE AN v HACHI 1 F (Ma et al, 2014; Studds et al,
2017; Murray et al, 2019). {E 0} T~ £k 5 % 25 V3 i Hb

@ FhII (2018) STV 171 95 b 3 1k 2 LAl 4 o 3 P R JH 2 0 PR 3K R A %
PEWESL. B2 frie s, KBRS, T RE,
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5 80 10 7 A U e b T R i [ B R AT SUARAE — 8
SOW R B AR, AR K S VR R . S
HiR 22 S AUAH . D BE R AR 5 THHEAN 015 4

L] T K% AR R X AR SRR 7
{5 ST PR 2 b — MR8 B AT o, 2
[ o B SR —, BT A KR A
RAEMHATREE AN . P B E A H (Bamford et
al, 2008; China Coastal Waterbird Census Group et a,
2015; 8%, 2019; Duan et a, 2020). FA1, 11
PR 000 P 2 1 el 2 2 Y A e AR 1] e O R R U
I RASEE S A Db . AT TR T H AR
P DTG0 %) — e 25 el 2 R VA 1 % 5 H A
B HIRR 5 Ve TR, (E N PISEILINIX, T e b itk
W, 1 RG K S 20 R A AT 9 WEE, o
P A 35 o S SRR A AT N E R, 18
N R HBE RV IR A E S A VR A . BRI
R SO SR 7 TR o 45 S el 10 1
it FR) AN BT 30 2K B0 P2 T4, RN o i 256 b i 2 3 3t
(AN S

1.1 R XEER

T0IT I S 2 3 AR R X (121°10-122°30" E,
40°30'-41°30" N)HhAbihil s AL Es, 7 T 14 748 B4
Mo %X L £180,000 ha, R EA 4V i i

B VA 5 AR SRV TR BTG IS A R RO R R BT S 353

K 28R 2 Ah, 854 A 2 A b A S 50,
QA IR PR SR EGE RV . N TR
BEMYESE . EEARIP N GONPHIVES . RS A
BHAES RS, RN, WA K& S50
FEFRE SRR S, 2 BT A 70 B iZ X 4 2 /0 7K 3
1677 L ER/K S, oAy 220 i A i K i ik 3
T ARRMBEEN1% (Bamford et a, 2008; China
Coastal Waterbird Census Group et al, 2015).
PATIRFRAL T I 1 K H AR ORI X F /)N
T SRS £ 43k (121°36' E, 40°51' N) N IE 4L 70 A ()
0 B AR 1) oty E AR A DI 9 s (1 1) o BT 9 X
iR A600 ha, B>k~ 775 T A AR~
NGUAh, NREEITF IR o 2 X 8 A I Y
FREEL R T E B FRE . EhtbE)E T 28
R, MR A Y, RS AT
15-30 cm, ik #EAT 7T DX e pE A 3 22 ey 2 e
L P PAMI(Tamarix chinensis)ZH g, 5. B¢
W Z oA T W R OK RIEBON 3 & X, Tk
Hiu B3 1 Dyl 18] 5 ) — Fh S A, 2 A AR
I, - b Bl 52 23 A Y0 RS2 007 1 B2 PR S MR
I8 A T T o e R ) Rl 2 7 (R E Y,
1979). ALV E K H R R X W = FE N
1.4-4.4 m (BEZKiFHAE S 40, https://www.cnss.
com.cn/tidel), Tfij i X 3873 A ¥ £k M bl iz = 21T
WiEE3.46 mLL X, P8 (2.6-3.0 m)Af LA

[]

0 1 2 4 km

) o
—-— EHBRENZ X Study site of Suaeda salsa saltmarsh . Mg Liaoping Province 7\ )
— PWRMERIFTIX Study site of mudflat B Road C:Lﬂ o ! ff;?"(
Bl ::30985% Suaeda salsa saltmarsh YR FEMEY: Mudflat /\/@ e gi/ ) Jﬂ/h//

HA7K T Water area

Bl FRXREE
Fig. 1 Location of study site
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L A ) X ek R B YV b R )
PREVR TR Fh AR 35 1 IR R AR ARG 08 3, 3
J& &b g = T AT (Zhang et al, 2016) .
12 BFE

KB BET S RAE . AT 20174
KR 2019 K2, LT 124 %FZ=(4-5H )3
FEMRKZEB-1LH) A . I A S e AN AH AR
(%) 5 b 32 6 VA 1 AT [R) 5 e MR LR X, K
/IN9400 m x 500 m (1), TR (G AR T 5 2 h)
| FH 20-601% #A. f] 22 iz 4% (SWAROV SKI, HD80) 18
x A2 B B AL X N BB AT UL, il 3k
IR EFISCR, FRC H . B R, W R
A BRI BRI AIRES-7 K, £ RS R IFHIRHM
TR

[FIEE, SN T 00K 5% AS R 55 i R 22 5
SR FH W B 0 02 0 P o A 58 5 2R 1) 32 AT N AT
o3t TARAN: ()R ET N AHEMIE.
THEEES), BARRIN/K S FGAME R T 8
BUK R EEAGAEH; (QIREAT N BRI AL,
W Sk i 1) — O 2 TR (B) HARAT v FEE
TR FEPT T A K AR (FLAE 424, 2008; Zhou et
2010; # &I %, 2015).

BRDPRAGAYM LTS E (hE %2528
5afmas(EE =)y 63k, 2017).
1.3 HUBRSH

AT FEIE S B K S DL TE H o IS E5 2K
FEEH e 98.60%), 1M HAth ZREEI /K & (4 e
WIS 8 18 28 ) B B 4 /D (1.40%), KT NG £E R G it
AT o RS LR B () R BAE & L5 Y
= ni/N x 100%; = nA BRI ARG N IR
PR BAMER. & R FEFREORT-10%I11 52504
M, 1%-10%I1 A% WA, 7T 1% A48 WA
(Howes & Bakewell, 1989; #513%, 2012). HHT-HEX
LRGSR, B—iHAH R IAELR SR
DANEEE; BT T AE T U6 B A v 04 A 1 2R
M 14,000 A 60,000 A, (REI %Ko T
Al LB X3, AH AN A IPE — AN X AT B MEAS
i, T PARRATE S O AR N — ML R A . A
F T2 B S LU R AR S 2 (Rl 22 5, A ik
5 B FOXT SEBR B TE, FRATTIAN & I8 25 14 7
AEBIEE IR ARAANK, it DL 5 RS A FE ) 22 S 1)
2 o SR FH O RE AU 36 Eb A P b 2B 155 2 ) 128
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Pl & BN 2 LI 22 7 SR B AR thar 56 L AR
PRI AE ST SRR A 2 BT 2 . D
S BB AAT ) 5 80 5 S SR AR 1 H 2y
EETH 5 5 AT N Le ], IR FH ST RE AN ther 36 iR 4T
FLEE AT CREBIML S, 2015). T 2 (iH = 1Y) i3k 4T
43 #1 2 Bl 5% H K olmogorov-Smirnov i 47 1F 25 #6: 56
AN A IR NER P AH B ) FE S H 5

B B V& A M R FH AR B B 2 4 R AR BV
(non-metric multidimensional scaling, nMDS)i#t 17 4>
T, 2 A AT DA O Pl SRR AT, R A A
T+ Bray-Curtisffi 5, fEBIREAF2:HInMDSHE £ &,
XF T K 45 R 1 AR 8 AN 2= 22 S gk AT BUR R OR
(Kruskal, 1964; Li et al, 2011). #E7&AHAE R
Jaccard{f ¥k n: C = jl(a+ b —j), RHCAMLUE
REL, aNBHEAT YRR, bAREE BT AT AL,
JNA. BIEILEYIME RIS, 2013). FER4S
¥ 1) nMDS %3 #7 & B RStudio-v1.2.1335 (RStudio,
Inc., Boston, MA)ffjvegan R H-4052 1%, 2 B
goplot2 i, (W] 2145, 2019). HAh 45 it 2> 1 £ SPSS
2LOFAMFHSE R Guvt B3 bRtk 1 B NP < 0.05.

21 YIMERSH=

2017-20194F 3L 34T T 28V M & (F =11k, X
ZEITIR; ML), DK B E5 KK 2 28%)6,348 A
Wo HPHEFICHBI5L,37IHK; KFEILFET25
Fha,977 R Ik,

PP A B TR S A SR I A A i B A K 2 5
EhHL R 2R VE IR M O SR B AR 3, AR N K
FJ %5 (Numenius madagascariensis) [ JE # %8 (N.
arquata) . Bs MY . 4L Mg Y (Chroicocephalus
ridibundus); Ve i MER I A B4R 27, AR AR IR
4% (Charadrius alexandrinus). 1 % (Haematopus
ostralegus). % g5 AS (Calidrisalpina). #5445 A
ISR BRI 1280, 5 Sl s A £ 39.3%,
WEMERY . OKMES . AEAES . KA (Pluvialis
squatarola) . Jf | EhHHEE ShVE IR H L SR 3
KIAE 170, N4E&BEM(Pluvialis fulva); 8 i M
FAMIE SR B W R A 15, o5 HE57.1%, Q1 KVERS
(Calidristenuirostris). 52 Z[(Larus crassirostris).
&S (Tringa nebularia). Z1JHIAES(T. totanus) &,
DL SR 1.
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MW EEE LE, MR E & T i
Bl oZ 5 VB (2= t = —4.405, df = 10, P = 0.001;
FKZE: t = -5.705, df = 16, P < 0.001); ffj b Feh £E 45515
ANAFAE W 1 25715 22 e (R OB t = 0.434, df = 26,
P = 0.668; e /fiMis: t = —1.561, df = 26, P = 0.131;
KI2A) . PR AE SRR 2 Bt B R R A
i, VBB MER Rl £ R E B3 T R (B
75 t = =3.218, df = 10, P = 0.009; #Z: Z = —3.516,
P < 0.001); fif P A= 5% B 1 22 B TG I 35 () 2=
Z 5 (EhHIEE: Z=0.719, P = 0.680; Vg5 Z=
1.133, P=0.153; [¥2B).
22 BERSHSH

FH SR, S8R 450 2L B A AR B 4
&, ZEATRIMZE R AN R 7E 48 nM DS E
B E, Sz AR B & 8 VA 250 /i TnMDS
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B2 ATREZEFMZETELESEYHFESEA) NP
EBZER. F: n=11; #F: n=17. FHFLTHEFNKE
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MREEEIMMEKERNSNME RS AERE.

Fig. 2 The difference in species richness (A) and abundance
(B) of shorebirds between two habitats in different migratory
seasons. Spring: n = 11; autumn: n = 17. The solid lines in the
box denote the median value and box edges show the upper and
lower quartiles. The maximum and minimum show the largest
and lowest data point excluding any outliers and the solid
circles show outliers.
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EEHISE (2) Suaeda salsa saltmarsh (spring)
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VMR (F2) Mudflat (spring)
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E3 AREEREFMEFTEMGEEAEELEInMDSH TR E
E.FC: A#%5; EC: BBEHES; WH: %8, CG: FHIES;
CR: ZIBIES; RT: BMAAS; TS 7MES, SR: #8785, DU 2
IESEAS, BTG: MEMRES, GK: XJEES; EO: 1778, MS: iF
79, ST: REERS; SA: =HUEZS; RN: 4IUERS; GP: Ik
8, KP: I8, PG: £, LS F&EPE LR £HEMS;
SG: EWRS; BH: £IMEE; SI: F{AFIIIRES; SB: RiSHE;
BT: EE, WT: BZEE; LT: BEHEE,

Fig. 3 nMDS plots of shorebird community between two
habitats (Suaeda salsa saltmarsh vs. mudflat) in two migratory
seasons. FC, Numenius madagascariensis;, EC, Numenius
arquata; WH, Numenius phaeopus; CG, Tringa nebularia; CR,
Tringa totanus; RT, Arenaria interpres; TS, Xenus cinereus; SR,
Tringa erythropus; DU, Calidris apoina; BTG Limosa
lapponica; GK, Calidris tenuirostris; EO, Haematopus
ostralegus, MS, Tringa stagnatilis; ST, Calidris acuminata; SA,
Calidris alba; RN, Calidrisruficollis, GP, Pluvialis squatarola;
KP, Charadrius alexandrinus; PG Pluvialis fulva; LS,
Charadrius mongolus; LR, Charadrius dubius;, SG
Saundersilarus saundersi; BH, Chroicocephalus ridibundus; Sl,
Larus vegae; SB, Larus schistisagus; BT, Larus crassirostris;
WT, Chlidonias leucopterus; LT, Sernula albifrons.

BRI A T, = EESRR, . KFHE
FEME R BON0.46, ILH SFRA6R, AEMES. K
PTG WIS . A8 R £ IS Xof 12 A B R VR R AIE DT

BRI e, T K ) A i A e el 2 A 455 1) S TR e

M, Ve MR A 5 S R EVE R E A T'nMDS
BCE B B, BAaAEon i, B SR
PR B K. ok, KiEmS. RITIRES.
. WAdE. #SEY(Tringa erythropus). 2 RERYZEZ Fh
AL T VAR A IR B A i, 15 WX o A B
SR LR, FEI R X BT s A . 1%
AN ERESEK, M RECN0.41. [FR,
ZET R BAEE— B 220, QoRVERS . BRI
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K, T4 HERS (Charadrius dubius). 52 # ¥ 48(C.
mongolus). ZL3iEES(Calidris ruficollis). = hEVEAES
(C. alba) % Fk 2 S B I DTk K (K13, K1)
23 BEITANFERESR

MEZRIAT RRE, 1% XIS R DL AT
NN FE(58.71%-93.26%), H X MK BATH
(5.99%—23.29%), H-At47 AT o Ho A5 241K (0.34%—
18%). A AR AT N B B 2
ZE 5, 2R TR HOIRIE A B A L A TR R
Meig (t = —2.115, df = 67.707, P = 0.038; [K4), Ttk

*1 TRIFHHMEREGBELEHREREBOE
Table 1 Number of shared species and similarity coefficients
of shorebirds among different seasons and habitats

hHh e I
Suaeda salsa saltmarsh ek Mudflat

FE = FE  HK=E
Spring  Autumn Spring  Autumn

HhIBRE(FZ)

Suaeda salsa saltmarsh 8 6 (0.46) 6(0.40) 8(0.32)
(Spring)

B E (Fk =)

Suaeda salsa saltmarsh 11 7(0.41) 11(0.44)
(Autumn)

RS (FEZ)
Mudflat (Spring)

Je FRMERR (BKZF)
Mudflat (Autumn)

13 11 (0.41)

25

B JUf Foraging MM KB Resting HAh Others

100
80
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40

H 4> LE Percentage (%)

20

Suaeda salsa  Mudflat  Suaeda salsa  Mudflat

saltmarsh
#ZF Autumn

saltmarsh
#£Z= Spring
E4 AEEEMELHIABLZITAERB

Fig. 4 Percentage of different behavior of shorebirds between
two habitatsin different migratory seasons
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BT N 5185 75 (23.29% vs. 5.99%; Z = —2.359, P =
0.018); FKZEWFR LTI I EAT NN E (> 87.0%),
FAT RHAREPIAFAERES ERMWET N t =
1.406, df = 176.64, P = 0.161; K547 : Z=-0.991,
P=0.322; {4).

31 BABFRLEMSHER

ARHFFER I, Hb B £ 77 1 15 A 40 e o M
RIS R AP AR K ZE S, SRl A 55 DARS 24
A TR K S 76 285 (L BRI L AN S T A5
IS R, Ve i MEdR B B DA . R
B KIRAS. Wiks S5/ NBUSES IO E, X UL
Tt £ 355 00 115 786 24 S5 7K 1 BB Vi ) R R AT S R R
HAAWERNIIREZES . B MEREHE /N
A RIS 2R ) EE EEA EL H, 5 HARAR F0 i ) A 7R A
5 2T 2 R F e )4 F OAE 72 45 R 2R BU(Yang et
al, 2013; Choi et al, 2015, 2017; Peng et al, 2017). [
B, A S A IE Sk B R v VR AR S AR B AR
(S 5 248 1) E A S, 7 O S M R A LA
FrfE Y. X5 280 T 2R ig /K SR AT 7
SR EREK . 22 EW NN BRI E K S
WG 2R I E R A R, @Darnel I F1Smith (2004)
X AE K AR i % T-(Salicornia spp.) #h A e
Mt R, RA T H S 80T DUR]H A 58,
ISR D o FRATHHEI 5 B4 [R50 45 RATAE 22
S EBEFERAHA 55—, HRERIA Y L5
ZREK, 11Jing% (2007) FMa%s: (2011) % H.4¢ K
ORI = 0 B B R VIR O R R, e A
(AR R PR 7 R0 23 S SRAEAZ X S B8 6 17 ks
Tl 2 25 A 1 Hh 32 E b R PR R R O 15-35 em HL A B
I3 AT I R B R B o 0T AR TR K P S 78 2K 11
SEMAAN K, BRI S R % A 5 AT
BAATEREH —Em; 8, AR Z
O S R 2 el 1 b, X TT A S TR AE M 2
R A B 2R AR P 5% (Jing et al, 2007; Chen et
al, 2019). BT IR LRI, Eh G £h VR R = 1
PR IE S PSSR YR(LT e a
2014) . T ASHIF FTAE £ H B 5% R VE 98 H e s B K
FITS 1 75 0 S I L S MR B 2R (Li et al,

@ BT 590 (2018) frti0 L A 15 B S S el A ) ) o 4 1 PO A7 2 3t
FIH. B2 Are S, 107 R%, YRR
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2020). MHELZ T, AR 5 2 i) T 78 e ot b
W EECEIS R BRIV &5 (Zhang et al, 2011; K
WA, 2013; HRRE, 2019).

