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Variation in basic morphological and functional traits of Chinese bamboo
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Wensheng Bu"***
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Abstract: Bamboo is a clonal plant that lacks a secondary growth process and has unique growth and
reproduction characteristics. However, little is known about the variation in functional traits of bamboo
among different functional group. In this study, all 534 known bamboo species (34 genera) in China were
used as research subjects. Data of biological characteristics of these bamboo species was collected and
organized from Flora of China, including various types of functional group and different functional traits.
Types of functional group included rhizome type (sympodial, monopodial or mixed), shooting season (spring,
summer, autumn or winter) and endemism (371 species endemic to China). Functional traits included height,
diameter, internode length, wall thickness, leaf length and leaf width. Analysis of variance and multiple
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contrasts were performed to explore the variation in the basic morphological traits of bamboo among the
different functional groups. Principal component analysis (PCA) was employed to explore the intrinsic
correlations among functional traits and analyze functional trait variation in different functional groups of
bamboo plants. The results show that: (1) Sympodial, monopodial and mixed bamboos differed significantly
in their functional traits. Sympodial bamboo plants had the largest height, diameter, internode length and wall
thickness, and the smallest leaf length and leaf width, followed by mixed bamboo plants. Meanwhile,
monopodial bamboo plants had the smallest pole traits and the largest leaf traits. Species endemic to China
had significantly smaller values for height, diameter, wall thickness and leaf length than non-endemic
species. (2) There were significant positive correlations among bamboo plant height, diameter, internode
length and wall thickness. Also, there was a positive correlation between leaf length and leaf width. (3) The
“size traits” (diameter, culm height and wall thickness of bamboo) in vertical direction contributed more to
the first principal component axis, while the “leaf traits” (leaf length and leaf width) in horizontal direction
contributed more to the second principal component axis. These results show that for bamboo plants, the
variation in capturing light resources in both horizontal and vertical directions may be the key factors driving

27 %

the systematic evolution, the endemic distribution and the seasonal difference in bamboo shooting.
Key words: Chinese bamboo; rhizome type; endemism distribution; shooting season; functional traits
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Table 1 Descriptive statistics on six functional traits of bam-
boo plants
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H# Diameter (cm) 3.16 0.15 25 104
FilE4 Internode length (cm) 29.04  0.75 90 45
FTEEJE Wall thickness (mm) 522 0.16 325 95
M Leaf length (cm) 1435  0.95 45 48
M Leaf width (cm) 219 02 205 94

BERE R . GARE, NENTEMAS
BRAKHIA S BAR, WA ATER, BORmm K
A58, VRAERIIT R BA R AT BARS
T ATEE)E, ORI A5, IR AT
FHYNBA P ERAT . B, TR, 1TREE
Al /N A S 5

o [ R A A 5 Al R RS R AT SR A B T RE
PEARZ 181471 55 25 22 5 (1 2) o MR T AR [E RS A A
TR A AR BN BAR PTREEAIA .
S AE SR b b R o 7 TR AT B8 2N T
FERAA R, (HEREZER. AUk, SAEPEES

ARAHEL,  ERAAEE R A BN ThREEIRE -

M FFETORE, 2+ FF AT REME
s EARS WEAC, ATEEE . ORI 58y T
ANAFAE 25 22 52 (1A13)
22 MrEEMREMERER SN

FHORAE 7 M 45 R (Bl 4) R W] P R AT 5
HHEAAAAERERIAR RN (r > 0.9), F 577EEE
T MAFAE BRI S, TS5 e i 5E A
MK, HAESWEARK. ITEEE ., HRAFERGR A
KAk, S FEARI, FIEH S 7T B R AR —
RS TS SN U RS EP S R RS
Kov I FERIAIOR, A S 98 7748 2 22 A SR
SRR, M. BAR. WEAK, TEEEZ R
W IEAMIR, MK RHrHKT0.29, HEANSH
Koo 98 AR SRR RIS, RS AN 58 2 6] 474
EFEHIIEM R

XEAN TR AT A W (0 D e IR 48 A 24T 2
B A R T RPCALRERS S Wi Th e AR
R HI40%-73% (FR2), UK T VTR DhBENEIR
SRR o XA AT SSE YK ThRETEAR
FRPRREAT T 7 A R BL(EIS): 5 —F sy (PCAL)

S0 A 3 g
40 . or
~~ - o a
:E: B2k o
5 bt °
50 820
E o b £
gor -
‘|HE | C + (&Hlo_ |
0} ! o
+
= =
ok + —— ok
40 - 70 -
_ D, E
E . _60F
230 e 550- b
: 0 s
e o g 40+ §
fZO- 8 jm °
= H b 3330‘ -
2 - b 2 |
Lol ! 0 T20r
i ] - =
¥ E;"‘ = T
0_ 1 . O— P
1 1 1 1
ME - RAE 5 Ga A

Sympodial Mixed Monopodial

1o €
§
5 100 - b
an a
': 8 8 o
soldo: o
S 60 °
NN DN B S
g 40
¢ 2 0x (Y m—
E 2 fF T —
Les UL
0ok ° P P
20_Fa °
o
gls-:
: I
- o %10‘ b4 :
' S 3 °
--— B L -+
= " o=l
o\ g —
{ —é_ o=, 1 +
B 5 Mg RE B

Sympodial Mixed Monopodial

Sympodial Mixed Monopodial

El AR TEXBETLEEINHEESFEERES. TRFIRTEREEP <0.05).

Fig. 1 Variations in morphological traits of bamboo plants with different rhizome types. Boxes with different letters differ signifi-

cantly at P < 0.05.
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Fig. 4 Correlations among functional traits of bamboo plants. The horizontal and vertical coordinates represent the values of traits.
*P <0.05, ** P <0.01, *** P < 0.001, ns means no significant difference.
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Table 2 Principal components analysis (PCA) table of functional traits of different types of bamboo plants

N ZE2 % Rhizome type KA Endemic species Hi5¥ZE11 Shooting season ey
ME mE BE R & % = i % Overall
Sympodial Mixed Monopodial Yes No Spring  Summer Autumn Winter
PCALZ TRk ZE 60.75% 46.59%  40.19% 52.01% 55.25% 42.26%  45.58% 49.37% 73.69% 52.56%
PCAL Cumulative
variance
He42 i =R & BAR EEE A e HAE i HAR HiE RIS HAR
&7k fr B Diameter ~ Wall Culm Culm Diameter Culm Diameter ~ Diameter  Internode  Diameter
Top 3 traits and thickness  height height height length
factor loadings g3 1.26 -187 -2.03 1.73 -1.85 164 -1.21 -0.76 221
i HE HRE HEE K HfE FER Fr P FriE
Leaf length Diameter Diameter Diameter Leaf length  Diameter Culm height Culm height Culm height Culm height
-1.87 1.24 -1.79 -2.02 1.65 -1.78 -1.62 -1.18 -0.74 -2.11
i it REILIRS TEEE FE WK K TEEJE HAE B
Culm Culm Internode  Wall Culm Internode Leaf Wall Diameter ~ Wall
height height length thickness  height length length thickness thickness
-1.77 1.22 -1.45 -1.87 1.53 -1.21 -1.48 -1.16 -0.73 -1.95
" /0 SRR BR D AR AT A R AR . AR TR
! D YT HERE R o0 A, — A 2-5 m, SR
WT BONHL, MR BIMBEAT AT DLIRIFE R KD
o O BT D1 : | S WERFE AR, o EREA R ERT S B
2 PrEEJE . AT T R 35/ T ARREA B, T Y R
g 1r F ST N o B2 2 R, b B A B DY REIE IR
& FEXFEL /N o RUNAEDD R B0 L RE 52 2P0 Fh H
721 0 s Sympodi SR S PRI B RO, 4 ] AP
Afgi Mied LW SO, AR AR (GRS, 1997). A HIRFA 1T
* onopodial i o o
SE TS L% R IR T2 KSR A, R R LA B 23 A X 5

PCAL1 (52.56%)

Es SHEMEKEDEERERS . H: 75; D B
5 IL: T9iEHC; WT: MR LL: K LW 3R,

Fig. 5 PCA of functional traits of Chinese bamboo plants. H,
Culm height; D, Diameter; IL, Internode length; WT, Wall
thickness; LL, Leaf length; LW, Leaf width.