SRR AR B B VR AR O 22 57, R
IR BOK ELBI L [F] o Ay i 6 B3 2R VA 1 1
CE B L3R 2 rh A5 125 #1078 ] 5] 5 VR A 40
Aiidsg, Ui B R AR B AE 5 2R R AR AR R R
BAME o R AEAHI I X g iy () P A 2H RS AL
PE AT e BT R AR B AU 1) 4% ) PR B 3 ), (R
ST, T RE UG B el 5 Ak v b AR 468 1 e A
TRIEHAE N — PP VR S AL, TERSASSRZ
FEME B 4E 3 b mT DL RUR VR, TP ) 528
AL E E MG E (L et a, 2011, 2013). M FETiAE
th B&, R RS TE VA VT 0 7K 5 4R R 2 v 2
RN, XM AR DR R e, FE
AR ST BN R SRS S B AT B b T e 5
MR IS AS S T AR IROR, W] e 5 0 H %
PG S 1 288 R AT A 4 R S B 2R 1 22 R G,
B 2 e S A mE O i B E AN B AL R — o
(Battley et a, 2012; China Coastal Waterbird Census
Group et a, 2015); 734k, AT B85 1Z A S H R A
AP BRI ZETT AR K (Zhang et d, 2016; 3L
&, 2019), {HIL T — 0 1A A PR 2 R BGHIE .
32 KEHEMNITHEARESR

BRI, MRS IEAE PP AR B T 1) BT AN
BT o 310 BH Eh M B3 678 AN LR 1 H R A5 20T
BEA5E 1) B L O b, 7R RE R AN RN S Sk Ak
TGS R ¥ %5 B EAE A (Choi et al, 2014; f£,
2014). [FJef, FRATH R A ZRIE A I St ks £59A
W AR EAT NI EL I ROR, 2 25 T AH AT B Y
AR, XU 2 S AR 2 i B A Sh B v
WHARE . FFAEXMERMFEFERTRS: £F
FIEUEH, 2 HMmERE T K KT, 2
ISR R T B A I AT ARR, KR AR R .
WE TR B, FEe A 2R, W4 iR i # (Calidris
canutus) 55, 7EITHE AL B &AL 388 B R A ZE 4,
L 2 R B R, BAYKE B IR E B HLRE KT
(Van Gils et a, 2005; Yang et a, 2013). fEULRTEL,
b DL 7 TR A, M ) 3 b B R VA R
AT R8N A AN B AR R S 55—, ks
PE B W ()7 MEUR AF AR R T, 7RI,
55, AR B TR R PR M 7 A B LT ) R

IEE KSR, AT DA B AT AP 478 B XIS R 24 R A4 il Py
it BE B FE(Moreno et al, 1996; Tchabovsky et al
2001). JAEWARITEIN Y, aYE, ik
VE 9 1S 75 24 i 4k L #h (Masero &  Pérez-Hurtado,
2001; Lehnen & Krementz, 2013; Lei et al, 2018), {H
&, NARTHREMEE RSt E FRE, AR
G3A0 B SR MR B VA HL AR AR R S AR Bt . R
Sk v] Lk — 25 JF J AN [R] 288 24 R 5 b () A9 U2 )5 & %
BRI IEAL . KR, IR AR BRI &1
PR B3 25 57 o X Ul B A St mT DLk £ 7E
e [A) A B o5 e MR XSO AT RS, BT
o 2B 358 AR AN P Fh 2HL e AR 22 57, DA
ST L B R B LU R AT R R AE B, 38
i B — P T

gf b, EhHmsE S VAR N — Rl R 2k
A, TERSTES SR A4 BRI AT S b R o 4% 56
FEUER, Rl 9 R A 55 LAMETR B2 & A9 5
HAE L E B AN S, FIR, 0 KRMmER
PR BRibZ A6, EhisszE 2h A i Hh 5 A 4R 1
T Y0 DML T B BRI AR A B A,
VEN AR R S 2 A, 7E I XA A5 28 & b
R YR REE AT EREM . R, A6t
FU 2 B 6 Hi B2 6 VE IR b 1 T I S M E R 3
RABIA(LI et al, 2017; Tian et a, 2017; Lu et al,
2018), i FEh0 g X 12 A 58 2 B AT FE LR 47 R0 B
TAE . BB TR g 3 b ol 2 0 H 1) R 4 AP 2 e it
HER SR .
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Appendix 1  The dominance index of shorebirds among different habitats and seasons in our study

Wb HRFA

Species Dominance degree (%)
Total numbers Spring Autumn
(mean +SD) (n=11) (n=17)

HMBRZE Suaeda salsa saltmarsh

KHIfE Numenius madagascariensis 9.28 +15.45 8.78 41.55
HBERS Saundersilarus saundersi 7.93 £12.37 40.88 6.71
FIERIES Numenius arquata 9.07 £12.14 30.48 18.84
ZLMEEY  Chroicocephalus ridibundus 1.93 +6.34 - 19.87
HKAH Pluvialis squatarola 3.57 £7.02 16.86 5.29
HHI%S Numenius phaeopus 0.96 +1.99 1.15 4
PR3 Charadrius alexandrinus 0.61 +2.47 0.46 1.94
KISHY Larus schistisagus 0.25 +0.84 - 0.9
PR ERS Limosa lapponica 0.11 +0.42 0.69 -
&P Pluvialis fulva* 0.11 +0.57 0.69 -
HWHEIEEE Calidris alpina 0.11 +0.42 - 0.39
PEAAFIFARES Larus smithsonianus 0.11 +0.57 - 0.39
15i%% Haematopus ostralegus 0.04 +0.19 - 0.13

VMR Mudflat

KIERHS Calidris tenuirostris* 11.04 +22.28 34.26 -

I3 Charadrius alexandrinus 51.89 +76.40 16.63 33.34
HPGIERS Calidris alpina 31.04 +49.49 27.05 14.83
%% Haematopus ostralegus 31.39 +51.38 0.89 20.73
HWERY Saundersilarus saundersi 12.46 +17.31 6.43 6.59
KHI17% Numenius madagascariensis 7.18 £12.89 1.77 6.38
M M) Numenius arquata 7.29 +7.82 6.32 3.95
KM Pluvialis squatarola 4.79 £5.92 2.77 3.57

PR RS Limosa lapponica 1.46 +3.01 2.44 0.59
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Yk R
Species Dominance degree (%)

s % ®E

Total numbers Spring Autumn
(mean +SD) (n=11) (n=17)

KI5FS Larus schistisagus 2.57 +£9.25 - 1.71
HBERY Larus crassirostris * 2.00 +£4.74 - 1.33
ZI MRS Chroicocephalus ridibundus 2.00 +4.10 - 1.33
FHHIES Tringa nebularia* 1.39 +4.39 - 1.05
ZLJHIES Tringa tetanus* 1.43 £3.14 0.10 0.88
RJEVERS Calidris acuminata* 1.18 +5.86 - 0.74
PEHAFIIE AR Larus smithsonianus* 1.11 +3.74 - 0.74
V&Y Tringa stagnatilis 0.36 +1.10 - 0.43
#47%5 Tringa erythropus* 0.61 +2.36 - 0.40
H#% Numenius phaeopus 0.25 +0.70 - 0.38
ZHBEVERS Calidris alba* 0.54 +2.83 - 0.36
4 MEfS Charadrius dubius* 0.43 +£2.26 - 0.29
AT Arenaria interpres* 0.25 +0.70 0.22 0.14
FMERS Xenus cinereus™ 0.21 +0.63 0.11 0.14
H##ENS Sternula albifrons™ 0.04 +0.19 0.11 -
JEF RS Chlidonias hybrida* 0.07 +0.38 - 0.05
ZI 3RS Charadrius ruficollis* 0.04 +0.19 - 0.02
Z VP Charadrius mongolus* 0.07 +0.26 - 0.02

* R RAEZ AR P IC R B R, - AR ZAERIZF WA IC R B2
* means the species only recorded in this habitat; - means the habitat for which no species have been recorded in that season
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ABSTRACT

Aims: The Hanjiang River is an important water source of the Middle Route Scheme of South-North Water Diversion
Project and Hanjiang to Weihe River Inter-basin Water Transfer Project. It is necessary to understand the current
status and changes of fish species diversity for future conservation of aquatic ecosystem.

Methods: In order to investigate the fish diversity and resource status in Yangxian section of the Hanjiang River, we
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surveyed the fish diversity of main stream and six tributaries twice from 2016 to 2017. The indices of Margalef,
Shannon-Wiener, Pielou’s, and Jaccard were used to evaluate the main streams and branches in Yangxian County. The
index of relative importance (IRI) was calculated to determine the dominant species, and the abundance biomass
comparison (ABC) was used to analyze the interference to fish.

Results: With historical data, our survey showed that this section of the river has 76 native species belonging to 57
genera, 14 families, and 6 orders. Fishes from Cyprinidae and Bagridae are dominant, accounting for 57.89% and
11.84% of the total number of native species, respectively. There are five endangered species, and three of them are
classified as National Protected Wild Animals in China. The results of fish diversity analysis showed that the richness
index and diversity index of the main stream of the Hanjiang River were significantly higher than those of the six
tributaries. IRI index showed that the dominant species was Zacco platypus. An analysis of the ABC curve indicated
that the fish community has been seriously disturbed.

Conclusion: Water conservancy and hydropower projects are the main influences that were correlated with a decrease
of fish diversity and populations. The construction of large dams on the main stream will change the habitat from
flowing water to still water, and disrupt the connection between upper and lower streams, and cause the disappearance
of spawning grounds. Small-sized hydropower stations on the river branches will reduce the water of downstream
affecting the fish populations. The inter-basin water transfer project has the potential possibility to introduce fish species
from different river systems. Our study provides basic data for the dynamic monitoring of fish diversity and an early
warning of invasive species during the construction of the Hanjiang to Weihe River Water Diversion Project.

Key words: freshwater fishes; dams; Hanjiang to Weihe River Water Diversion Project; conservation; Yangtze River
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Fig. 1 Sampling sites in the Yangxian section of the Hanjiang
River basin
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Fig. 2 Fish diversity of different rivers (a) and seasonal variation of fish diversity of different rivers (b) in the Yangxian section of
the Hanjiang River basin
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Table 1 The Jaccard similarity coefficient in different rivers in the Yangxian section of the Hanjiang River
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B 7K 7K it KR TR FpRE PUL
Youshui River Yishui River Tangshui River  Xushui River Pingdu River Hanjiang River
4:7K¥A Jinshui River 0.48 0.26 0.33 0.33 0.25 0.41
Pi7Ki Youshui River 0.39 0.50 0.32 0.35 0.32
Y 7K Yishui River 0.71 0.33 0.29 0.19
fig K3 Tangshui River 0.47 0.43 0.26
757K Xushui River 0.60 0.15
BEIEA] Pingdu River 0.10

fift] (Gnathopogon imberbis) . £ [1 £ (Opsariicjthys
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Table 2 Seasonal variation of fish dominant species and
important species in the Yangxian section of the Hanjiang River
basin

e AR T S

Species Index of relative importance (IRI)
it ®E &3
Total Autumn  Spring

v fgfif Zacco platypus 1,031.97

JE 25 i) 918.31
Gnathopogon imberbis

1,952.15 -
1,279.67  383.99

I, 44 Opsariicjthys bidens 761.68 632.14 1,151.37
ey 588.57 968.44 -
Pseudogobio vaillanti vaillant

$iz [R5 Phoxinus lagowskii 263.62 459.69 -
SRl 234.78 389.86  —
Microphysogobio kiatingensis

#ift] Squalidus argentatus 148.60 340.77 -
RIEAEHH Cobitis macrostigma  239.22 236.36 270.79
1tff Hemibarbus maculatus - 144.64 -
ZFfdifh Pseudorasbora parva - 122.10 -

[E W)t Distoechodon tumirostris — 117.47 =

fifl Carassius auratus - 113.58 -
R34 Culter oxycephalus - - 172.79
4L - - 169.57
Onychostoma macrolepis

FRA T - - 163.97
Rhinogobius shennongensis

fit; Silurus asotus - - 103.77

ik . Y2 ik (Misgurnus anguillicaudatus) . % & £ if
(Cobitis rarus) FEG 2R, fiKARAFA M,
Sy BRI TEREAE . b IR AT
iy PG KRR 4R, R D, LU, 58

®3 NLFERSXMBMH=EEL
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910100 gHI#¥Fh. 1A N10-100 gIPIFITEAEY)
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B X IR 2 = B DA RN RO g G B
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ME4ar] LLE H, 72630 0 32 Z LR T
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EMRE, 5 RRR9.80%:; 268t 28 TR 2
WEEfE, 5 MK 150.98%:; 20F0 8258 Tk 2l
B, 5 EARA39.22% ([ %1). MIE4bRT LA H,
7R R B M A SR R AR L R TR A AL
LR AR PR fke FRatmt.
HoaMmETREE N EMAI, HEMAK
47.06%; 7TH)E TH M N EM @A, A ER
13.73%; 20F0J& T2« 25, KRR 1139.22%
(F%1).

2.6 ABCHiZ:

MESH LLE H, Bk, K. HEaERE
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o

Table 3 Spatial variation of dominant fish species in the Yangxian section of the Hanjiang River basin

Y Species AEX E R KL Index of relative importance (IRI)
DL Gk T 7K 13 7K B 7K TE7KIA BpE]
Hanjiang River Jinshui River  Yishui River Tangshui River Youshui River Xushui River Pingdu River
6 Zacco platypus - 1,775.83 - 1,904.29 1,312.76 7,872.73 4,161.01
L8 Opsariicjthys bidens - 1,013.00 - 1,237.04 5,750.20 - -
H1 Kfk Phoxinus lagowskii - = = 1,806.22 - = 6,876.49
il Squalidus argentatus 859.67 - - = = = -
LAl Pseudogobio vaillanti vaillant  — 2,039.71 - 1,478.20 1,895.42 - 5,129.72
FHZNERif# Gnathopogon imberbis  — - 1,172.40 3,290.10 1,303.19 6,877.97 1,148.46
21 A B2k Homatula variegata  — = = = = 1,995.12 =
KRPEAEAH Cobitis macrostigma = = 6,300.01 = = = -
Rt ek Cobitis rarus - - 1,488.03 - - - -
Jelfk Misgurnus anguillicaudatus - - 1,571.80 - - - -
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Fig. 3 The proportion of fish quantity and weight to total
quantity and weight in different weight ranges in the Yangxian
section of the Hanjiang River basin
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Fig. 4 Ecological habits of fish in the Yangxian section of the Hanjiang River basin by habitation space and food preference
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Fig. 5 Plot abundance biomass comparison of fish in the Yangxian section of the Hanjiang River basin. A, Fish population; B, Fish

in autumn; C, Fish in spring.
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—. 8 H Anguilliformes
(—) gfifiF} Anguillidae
1684 )& Anguilla
(1) HAH Anguilla japonica < EN
Z. #JZH Cypriniformes
(=) ##%} Cyprinidae
I} IZA} Danioninae

2.fifJ® Zacco

(2) FitiEf Zacco platypus \ \ LC D/O
3.4 JE Opsariicjthys

(3) Iia Opsariicjthys bidens \ \ LC D/C

IAER 1R} Leuciscinae
4.F g Mylopharyngodon

(4) 14 Mylopharyngodon piceus \ LC
5. TfJ® Tinca
(5) T1f#% Tincatinca J J LC
6.f%)% Phoxinus
(6) iM% Phoxinus lagowskii J J LC D/O

7. %4 )5 Ctenopharyngodon
(7) ¥fi Ctenopharyngodon idellus \ LC D/H
M FEL Culterinae
8.1t J& Parabramis
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(13) 2R3L#A Culter oxycephalus J J LC D/O
(14) ¥ME4A Culter ilishaeformis J LC
1441418 Erythroculter
(15) Z4Lffi Erythroculter mongolicus J PIC

15.£f1J& Chanodichthys
(16) # KA Chanodichthys dabryi
(17) Z {1 Chanodichthys mongolicus J LC
16.1; & Megalobrama
(18) [13k#} Megalobrama amblycephala J LC
IVHEEF} Xenocyprininae
17.[A Wyt J& Distoechodon
(19) Byt Distoechodon tumirostris J J LC D/O
18.fulfii J# Pseudobrama
(20) Uil Pseudobrama simoni J LC
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ViiEIERE Hypophthaemichthyinae
19.fif J& Hypophthalmichthys

(21) fi# Hypophthalmichthys molitrix J J LC P/H
20.fiffJ& Avristichthys
(22) fif§ Aristichthys nobilis J LC

VI F} Acheilognathinae
21.fi%J& Acheilognathus

(23) KiEf% Acheilognathus macropterus J LC D/O
22.15 %)% Rhodeus

(24) A% Rhodeus ocellatus J J LC D/H

(25) &y Rhodeus sinensis J J LC D/H

(26) FAtEE; Rhodeus lighti J LC

VI A} Gobioinae
23.fitJ& Hemibarbus

(27) JEf% Hemibarbus labeo J J LC D/C

(28) 1£ff% Hemibarbus maculatus J J LC D/C
24.fifJ& Sarcocheilichthys

(29) Mgt Sarcocheilichthys nigripinnis J J LC D/O
25,2 fdf & Pseudorasbora

(30) #7Htn Pseudorasbora parva J J LC D/C
26.454fifJ& Squalidus

(31) #Rff] Squalidus argentatus J LC D/O

(32) =:4Rfif Squalidus nitens J LC D/O

27 felffiJ& Pseudogobio
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(33) Uil Pseudogobio vaillanti vaillant J J LC B/O
28./Mifii J& Microphysogobio

(34) 'RiliZMEf#) Microphysogobio kiatingensis J DD B/O
29.41Z5if# /& Gnathopogon

(35) JEZiHZif Gnathopogon imberbis J J DD D/O

(36) 4REHEZIfH Gnathopogon argentatus J DD
30.")f )& Rhinogobio

(37) Wfifi Rhinogobio typus J J LC B/C
3L.EETEH R Abbottina

(38) #:{Efl Abbottina rivularis J LC

(39) ‘Rili#{Efa Abbottina kiatingensis S DD

(40) #EmMyBE7E i Abbottina obtusirostris J J LC
32.4fflJ& Coreius

(41) %t Coreius heterodon J LC
33.UefiJF Saurogobio

(42) #fif] Saurogobio dabryi J LC
34. 5 JEffiJ&E Platysmacheilus

(43) FJEff Platysmacheilus exiguus J LC

VI feEF} Gobiobotinae
35.6f it fiv /B Gobiobotia
(44) F B Gobiobotia ichangensis J LC
IX#EFF} Cyprininae
36.f# J& Cyprinus
(45) i1 Cyprinus carpio J J LC D/O
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37.4{J& Carassius
(46) #l Carassius auratus J J LC D/O
X#EFF} Barbinae
38.Z H fiiJ& Onychostoma
(47) %M F 8 Onychostoma macrolepis J J VU D/O
(=) %t#F} Noemacheilidae
39.4uf &y 2k fifkJ& Homatula
(48) 214 5464 Homatula variegata J J LC B/O
4075 )56 JE  Triplophysa
(49) T &6 Triplophysa bleekeri J DD
(P9 {E#F}L Cobitidae
XIFESK LR Cobitinae
41 L6 JE Cobitis
(50) #EEE) Cobitis sinensis J LC
(51) Fif1E8# Cobitis rarus LC B/H
(52) KBEFE# Cobitis macrostigma LC B/H
42,885 JE Misgurnus
(53) Yk Misgurnus anguillicaudatus J J LC B/C
43.FIJEH)E Paramisgurnus
(54) KiggglJetf Paramisgurnus dabryanus J LC B/O
XIYL#EFL Botiinae
44. R4 Parabotia
(55) BRIV Parabotia fasciata \/ LC

=. B5%H Siluriformes
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() BiskfERl Amblycipitidae
45 filJ& Liobagrus
(56) fZfih Liobagrus marginatoides J J DD D/C
(73) #k%} Sisoridae
46. 85k jE Glyptothorax
(57) HiEg ik Glyptothorax sinense S LC
(B> #5%} Siluridae
47.#fJ% Silurus

(58) fiti Silurus asotus J J LC B/C
(59) KI1fifi Silurus meridionalis J J LC B/C
(JV) &%} Bagridae
48,7 Fifi & Pelteobagrus
(60) #Zifh Pelteobagrus fulvidraco S \/ LC BIC
(61) M IKHHifh Pelteobagrus vachelli J LC
49.fifiJ& Leiocassis
(62) X Efifi Leiocassis tenuifurcatus J J DD B/C
(63) #JE#i Leiocassis crassilabris J DD B/C
50.UM %% Pseudobagrus
(64) P Pseudobagrus ondon J DD D/C
(65) [FJEFLEE Pseudobagrus tenuis J DD D/C
(66) VJJELEE Pseudobagrus truncatus J DD
(67) [ME#IEE Pseudobagrus emarginatus J DD

51.f#J& Hemibagrus
(68) Kfig# Hemibagrus macropterus J J LC B/C
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VY, &8t H Synbranchiformes
(L) &EfAEL Synbranchidae
52. 3% i J& Monopterus
(69) #f# Monopterus albus J J LC B/IC
fi. #EH Salmoniformes
(+> %} Salmonidae
53. % @ ikJE Hucho

(70) 1B % Hucho bleekeri J J CR
54 414t & Brachymystax
(71) Zel&4nigkts Brachymystax tsinlingensis J \/ EN

N

7N~ Wi H Perciformes
(+—> HE®HiR} Percichthyidae
55.fJ& Siniperca
(72) BEHF Siniperca scherzeri J J LC D/C
(73) KIHRH% Siniperca kneri J LC D/C
(+=) WAL Odontobutidae
56./NE#)JE Micropercops
(74) /NE{®)t1 Micropercops swinhonis \/ LC B/O
(+=) #FpEfEl Gobiidae
57.W)F & Rhinogobius

(75) P ERVIMFFE A Rhinogobius cliffordpopei J LC B/C
(76) TBEWIHTFBE 1 Rhinogobius giurinus J LC B/C
(77) AR W2 Rhinogobius shennongensis J EN B/C

(79> %} Channidae
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58.f#J& Channa
(78) ¥ Channa argus J J LC B/C

J3 SRS HE K B BTG St F s (1987), (P EPEMESIMIAL (L4 ) Bdlick B ENISE(2016). P b B D JERZE; B: RS H: MR C: AR O ek,
Historic records from Shaanxi Institute of Zoology et al (1987), Red List of China’s Vertebrates from Zhigang Jiang et al (2016). P, Pelagic; D, Demersal; B, Benthic; H, Herbivorous; C, Carnivorous; O,
Omnivorous.