TPE 8] W R/NAT DS B A 00 ' i 1 A
DL GBS (R 35 B fE 77 (Milla & Reich, 2007). Y650
FEBRER, M 4R o 2R FE R R . AT REEH T
RAEVTEEA B A N 25, SO B84 A T
I\, VRAE BT AEYIAE AT G T e AR ) R R
ik 2 (Milla & Reich, 2007), 5. T84 47 F0 A=
Yo 5MWAET BTG, JRANT IR R TIE
K, WA RIS, WA TRE
KHE B M ) T HE, AR R, 2 EAEK
BRI S AR B A R T e R R e 42 S i, AT

Bk A (Anderson, 1994), Houd N RS AE —
SERRBRE . HEThREMR SRR B R HE, nrLd
JE I Ty RE MR I 2R R IE B AN A S (Wright et al,
2007). N T HELFHAEAE, YA SHEE Z MR E D
e es BHEAIA K, MIMTE R — RIS 5 L3 B 45
¥, o v A AR B L AR EOR . HEAR
SR AR T T AT 2 P A S5 (R R 4 R 1 T,
2015). S5 EREGFAEE, JEF EREE RO TIREMER
e N I B A I PR, R BRI RR AR
32 PEEMEEMERERIZ MY
AHRFFRIN, A FE DRERET AT S A
RHEE— M E BB TR S . TARAK
FEIT AT AT B R T R KR . R 2
SRR IRl UG AN LS 1N I B C A % S A ]
) AR K (J8 5 4, 1993) o AT i A2 7T A ) B B2 I AT I
fekrz —. EiEXFEAT(Phyllostachys edulis). JEAT
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(P. edulis ‘Pachyloen’)&5 B 78 K B0, FF e 5ATI54E

VIR EARA BRR R, BABUK, Y7 FHBm (8 57 4,

1981). WYTAFETE BT M 3R1S T 2 R s . W
VI AR 2 — B A BRI R T8 E . Y
T G ORI AR L O U SR IR TE 2 (1) e,
B IR TR SO T Fia Bk BRI 28 1 4
K, PG E B (BRATSE, 2010). AAEATHIIH
A AZEZK P07 ) E#GRTE 2 1ok RE, AT D Re
RIS = AR 5o . B2 H A AT R 1y TR
IMES— F IR F 8 EE R . BN ETEHFM
T FENLZ AT CKRRAT, ok, K8
SEREI I B3Ry o ATRHE I AR K IR A
SR o TR S A A R MR T A AR K AN 43 A [
HERREI T, RS R IR T
T B 2 A AN A AR = AR RO 4 5 1 (e
KIEZ, 2010). HEFESIREIEE, 5 HRDAMA XKW
[0, & AT A JE 8] 5 A A, 5]
AR KT R AT, B A T T B AR R AT
Blro BT LAY AT AE 2 BT Al SOGRR R BE o0 2=
ST T RE IR 1 AR S RSO

B G PIF IPCAZ BT R B 7T R EAZ
FF e AT B JEEAE 28 — R R Rl T3 (E B K . UERTE
VIR P TR T, R/ R R B AR
BEEMEM . WA (EFEN G, ) H
GAEKEERBEZEM . WA KR
TR NN BRTE B2 K 43 A 3 T SO T A 4k, kR
R E FERG N B AR 3 K L W) R AR JE 45 (Meinzer
et al, 2011). TreRtEYIR 2w, 779 H DU
FET AR e A R, A R BE JE R S B T A
AR B R R T 3G (2R A SE, 2010; 5K AR,
2017). [RCATSAE A v 7E 1 H 7 M SRR R 2 M BE
Bo A SRS R TTER R BOR . TR
VI A S R TR G R (S0 248, 2018). 1
FARTRBOK P RER R EH G E, Tt 5T AR FEAL
JEREM AR B B AR R L4EMSSE, 2002) I HRR AT
SRR ) %oF A1 0 B 855 11 v P55 O IV R ) FNTE B 4 A
52N B B B8 (E 8 AT T, 2015).

A RE, AR BT REER
GFEEREZER, HEANThREMR 2 W AFE R %
F. VPRMYTEE 7 ERR/NMER(BREER. T
AT EE ) S — EM TR R R K, FEKR
WA AR ) 7E T U7 1A) bk T ol B R K 5 e RN Al

Ko BEEAT PR RISE N, TrotE T e H S
) B AR BE 2 (D RE, AT R/ SR A B REPEIR
AR SR AR, YT SAE KTy R D RE
(ER VNI R i oS I o = e o8 i B SR SN DAY N
R, BRI T AT IAEYIAE KT 5 1A X ' B
AR, ATRAE AT I R A T R R R E M B AR
WD BIRARAL, FE/KFJ7 1 L SRIUE 2 D
RE, LA 5 BT IR A RAN, BE 1 R T RE IR AR
Sto BIAT SAEMILE KT R T BT o) Ex D' B
HIRZE T R WX R R GEEAL A k23 A1 A
H T 22 R R R B A 2R

Bt Rt FAEEERGYEHY EFRAEE K
TR A AT IR B e AT 5 B R AR LA
Heh.
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1 (LR IR 5 B2 0, JeRORER BT Fe A Be, T %R 518055)
2 (IERCRAW T BB B RS R, JERORSESTII L, bRl B SR A I E i, Jbxt 100871)

TR Fod xR BUR I EZL TR, VR A BRUBRAR T 38 70 A AT AR 7 (520 XA 5% B 5 28 T R J A sk
ARMAE TR EE, AT T 4 ER858 A 7 A s M6 A% K 1 Hcdls, A AP0 7 A A6 704 T 4 Bl o5k (98 38
LA AT X % FLAE 20704 (AN R 2 AU 5t (RCP2.6FIRCP8.5) R #4458 K W]: T (e TR &
HAGX, BRI, AFMAFT LM, T HRAT TR G EE T 7RG FiH20705, %
(1038 B0 X ASACAEASF R R [ MG A SEIEAA7AE 225 o FLAARORUE, 1% (1038 B 01 IXUR T AU 2 0l sk
/> B DX A TR X, T v e 8 M DX AR B A DORE 5K, R AT E S BOR 938 B0 A X i bR 8,
HER R E A, BIHGEE gt R 5 2R 38 A DX AR 2 k2> 57.8%-95.8%, 111 H FEL AT H AR (14738 BL 7 Af T AR L
SIIIN2.7%-31.5%. ARARAERFHE & B AT X T, 207 68%0 I [X - 7 5 X0y F AR KE B, PRI AT RE-S 20T
AR TR el PR T B AN B SRR S A AR DR ™ A R

REA AURARL; WA, PR AR, AR B R R HiE

I nfluence of future climate change in suitable habitats of tea in different
countries

Xiaoling Zhang™?, Yichao Li?, Y unyun Wang?, Hongyu Cai?, Hui Zeng®, Zhiheng Wang”

1 School of Urban Planning and Design, Peking University Shenzhen Graduate School, Shenzhen, Guangdong 518055
2 Institute of Ecology and Key Laboratory for Earth Surface Processes of the Ministry of Education, College of Urban
and Environmental Sciences, Peking University, Beijing 100871

Abstract: Tea (Camellia sinensis) is an important crop and is sensitive to climate change. Evaluating the
impact of climate change on tea distribution and production is not only important for the global economy but
also the livelihoods of farmers in many countries. Here we compiled data from 858 global occurrences of C.
sinensis and six climatic variables, and used species distribution model (SDM) to predict the current potential
distribution and possible range shifts in response to climate change in 2070 under Representative
Concentration Pathway 2.6 and 8.5 (RCP2.6 and RCP8.5). The results indicate that the current potential
distribution of teais mainly confined to Asia, Africaand South America, and distribution is limited by mean
temperature of coldest quarter (MTCQ) and precipitation of warmest quarter (PWQ). Under future climate
change scenarios, by 2070 suitable habitat for tea could significantly shrink at low latitudes, but expand at
middle latitudes, leading to a northward shift of the distribution. However, the influence of future climate
change on tea distribution differed across regions. The climatically suitable areas in Argentina, Myanmar,
and Vietnam are projected to decrease by 57.8%-95.8%, whereas those in China and Japan are projected to
increase by 2.7%-31.5%. Moreover, 68% of the new suitable habitat for tea cultivation under future climate
change are predicted to lie within areas of natural vegetation cover. Therefore, the establishment of new tea
gardens in these areas may lead to conflicts between tea cultivation and conservation of natural vegetation
and biodiversity.