2021, 29 (3): 373-384
doi: 10.17520/biods.2020181

14 % # W

Biodiversity Science

B TR e

SITREN BKFERESE SR EREIHH

Yl s 1* = 1 1,2
X EACT, REEY F W
L TSR IEBR, S AL T T 560, AR 030006; 2. BPAITHE 256 HU 7, (LTS 034000

WE: eEEV RAKTSEEREULZMANATHLG G, IRME S A h R KERUEWAFAE . N T it
JFEA TR 7K rh ST R v A 2 BSOS 22 R A JR) S YRR HILAR, A SCA I TSLIX rDNAZE [R5 1 e A qPCRECA 1L ot
)\ R K AR SN AN [FRFE i U RV (AR AN A R AT 1T 3 32 A AR 73 At (PCOA) BLAAN AR
FE TR R SR 0 22 57 1 I8 L TUAR 70 T (RDAIRT 1 /K A AR R %0 SRR i S5 M B i), 3l o AR 3 A 17 SRRV 45
PR E L ER JI P4 B o A 1 SR AR R AR . 5 R, Al /i £FJs (Bullera) . Schizangiella, SCT0
{iJ& (Acremonium) A1 2 % £} & (Yarrowia) /& BRI 38 &, F R RETEAE A [FRAE b n AN TT 2 J& 7K1 ROAR X = 2 254 1] 8 38
o BT RS R FEKTUT FIZET I B 5 A PR (TOC)IK L R B2 IEAH K . HE I o- 2 FEE SpH. B /R (AsHICu).
TEH LB (1 C) R 25 R (NH) IR BE 2 A5G o 0B TR 1 2 1) S M FE SRR s LA W 822 59, S B S 5 B IR P8 23
KA, AFRFE G HERE T WMEESRTE, AR 8RN A TR LA ESSRUY, £V RKH
B PR 7 O EL VR o 22 BEVEAT S35 5O, TRV 1) B- 20 R 2 B2 M (A AH EL AR FH 9% AR RS, R R B MR 4 2 AT R K
A LA R I R VR B AR

KEEIA: RWROK; HERE R, dEREILE)

A, S0, DIEW] (2021) EET5HRN AR P E B 2 A IR, B 241k, 29, 373-384. doi: 10.17520/hiods.2020181.
Liu JX, Cha BF, Luo ZM (2021) Driving forces and the diversity of fungal communities in complex contaminated tailings drainage. Biodiversity Science, 29,
373-384. doi: 10.17520/biods.2020181.

Driving forces and the diversity of fungal communitiesin complex contaminated
tailings drainage
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ABSTRACT

Aims. Metal tailings drainage contains heavy metals and a variety of organic and inorganic pollutants, but a large
number of microorganisms still exist in this extreme habitat. In order to revea the composition pattern and diversity
maintaining mechanism of fungal communities in alkaline copper mine drainage, the composition, abundance and
distribution pattern of fungal communities in five water sites in Shibahe tailings reservoir were studied by using the
rDNA gene amplification sequencing and gPCR in ITS1 area.

Methods: The fungal community compositions among different sample points were compared by principa coordinate
analysis (PCoA). The relationship between physicochemical factors and the distribution of fungal communities were
analyzed by redundancy analysis (RDA). The main factors influencing community structure were analyzed by null
model. The interactions between fungal generawere analyzed by network.

Results. the results showed that Bullera, Schizangiella, Acremonium and Yarrowia were the dominant genera. The
relative abundance of fungal communities varied significantly from phylum to genus level in different sampling sites.
The abundance of fungal communities increased gradually along the direction of water flow and was positively

WSk H 39: 2020-04-30; 252 H 31 2020-07-10
FEEIH [ 5K AR 42 (31801962) Il Ll 7644 Z: Al 78 i H (201901D211129; 201901D211457)
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correlated with the concentration of total organic carbon (TOC). PH, heavy metals (As and Cu), inorganic carbon (IC)
and ammonium nitrogen (NH,) were significantly correlated with the o-diversity of the communities. The distribution
of fungal communitiesin different sample sites was obviously different. The physicochemical factors had no significant
effect on the distribution of fungal community. The null deviation values of fungal communities in different sampling
sites were greater than zero, and there were complex interactions among different genera.

Conclusions: These results indicated that the environmental factors only have a significant correlation with the
a-diversity of the fungal communities, while the B-diversity was mainly affected by the interaction between speciesin
tailings drainage. Our findings highlight that there is arelatively complex fungal community dynamic pattern in alkaline

copper tailings drainage.

Key words: tailings drainage; fungal communities; diversity; maintenance mechanism
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Bil-F4il 7 AYNESh R . AT EILSE T, &
SR G iy 1) PRI AN A& 22 b AR 0 1) B ARG S
(B2 ZFEE R LE T & . AR A 5 A
N—HRER . WEFEIE AR, RAEMZ
FEVE I B BRUR, S AR S IR IR AL ) i 1
AR BHCERM, ERERR. MR 2R
A= WIE R 1 (Baker & Banfield, 2003; Sun et al, 2016)
g (Bier et a, 2015; Liu et al, 2018) & H KK
IR AT R R KBTS Gl BERH A VIR V& 4R
A BRI HR R, 7 s G XS i 2R P
WA Stk A TR, B4y
A B S M B K (Bier et al, 2015). EL A T
e A2 7K Al A 0 3 I 12 PR E 9 K 22 56 1) A
YR FEVR, S BB RETE RO 008 A BR (D s A
ek, 2017), HBERMMEEY KK, EEEE
TR 22 A M AL ) PRI 5858 AR DL iR T

B R ER LT S RS ER Y i A7 7R
MEEMAEMA 2 —, ENEAERENRGEKE
MIhEEZ A B 1 FE M il AR 2 4 R A= 4 B
#h(Newsham, 2012), JL-FLEAEfTA B & kIR 1) A o
AN RE R B AR B R, Wi E R

(Osono et al, 2012). iKY (Nagano et a, 2010;
Jebargj et al, 2010). H 4 )& 4« 115 (Li et a, 2012).
T4 (Dreesens et al, 2014) LA JBH R 7K (1)
MR, 2017)5 2 Pl om A 5E . 8 PR e A2
R K AR T ORI TIR L FL R SR, B 1 B
BT AR SN . XL R SR — R YA
SR TR B AR AR S B S R R R R
BUEH, WA IEY) . EEeES, B
4 A AE S5 (Iram et al, 2009). R, BB A0
Lo AT A D REVE SEBEIT A AL R, TR AL, N
[TR7 T 21 A BN IA i SO € 5K 7/ s -2 2 W AN Y v S
V) 73 A1 kgt JR) PRI AR AR RT s B HL AR B ) e, DRI I A
FEN™ IR K v 0 B A Vi A R 22 A P A R 1 AR A AT
RAETKARI S GREE o FEAN [F) B ot P 45 v 520000 B 1
T Ui 2L SORT 73 A1 1) R 354772 %2 5 (Newsham,  2012),
FE TR A 3 AN 7K AR pHA 2 2 5 7S 1 B R v 4 A
FNZ PP R A AR A 11 B S 22 1) A 35 (Glassman et al,
2017; Aguilera & Gonzalez-Toril, 2019), {H &7EmM:
B TR AKX R A5 G R85 b B B 1) o0 A
T ARIE B S i H RTIEANE 2

2k LR 2 A6 77 B R IR A e e, Dy 4
BRRIEEM TR L. R IR B AR
WP RESH ZMELEN RN R KH R’
FEAR TR RGN B 2K DL A
AHAFE RS P A, 52 AN
SR //NRITR &7/l =S UR =THE Y [ i SN v ke Z N i
RFE R K B HVE AT O R, BRI
T3 RAT K Hh (L) 35T FF v 1 2H RSORT 2 [] O3 A
Ry (2)WRBX Mo A% R E R R . S EE
HIAE & )& A I 7K v L1 BV 1 22 MR PR ZE R BIL
IR KT G R T S5 T A MR v 22 REPEA% SR ) A L

https://www.biodiversity-science.net



FIEANEE: BETSYREN K P R E RS 2 AR L IRE LA 375

ST FUAR BEHT OB SO, TR 9 AN TR 7 S X0
A B RIRME ISR

1 MR5REE

11 WFRXEER
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B, BUBEREE R Z 1 m. AR EBUK2 L, K
FERIGANEE, FEARAET20164F9H o KFETER
HE 0.2 pm P FLFLIERE (Millipore, R, )it
JEF T USSR KA TR, o e B T 485 B
W, F TR A PR R A i . 8 S KA
o] 5256 % T B S E0 0 b, BT A R o A 7E L
A H W58
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KAEPH. W ARE(DO). HL G HK(EC). MWAE
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AR s TE 2 7 (R D)
22 EHEBEREMSHELEE
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499.58. 460.05#1237.33; Chaolf54 5O0TUsE. A
BRI AL e 34, )2 7E STW3H Kk, 7E STW21% /)
(#2). 54 FFE s f# Shannondt %73 1) /95.49. 2.39.
5.09. 2.98f12.58; Simpson4& ¥} 5 Shannonss $i 1) 4%
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STW2i5 /N o 54 KAF 5511 5 % {H (coverage) 5 K T
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(1) 2L B BEVK (22) o I TS IDNA 132 LB AL AR R L1
TEVE B fh, 30T B VR 10 = B2 37 (STW)
FIRUH(STWI)iZ#i 2, HEREEP<0.0L), 1£
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HWFERE T FRA HTRE. #a%E
1. BREET). BEMEIMEET6N A
DA A % e B (B12) TR 1K, R BEETES K
FE s 3G o0 A, (BTN FEEATEER: 175
SDSW H -1 3 B 1A X6 3= B 1% 51 (92.99%); 4H -1
BT RE 6 3 2 72 SUSW AR 3% 751 (70.17%); 4% i 57
"1 STW3H ) AH X = B d 1 (7.08%); #E STW2H!
Z R E T AR 73 2KH¥(80.64%)

TESASRFE S, PRANAIXTFEE > 19%)3L12
AN, RN R N T70.68%; A3 H L1544, Y
FHXS - 970.55%; DLFHREL1IAS, M 5
N51.75%; A JEIL194N, M =F JF H49.60%
(K3)., £ STWLFISUSW H A X 3 FE e K ) J 2 0
SR T 75 TR AR E NI A S B R
(Bullera), HAHX =i 77 1l 4 31.84%7H168.43%; 7E
STW2r s J& T4 /85 | 1 v 55 H bk o 22 4 1 e 1t
% )& (MortierellQ) AT 5K, H1.79%; fESTW3
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Rl AERESKFBUSH(THEHRER) (n=3)
Tablel Water physical and chemical parametersin different sample sites (meant+SE) (n = 3)

¥ KFE s Sample site
Parameter

STW1 STW2 STW3 SUSW SDSW
pH 9.382 + 0.095 9.131 + 0.053* 8.147 + 0.048° 8.190 + 0.032° 8.014 + 0.076"
AR DO (mg/L) 8.560 + 0.195 10.218 + 0.466 10.661 + 0.527° 10.643 + 0.281° 11.114 + 3.292*
B EC (uScm)  1,834.333+31.205°  1,832.001 + 20.466° 865.143 + 3.106" 1,427.333 + 59.218% 404.333 + 8.511°
AR NO; (mg/L) 134.373+5.417% 85.170 + 1.553% 14.315 + 1.142™ 5.265 + 0.345° 4,698 + 0.364°
TAEA% NO; (mg/L) 10.548 + 0.405° 6.959 + 0.20* 1.259 + 0.096™ 0.575+ 0.057° 0.478 + 0.044°
BRAS% NH; (mg/l)  1.453+0.003% 1.715+ 0.019° 0.340+0.116 2.333 + 0.030% 0.387 + 0.015
MBR TC (mg/L) 20.600 + 0.035° 24.723 + 0.818™ 34.523 + 3.215% 25.070 + 0.023% 52.315 + 0.136°
M PR TOC (mg/L) 7.597 + 0.003*° 8.520 + 1.529™ 14.100 + 0.075* 5.253 + 0.020° 19.344 + 3.374%
ML 1C (mg/L) 13.005 + 0.032° 16.202 + 0.291™ 20.179 + 2.703* 19.820 + 0.001® 43.015 + 0.061*
Wifgih SOF (mg/L)  1,582.500+ 2.977 1,207.558 + 100.997°  837.255 + 38.754% 897.900 + 97.900% 117.655 + 11.311°
Tt As(mg/L) 2.407+ 0.021° 2.853+0.171° 0.155+ 0.012° 0.180 + 0.009® 0.003 + 0.003°
% Cd (mg/L) 0.004 + 0.001° 0.002 + 0.001% 0.002 + 0.003* 0.003 + 0.002% BDL
] Cu (mg/L) 0.017 + 0.009* 0.032 + 0.004% 0.016 + 0.004* 0.006 + 0.002° 0.008 + 0.001°
% Pb (mglL) 0.060 + 0.036* 0.021 +0.013° 0.025 + 0.030* 0.043 + 0.006 BDL
£ Zn (mg/L) 0.012 + 0.001* 0.011 + 0.004° 0.009 + 0.003° 2.741 + 1.058* 0.249 + 0.057°

KAFERISTWL, STW2RISTW3 K B A TEZKIR J7 A AN 37 31 R il 134 KA i, SUSWARER _EIFER KR AT i, SDSWARE T IFES it /K K
FERLe [Rl—4T7 A A F-BERRFE0.057K T T 22 57 (2.3 (P < 0.05); BDL X /RFER HFREA R o
The sample sites STW1, STW2 and STW3 represent the three sample sites from upstream to downstream along the flow direction in the tailings
reservoir, SUSW represents the upstream seepage water sampling point, and SDSW represents the downstream seepage water sampling point.
Different lettersin the same column mean significant difference at 0.05 level (P < 0.05); BDL is below the detection limit.

#2 +I\HERT BKPSNREFSEERHENFEEEMSHE(FEARER) (0= 3).

Table 2 Richness and diversity index of the fungal communities in five sample sites of tailings drainage from Shibahe (mean+SE)

(n=3)

KA R 7515 OTU M4 Chaol4E %t Shannoni& % Simpsonf&%t &g
Sampling point  Sequence number OTUs Chaol index Shannon index Simpsonindex  Coverage
STW1 76,565.673 + 251.658°  404.675 + 13.436° 478.636 + 25.356°  5.496 + 0.012% 0.948 £ 0.001* 0.999 + 0.000%
STW2 63,438.606 + 317.863"  118.658+ 6.813° 135.338+ 10.784°  2.387 + 0.019° 0.554 + 0.005° 0.998 + 0.001°
STW3 80,413.333+ 224.795" 499,582 + 12.000° 519.275 + 16.587%  5.096 + 0.015" 0.938 +0.001° 0.997 + 0.001°
SUSW 81,207.36+165.631% 460.055 + 6.084° 484.696 + 11.345°  2.982 + 0.017° 0.586 + 0.004° 0.996 + 0.001°
SDSW 81,094.014+45.935* 237.336+ 19.759" 259.418 + 11.001°  2.585 + 0.013¢ 0.692 +£ 0.002° 0.999 + 0.001*

[E]—FIA R 7R R R AE0.05/KF F 2 7 5k 3 (P < 0.05) Different lettersin the same column mean significant difference at 0.05 level (P < 0.05)

23 HEMZEARSMESHRIERMY

B BV OTUsHIChao 145 %1 5pH. AsfliCu
WP 22 47 A OC; Shannonds 05 | CYk B 5. 2 47 AH
2%, SimpsonfB 5 NH; K B 235 A ¢, LB
IR B ($ LB 5 TOC & B B3 1EAH 55 (523).

TURA BT R, 7ETT7KF-pHAT NH % 2 B
WH BN, EERmAREF = 13 P =
0.306) ([&l4a); . b 1L 35 AN AE A [F) KA 5 1R 23 AT A
Fit% R BlpH. NH 3 AICHISZ I, {H 2 520 A
#(F=5.1, P=0.134) (X4b); HELHHAEAFRK

FE S5 A ¥ 5 5 ZE 32 B CRIpH K SR (F = 4.5, P
< 0.05) (&l4c); HHARARHEAFRAE s 7 A b
JR) 2% B TOCHICURZm(F = 154, P = 0.051)
(Kl4d); ER L 8 EAN FERAFE AU 20 A i e 3 2L
Z FIC. Cufll NHZ 1520 (F = 4.5, P < 0.05) (Kl4e).
24 EARFETEGEMRESIMEER

5 F Bray-Curtisii & ) PCoA i J7 25 R % B 5
R ARV TEAN RIS s i 2 R 45 M7 76 2% 7:(R = 0.36,
P < 0.05) (&l5a). 8 i g 5 5k t 1) B0 B RF
8] 53 A §E R R ) R F- 2 | CHIpH, (B 21X 242
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Fig. 1 Fungal ITSrDNA copy numbers at the different
sample points. STW1, STW2 and STW3 represent three sample
sitesin the tailings reservoir, SUSW and SDSW represent two
seepage water sample sites outside the tailings reservoir.
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Fig. 2 Fungal community composition of each sampling point
at the phyla level. STW1, STW2 and STW3 represent three
samplingpoints in the tailings reservoir, SUSW and SDSW
represent two seepage water sample sites outside the tailings
reservoir.
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Fig. 3 Dominant fungi in different sample sites. (a) Classlevel; (b) Order level; (c) Family level; (d) Genuslevel. STW1, STW2
and STW3 represent three samplingpoints in the tailings reservoir, SUSW and SDSW represent two seepage water sample sites

outside the tailings reservair.
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Fig. 4 RDA showing the relationship between environmental parameters and composition of dominant fungal taxa. (a) Phylum
level; (b) Class level; (c) Order level; (d) Family level; (€) Genus level. NHZ: Ammonium nitrogen; I1C: Inorganic carbon; TOC:
Total organic carbon; Cu: Copper.

R3 HEEFEMNoSHEMERSIMESRINEX TR
Table 3 Correlation coefficient of a diversity index of fungal
communities and environmental parameters

FFHEFEF OTUs Chao 1#5%( Shannon Simpson  #1%%
Parameter Chao 1 index index index Copies
pH -0.706** -0.710** -0.258 -0.268 0.107
DO -0.193 -0.179 -0.329 0404 0.057
EC -0.338 -0.336 -0.007 -0.200 0.257
NO3; -0.132 -0.129 0.346 0.293 0.493
NO3 -0.132 -0.132 0.350 0.296 0.471
NH; -0.189 -0.198 -0.214 -0.536* -0.307
TC 0.106 0.086 -0.343 -0.118 -0.004
TOC 0.060 0.080 -0.025 0.297 0.425*
IC -0.203 -0.244 -0.530* -0434 —0.498
2z -0.262 -0.270 0.229 0.068 0.007
As -0.628* -0.632* -0.186 -0.261 0.104
Cd -0.376 -0.340 -0.004 0.082 -0.021
Cu -0.616* -0.579* -0.400 -0.239 0.346
Pb -0.126 -0.082 0.179 0.039 -0.190
Zn 0.179 0.161 -0.050 -0.146 -0.350

WESHAR S MK L  Environmental parameters are the same as
Table1. *P < 0.05; **P < 0.01.