Key words:. climate change; tea plantation; species distribution model; biodiversity conservation; land cover
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AR —A A, AEREEARTE, R S
K, HE21004F 4 2R F ¥ SR e FFH1.0-3.7C
(IPCC, 2013). WF5t& M, URAMA B E 70 |
AP P B AN 5 R (Parry et al, 2007; Lobell et al,
2011; Davis et al, 2012), it & 35 s m R AEYI 11 57
fii(Parry et a, 2007). &IREBIE 5T, Rl
FET I EOK 14k % (Schmidhuber & Tubiello, 2007;
Campbell et al, 2016).

Z%(Camellia sinensis) /& 7t b B Z A G E
)2 —(Mondal et a, 2004; Chen & Chen, 2012), %%
YORHIAT FE AR T 7K (Chen & Zhou, 2005). %%
ST AR SRR, YR T A [ T R —E R R AR
T, E i R ) R KB (Carr, 1972), Tz
I3 AR B RS T 48/ E X AL X (FAOSTAT, 2016).
M49° N (5 7522)%230° S (R IE), MifEFm 20k
2,700 miy = L, MHE ISR BRI RGT, S55
A 4y #i (Owuor et a, 2010). RIS EHE & 540
HLAUFAO)Giit, 20165 4 BRA% (R I A 634 1
ONUR, APk 31837 Ji i (FAOSTAT, 2016).

F IR AR R A5 AR A B BURR (1 A /E 9 2 — (Ochi-
eng et al, 2016). i E FK > S5 SAE KA AR, 5
M5 2SI P2 A SO R AT JR) (3 77 38 2, 1993;
4 E R, 2014; Ochieng et al, 2016; Nowogrodzki,
2019). HAFRIBKT-10CH, ZMOEICEAFTE;
T 24 B 255 BB 30°C I, AR T 254 (1 4 K
(Han et al, 2018). DuncanZs(2016) & 81 24 H “F-HJik.
JEHBIL26.6°CHY, A5 &4 T P . Ahmed%(2014)
RIAEKZERE KB Z, FM - il EE0 R
BB LA BRI 9t 22 B AR S AR AR A 0] 2R 17
R R, DL DA 2 i 5B B A 0
FIAE P38 77 (Wijeratne et al, 2007; Nemec-Boehm et
al, 2014; 4 &R, 2014, 2016). SRIMEZ W,
R e A2 A ERVE B )RR B, A Rk A 224k
X} 2% R 43 AT DK = AR B RE R, AT AR .
PEAG SRS 5 A g2, A BT Ak X adE T
A B AR 2% ) 0K DA SE G b 7 S AR SR A AR Ak R
[RIREMR . BEAR, UTHEAER, H T AR PO I A R 1
ZEUFRLER, VF 2 AR AR AR T o B2 4% 4 ol [l
XA GAE o E R R W X IS A R (L et dl,
2012), RRAAFAAIHE A0 X PIREA, A& T2
Rl 25 B8 o A el A 1 SR A A DL R AR ) 2 RE R R 2
Vi) () 7 & AR A 5

FEVFAN S AR AR AL X P A o3 A B SIS, PR oy
A WAL R — AR A R T H (Pearson & Dawson,
2003). ‘BHE TR IAT S5 A AR B (AR ) [A] () 5%
&, TR A [ 3 5815 5 N B4 Fh 23 A (Aradjo &
Peterson, 2012). IT4EK, Pt or A RLAE TR A
AT ARAED(Cann e . 2 . R R] ) 23 AT ) 5 e
RS2 7Tz W (Davis et al, 2012; Hannah et al,
2013; Ovalle-Rivera et al, 2015; Schroth et al, 2016).
] b #Aats A Mk A0y (CLAT) 5 1) FH 90 b 0 A 4 78S
PR T AR AR AL X 8 AT S Tk S 45 5 A X 11
S (Eitzinger et al, 2011a, b), {H&SMEAR LT 4
BRI Bl ) 255 23 (1) 820 v AN B AR