A BRI X BV 2 (R S5 A 2 AN B3 (F = 2.8, P =
0.062) (5b). AR o4 KR BLLESA RAE s H B
W EmZEEIRTE, HIESARFE S F w2
HAFAE 22 5%, 7ESUSWHISDSWH A K, 1 #ESTW1
Hi /N (EI50) .

AN ) 3 R R 2 AU A7 A 2 3 A ELAE R &R,
TE2234 H B & TP A M EOR R 1 JE 32204, &8N
11,7615, H RAAS5%URR ARG, &4
12111)0.28%. TEEEA W48 A 6/ ML (R, &
ANBEER )T SR AN B[], AR AR T A
i %, A4 AN 80 % (K16) .

31 E# EKPHMEERSSHEMFMmER

W R KB 7 1A K R HEAL 2 0O R T B S 1
TFYBARE, BRI T AR T ek T B 5 0
s, ELEE K IfIpH . ECHISO; & 3 & T5 K
(&Y. HTREIHES WHERIGR, Kby I
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E5 ERFEZESMIEF/REFMWER. QEOTUKFEETBray-CurtistE BN EREHEPCoOARIFAR; () ERENEE
MEIREEFRITR T (BT Bray-CurtisEEBIITRELR. IC: THlik; STW1, STW2HMSTWIRREHN FEH3MKAF
=, SUSWHISDSW R REH EEINANME R KIS

Fig. 5 Spatia distribution pattern of fungal community structure and its influencing factors. (a) PCoA analysis based on
Bray-Curtis similarities of fungal communities at OTU level; (b) RDA showing the relationship between environmental parameters
and fungal communities; (c) Null deviation result based on Bray-Curtis distance. IC: Inorganic carbon; STW1, STW2 and STW3
represent three sample sites in the tailings reservoir, SUSW and SDSW represent two seepage water sample sites outside the tailings
reservoir.

® THE] @MTHIT PIHE] O BEHIT @ T|HI]
Ascomycota Basidiomycota = Mortierellomycota Mucoromycota  Chytridiomycota

E6 BAFERLFEHELEANEE. 8MSIRKR—IE, MI-MeRR6EMUIER, TRXNEFEEMIELL, BEF
XM SRS ZIERER, dERREMRX, KERRAEX.

Fig. 6 Network interactions of fungal groups at genus level. Each circle represents a genus and M1-M6 represent the six
independent modules in the network diagram. The sizes of the circles are proportional to the value of abundance. Lines connecting
two nodes represent the interactions between them. Red lines represent the positive significant correlations and green lines represent
anegative significant correlation.
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PRERAR — AL IR, B /KIEB IR IR & A 15
g B G @ A ARG Je M g B s, BRI IB K
SUSWHISDSWripH. EC. NO3. NO;F1S03 &
LT EHNKSTW) . XA E T, A
KAE R B R 1) o- 2 FEME (R 2) A0 3= B2 (B D) AR £E
ZE 5t o LWRUH BB, FEH BETS G STW2RAF A1
PRV 1Y 32 5 2 (OTUSHIChao 1) /)M(#2), X 4Ll
S5 b BE R (Connell, 1978)H 1% . —J7 1M,
Al REAZ T 7ESTW2RAF: 21 # 4 J& CuFl ASIFR  AH
MERI(ERL), HXWAE SRR E S B E AN
OTUAN I Chao 15 % . HiAH G (38 3) . EATFT
R OO R A R AR AR (R D), B
2 % Pl 4 J@ S A7 I B 0 B 4 R I 52 1 2 B
fiX, HCuMzntrrml HaEtk < m(#EeE, 2009); As
s RmNESLSE L —, [ESTWIRISTW2R #
RUASIT R FE I [ B 2 SR 1 Tl PR K HE bR #E(0.5
mg/L), T3 R B B ASE W 1 AR VR 7 A B
FIVE R, BRI 1 0 B B A 2 A (B 3R % 55
2015), MM ASH FE 55t i IO STW 2SR AT R L B A VR
2RI, 5—J71H, pHEX EREHE 8 E
A FER (#£3), 7E 11 (Glassman et al, 2017) Al
JKAK (Bier et a, 2015; Sun et al, 2016)9", pHES X}
TAE DR 2 8 5o 3 . TR R AR K T i
WEpHYE [ £5.0-8.0 (F£4E, 2009), 1MEFATHIHFT
[X 45 pH 75 [ /2 8.014-9.382,  [X] %o L 1 BE V& (1) %
FEMEA 5

FE 54 K #E 5 dr, Shannon Al Simpson 45 %1 7
STW2RKAE S i /NE£2), H5ICH NH; iRk E 2%
RS (F3). REZHE R KE R I By, lER
AT TR EREE ORI, [RULAE I CH B = i Hh 7 FL A
TR JRAR T VR 3 &) BE K (Jebarg) et al, 2010);
R 5345 (2018) AT 75 &5 R 3 W] NH; RE PRI HL T
W E MR, X5 RS R 2

TP VR I 3 BE VR /KA 7 ] (STWLEISTW3)i%
Hryghn, X B2 B HLEK S R AR B2 (R 3),
TEA WL & & i 1 5 B B VR AE SRS T 2 (M e
w(Arfi et al, 2012), [KUL7ESTWIRAL i E 1 B
MFEEWE. (B2, £ VLKS & SDSWR
R LR 9 00 =5 P SO AR (JB1L) o FRATHEI AT fig
B D TR A A Ui I 22 18 HLI5 LA FE BUIR B R
7K FH P 2R B o SR A L v (R R P 2 AT T
HT R B A R AR

BT AR X E EA R AR (E2)i8 2 4
H. BHAEAKT L(ER)HHE ZR . THREIMET
BT T26 T AR F= e s 24T, FRETTH
FER 3 B W K 77 1) A STW 21 SDSW I #1184,
T8~ TR ] PRI AEDGT = T 32 sk /N (1 2) 3% 3 B i
DL S HoAth 8 77 0T U A i A7 1F pH A L 45 J B aE 1)
A M T 5 22 A K G2 18 40 11 1] Hh i R 2R
HE4E K (Gostindar et al, 2010). 575 [T 8 2
A P AU % B J8 AN B AE T 8 (113d), e AT AR i A
B AR B R I S o AT R A 19 B e AR e b )
FH e 585 M B A WLRRAE i, BLad e 73 WA ARe ik
b 1) B- 71 W T Il >R 184 5 0 R ek M 1) it 52 7 (BRI
&, 2014), HULREEpHIE 9.381 B It Bl [ /K
FHEIG K o FEHH TR X B i P 45 A AR P 3
1 45 (200 4) X R MU AR )RR R e AR X 1) L TR B

IR FCRCIL, I EEAE i rh 28 R AT 4H 1 i TR 2,

Ui BB AT AT DAY 52 i A DA B v e PR ARG i 34
B BATIB A RAF L RN B AE T AV R 12
W R B AR S & N o 7 AT R 5 0 EL
BRI RS R, R T B 2 AR PR A K T B B Y
hn, fRAE 72 5P 5 £ 0= A (Sterkenburg et al,
2015). VF 2 1 ZE TR 1] 7 A2 5 K T B A I 5 e e 280
FHIRA, AT DA S K PR R FH A B2 08 64 I3 4k
AR, RIMTE AT R SRR 2 R U T R
FFERE
32 EREEENDMIgFAEERHHI

FE AN R KA 5B BE A 19 43 A T B OTU K
SEIE A, PR T R AE H A E K5 X RS )R
(I8 A 35 e (14, E5). X2 KN 3]
OTUN Ik ] Bt E A AR H A R AR RS A7, 1 LR
(A [ Ty i 4 S X0 B4 358 3R 3 BT 3% 119 I T g A
7] (Sterkenburg et al, 2015). 7E H /K, AFE:SEE A
L TR 0 AT A SR BT B 3 2 pH AT I C IV 5 1
1M &K EESZIC, NH; MCulf 2 (184). fEA
A5 H B B 6 ) UR PE SRR, (RLAE J 7K T Cukd 31
WHE R B . A ARVEESES
b [X G 4 AR — L6 B B AR B A B A IR )
i 5% A1 & B4 FH (B R %55, 2015) . HfF 51 3 WX 5 4
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REEHEHERERETRBREB(HEYNFEER
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1% (113d) . T 4 Ja X ft A P are v 1D 5 M 2 R . 4
JEA A AN 22 7 B B (B R % 5%, 2015), 1X Al fg
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b U P B IR S 1, DT 38 5 L A5 Pl PR
PUII(ZHE L %5, 2013), 1M 4 @ b B B B VA (1 2
2 B BULE AN ) BB X R R B, TR
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DA S 2 BE PR AR 75 AR Goad 72 A0 ) R ) 5T ik R OK
(Lupatini et al, 2014). TEASHIFFT b FRA T Ik o 2% 1]
SRR, BB AN 8 2 (A7 7E B3 A
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KR AS R 3B S 2 R S LR IO — B BRI A
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AMBLHL(E6), XRAANFRVFEAES RALEH K
FE K ThREANE] (Zhou et al, 2011), H.%& FH FI1E K/
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B, 722G 15 G A IR /K AR P TR) L4 A
B $E M0 HLAE B 2 M 4B 3 5 A S R G R
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TEAFIIhEE b B A 28 M 1 1 R R 2 Fi
TEH, BATTS KA H Al SR 2 18] BE A 5 P AE H
4 P [FE F (Grossart et al, 2019). E4R[F A4

A AR TR B R ST A R A7 7R RS B AE A
(Selbmann et al, 2013), Q7K A= 22 1 B ek HoAh A i
AR EAMHIER, ERTE RS e A5 2
RIUAFEMER . XEY, EEEMGHAFERE
VIR Z (BRI P FE FE SR /e, &R
BN [ 1T R AR AR A

gE LRTiR, gkl )\ R AR HEH D5 )
M RN R RR T V5 G bh B, 1% AR B B R
T IR BRAEAN [F R s B AN A . BUB RIS I F R
WIS e ph B N B B R IR TG I, X P AR, e
2P| TOCHKFEAAL 2, pH. H4 )8 (AsHICu).
|CHI NH A2 520 B B B TR o- 2 B 1 AR 40 1) 32 22 A
Fo TREE I TAHTHE TR FEZ IR ETT, el
(AR FEH P 7 ) 2 A R AR, RHE
IR & AL« 53 T TR A @ A
e Ol N p I € AN ) Bl S T VA =R e s W
BTN R XA S S ) & e B i . B VR
B-Z FEVEAE AR FE 0 22 5, 52 i M (] A0 B4R
5. SEskUE, ERE RN R K BRI
o-ZAEME R B R TR, -2 AR R
e AH SR FH B2
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ABSTRACT

Aims: The Yellow Sea Ecoregion is one of 43 marine ecoregions and is considered a global conservation priority as
identified by World Wide Fund for Nature. The Yellow Sea Ecoregion comprises 460,000 km?, has a mean water depth
of 46 m, and contains abundant biodiversity and biological resources. Due to intensified anthropogenic activities and
global climate change, the Yellow Sea Ecoregion is facing severe transboundary threats, which have had strong negative
impacts on important habitats and key species of the region. To address this issue, the World Wide Fund for Nature
organized Chinese, Japanese, and Korean scientists to prepare an assessment report on the status of biodiversity in the
Yellow Sea Ecoregion, in which 23 potential priority areas were identified to promote conservation of the region. Until
2019, China had established 152 marine protected areas covering an area of 80,400 km? in the Yellow Sea Ecoregion,
which aim to protect marine ecosystems and biodiversity. However, several issues with China's management and
construction of the marine protected areas, such as a lack of top-level design, limited management capacity, a lack of
financial funding, and poorly balanced spatial development, leave many conservation gaps to be filled to ensure
protected areas operate effectively. Therefore, it is of vital importance to improve the designation, management and
development of marine protected areas within the Yellow Sea Ecoregion.

Methods: In this paper, the research area was the portion of the Yellow Sea Ecoregion identified by World Wide Fund
for Nature under China’s jurisdiction. We used a gap analysis to identify important yet unprotected coastal wetland, key
marine species, and marine ecosystems of the Yellow Sea Ecoregion. We first identified the important ecological
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function zones, areas rich in biodiversity, important habitats, and landscape geologica relics and mapped their
distribution as potential priority areas. Next, we collected information on the distribution of existing marine protected
areas. We then used ArcGIS 10.4 to compare the distributions of our identified potential priority areas with the
distributions of existing marine protected areas to identify conservation gaps, and proposed new marine protected areas
based on the identified gap patches.

Results: Based on our analysis, the key conservation gaps of the Yellow Sea Ecoregion were located in the Yellow
River estuary; the coastal wetlands in the Liaohe Estuary, Huanghua and Tanggu, the Jiaodong Peninsula, and Jiangsu
Province; the Caofeidian seagrass bed; the Zhoushan fishing ground; and the breeding area and migratory route of
spotted seal. The Daliao River Estuary and the southern part of Liaohe Estuary wetlands in Yingkou, the Caofeidian
seagrass bed, the wetland along the east coast of Huanghua, the Tiaozini wetland, the Yuhe Estuary, and the Weihe
Estuary wetland were the relatively larger gap patches. Spotted seal (Phoca largha), Spoon-billed Sandpiper
(Eurynorhynchus pygmeus), East Asian Finless Porpoise (Neophocaena asiaeorientalis sunameri) and Common Minke
Whales (Balaenoptera acutorostrata) were key species of concern.

Conclusions: Our results suggest that new marine protected areas for Spotted Seal and Spoon-billed Sandpiper be
established near Dalian along Jiangsu coast. At the same time, alack of accurate distribution data hinders understanding
the protection needs of East Asian Finless Porpoises and Common Minke Whales. To enhance our understanding of
their distributions, further research and surveys of East Asian Finless Porpoises and Common Minke Whales are needed
to inform the establishment of suitable protected areas and bolster the effectiveness of the marine protected network. We
recommend that strengthening the scientific designation and management of marine protected areas, actively integrating
resources from all sectors of society to conduct research and assessment, guaranteeing funding sources, promoting
sustainable development of marine ecological industry, enhancing capacity building and the degree of stakeholder
participation, and applying more creative cooperation approaches are fundamental to ensuring the success of future
designation, management, and development of marine protected areas in the Yellow Sea Ecoregion.

Key words Yellow Sea Ecoregion; marine protected area; gap analysis; key species; coastal wetland; biodiversity;
conservation
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and conservation gap patches in the Yellow Sea Ecoregion

RS X N BT I i b £86.7 Jiha. g
2139.27iha, #ifE M KIT 241475 ha, = Ek B
I3 BT AR X I R i T

(1)3L3m] I b o VAT R A A SRz 4RI AR
8 N DU RO AZ O B, AR E T
RIS RITVA] R 330 R g, B AL
TR BN T R T WA T, N
TR AL, R 5 T SR L IR R
PR O, Ry D, mARZ13.277ha. HATC
LA T E R g AR ORI XA, RN ORGP i () 82
RPEH($51,000 hall |, FR)FEEA: B HRRIL
AT VR IL 0] e R R, THIAR 242,16 75 hay i JH 1)
/N DR, THARZ)0.22hay B B TR R L
AR R, THFRZ90.14 75 ha.

()i AL ER g Rl . B R A T LTI R,
A0 4 ) B I 2 AR MR LR L Vb 1 5 X
Jeil R, SEARZ14.3 0 ha. X I i Y i
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EA ORGP X8, REE B 40 ) B PR [
BRI REH, B Az X e R, oK
PR 2 BB B W e LR, AL
2.7 5hay YoiR 05 X508 g, [Hf291.56 /5 ha
(3o R )

()R A HEE . F A FE R L N
SRRl N 187 - AT s 1 - e S 2l 5
)23 iha. H Mz XA bR E S 2 H
SRORAF X R A e A g e ] R R ol R 4
X &5, RGNS H ) BOR BRI B iz
e, THARZ10.02 5 hay SR BRI TR, THIARZ)
0.2377ha; SEMEZR G RIEH, THFIZ1.95 7 ha (&
Iy R ) o

(B) B = PN RN SN T W b o 3X A DI NS
SR () = A MR, S L N T AR T e
. Dm0, REIRE . 5 0 R RS R
SRR ANETR T TR S TR R
el 11, b SEI M4E, B £)18.9 /7 ha. H HI
X AN DL5E 3 B 518 [ X 3 SRR X
F = AIME R R BR RS X RE R ERE
SERGEFHERH R X . LR E BEFEESEK
PREMRY X S5 2 A ORI, PRI . BRI
PRt B A O BE B = B S yRin] R e, AR 2
0.2877ha; il [ Kyl g b, THFZ11.6177ha;
JeRe kI O, T #H£90.39 77 ha.

GYRARN it . AR5 2 REE R, 1R
R ED, FEASERE AR, g, T
T FREWLE. RN H IR P IR i A,
MIARZ11.8/ha, FEA EHEANGEHEE. H
AT 12 X ek A 2 Ll 5% B 75 A A [ R it T Ry
SARYIX S PH Tl T 1 vV i ] 5% i A
PRI RN B XY A HIRE RGO
ANPEEE, RPN HU RO PR £ B T I8
Hh, THFHZ10.607] ha.

(B LIMEIFRHY . ZIX A RS X N K
() B i i, ORI A 2R E EEIE, A%
BRI ARSI R AR E . FEAREE IR
T SRR RRETVDU. mIEI R AE, ST
#9201 77ha, JEA ¥ EgINRY Y . B AT
Z DX O A L5 E = I NS [ XY E Al K
FREEEE L AR X . L5 g2 g E R
PERRY X . LN O BB A TS, K
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YN LI B R BB 32 A Y] g, T A
21014 7ha, s FlRiEHh, WAL 1.2777ha; WARIF
AR R, THA£90.43 5 ha.

(7) KA @ Hh o X 302 52 KT 520 T B i)
FYEHh, SR Z11.27ha, HETE A B A KL O
(AES)IB A L H AR R X . i SR I AR 1 2R [
FRERGY X LB IR E K A SR R
X, FgmKIT O s i g | R R XS5, Bk
ORI TG, o sk BB .

22 EEYMIEE

FR 5202242 3 Fr A (1) € 5K 8 AR 3 B AR
4k (http:/iwww.gov.cn/xinwen/2021-02/09/5
586227/files/e007df5cdb364bcdbch89d169047d6¢5.p
df), 7ETCHEAEA X N A0 B B AR ) P 3
AEWHPTER). 5E (EEE. Eafh, kM
Bl FEA #RHFATLfy £ Trachidermus fasciatus) «
Jeta Bl 638 (8 Huso dauricus). 18 i R} (£ 6 fif
Anguilla marmorata) . X B N (HF & X E A
Branchiotoma belcheri) . 7 & 44 (£ &8 L & £ H
Glossobalanus polybranchioporus . # & K W &t
Saccoglossus hwangtauensis. # & 1% 3k d1 Glandiceps
gingdacensis) % . R DEE S . 4R B K (Sousa
chinensis) . i 1 B} #) F . # % & (Dermochelys
coriacea). fi2, ZEfLEHELHR., HHKYH, Fi
15k HURE IR AR B 5E, HRE RN AR
5.

ARSI AT B AR A X O R = R B 5
P SE SRR SR, LR =3 —1EiE”
& E TR IR X AT IR I B BT

(O)FEHEFSY . BEHESY T M2 B KR, 72
202V HT R (B K E AR B AR S ) R
SRR BN AR S BN AR S BEiES) 2
ME— T] DUTE B AR 25 DX R AT S0 1) 8 J2 10 v R
LB, W5 UKE P 5 BRI S B B Sk AR 2
—, BEEIL RSSO L. 6%, B
(1) 32 BEE S RIS e L AR K Bk, AR
—H A 1 e R O N B R RV I, AR R LT
RIS E AN 5%, 2008). H i A 1L T KIEBLH
S R G B SRR DA 1L 2R i 5 3 5 B 5 4 4
HAARY X, BAE S 7 HAMEEX ., Ris
BREEE T L ARVEIRE DRI R, X BB
) BEETE X I, H AT AL T K R AR X

BT B4 i AR S CRP R BT 389

T, RANIERLIZ E KL B IR RS XL,

ILZR A B e, 9 B3 (VI i 3 T AN 5 30 3
B, CAfEKHE SRR B X B A, HRHE
I UFIBA RN AR 1 o

QM 52, TiHg A2 X A 1K S MR IR H
M Z W SR IS A= &t . 75 EO SR
173 Fh K & A9 M il 5, 4 55 FF T £ (Grus
japonensis). F1:k#%(G monacha). FIFL #5(G. vipio).
BIGEE % (Platalea minor). %% (Aix galericulata).
% J5 A # (Ciconiaboyciana) . 7£ & 19 (Anas
formosa). KK #(Cygnus cygnus). 2B K5 (Larus
saunders). Wi (Haematopus ostralegus). /N5 IS
(Tringa guttifer). ~J & (Eurynorhynchus pygmeus).
K H7S (Numenius madagascariensis) . 7% Jff (Anser
cygnoides). 4 #3(Grusleucogeranus) . iKY (Larus
relictus)55. #E4tit, BFEA 10045 HK S 1E I
fEECHE R, AR EE RO, XS R
R FE V5 v 0 b 3R AT A S AN 45 B (B MRS, 2015;
Duan et al, 2020), AH% K ORGP b B o T 45 i 2
[ve) B BV N b A3 A

(R)LIK S HoAth i X . 4R VT i (Neophocaena
asiaeorientalis sunameri) & R VL5 B 3%, & i B
SIBENLIRE, ERKNR R 3. &R A m A
A WAL P LR, LS AE B DL
MOEINTE  TLZRTE S T P I % Tl 3T 2 R 7K
AR . HBEE Y R . B IR R AR
B LA AT RE S| BV IR AR IR PET:, L2 258N
HEHT R EBCRYE AT 7 (/2 7555, 2018). ARAEATE 24t
it A EHEHR VIS R i 2,0005k, 44 /N
fig 2 R A B R 70%, S 7R VLR THI s 95 K () R 4l
(#0655, 1999). H Al 170 LLZR ST IE N ERAP 0 R
PR . R AL, B AT s R YLK
FhEEEC A J 201 20 804FE ARV 11 20%, #37) 7K Ik
FEAE5%. (HARETL R R . 70 A AR IR B
EARNRTRL B Z, B A RIS 3 U3 R
VLA g 135 R 52 et A 437 48 (hittp://m.newss.cctv.com
/2018/06/08/ART11BWch4K Eq8nR6za5j X BN 180608.
shtml), Rk L =3 B4 B b B 32 3 30 [X 38 A B A
SE, BT 2 R LIS B 2 R R, 1
DN E DR Hh R 1) 5 R R A

B AR X NI 2 I B BRI LS,
Kt (Eschrichtius robustus) . /)7 fiy (Balaenoptera
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acutorostrata) « ¥ fi5 (B. musculus) « K 20 fixi (B.
physalus). 1tAK-T- 75 A i (Eubal aena japonica)Zs,
TE2021F KA ) (B K E R B A 445 )
BTt R B KN ARA B o AH T D BERE HLAE TR
WA 25 XA RE I TR 06, OV i I AR S X T
X ey i B B S T s UM, R0 R AR AN
A B PEORY H G o

(A EA HEARD R BT ILA B
WREEE R, i OB AR 3L R
H, MR EEESKXET T FEMNEFEdq. HiF
AEX NN Z LRI, R, 8§
By A IE (R =3 —@iE"), wynr . 75t
VM B 1 RSN AL O AT RS S Wi
U Je BV K A B, 0T e i AR S X AR A B
PR A A AR (RS, 2018). HATHEA AT
YN TR B BT R OR A XA L Ath S8 2R 9 R A
AT RS, BRI s E B AL B i,
2 B 2 I AV SR A FEdh; AVT bl
W, A& BB I A A SR RN T WP
Sy, S E B I A AP SR IR T S
VK B, 2 B3 A AE W) TR A TR

31 FEBESKEFRIPHZEIRKERKAF
311 #E

I T AR 29 7.8 km?, Kt R 46 K. 2,796
km (74 5%, 2018). RiFRIEHFEE, MR
Mo WK 12 A1, J& B #S(Ciconia nigra). [
e (Haliaeetus albicilla). #. KRKLE2H
WIS ) ol (1) B LAV S b o BRI DX kyR] B A, B
T W] I =R 1002 SRR, T
RS LRI A S RS IR 1 9559 km,
PN 3 A 302 AN 05 . JlH B HE R . ILARTE . K&
e B T ) S50 3 A DR U 5 S )P T A U (S R IR
2005; sShi et a, 2020).

H b O 7 & S I FER 3 #he34k,
TR Z14.0375 km?, (5 bR AL 052.3% (Hi%
A X EEXEK), ¥WAL T Wb RET
R, R T3 VEEE . Y. WO, .
HEMERMBEESRAU AXE M
(Branchiostoma) . 31554 45 32 7 B S i v A= o A
MRS 2= 0] o A, O R4 b 32 A T g
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AR SR P R I, AR R i
HbER . SN RS R A X A D, EEAESXAE
TELRA Sk, 300y B BRI . AR S
KA BN AR

BRI, AR ORI L R, RIE A S &R
GO AL b BRI s R0 PR R SR, % pE LAY
PR ZS R 40 DA R BB B AR A JS R R 3l i 3
ERRY TR, dE R R, R
TRy H

o T v DX AR b 2 () A Ry, A AR S 1
X 3k T g R A o A S Ak, 4 5 D AR 2
KPR AR X . B = M E R E SRR
X B G N — ARG b, IR R B FE A, hn s Xy
A RGGEY . ERIES. B KEE
S DL AT e, b e m R AE S R
Gt RUEPH MR, SEMETRh S B E
PR PRI i DX Jelide 1) 2 ST AR DR . Ut
Ab, i K MR SRR R, i
R 77 SR 3 RO e, A BORZ X5
RKEIA BRI S, FENEE B R RT H
HATEH,

312 #F

B TP i KA 2, T E S
R By 2 18], 3 9 AG AN R B R 4, T A
3877 km?, b 3 i AR A X T A 1 82.6%, A M 4
YL KENL. PO HERE RN, ¥ AT
LI AT 75734 44 (Zhang et al, 2019).

B X 3 ORI R R 774, EE A L
WX, B AR, e, HEp
I T 5 0 A7 AE 22 AL ORAP S i, B v T b X3k
KIFiE S RAN G, T Rig . sils
IKEIX 35 . B, ASCEWERKIGE B R
SRR VLR IR IR M B SR b, IEHES
PH—A7 & B i v 7K A 55 LA B B AR S D) e
SR SRR B M R
313 FiEiLER

Z ORI AR RN, CE AR, R AT
W RTLIR R XR,  H  E AR S SR
23S AR X P BTN 1 X 3 i L
By R R, BAEEMRPIME. ST
Wb R BLF, TR, AR SCE R fUAE KT B
VEESSRT R 1L R I v 3 P v b 37 R0 AR W W R R TS
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BESLLRY L
32 EEZERPYF
321 EEH

PRSI B = B — AN Y,
BAEWEEN 2, —BEZEE NN
2RI BHES R E RN 3, & HATME—1E
ARV B 6 R ST AL, ot A
EBEIGFI8AN 4 AT X e R o ) — AN (FE XK, 2015).
T RS RGBS ME, K DCRE R
B, BUE AR SR> . ST, IR
LRI Tk MERFRFEAUZ AR T
R TGRS, 0] D3 BT I AR 5 o B A R
BKIBIR (Yan et al, 2018).  H A, 1 [E CL L
REDHEFE R R H RO X i SR B RESE
JERRY X, R TELAAE . L, 5E
WO B, ROBAROR SR TR, BEE%ES
B AE AR AR B R, (ORI I EIANRE
WE TR Bk, EUCRBGES Y KR R o FE
BOHT LI R OR Y b, K BV 5 (00 B X R i
AN B IRORAHIE B, JR S AR B IR E AR
JIFESEHE T, INSEA B S O S R R
322 AJMEES

AVERSJE TR B, #5153 SR ORGP EC
(IUCN) 4Lt 4 bl S (CRYPIFF, & — R 43 A T 7R
S~ R R G I o S 3 AR R 2R B, R
2% 5 360-600 2 . M7 LB RHIIC TR AKE, HE
BENVLIRE RO ERS MR E R R, ARG
726 TV NG AR B /NG 0 R AR R R A W A 1k
PR 2% b f BB AE AT B, A0 AR SR IR A W R A
KEENI03 R, ZIE4 N 1E I 30 AT W 186 0 2 i
KT A ach (52 85 1 55, 2017). AJWEHS7E B 0H
HICLAM B BAAN AR g i i i o A, R
Hhy A ) AT R, B B AN SR A R S S B
FEUMEREM ERXGEE. 28K Wk, B
R RMBY) A& (Pain et a, 2011), T HE(T B
(0P 5 R R R I\ A AT RS P R R R B
Ft £ R K (Maet al, 2014; Xiaet al, 2017). At
TR MR IR HOGT AT HE TS B A A7 2R DG B, UYL
B BUR SE A ORI T, E Q0 2R 3 b K v
TR, 0 & A E SRR RS R, InsE ik
WAL E B, NS m AR BT JEBUR 2
HAE &I, FLFR AT RS A AR B ) DR

BT B4 iSRRI R BT 391

323 IR HfthamfAE

BT VT DA B Ath M 255 1) = 45 B b Bl = 22
BN X IOR Beff A, DRI 7R AT PR SRR U A A
SRR TE, 1 AR B4R P A ORI
1S, DU SRS P R SR A S s S RF . RN 22
WD 5 B A 3 DA K ORI B AR TS, HESh K
FEARY LA
33 EERRIPESTERLR

R R R EEAESRE, BAHREN
A EMATANE . AR 3820184 Iy ER I 45 4R,
AL L SR 52— I ) v b (X 43 A A T A 29 30
km? (ShEEITI AR 2190 kmP) 1€ 55 (Zostera marina)ifs
FEPR, A& BT P A AR e R P i i B R
(RREE, 2019). %S RA £ 5 KK SR AR
AW, AFHERAHEY) DGR+ 5, Al
PRI AE BT DL BHARVE %37 B, X il ay
RO R R 22 0 (X B 5, 2016). SEHLE 224 T
WAMEISEI, FIEFRE DL AR 5 b 5 N3
O 7 7 4 ) b [X B0 1 A o A FAE K, TR I
i ST BLAR YT X L R ERUR A e B T R R
P Akt e e e R ) B A 7 (3%, 2019).

FEXT RS X R R A B, AT
TILRE:

(Dhnam RS R R S B . [ K S35 N
i AR BUREES B RY b, SRR e 2
PRRLR, HESIHEAE DRI A A R T B . MR R Y
b Bl R S TR A o SRR AR B R A
RN Z L SRARY P RSO A %
S AR RGUEENE LA BT R O, F
BURHESNRL 22 T3 IR BOAR bR, D9 ORI b R}
FRIE AN ORI BRI BT A SE AR S A A A2
AFRAMFRTEOLT, AT BT VAL X 2 5 e 1
GLEIAR ISR, A ) Sl il S A 8 55 7 b e Y
RUERFA RS .

(QFAMR B G Ak 2 5 B, T REIR AT T
PP AR Blinig il B & AR RRE F 0L x e
LIRS R PN TSRS, 18R
DXRIFE o TR 34 2 78 70 4 24 M ek DXRE AR R AR A AP,
A B USSR HE IR R
ARTIRE. RL T E SRR, RS A KK
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IWFMSCRE, 51 AR RAEAE P AE h b Bh A2
B (= FE VA 7 L 2 R AR BE VR Y A0 AT
SE)VRSCAC B, i AL X S5 BRI X R E
TAE,

(QYEHRT LR Ml ) B3 BRI ORI L F e A 257k
FREER R R, UL R IR mtb S 5 RS Ty
T, 51858 2 8 1R .
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ABSTRACT

Aims: It is important to clearly identify the mechanisms that leads Wild Plants with Extremely Small Populations to
become endangered as away to effectively protect these WPESP.

Progresses. Here, we review the population characteristics, internal causes, and external threat factors for the first-class
protected WPESP (28 species in China) and accordingly discuss the mechanisms leading to plants becoming
endangered. Most WPESP displayed at least one of four population characteristics that likely resulted in their current
endangered status. First, 20 WPESP species (such as Parakmeria omeiensis, Abies beshanzuensis and Cycas
changjiangensis) had a narrow distribution area. Combining a narrow distribution area with low fertility and weak
competitive capacity as intrinsic factors results in WPESP species to become endangered. Second, the distribution
structure for 11 WPESP species was aggregated (e.g., Abies ziyuanensis, Kmeria septentrionalis, Metasequoia
glyptostroboides). Third, there was declining population structures for 11 WPESP (e.g., Thuja sutchuenensis,
Metasequoia glyptostroboides, Pinus squamaia). This declining population structure has a negative role in maintaining
stable population growth. The fourth population characteristic was that the genetic diversity of 13 WPESP species
(46%) was low (e.g., Manglietia decidua, Abies yuanbaoshanensis, Cycas debacensis). Low genetic diversity is
unfavorable for these species to adapt to a changing environment and leads them to face risks of extinction. Twenty-one
WPESP species (75%) exhibited low fertility, such as Acer yangjuechi and Abies beshanzuensis. The poor seed quality
and low yield of WPESP species leads to a difficult regeneration of populations. The competitive capacity of 57%
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WPESP species (16) is relatively weak (e.g., Shaniodendron subaequale and Cathaya argyrophylla), which decreases
growth and reproduction for these species. External factors that threaten WPESP mainly include overexploitation
decreasing abundance (15 species), human activities and natural disasters destroying habitats (25 species), and
geological movements plus climate change affecting the survival of WPESP.

Prospects: In addition to protecting WPESP against destruction from human activities, conservation strategies should
focus on the maintenance of population size and the conservation of genetic diversity of WPESP.

Key words. Wild Plants with Extremely Small Populations (WPESP); population characteristics; endangered
mechanism; human disturbance; conservation of genetic diversity
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10MFI I AMA B E P R R 2, (B2 5 MA
HOIRERAE — BT R, AR L8N Bl R HE AR
BE/N, M 7R AR . Fl el E S
(Dayaoshania cotinifolia), F& 1 24~40k LA [1HK
PRSI, K43 108k DL T B/l BE (F 2 5%,

2008); 7EH{% 75k (Cycas debaoensis) (15 FiE

B T BT R 8008k A2 A7 Ab, AR AR AT AN
JE08K, FoHPREREE S T PERR AR A R
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JEHM Thuja sutchuenensis
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Bl 27FpiR/ BB YIRS B EIR TSR N R BUE) . ERE R RRERM, ERkE R RRaRM, BlE

RIZE R HEITER

Fig. 1 Distribution of 27 Wild Plants with Extremely Small Populations (No distribution data of Cycas hongheensis). The picture of
Thuja sutchuenensisis provided by Zhi Yao, Cycas diannanensis is provided by Xun Gong, and Abies beshanzuensis is provided by

Qiaoping Xiang.
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(Kmeria septentrionalis) « 7K 42 (Metasequoia
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5 fRIFEM

AR /INF R S A R DR G AT b B A . B o
B, MESEIT HAR AR AR, 2ot
S PR 1E K S ORI . DL Se DR RN A
T AR A B T e M Z REVEIIR R L 4E A
AT A S AR B AR S T RR S e, WP R AR 2 b
PR B B S FUb Ry R IR I
Jiti 2 — (5K SCHESE, 2002; Kramer et al, 2008), 7E4%
LI fige gl ST ORGP X BB A e, R AN AR ) B R
AT IE AR 2 A BRAE A O 4 R g 1Y) 26 5 (Larkin et
a, 2016).

A 7 R AP P O 4 45 e ) Bl -, KR T28
TR /N T 5 A AL ) B B SE ML) 20 B, FRATT R A
(DX B S EF AR NFREE MY, TTRANL
EHIFNsREF AN TAE, SR =R B R R
J1(Ren et al, 2014); ()22 S A BIA RS R
G, AR AESRE MR E N, s AR,
)BT RIGE G I ARECE 2 Ah, RIS B/
TR BT A M P P R A6 A R A% 2 AR PRI 7T, R
PRSPPI 5 AL 2 FE I

ORCID
X B @ https://orcid.org/0000-0003-1618-8813

SE R

Aguilar R, Ashworth L, Galetto L, Aizen MA (2006) Plant
reproductive susceptibility to habitat fragmentation: Review
and synthesis through a meta-analysis. Ecology Letters, 9,
968-980.

Bian ZX, Yan CY, Yao XJ, Yang FS (2017) Determination of

2021, 29 (3): 394-408

seed viahility in endangered orchid of Dendrobium sinense.
Chinese Journal of Tropical Crops, 38, 403-407. (in Chinese
with English abstract) [IT 2, BUEME, gk {E, B
(2017) W A if R 13 SO0 B DT ERIE S AR A
1%, 38, 403407

Chen CW, Dai J, Yao HJ, Han BX, Chen NF (2013) Research
progress on resources and identification of Dendrobium
huoshanense. Research and Practice on Chinese Medicines,
2@ 84-87. (in Chinese) [FRfFiR, BE, BHEZE, &

2, BRTYE (2013) LA AR UR S S E T SO RE . AR
*%Hﬂ%%&ZN@M&H

Chen DM, Kang HZ, Liu CJ (2011) An overview on the
potential Quaternary glacia refugia of plants in China
mainland. Bulletin of Botanical Research, 31, 623-632. (in
Chinese with English abstract) [FR&HE, BEZEHE, XL
(2012) o [ O fiki 55 U 20 I S0 75 16 AL 400 3 W Py B 7 0 e
YT 5T, 31, 623-632.]

Chen J Fan JC, Lu CT, Zhao B (2015) Biologica
characteristics and conservation measures of endangered
species of Parakmeria omeiensis. Science and Technology
of Sichuan Agriculture, (4), 22-25. (in Chinese) [Ff4H, Ju
g7, SRR, Bk (2015) BfE A FIRJE P12 1
YIS IE KRB . TO)RLRHS, (4), 22-25]

Chen XB, Liu Y, Zhao MS, Tu SP (2017) Embryo
development and dormancy releasing of Acer yangjuechi,
the extremely endangered plant. Scientia Silvae Sinicae,
53(4), 65-73. (in Chinese with English abstract) [[4 %,
X, BBIIK, FRUGE (2017) R A fE R 2 A BRI B
k& SRR RE. MolFl 42, 53(4), 65-73]

Chen XB, LU XL, LiuY, Zhao MS, Cui XH, Zhang DM (2019)
Flora morphology and flowering process of Acer
yangjuechi, the extremely endangered plant. Bulletin of
Botanical Research, 39, 329-337. (in Chinese with English
abstract) [, BFoL, X, BEK, EO4, k&
g (2019) R L Wi G W Tl 5 A1 AR 0 B 5 RFALE S T AE 5N
. M9, 39, 329-337.]

Cheng DD, Ge W, Lai XL, Liu XQ, Fan SH (2007) Status and
conservation strategy of native population of Metasequoia
glyptostroboides. Environmental Science & Technology,
30(5), 48-50, 118. (in Chinese with English abstract) [#£/}
FE OB, BUE T, XIZERE, YEIRE (2007) JRAEKES
OB LR R R T 3R, SR 5HR, 30(5),
48-50, 118.]

Cui LM, Su YJ (2015) SSR markers for a critically endangered
species Euryodendron excelsum and a distantly related
species Ternstroemia gymnanthera (Ternstroemiaceae).
Biochemical Systematics and Ecology, 58, 288-292.