FET I, AW TN i F AR A o0 A Hdis A0 f
AR, I R AP ALY, PR R SR AR
AR A BRIV AR 18 B o0 A X 20, AP
FEMb ) P RR S8 I J AN RN SR B LRI S
HARGLHE: (1) 0000 B AE 255 3d B 73 A X R HAE AR SR
(~20704F) 122 4k,; (2) 7 B AR Sk S AR b0 2 E 5K
A BT X ()P AR K e d B A X
A5 B Fh T 55 R R 2 TR P i o

1 BERIRSRAE

11 EDHEE

AN T &/ 3 el R ES @ N e
£ (http://www.nsii.org.cn) Fl 4= Bk 4E ) 2 FE A5 B
28 B 45 P (https://www.gbif.org/), R{-H BH &%
FEALRRI A IE T o IR AS 70 A pi A T B A1ME
AEIRAS (B 46 N A RE 4% Il F0 BT A 4 A1), FRATIE—
WX A e SR AL BLAE B AR, 2B T oM TR
=L YRR e . R, N RIEEE
BREI— Bk, AR LR 2% 40 A0 AR bR B AL R
2.5 [FIMIEAS, A B L AN A A 0. B2, 15
B4 A T- 294 E X A [X (118581~ 45 43 A1 HI I
(G4 P AL LB S 1) F TR i Rh o A A 2

7858/ 745 73 AT s 2 H A T [, PR FRATT
PR T 3Kl B 43 A3 R 3 20 PR S 2 0 4 il
G o FRATTBEATLA EL — A T B (0 2% 43 A s
Wi, b AT E 2 AR, ORI A A
Ha, REUFEFRER) B A 45 RS
BH, SR FH P20 AT 50 1) B o 20 A A5 2R S0 )
SERBEHEZER, MUGSRA TR T E5EEEN
R HEAT 7347 (5% 2) o
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12 IETE
121 IRSME

AR A R R R T SR BRI
(http://www.worldclim.org/), #R2 4 1960-19904F )<,

(WL EE i E AR 1, LR E 19N EY R R,

PR N2E x 25 N T IHBRM A & A 32
P, FATIHE T AR AZ 5 2 8] ¥ Pearsontl 5% £ 4L,
FEHE AR 2 AT I % (Dormann et al, 2013). 24747
AKX RE > 08I (F3), HH R4,
FEARAE AT 7 N A B 2 5 i AR K
FE YRR — K & (Carr, 1972; Han et al, 2018).
I 2O e EY R RAR R, B H R E
(mean diurnal temperature range, MDTR). % H i
717 (max temperature of warmest month, MTWM).
/22 F 1) (mean temperature of coldest quarter,
MTCQ). T H %7K & (precipitation of driest month,
PDM). [%7K 75 (precipitation seasonality, PS)fll
i W 2= [% 7K & (precipitation of warmest quarter,
PWQ). IXLEAR &k | AW AR G BT e 22 1 el FEE A
IK G325 A, o rb B R e v il R B v 21 25 i e
T AR R MR B R IR
122 *i%EpH

WL, AW iE B A KAERR M 4% (Han et
al, 2018), DXL IRATTANER 5 [EIRR Fr Bz A b 25 2R oA
(http://www.fao.org) T % 1t 5 13 £ = (HWSD),
MR 23 B2 307 1) 3 pH B o FH OSUZR 1 Y
#5172 (bilinear) K - 138 pH & 5 =587 RAE v 7 HE %2 2.5
(A HtE, 5 B DR B o3 A 580 1) 7
ULEC, H T @R i, 120 k3, +
HEpHE B pr A AR & rp i B M R0 (R ), MU 48
73 M AR F 64> A A2 5 FH T 40 Aol A A TR A 4