Cui YM, Sun B, Wang HF, Ferguson DK, Wang YF, Li CS,
Yang J Ma QW (2015) Exploring the formation of a
disunctive pattern between eastern Asia and north America
based on fossil evidence from Thuja (Cupressaceae). PL0S
ONE, 10, e0138544.

Chu YX, Li F, Ouyang ZQ (2012) Cutting propagation

https://www.bi odiversity-science.net



techniques of Managlietastram sinicum. Forest Inventory
and Planning, 37(1), 128-130. (in Chinese with English
abstract) [k, 4, BXFHESE) (2012) AT E
WHEA. Mol AR, 37(1), 128-1301]

Dai WT, Miao SY, Tao WQ, Li CB, Zhao XJ (2018) Plant
diversity of key nationa protected species Primulina
tabacum distribution area. Chinese Wild Plant Resources,
37(3), 6467, 75. (in Chinese with English abstract) [
I, 2ohg, WOCE, R, BEE (2018) EEKRY
HEYIEE S S Y 2 P 5. T EEAEEY
%I, 37(3), 64-67, 751

Deng S, Wu YN, Wu KL, Fang L, Li L, Zeng SJ (2020)
Breeding characteristics and artificial propagation of 14
species of Wild Plant with Extremely Small Populations
(WPESP) in China. Biodiversity Science, 28, 385-400. (in
Chinese with English abstract) [X¥F, Rifill, Rk, &
MR, ZREE, WORFE (2020) 14%rpE A RN ROREET A AR
VEBREMAN T EEBARMSRE. EWEENE, 28
385-400.]

Ding JY, Yuan CM, Cao MM, Liu WW, Yu C, Zhang HY,
Zhang Y, Di YT, He HP, Li SL, Hao XJ (2014)
Antimicrobial constituents of the mature carpels of
Manglietiastrum sinicum. Journal of Natural Products, 77,
1800-1805.

Fang SQ, Yan JF, Weng Q, Huang SH (2004) Population
ecologica status quo and protection study on
Shaniodendron subaequale M. B. Deng, H. T. Wei in
Longchi Mountain Reserve in Yixing. Journa of Jiangsu
Forestry Science & Technology, 31(2), 4-5, 11. (in Chinese
with English abstract) [ )ik, BidE, §%, WEE
(2004) E 2SIl A ARRY X ARG FP R A S TUIR 22 R
AL LA MEEN, 31(2), 4-5, 11]

Gong B, Xia YJ, Zhang GF, Lu Y, Sun G (2012) Population
structure and spatial pattern of Parrotia subaequalis, a rare
and endangered species endemic to China. Journa of
Ecology and Rural Environment, 28, 638-646. (in Chinese
with English abstract) [3%1%, E i, KuE, iz, 7hE
(2012) HH [ Rp A 2 I W) e R G A T 5 A 2 [
Fi. S SRR, 28, 638-646.]

Guan KL, Tao YZ (1988) Current situation and propagation of
rare tree species—Ostrya rederiana. Journal of Zhejiang
Forestry College, 5(1), 93-95. (in Chinese) [& bk, B4R
JE(1988) Wit fis 4 A —— K H B A K DR A K BE. i
MERE R, 5(1), 93-95.]

Guo XY, Wang MM, Wu JF, Wu GY, Zhang X, Huo LQ, Liu
HX, Chen YH, Xie GW, Tan HB, Qiu SX (2019) Chemical
constituents of the trunks and roots of Thuja sutchuenensis.
Fitoterapia, 134, 264-2609.

Guisan A, Tingley R, Baumgartner JB, Naujokaitis-Lewis I,
Sutcliffe PR, Tulloch AIT, Regan TJ, Brotons L,
McDonald-Madden E, Mantyka-Pringle C, Martin TG,
Rhodes JR, Maggini R, Setterfield SA, Elith J, Schwartz
MW, Wintle BA, Broennimann O, Austin M, Ferrier S,

B T EMAN —RARY RIS NIRRT AW a L 401

Kearney MR, Possingham HP, Buckley YM (2013)
Predicting species distributions for conservation decisions.
Ecology Letters, 16, 1424-1435.

Hu BZ, Shao SL, Qian H, Zhou QZ (2004) Study on aspect and
structure properties of Abies beshanzuensis. Journal of
Zhejiang Forestry Science and Technology, 24(3), 12-16,
27. (in Chinese with English abstract) [S{A%, AR, 4
e, FRE (2004) B LHA AW E BRSNS
SEMIFFIERT 7T, Wi MR, 24(3), 12-16, 27.)

Hu YM, Fang GF, Luo XM (2011) Status of Parrotia
subaequalis in taxonomy, reasons for its endangerment and
protective measures. Anhui Forestry Science and
Technology, 37, 46-48. (in Chinese with English abstract)
[BA—R, HHEE, 3% (2011) REM M 72K AL
Wi IR 5 R AP T SR Bkl R, 37, 46481

Huang SH, Fang YM, Zhang QX, Fang SQ, Wang B, Chen H
(2006) Study on cuttage propagation of Shaniodendron
subaequale. Journal of Southwest Forestry College, 26(5),
94-96. (in Chinese with English abstract) [ 435, 75 % W,
skEAE, J7IBGE, Tk, BRIE (2006) RIS R
15, PHREMRE Bk, 26(5), 94-96.]

Jian SG, Wu M, Liu N (2005) Genetic diversity of Cycas
changjiangensis detected by allozyme analysis. Guihaia, 25,
566-569, 561. (in Chinese with English abstract) [{&iHE ),
Mg, X% (2005) #i IRkl 2 RN S AL BE S AT
T VEAEY, 25, 566-569, 561.]

Jian SG, Liu N, Gao ZZ, Wei Q, Xie ZH, Wu M, Ren H (2006)
Biological characteristics of wild Cycas fairylakea
population in Guangdong Province, China. Frontiers of
Biology in China, 1, 430-433.

Jiang HY, Yang FS, Song XQ (2011) Preliminary study on
artifical sowing of Dendrobium sinense in natural habitat in
Bawangling Natural Reserve, Hainan Island. Tropica
Forestry, 39(2), 40-43. (in Chinese with English abstract)
[EEB, HETD, KA (2011) A HREER R T
N TSRS, #dholk, 39(2), 40-43]

Jin JY, Qin WG, Tan WN, Luo LJ, Qin GL (2013) Interspecific
association among dominant populations in endangered
plant Kmeria septentrionalis communities. Journal of West
China Forestry Science, 42, 86-94. (in Chinese with English
abstract) [&R 2, HXH, WIET, YoM, FES%
(2013) 70 A0 A7 B0 PR R =2 T v 2 S T () B 5 A AT
7C. PHESHRLRL, 42, 86-94)]

Kramer AT, Ison J, Ashley MV, Howe HF (2008) The
paradox of forest fragmentation genetics. Conservation
Biology, 22, 878-885.

Lai JY, Pan CL, Qin WG , Wel GF (2007) The floral syndrome
and its pollination adaptability in Kmeria septentrionalis
(Magnoliaceae). Acta Botanica Y unnanica, 29, 303-308. (in
Chinese with English abstract) [#iZ, i&&FMW, T CH,
FiE'E (2007) BVEAR Z I FLRE R S HAL Ry iE B
= MY I, 29, 303-308.]

Larkin DJ, Jacobi SK, Hipp AL, Kramer AT (2016) Keeping

https://www.bi odiversity-science.net



402 £ ¥ £ B¢ Tk Biodiversity Science 2021, 29 (3): 394408

all the PIECES. Phylogenetically informed ex situ

conservation of endangered species. PLoS ONE, 11,

€0156973.

DQ (2004) Status quo & protection countermeasure on

Guangxi wild sago plam resources. Centra South Forest

Inventory and Planning, 23(3), 33-36. (in Chinese with

English abstract) [224% = (2004) | 74 2L F5 2k IR BLIR

H{rgpx s, hEgsol R ARk, 23(3), 33-361]

HP, Yue CL, Yu QJ, Yang ZJ, Shao SL, Yu LP (2012)

Advance of research on Parrotia subaequalis. Journal of

Zhejiang Forestry Science and Technology, 32, 79-84. (in

Chinese with English abstract) [Z=%08, E&E, MRIKE,

MrELg, AR, ATSiHY (2012) EREH SR RN

FFRERE. WAL, 32, 79-84.]

WX, Xing F, Zhou YB, Guo WX, Huang YL (2019)

Characterization of the complete chloroplast genome of

Euryodendron excelsum (Pentaphylacaceae), a criticaly

endangered species endemic to China Conservation

Genetics Resources, 11, 275-278.

Li XK, SuZM, Ou ZL, Ning SJ, Tang RQ, Li RT (2002a) On
intraspecific and interspecific competition among Abies
yuanbaoshanensis community. Journal of Plant Resources
and Environment, 11(1), 20-24. (in Chinese with English
abstract) [2:%G3E, 775 H, BRAH=, L, A%, &
HitdE (20028) JCTE LIV AZ TR A A -5 A E) 8 S R B0 %
. MBI SR AR, 11(1), 20-241]

Li XK, Su ZM, Xiang WS, Ning SJ, Tang RQ, Ou ZL, Li RT

(2002b) Study on the structure and spatial pattern of the

endangered plant population of Abies yuanbaoshanensis.

Acta Ecologica Sinica, 22, 2246-2253. (in Chinese with

English abstract) [Z=565, 75550, B4, THT, BHE

TE WAL, ZEHESE (2002b) G R4 T 5 L A RS b R

G5 R. AEASR, 22, 2246-2253]

XK, Xiang WS, Tang RQ (2002c) Analysis of the life table

of endangered population Abies yuanbaoshanensis. Journal

of Tropical and Subtropica Botany, 10(1), 9-14. (in

Chinese with English abstract) [ZE5EIR, IAITEAE, HEZE

(2002c) WEHEYITC T LR AR R ar R0 1. Hiir T

WHYFAR, 10(2), 9-14.]

Li XP, Yu CY, Wu YY, Hong ZY, Sun J, Chen YP, Miao LX
(2010) The biological reason for endangerment of Carpinus
putoensis and measures for gene conservation. Scientia
Silvae Sinicae, 46(7), 69-76. (in Chinese with English
abstract) [Z1EM5, ArZ&se, R AME, vk, IMGE, BRi
S, BT (2010) L B RG F-HG A 1K) AR A 2 T R % ik
R IR AR AT FE . Mol AL, 46(7), 69-76.]

Liang LL, Pan QB (2012) Current situation and protection of
Abies yuanbaoshanensis. Inner Mongolia Forestry
Investigation and Design, 35(4), 12-14. (in Chinese with
English abstract) [Z2% Mk, HKE (2012) JLE LA E
PRHUIR S ORI HIHR. A 52 Mol il 21T, 35(4), 12-14.]

Liao WF, Xia NH, Deng YF, Zheng QY (2004) Study on
genetic diversity of Manglietia decidua (Magnoliaceae).

Li

L

L

L

Acta Botanica Yunnanica, 26, 58-64. (in Chinese with
English abstract) [E 377, B&M, XK, MKAT
(2004) HEARER WAL Z LR, ZEEMITR, 26,
58-64.]

Lin Y, Ai XR, Yao L, Guo QJ, Zhang MX, Chen J (2017)
Population structure and dynamics of Metasequoia
glyptostroboides parent trees. Chinese Journal of Ecology,
36, 1531-1538. (in Chinese with English abstract) [#k 5,
UM, Wk, SRRKSE, SKEEER, BRR (2017) AKAZJRAE
REW R EESE M 504, A2, 36, 1531-1538)]

Liu J, Zhou W, Gong X (2015) Species delimitation, genetic
diversity and population historical dynamics of Cycas
diannanensis (Cycadaceae) occurring sympatricaly in the
Red River region of China. Frontiers in Plant Science, 6,
696.

Liu JF, Shi SQ, Chang EM, Yang WJ, Jiang ZP (2013) Genetic
diversity of the critically endangered Thuja sutchuenensis
revedled by ISSR markers and the implications for
conservation. International Journal of Molecular Sciences,
14, 14860-14871.

Liu JF, Jiang ZP, Xiao WF, Wang JX (2005) A prelimiinary
study on the population pattern and dynamics of critically
endangered plant, Thuja sutchuenensis (Cupressaceae). Acta
Agriculturae Universitatis Jiangxiensis, 27, 708-712. (in
Chinese with English abstract) [XI&%, TTFF, H XK,
E#E (2005) HZHCEY— AR RS
AP RIFL. TLH R 2244, 27, 708-712]]

Liu JF, Xiao WF, Guo ZH, Jiang ZP, Liu ZY (2004) A
preliminary study on population structure and dynamics of a
rare and endangered plant, Thuja sutchuenensis
(Cupressaceae). Acta  Agriculturae Universitatis
Jangxiensis, 26, 377-380. (in Chinese with English
abstract) [XIg#, H Ik, &4, ILEF, XIETF
(2004) 2 Wi Wi A ) —— R AR MR S5 1 55 B A5 WD T 7T
TLFE AR K 2224k, 26, 377-380.]

Liu JF, Xiao WF (2008) RAPD analysis of the genetic diversity
of a criticaly endangered plant, Thuja sutchuenensis
(Cupressacese). Acta Agriculturae Universitatis
Jiangxiensis, 30, 68-72. (in Chinese with English abstract)
[XIEHE, H 3K (2008) ¥ 6 AH 4 B A AL 2 FEVE R
RAPDZ 1. YLPE R MR 2244, 30, 68-721]

Liu N, Xie JG (2007) Distribution and type locality of Cycas
taiwaniana. Acta Phytotaxonomica Sinica, 45, 246-250. (in
Chinese with English abstract) [x14, 2 (2007) G478
IVERI A3 AT SR . AE 5S4k, 45, 246-250.)

Liu ZH, Zhang JL, Liu YH, Tang SQ (2011) Spatia pattern
analysis of Abies Zyuanensis population in Dayuan.
Guihaia, 31, 614-619. (in Chinese with English abstract) [XI
AR, skatss, X, HATE (2011) KRB B IEA A2 M
HER) 2= (8 Sy A SRy o3 A, T PERE A, 31, 614619

Lowe WH, Kovach RP, Allendorf FW (2017) Population
genetics and demography unite ecology and evolution.
Trendsin Ecology & Evolution, 32, 141-152.

https://www.bi odiversity-science.net



Lu SJ, Deng LL, Li XW (1999) A study on endangered causes
of Pinus squamata. Journal of Northwest Forestry
University, 14(1), 42-44. (in Chinese with English abstract)
[BhzaE, XBHZ, SR (1999) FEF 1 B Fa i fa IR [
WIDHIFT. PUAbARe B s di, 14(1), 42-44]

Luo WH, Deng T, Zhao B, Huang SX, Tang WX (2013) Seed
dormancy and germination of endangered species Cycas
debaoensis. Seed, 32, 72-74. (in Chinese) [J&0t, X4,
B, B, LTS (2013) WG A A A AR 5 R TR
R58K. M1, 32 72-74]

Luo Y, Wu SB, Ku WP, Yang SZ, Wu JS (2018) Community
structure characteristics and species diversity of rare and
endangered plants of Ostrya rehderiana. Journal of Zhejiang
Agricultural Sciences, 59, 2061-2064. (in Chinese) [¥' iz,
RUR, N, Bl R (2018) BHMBGHY)
K HBRARTETE S50 S i 2 RedE . LR AR 7, 59,
2061-2064.]

Ma FQ, Qin AL, Guo QS, Jian ZJ, Pei SX, Wang XF, Zhang
SQ, Xing JC (2017) Geographical distribution and habitat
characteristics of critically endangered species, Thuja
sutchuenensis. Chinese Journal of Ecology, 36, 1777-1784.
(in Chinese with English abstract) [ JLo#, ZR%Z W0, FFR
K, B, FMAE, EFEAE, skithig, JMaknE (2017)
0 56 0 A7)k AT ) B 3 AT T FEAR SR ARRAE . AR 2R
&, 36, 1777-1784)

Ma XY, Jan SG, Wu M, Liu N (2003) The population
characters and conservation of Cycas debaocensis Y. C.
Zhong et C. J. Chen. Guihaia, 23, 123-126, 142. (in Chinese
with English abstract) [5heaE, #rEs, =M, X|&
(2003) i {5 Bk o BERRAE R AR AP A . T PEAESD, 28,
123-126, 142.]

Ma YP, Chen G, Grumbine RE, Dao ZL, Sun WB, Guo HJ
(2013) Conserving plant species with extremely small
populations (PSESP) in China. Biodiversity and
Conservation, 22, 803-809.

Miao SY, Tang ZX, Deng DM, Zhou JT, Pan LJ, Wang HL, Li
CB, Huang FC (2013) Habita characteristics of Primulina
tabacum populations in a cave at Shanghaichang, Lianzhou,
Guangdong. Ecology and Environmental Sciences, 22,
554-562. (in Chinese with English abstract) [ 4445, &
G, WA, @k, WA, FEB, K, mREK
(2013) J7ARIEIM AR B AR R AR BRRAE. AR
BB, 22, 554-562.]

Mo NB, Xie YZ, Qin KP, Tu DH, Wang YB (2012) Traits of
concomitant communities of rare and endangered plant
Dayaoshania cotinifolia. Guangxi Forestry Science, 41,
242-247. (in Chinese with English abstract) [, =
2, FRCE, B, TRk (2012) BHAEYEE L
BB AR RHE. [ PEMORL A, 41, 242-247 )

Ning SJ, Tang RQ (2005) A preliminary study on degenerate
mechanism of the population of Abies ziyuanensis in
Yinzhulaoshan, Guangxi. Guihaia, 25, 289-294, 320. (in
Chinese with English abstract) [ 71T, JEE5: (2005) |~

B T EYAN —RAR RIS NIRRT A Wa L 403

VEERAT 2 L R IFE R AZ BRI BIR. T 7aHEY, 25,
289-294, 320.]

Ning SJ, Tang RQ, Cao JW (2005) Current status and
conservation countermeasures of germplasm resources of
Abies ziyuanensis. Guihaia, 25, 197-200, 280. (in Chinese
with English abstract) [T*HiT, FEiE%E, HIEE (2005)
RV AZ DR B ORI R TR 7E. T PHAEY), 25, 197-200,
280.]

Nong A (2014) Study on protection in situ and breeding of
Cycas debaoensis in Guangxi. Agriculture and Technology,
34(2), 97, 99. (in Chinese) [/ % (2014) | VU {R IRk mk
AP SEEHT. R S5HAR, 34(2), 97, 99

Nong BX, Huang YY, Liu C (2011) Genetic relationships
analysis in some species of Cycas in China by RAPD
markers. Guihaia, 31, 167-174, 226. (in Chinese with
English abstract) [4& fRi%, & EJH, XI5 (2011) % T
RAPD 73 #7 4 o [ 5 8% J 8 70 i S8R Ok R RS, T
¥, 31, 167-174, 226]

Pan CL, Lai JY, Li XD, Shi HM (2008) Seed rain and natural
regeneration of Kmeria septentrionalis in Mulun of
Guangxi. Chinese Journal of Ecology, 27, 2235-2239. (in
Chinese with English abstract) [, #iZlk, %R,
FiEW] (2008) FPEAR =TS RRFEFYIE A,
AR, 27, 22352239

Pan GB, Zhao FL (2011) Study on the geographica
distribution of Cycas debaoensis in the wild and priority
protected areas. Agricultural Research and Application, (4),
30-32. (in Chinese) [{&ti, Mg (2011) BFAfELRTR
BRAE Y B 53 AT AR S ORI XA 7. ARV AT 5T S5 R,
(4), 30-32]

Peng YH, He QF, Tan CQ, Shen WH, Qin WG, He F (2016)
Quantitative analysis of stand spatial structure of a rare
species Kmeria septentrionalis in Guangxi. Chinese Journal
of Ecology, 35, 363-369. (in Chinese with English abstract)
[ZEME, MEK, TR, OO, SICH, i (2016)
T HERRINF R AR 2 R S (] A i . AR,
35, 363-369.]

Peng YH, Zheng W, He QF, Shen WH, Liu J, Tan WN, He F
(2015) Soil characteristics of Kmeria septentrionalis
communities. Journal of Central South University of
Forestry & Technology, 35(10), 44-48. (in Chinese with
English abstract) [ K4, AEL, 5%, HI0E, X,
T, Mg (2015) SRR ZHEVE I LIRRHE. Ik
AR K244, 35(10), 44481

QinHN, Yang Y, Dong SY, He Q, JiaY, Zhao LN, Yu SX, Liu
HY, Liu B, Yan YH, Xiang JY, Xia NH, Peng H, Li ZY,
Zhang ZX, He XJ, Yin LK, Lin YL, Liu QR, Hou YT, Liu
Y, Liu QX, Cao W, Li JQ, Chen SL, Jin XH, Gao TG, Chen
WL, MaHY, Geng YY, Jin XF, Chang CY, Jiang H, Cai L,
Zang CX, Wu JY, Ye JF, La YJ, Liu B, Lin QW, Xue NX
(2017) Threatened species list of China's higher plants.
Biodiversity Science, 25, 696-744. (in Chinese and in
English) [EifF T, Bk, #FAAHE, R, SEm, &F,

https://www.bi odiversity-science.net



404 £ ¥ £ ff 1 Biodiversity Science

THERE, XUERE, it IR, mEYE, EaM, 2,
ZART, WREM, AN, P, MRER, XA, 5
JUIAl, XUVE, XUEH, i, ZEdm, R, &xde, &
RN, BRI, Sifgse, BREDE, S8, WM, %k,
B, MAES, AR, M WS, WK, HRE,
EEYNET (2017) T E ESEEDZ BB LR EME
FEME, 25, 696-744.]

Qiu YJ, Yi GM, Ning ZL, Huang HW (2011) Geographic
distribution, current status of resources and endangered
factors of endangered plant Nothotsuga longibracteata.
Journal of Plant Resources and Environment, 20, 53-59. (in
Chinese with English abstract) [BRE, 5B, THMK,
TR (2011) BRAGAEY A B ERAZ (R 1 3 A7 0 2R R
WRESEHE R M. YT 5B 54, 20, 53-59]]

Ren H, Peng SL, Zhang DX, Jian SG, Wei Q, Zhang QM, Liu
N, Li SJ, Chen WB, Zhuang YZ (2003) The ecological and
biological characteristics of an endangered plant, Primulina
tabacum Hance. Acta Ecologica Sinica, 23, 1012-1017. (in
Chinese with English abstract) [T, &/, TKB0H, &
BEOG, TR, skAE4E, &, A, BRI, Ens
(2003) MEBEE&E MAESEWFRAE. £HEH, 23
1012-1017.]

Ren H, Jian SG, Liu HX, Zhang QM, Lu HF (2014) Advances
in the reintroduction of rare and endangered wild plant
species. Science China Life Sciences, 57, 603-609.

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

Shen SK, Ma HY, Liu XY, Wang YH (2007) The endangered
causes and preserving strategies for Euryodendron
excelsum, a plant endemic to China Ecology and
Environment, 16, 1819-1823. (in Chinese with English
abstract) [HI4LRE, SigdE, XMk, FERHE (2007) H
A DS LA (RIS S TR B R0 3. AR #R B, 16,
1819-1823]]

Shen SK, MaHY, Wang YH, Wang BY, Shen GZ (2008) The
structure and dynamics of natural population of the
endangered plant Euryodendron excelsumH. T. Chang. Acta
Ecologica Sinica, 28, 2404-2412. (in Chinese with English
abstract) [HIALRE, DifgEdE, FERHE, F I, BEA
(2008) ¥l fa tEH ¥ ¥ 1M A (Euryodendron excelsum
HT.Chang) H #A Fl B 45 1) Rzh & . & ¥, 28
2404-2412.]

Sheng QQ, Zhu ZL (2018) Photosynthetic capacity, stomatal
behavior and chloroplast ultrastructure in leaves of the
endangered plant Carpinus putoensis W. C. Cheng during
gaseous NO, exposure and after recovery. Forests, 9, 561.

Shi BL, Wu JS, Zhong TL (2006) Research on seed properties
and germination test of six species of Acer. Journal of
Zhejiang Forestry Science and Technology, 26(3), 38—40.
(in Chinese with English abstract) [A##k, RE %%, sh%
#K(2006) BRI & HE A BT AR B L R AR, WL

2021, 29 (3): 394-408

Mol B, 26(3), 3840

Su JY, Yan Y, Li C, Li D, Du FK (2020) Informing
conservation strategies with genetic diversity in Wild Plant
with Extremely Small Populationss A review on
gymnosperms. Biodiversity Science, 28, 376-384. (in
Chinese with English abstract) [ 498, #&i%, 20, 257,
FL75 (2020) 38T 8 AL 2 RE MRS AN PR BT AR AE A 1
BOBHLEE GRS DABR TR 0. A2 REE, 28,
376-384.]

Sun XL, Shi SZ, LiuZW, Li XC, Chen Q (2019) Study on seed
breeding about the endangered plant Cycas changjiangensis.
Journal of Anhui Agricultural Sciences, 47, 117-119. (in
Chinese with English abstract) [FMifisk, f4AE, XIEME,
/NG, BRIR (2019) WUGAEH ™ n B A T BB HOR
L. R ERNE, 47, 117-119)]

Sun YJ, Chen XX, Fu QF, Gong YQ, Kuang JH, Li N, Rong
JW, Liao WB (2019) Niche characteristics of dominant
species of Cycas fairylakea community in Meilin Reservoir,
Shenzhen. Journal of Central South University of Forestry &
Technology, 39(11), 63-70. (in Chinese with English
abstract) [FMEZ, BRIEE, 770, FE289, ST, 2
o, SREEAS, BT (2019) RIINTTHEAR K AL Tk
WARAFIHE ST, PRl 4k, 39(11),
63-70.]

Tang RQ, Li XK, Ou ZL, Li RT (2001) The fruiting
characteristics and reproductive capacity of seeds of Abies
yuanbaoshanensis. Bulletin of Botanical Research, 21,
403-408. (in Chinese with English abstract) [J&iH2E, 252
B, BRHH %, Zenis%: (2001) WfEHE Y0 T LA 245 auks
PESFh1 S50 0K, HYIEIT, 21, 403-408.]

Tian K, Zhang GX, Cheng XF, He SJ, Yang YM, Yang YX
(2003) The habitat fragility of Manglietiastrum sinicum.
Acta Botanica Yunnanica, 25, 551-556. (in Chinese with
English abstract) [H B, fKE %, /AN, sy, B
B, B7k>% (2008) R ZFHHUGAEY & AR A IS
. =PI 5T, 25, 551-556.]

Wang DB, J SY, Chen FP (2009) The spatial distribution
pattern of main populations in Cycas fairylakea community.
Journal of Southwest China Normal University (Natural
Science Edition), 34, 93-97. (in Chinese with English
abstract) [VEBE, BB, FREMS (2009) il oy BkaEvE
BRI 23 8] 20 AT AR Ry, 0 IS R 2 ik (SRR
JiK), 34, 93-97.]

Wang DB, Ji SY, Chen FP, Peng SL (2007) Age estimation and
age structure of Cycas fairylakea population in Shenzhen
City. Chinese Journal of Applied Ecology, 18, 476-480. (in
Chinese with English abstract) [EBF%, BB, BR M,
570k (2007) AL 5 2R 8 I I S A 08 45 A R ALE.
N A S 244, 18, 476-480.)

Wang L, Jing HJ, Fan Q, Chen CQ, Liao WB (2013) Living
situation and characteristics of the community of
endangered Abies beshanzuensis var. ziyuanensis in Mount
Nanfengmian of Jiangxi Province. Guihaia, 33, 651-656. (in

https://www.bi odiversity-science.net



Chinese with English abstract) [£7, SEiE, NiE, HFE
R, B (2013) VL VG R A W G R A B R A AL A A
R T AERE IS AL, | VU, 33, 651-656.]

Wang L, Zhao K, Ruan XD, Zhang C, Cao KB, Sun JJ (2018)
Study on the population structure characteristics of the rare
and endangered species Parrotia subaequalis—Taking
Jinzhai County in Anhui Province as an example. Forest
Resources Management, (3), 81-87. (in Chinese with
English abstract) [ Ak, ®XYL, Frm sk, kiE, EEbK,
fb A (2018) 5 VAL 1 ) Ph R 25 M B B 45 A8 SRR AR B AT
—— LB e EoN ). ML R, (3), 81-87.]

Wang RY, Zhang YP, Li WQ, Lin HJ (2020) A study on the
ex-situ conservation of germplasm resources of Pinus
sguamaia. Yunnan Nongye Keji, (2), 4-6. (in Chinese) [+
e, KRR, 2B, MUPE (2020) TR AT RA R
BT H R B AL, =R, (2), 4-6]

Wang TX, Qi SJ, Song XQ, Meng QW, Yu XD (2018)
Correlation analysis between population dynamics and
reproduction  strategies in  Dendrobium  sinense
(Orchidaceae), an endemic orchid in Hainan Island. Journal
of Tropica Biology, 9, 189-197. (in Chinese with English
abstract) [E# ik, WILIT, KAE®, & T A, THEE
(2018) H A R AN RN A 5 BTN FIAH L 70 B, Pty
AR, 9, 189-197.]

Wang X, Deng HP, Huang Q, Zhang SQ, Rao DS (2017) Flora
analysis and vertical structure optimization of the
community of Thuja sutchuenensis Franch. Acta Botanica
Boreali-Occidentalia Sinica, 37, 181-190. (in Chinese with
English abstract) [, My, w35, akithom, a4t
(2017) EEMATEVAIEM X AR O3 B X HL R UL A8 A R IR
F. P AR, 37, 181-190.]

Wang XH, Li J, Zhang LM, He ZW, Mei QM, Gong X, Jian
SG (2019) Population differentiation and demographic
history of the Cycas taiwaniana complex (Cycadaceae)
endemic to South China asindicated by DNA sequences and
Microsatellite markers. Frontiersin Genetics, 10, 1238.

Wang XM, La YL, Xu XM, Ying ZM, Su YJ, Li YB, Liao
WB (2006) Genetic variation in the endemic plant Cycas
fairylakea (Cycadaceae) from Meilin Forest Park in
Shenzhen on the basis of ISSR analysis. Acta Scientiarum
Naturalium Universitatis Sunyatseni, 45(3), 82-85. (in
Chinese) [, WieFe, 1AW, Subl], 7R, 2=
J, B0 (2006) RYIAERRALET 5Bk E AR PR AL
ZFEYEISSRAFHT. il R 22 (B AR hR), 45(3),
82-85]

Wang XQ, MaLY, Guo BX, Fan SH, Tan JX (2005) Analysis
on the change of the original Metasequoia glyptostroboides
population and its environment in Lichuan Hubei from 1948
to 2003. Acta Ecologica Sinica, 25, 972-977. (in Chinese
with English abstract) [ A #, SE—, i, WHHE,
TS (2005) WAL AKAZ SR AR RO S HL AR B 1948~
20034 [B) &4k 73T, A= 2524R, 25, 972-977.]

Wang XQ, Zou YP, Zhang DM, Hong DY, Liu ZY (1996)

B T EPAN —RAR RN NIRRT AW a L 405

RAPD analysis of genetic diversity of Cathaya
argyrophylla. Science in China (Series C), 26, 436-441. (in
Chinese) [VE/N4, “BW¢E, 5K K], AT, XIIETF
(1996) HRAZ AL Z FEVEMIRAPD AT, E AL CHE: E
kb, 26, 436-441]

Wang Y, Tang SQ, Li XK (2004) The genetic diversity of the
endangered plant Abies yuanbaoshanensis. Biodiversity
Science, 12, 269-273. (in Chinese with English abstract) [+
#e, FEANG, ZMeH (2004) WY TC LA R IR
LRI T, AR Z R, 12, 269-273]

Wang YH, Li N, Chen T, Gong YQ (2018) Generation and
characterization of expressed sequence tegs (ESTs) from
coraloid root cDNA library of Cycas debaocensis. Plant
Diversity, 40, 245-252.

Wang YB, Liang HW, Chen FJ, Qin KP, Mo NB (2008) The
endangered causes and protecting strategies for
Dayaoshania cotinifolia, an endemic plant in Guangxi.
Ecology and Environment, 17, 1956-1960. (in Chinese with
English abstract) [ £ F 1%, F25:4H, BRR%, ERT, it
B (2008) JPUREA YR L E & W R R R AR
. SIS, 17, 1956-1960.]

Wang Z, Hu ZY, Huang L (2015) Development and
characterization of genomic microsatellite markers in
Apterosperma oblata (Theaceae) and cross-amplification in
Euryodendron excelsum (Ternstroemiaceae). Conservation
Genetics Resources, 7, 119-120.

Wang ZL, Ding LX, Zhao MS, Cheng XY, Shen Q (2008)
Genetic diversity of Ostrya rehderiana revealed by RAPD
markers. Journal of Zhejiang Forestry College, 25, 304—308.
(in Chinese with English abstract) [E4H R, T, &9
K, FEBEIH, TL¥z (2008) WifEAEYI R H B AR AL 2 FE 1%
IRAPD 7). HIT AR B 2441k, 25, 304-308.]

Wel R, Zhang XC (2014) Rediscovery of Cystoathyrium
chinense Ching (Cystopteridaceae): Phylogenetic placement
of the critically endangered fern species endemic to China.
Journal of Systematics and Evolution, 52, 450-457.

Wen ZY, Yu LF, Chen HL, Yang HZ, He R (2016)
Investigation and niche analysis of natural Cystonathyrium
chinese population in the Erlang Mountain. Journal of
Sichuan Forestry Science and Technology, 37(5), 51-54, 88.
(in Chinese with English abstract) [SCE R, 4w, Bt
i, Bis, ik (2016) B LIWE RIYGH BRREE A
B S AL, NI E:, 37(5), 51-54, 88)]

Wu ML, Yao L, Ai XR, Zhu J, Zhu Q, Wang J, Huang X, Hong
JF (2020) The reproductive characteristics of core
germplasm in a native Metasequoia glyptostroboides
population. Biodiversity Science, 28, 303-313. (in Chinese
with English abstract) [#ig¥, #k==, LIME, KL, %
SR, THEE, BN, BREE (2020) AKASJEAE R AL ORI
BRI ETE R VE. LEMIZ H 1, 28, 303-313]

Wu P, Zhang KP (2008) Status of Cycas spp. plantsin Yunnan
and measures for their protection. Forest Inventory and
Planning, 33(4), 116-119. (in Chinese with English abstract)

https://www.bi odiversity-science.net



406 £ ¥ £ ff 1 Biodiversity Science

[, 5KIFT (2008) = R 75 BAEPI I BUIR 2 ORI 0 35
ok E A R, 33(4), 116-119.]

Wu YG, Rao LB, Chen DL, Zhou RF, Ye ZL (2010) Artificia
seedling-raising of Abies beshanzuensis seed. Journa of
Anhui Agricultural Sciences, 38, 12038-12039, 12098. (in
Chinese with English abstract) [ A 5%, Helvte, B,
T, M2k (2010) B HAEMFRIANLE ER
5. 2Rl B, 38, 12038-12039, 12098.]

Wu YP, Hou ZQ, Chen ZH, Xiao SY, Ma CC, Du F (2015)
The resources and distribution of Nyssa yunnanensis.
Journal of West China Forestry Science, 44(6), 26-30. (in
Chinese with English abstract) [RMI#:, ERFE, R4,
HEME, DR, L (2015) = R A IR T R
SATEUIR. T MO RN, 44(6), 26-30.]

Xiao ZC, Gao HD (2008) Study on seed dormancy and
germination properties of Acer buergerianum Mig. Journa
of Southwest Forestry College, 28(5), 35-38. (in Chinese
with English abstract) [H &K, AR (2008) = A Mhfb
TARIRS A R R PERE 78, PH R AR 22 B 24, 28(5), 35-38.]

Xie ZQ (1999) Gap-regeneration of Cathaya argyrophylla
forests. Acta Ecologica Sinica, 19, 775-779. (in Chinese
with English abstract) [#ff 533 (1999) 4R 2 (Cathaya
argyrophyllQ) /AR & 58 A 78, AR A2, 19, 775-779.]

Xie ZQ, Chen WL (1994) The present status and the future of
Cathaya argyrophylla forest. Chinese Biodiversity, 2,
11-15. (in Chinese with English abstract) [#§}5%58, Mifh%!
(1994) R YRR DURFIAR K. £ 2L,
2,11-15]

Xie ZQ, Chen WL (1999a) Characteristics and succession of
the communities of Cathaya argyrophylla, an endangered
plant. Acta Phytoecologica Sinica, 23, 48-55. (in Chinese
with English abstract) [¥f55%, MrFiZ1 (1999a) Wifa iy
W FAAE R BB, MWESFEH, 23
48-55]

Xie ZQ, Chen WL (1999b) The endangering causes and
preserving strategies for Cathaya argyrophylla, a plant
endemic to China. Acta Phytoecologica Sinica, 23, 1-7. (in
Chinese with English abstract) [i§555%, FiHZ (1999b)
o A R AR AZ B S JR DR R AR AP S R A S
i, 23, 1-7]

Xie ZQ, Chen WL, Hu D, Zhu RG (1998) The fruiting
characteristics of an endangered plant, Cathaya
argyrophylla and the impact of animals on fruits. Acta
Phytoecologica Sinica, 22, 319-326. (in Chinese with
English abstract) [#f5258, BREZL, AR, KHJE (1998)
WA G R ) RS 10 25 SR M T B3 SR SE I fe s k. HEA)
AR, 22, 319-326]

Xie ZQ, Chen WL, Liu ZY, Jang MX, Huang HD (1999a)
Spiatial distribution pattern of Cathaya argyrophylla
population. Acta Botanica Sinica, 41, 95-101. (in Chinese
with English abstract) [#f5358, FRIGZ, XIIESE, LU,
BOLR (19998) ARAZFEBEIN 2 [B] 20 A A% . Y22,
41, 95-101]

2021, 29 (3): 394-408

Xie ZQ, Chen WL, Lu P, Hu D (1999b) The demography and
age structure of the endangered plant population of Cathaya
argyrophylla. Acta Ecologica Sinica, 19, 523-528. (in
Chinese with English abstract) [#f 5558, BREGZY, B8, 4
R (19990) MM KRG SEREH. £
24, 19, 523-528.]

XieZQ, Li QM (2000) Seed characteristics of endangered plant
Cathaya argyrophylla. Acta Phytoecologica Sinica, 24,
82-86. (in Chinese with English abstract) [¥f5258, Z=piH
(2000) i fa tEL VD ARAZ B TR R OB T AR S 2R,
24, 82-86.]

Xiong B, Ai XR, Wang BQ, Yi YM, Yao L, Fan SH (2010)
Study on the population of the primary Metasequoia
glyptostroboides mother trees. Journa of Hubel University
for Nationalities (Natural Science Edition), 28, 282-285. (in
Chinese with English abstract) [f€)%, illfE, FHRE, 5
WA, k2, JEIRIE (2010) JKAZJE AL REM R EERT 7T,
AR 24k (1 SRR 270, 28, 282-285.]

Xu G, Tang W, Skelley P, Liu N, Rich S (2015) Cycadophila, a
new genus (Coleoptera: Erotylidae:
Pharaxonothinae) inhabiting Cycas debaocensis
(Cycadacese) in Asia. Zootaxa, 3986, 251-278.

Xu XL, Jin HX, Chen XB, Jiang SL, Wang DL, Guo YF (2012)
Biological characteristics of the seed in Acer yanjuechi, an
endangered species. Journal of Forestry Engineering, 26,
46-49. (in Chinese with English abstract) [¥/Ni&, il
VR, TLER], EARR, YREAE (2012) Wfa i flF A
A IR LY A RE. MOLRHEOT R, 26, 46491

Yang J, Ding T, Jiang RH, Wang YR, Xiang QP (2019) The
complete  chloroplast genome of the  Abies
yuanbaoshanensis, an endangered Pinaceae species in
Southern China. Mitochondrial DNA Part B, 4, 3386-3387.

Yang J, Ca L, Liu DT, Chen G, Gratzfeld J, Sun WB (2020)
Chinad's conservation program on Plant Species with
Extremely Small Populations (PSESP): Progress and
perspectives. Biological Conservation, 244, 108535.

Yang QP, Xiao ZY, Hu XD, Ouyang M, Chen X, Lin GJ, Xu
JW, Yang GY (2017) Endangered mechanisms of
Snomanglietia glauca: Exploring and prospect. Guihaia, 37,
653-660. (in Chinese with English abstract) [, K%
B, WIBER, BRBHEL, BRUT, MRENL, 4REESC, MG
(2017) E MtV EAERDARBEHLH: KI5 R E.
PR, 37, 653-660.]

Yang XC, Yang YT, Kang MH, Guo XY, MaT, Xi ZX (2019)
The complete plastome of Nyssa yunnanensis, a critically
endangered tree species. Conservation Genetics Resources,
11, 313-315.

Ye SC (2019) Establishment and protection of Shaniodendron
subaequalis germplasm bank in Wanfo Mountain. Journal
of Anhui Agricultural Sciences, 47, 120-122. (in Chinese
with English abstract) [F/)1] (2019) 75 L HR 25 ot
WU BRI, 2B, 47, 120-122)]

Yang YZ, Ma T, Wang ZF, Lu ZQ, Li Y, Fu CX, Chen XY,

https://www.bi odiversity-science.net



Zhao MS, Olson MS, Liu JQ (2018) Genomic effects of
population collapse in a critically endangered ironwood tree
Ostrya rehderiana. Nature Communications, 9, 5449.

Yuan BR (2005) Endangered mechanism and protection
measures of Manglietia decidua. Jiangxi Forestry Science
and Technology, 33(3), 45, 61. (in Chinese with English
abstract) [ IE (2005) ¥ IR BRI S LR X
#H. LML R, 33(3), 45, 61]

Yuan YJ (2009) Wooden canopy to protect the survival of the
status quo and its countermeasures. Modern Agricultural
Sciences, 16, 132-133. (in Chinese with English abstract)
[FRKk 12 (2009) 435 ARAEAFDUR K AR x5k, BARK
Ak R, 16, 132-133]

Yu DP, Li CH, Ding J, Xie KP, Zhang GZ, Li SL (2011)
Preliminary report on character of seed and seed culture in
virro of Parakmeria omelensis Cheng. Resource
Development & Market, 27, 197-198, 290. (in Chinese with
English abstract) [RiEF, 5%, T1#, #L-F, kE
2, FHET (2011) o fE AR E A A 22 T TR K A R
FEHIHR. BRI R 5T, 27, 197-198, 290.]

Yu DP, Li CH, Wen XY, Li XJ, Peng QX, Xie KP (2019)
Flowering biological characteristics and breeding system of
Parakmeria omeiensis. Guihaia, 39, 600-607. (in Chinese
with English abstract) [#RIEF, 25%2, CHE, /M,
A H, WALF (2019) WA UL B R 22 T IR AR o
PSS E RS [P, 39, 600-607.]

Yu LF, Gao J, He R, Du JJ, You JY, Deng DZ (2015)
Discussion on investigations of the present status of
Cystoathyrium chinensis resources in Tianquan and
protection measures. Journal of Sichuan Forestry Science
and Technology, 36(3), 120-124, 17. (in Chinese with
English abstract) [ARuzil, mifid, ik, HARA, JugkH,
XA (2015) K4z Eamt gk SR DR 25 5 AR 470 5
W, ROl AR, 36(3), 120-124, 17.]

Yu ZX, Liao J, Lin XC, Zheng QY, Zhang JP, Qiu LH, Li ZQ,
Xiao GM (1999) Ecologica study on communities of
Manglietia decidua. Acta Agriculturae Universitatis
Jangxiensis, 21(2), 73-77. (in Chinese with English
abstract) [ATEME, BE, WHH, HIRAT, TR, EH
ot ZEER, HER (1999) A TER VB I 4 A St
F. LA R 54, 21(2), 73-77]

Zang RG, Dong M, Li JQ, Chen XY, Zeng SJ, Jang MX, Li
ZQ, Huang JH (2016) Conservation and restoration for
typical critically endangered Wild Plants with Extremely
Small Population. Acta Ecologica Sinica, 36, 7130-7135.
(in Chinese with English abstract) [JEiE[E, #ny, 254235,
MR, BORE, LU, HEGE, 4k (2016) S
W /NFERE R AR IR SRR BORBEFE. A5k, 36,
7130-7135.]

Zhan P, Xu WJ, Chen JN, Zhang L, Tan YW, Shi W (2013)
Analysis of growth and genetic diversity of Manglietia
deciduas in Xiaoxi National Nature Reserve. Hunan
Forestry Science & Technology, 40, 57—60. (in Chinese with

WRESE: T EYAN —RAR RIS R REE A e L 407

English abstract) [fEM9, #5757+, B/, skik, B8R,
AHE (2013) /NEE K H R XV ARFEAE K 51
FEZFEES T, Wim MOl R, 40, 57-60)]

Zhan QQ, Wang JF, Gong X, Peng H (2011) Patterns of
chloroplast DNA variation in Cycas debaoensis
(Cycadaceae): Conservation implications. Conservation
Genetics, 12, 959-970.

Zhang GF, Yao R, Jang YQ, Chen FC, Zhang WY (2016)
Intraspecific and interspecific competition intensity of
Parrotia subaequalis in different habitats from Wanfoshan
Nature Reserve, Anhui Province. Chinese Journal of
Ecology, 35, 1744-1750. (in Chinese with English abstract)
[6E, Bk, v, BRAERE, TKCH (2016) BT
LA [ AR 58 R AR M A N 5 R ) S 0. AR
478, 35, 1744-1750]]

Zhang RB, Dou QL, He P, Deng HP (2007) Analysis of genetic
diversity in Thuja sutchuenensis populations as revealed by
morphological and molecular data. Guihaia, 27, 687-691.
(in Chinese with English abstract) [5K1=9%, SE4W, f°F,
XYL (2007) WG A FE ML 2 RETERIF T, TP
¥, 27, 687-691]

Zhang SS, Kang HM, Yang WZ (2019) Population genetic
analysis of Nyssa yunnanensis by reduced-representation
sequencing technique. Bulletin of Botanical Research, 39,
899-907. (in Chinese with English abstract) [kHiHl, et
g, B0 iE (2019) FE T A0 AR R H BOR 1) 2 T WE SR AR
FERE AL 0. M)A, 39, 899-907.]

Zhang SS, Xiang ZY, Kang HM, Yang WZ (2014)
Autotoxicity of Nyssa yunnanensis on seed germination and
seedling growth. Forest Research, 27, 502-507. (in Chinese
with English abstract) [3KIH, miRsE, R, #5308
(2014) 7= g i AR R A1 A S 4l vl AR A B RN
Molb AR 9T, 27, 502-507.]

Zhang WH, Zu YG, Liu GB (2002) Population ecological
characteristics and analysis on endangered cause of ten
endangered plant species. Acta Ecologica Sinica, 22,
1512-1520. (in Chinese with English abstract) [5k 30 #%, #H
Jell, HIE M (2002) i fe e IR e o A 2 SR R AL
KESERZE T, AR, 22, 1512-1520]

Zhang XH, Li XP, Yu CY, Miao LX, Chen YP (2011a) Current
preservation situation and countermeasures on germplasm
resources of endangered plant Carpinus putoensis Cheng.
Journal of Zhejiang Ocean University (Natural Science), 30,
163-167. (in Chinese with English abstract) [kiste, 254
s, draedE, 2, FRF (2011a8) WA ERSE
W 5T SR ORAF DR 5 0 3. WL e o e 4 (B 28R
2£1i), 30, 163-167.)

Zhang XH, Wang ZJ, Li XP, Yu CY, Chen YP (2011b) RAPD
analysis of genetic diversity of different progenies from
endangered plant Carpinus putoensis. Shandong Forestry
Science and Technology, 41(1), 1-5, 22. (in Chinese with
English abstract) [k, EIEM, B0, argse, PRt
- (2011b) W fE AE P BE RS HA O 5B AR 2 R

https://www.bi odiversity-science.net



408 £ ¥ £ Fff 1 Biodiversity Science

RAPD/MIT. 1t ML R, 41(2), 1-5, 22]

Zhang YR (2009) Studies on Endangered Mechanism and
Population Conservation of Abies zyuanensis. PhD
dissertation, Beijing Forestry University, Beijing. (in
Chinese with English abstract) [5k K 2% (2009) %A
Ry L) 55 Al B OR & BT 9T, 1 2 At S0, dE Rkl
PN | |

Zhang YR, Luo JC, Yu JX (2007) Genetic diversity of the
endangered plant Abies ziyuanensis detected by ISSR
markers. Journal of Beijing Forestry University, 29(6),
41-46. (in Chinese with English abstract) [Tk F 2%, 2'%j#,
TS (2007) BV AZ G ZAEIERDISSRA BT, AL A
Ml K 2224, 29(6), 41-46.]

Zhang ZJ, Guo YP, He JS, Tang ZY (2018) Conservation status
of wild plant species with extremely small populations in
China. Biodiversity Science, 26, 572-577. (in Chinese with
English abstract) [7K I ¥, FWacss, ¥WE4E, FER
(2018) [ BN FREE B AR R A 00 OR AP BRSP4l AR 2
FEME, 26, 572-577.)

Zhang ZY, Chen YY, Li DZ (2005) Detection of low genetic
variation in a critically endangered Chinese pine, Pinus
squamata, using RAPD and ISSR markers. Biochemical
Genetics, 43, 239-249.

Zhao Y (2018) Reproduction and afforestation techniques of
Metasequoia glyptostroboides. Xiandai Nongcun Keji, (6),
39-40. (in Chinese) [ (2018) 7KAZE 5 M it bRt R
AR EHZ, (6), 39-40]

Zheng Y, Liu J, Feng XY, Gong X (2017) The distribution,
diversity, and conservation status of Cycas in China
Ecology and Evolution, 7, 3212-3224.

2021, 29 (3): 394-408

Zheng YL, Sun WB, Zhao XF (2008) Seed dormancy and
germination of Manglietiastrum sinicum Law, a globally
critica endangered plant in China. Plant Physiology
Communications, 44(1), 100-102. (in Chinese with English
abstract) [KBFFe, FNIHS, XM (2008) WS Wi fatEY)
HZ/ARMFFRIR S 85 K. WY AR, 44(2),
100-102.]

Zhu L, Guo QS, Zhu NN, Qin AL, Xu GX, Xing JC (2014)
Study on the cones and seeds biological characteristic of a
critically endangered species, Thuja sutchuenensis, in the
world. Seed, 33(7), 56-59, 63. (in Chinese) [4<#], FRIK,
KIRHe, Z#EW, Vrksd, fE4knE (2014) AR ED
Tifl—— ERAA RO BRI AR MR B 7T, M1, 33(7), 56-59,
63.]

Zhu YX, Peng C, Yu S, Hu JF, Li JY (2019) Aflatoxins from
the endophytic fungus Aspergillus sp. Y-2 isolated from the
critically endangered conifer Abies beshanzuensis. Natural
Product Research, doi: 10.1080/14786419.2019.1696328.

Zhu YY, Xu XT (2019) Effects of climate change on the
distribution of wild population of Metasequoia
glyptostroboides, an endangered and endemic species in
China. Chinese Journal of Ecology, 38, 1629-1636. (in
Chinese with English abstract) [2RkZE %, 18815 (2019)
16 A2 A 0 3 AR5 A5 WG 0 ot K A2 B9 AR R R 23 A1 R S
A, 38, 1629-1636.]

GUEHZ: miE ST EmE: L)

https://www.bi odiversity-science.net



2021, 29 (3): 409-418
doi: 10.17520/biods.2020276

4 4 % %

Biodiversity Science

“ib iz

BT AH T RO AL

?%&tlz#’ Eﬁl#*, _;E%ﬁl*

1. PEIE T RZAA IR, P4 710072; 2. PHAL T K230 5401240, P64 710072

W AR LT- A W T & B MO AR A, A 2 AR TR T AT AR R, (BRI R S AR AE A
AR BN N R B B A 12, XA R 0 ds AR MR o AR SCRI N B ER AR X —WEr, W& A BSOS 2, 4
FRPEAFAS AL I [A) 5 AR I I 3 & B2 I 4 T — I 2 IR, BRI AIAIE A SO & & B i 7y kb o A&
TG ZR 78, DABENLIE R A B P g #2 o 3R T 58 R B AR T BRI L], HEAE A 45 T HRAE
PAsE S, B R MR, ARSI RS RS T ABHE N MR 2 A B MG TH 0T, A5 R 18] [F] AR A
B AYEEDIRES T 2RI AR d RTEMR AR BRI 12 R o, WA RN A &R AMEE A B F.

KR R, MR RG EAGTEZE, BEVLDRE; BRI

UK, Bl, Eel (2021) BRARKHE RIS Y2 A, 29, 409-418. doi: 10.17520/biods.2020276.
Li ML, Wang C, Wang RW (2021) Path-dependent speciation in the process of evolution. Biodiversity Science, 29, 409-418. doi: 10.17520/biods.2020276.

Path-dependent speciation in the process of evolution

Minlan Lit?*, Chao Wang'*, Ruiwu Wang**

1 School of Ecology and Environment, Northwestern Polytechnical University, Xi’an 710072
2 School of Mathematics and Statistics, Northwestern Polytechnical University, Xi’an 710072

ABSTRACT

Aim: Almost all the research in biology relies on a species concept as the basis for biodiversity. However, all of the
existing species definitions are imprinted with artificial factors or difficult to observe in practical applications, which
brings negative impacts on the species classification. Here, we introduce an “evolutionary path” using a path integral to
provide a rule for species classification. We aim to show the speciation process and define the species concept with a
mathematical form.

Methods: In this species definition, we assumed that uncertain environmental changes and random drift in the
population might simultaneously lead to a change in the fitness expectation. Therefore, a constant fitness expectation
for any biological characteristic might not be reliable when considering how characteristics vary through time and
space. We introduce the concept of “evolutionary path” which is formed by repeating a short-time transfer process. In
this process, a species evolves to different states at different probabilities over time based on the instantaneous fitness
landscape at any current moment. In this framework, evolution moves in the direction of increased fitness on the
varying fitness landscape, and speciation will be of path dependence on the varying fitness landscape. Different
individuals with the same or different biological characteristics (e.g. phenotype, genotype, etc.) will interact with
another one at random, similar to the process of gambling among them. In a simulation, under the framework of
evolutionary game theory, species differentiation will be similar to the evolution of the peaks on a mountain. Every
peak after differentiation may represent a species, a cryptic species, or a sympatric species. The picture of species peaks
within a mountain is determined by the relationship between the distance and the width of two adjacent peaks and by
the dimensionality that characteristics differentiation satisfied.

Results: We found a more practicable concept to define species, i.e, based on statistical analysis applicable for multiple
types of traits like genetics, morphological characteristics, or ecological process between two populations. Once the
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respective discontinuities of two or more dimensional variables between populations are all greater than the difference
of variables within the population, the individual s with corresponding variables belong to different species.
Conclusions: The path-dependent evolutionary mechanism in this model demonstrated that species can coexist with
different probabilities when environmental pressures are limited. A new species, cryptic species, sympatric species may
occur in a path-dependent evolution process. This model also showed that species survival in an ecosystem is not
determined by its fitness directly, but dependent on the probability of its evolutionary path.

Key words. species; speciation; evolutionary game; stochastic process; path dependence
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Fig. 1 Fitness landscape of phenotypes. The solid line shows
the fitness landscape observed. When an organism evolves on
such a multipeak fitness landscape, it’s easy to be trapped at a
lower local peak. The dashed line displays the phenotypic
fitness landscape smoothed by reaction norm, i.e., the expect
fitness for a genotype with a certain average phenotype. This
fitness landscape just has one single peak, which makes it
easier for any phenotype to evolve to another one with higher
fitness.
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Fig. 3 Thedistribution of evolutionary paths. Different colors
represent different distribution probability of paths. As time
goes by, one phenotype differentiates to other phenotypes with
different probabilities. The evolutionary path is continuous in
this process because that phenotypes can only evolve to
adjacent phenotypes. If the evolutionary results are observed at
the moment of t = 1,000, significant discontinuous phenotype
differentiation (blue regions) can be seen.
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Fig. 4 Path-dependent evolutionary process of states. (a) The
frequency distribution curve of states over time. The states
represent genotype, phenotype or ecologica process. (b) The
frequency distribution curve of phenotypes at t = 10, (c) The
frequency distribution curve of phenotypes at t = 600. From the
perspective of phenotype, the distribution curve changes from
unimodal in the early phase to bimodal at t = 600, which means
the phenotype differentiates into two phenotypes (25 and 28) at
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can judge if the species with phenotype 25 and 28 are different
Species.
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Fig. 5 Freguency distribution of phenotypes and genotypes at

different time. (a) showing the frequency distribution curve of
the state x (x,) in the early differentiation. (b) demonstrating

the frequency distribution curve of the phenotype x; at a certain
moment after differentiation. (c) indicating the frequency
distribution curve of the genotype x, at the same moment after
differentiation. Suppose that any two states x; and x, of the
original species A evolved influenced by random mutation and
drift, then different degree of differentiation occurs in the same
or different time. When observing in a “cutting plane’ of a
species evolution, we notice that x (x,) differentiates into

x, (%,) and x,(x,), and the evolution are path-dependent.

Meanwhile, if the differentiated phenotypes and the genotypes
in a quantity statistics satisfy certain conditions, the individuals

With X3, X, (X3 %5200 X5, %1,0 X5, %) @€ NEW  Species,
respectively.
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Fig. 6 schematic diagram of the species delimitation over
time. The state x ( x,) differentiates at ty(ty). It can be

determined whether a specie at different moments is a new
Species.
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Fig. 7 Differentiation of three independent phenotypes from
one phenotype of a species at a moment. The figure is a specia
case of judging whether the phenotypic differentiates
completely. There is a continuous and a little difference for the

phenotype —1 within the species (the difference range is + 0.15),

and the phenotype O versa. The discontinuity of these two
interspecies phenotypes is 1, and the discontinuity is much
higher than the intraspecies continuous difference. Therefore, it
can be considered that the phenotype meets the requirements
for phenotype in the concept of morphological species. Taking
into account the differentiation of another state of this species,
if the difference satisfies the same conditions, the
corresponding individuals can be determined as a new species.
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Fig. 8 Different case of phenotype differentiation. Imagine
the relation of difference has been satisfied for one biological
character. Then we consider phenotypes. In figure
8(a@), d=|x—X%|=|(-6)-6]=12,06,=30,=35d>0; and
d>o, . If individuals in two populations satisfy these
conditions, they are different species. In figure 8(b),

d:|X1_X2|:|(_2)_2|:4’O-1:4vo-2:3-51d:O']_ and
d > o,. If those individuals satisfy these conditions, they are
the same Species. In figure 8(c),

d=|x—-%|=|(-2)-2|=4,0,=810,=82d<0; and
d <o,. If those individuals satisfy these conditions, they are
the same species.
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