RL MMRRTENTHEEN
Tablel Meanimportance of seven environmental variables

A PR E B

Environmental variables Mean
importance

F/AZF i Mean temperature of coldest quarter  0.36

RAEZ %K Precipitation of warmest quarter 0.27

Rk Z=75 1 Precipitation seasonality 0.09

IS HBZ Mean diurnal temperature range 0.06

B H B i Max temperature of warmest month 0.04

& H /K& Precipitation of driest month 0.03
+ IR Soil pH 0.00

123 KREKKE

A Sk S A H W A RE SRR Tt S S0 S
(nttp://www.worldclim.org/) . IPCCZf HIXPEAL R 2
KH T A F KA B AL (General Circulation
Models, GCM ) B AUl AN ] 28 57 Fi e ARk J 15 35t 1 10
KRRAUE(IPCC, 2013). AHF Fiik H [ GCM 2 & T
o E B KA LA E R g, BPBCC-
CSM1-1. A PEREREE, REMS T I 5 4
(R ZE T ARRFAE, 6 5 2 37 9 2% X B AR 3 A
TR BT IAERLRE 71(Wu et al, 2014). WiH{EN
I I R IR IX, X 25 (77 B 5 TR A (M 5
il (Nemec-Boehm et al, 2014). A KA EdE 454
Bl SRS 5, AR SR P 1 IR B 2% 4% (representative
concentration pathways, RCPs)> k& 7R~, MK R &4
%I HJRCP2.6. RCP4.5. RCP6.0FIRCP8.5, A~[A]f%L
{8 375 21004F AR X T 17504 48 5 e i 28k . ASHiF
7 1% $ 2070 4F (2061-2080 4F *F- ) T K RCP2.6 il
RCP8.5:1x 1 A % A i 1) S i 15 5% - RCP2.6:2 AR K
IAECOL I 17 5, Ho % S 98 48 7E 20102020 4F [A] 1%
PR3 WM {8, SR )5 TR, R BT
0.3-1.7°C; RCP8.51E stR A — H IR =L CO,
HE, 21004 HAR i 50 14 $18.5 W/im?, iR -
F+#12.6-4.8°C (IPCC, 2013).
13 THEEHIE

A2 BR - 17 55 A Sk R T BRI A R AT O
=[] o7 FH BJF 9 T (1) 20004 4= BR - Hb 78 75 205 7 b
GL C2000 (Bartholome & Belward, 2005), 73# %A
1 km, ELF523F0 L1 55 K . AT L E B4 46
K, BRI AR, T, B, BHH
FoAh (P 5% 4)
14 PFhyHIERRIFN A

I 2 0 AT B A B AR B ERIE 5 (R Core
Team, 2017) ] biomod2#% 7 £4 (Thuiller et al, 2009)
Py oy At 7Y . Biomod2/& H #iH FH 4 Fh 4y
MR &, AfDIRES 2 AR S5 R, 32 & Tl
(HERR 2 . A F0 R FH IR o A A B SRV E LA
7 X AR T (generalized linear model, GLM; Mc-

Cullagh & Nelder, 1989). Bl LA M1 (random forest,

RF; Liaw & Wiener, 2002)F1 & K J# 45 (maximum
entropy model, MaxEnt; Phillips et a, 2006), =fh%
T2 508 B ¥R H biomod2 6L A i R AE -

AW 5 R 5 ) 43 A BUE 2 A (presence), /b

RS
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“T5" (absence, 1R MEAGHHIREN), 1H&3MBEAL 2
O TE e . Rk, RATTBENLAE B By
76 73 Aii (pseudo-absence) # s, & B 4E L&A
10,000 £ I5” 43 A7 15 (Barbet-Massin et al, 2012),
M A" 3 AT R B 58 52 1) presence-absence /) Afi
Bl 5 58 B R 53 A A BE AL 23 E) R 5 4,
T0% 1] 73 A1 F s A Sk 222 1 (training), 30% 1) 44 H
RPN AT ) R B (evaluating), F+ HEES5K. #T
biomod2r (¥4 77 iETHE T RN BN R A
Wi YRR . g, S RO E R TR IR AR AT
AR IR AE BTN (22 Tiiil); Hok, A AR
SR FFEAT B B, I B RS IR E AR S AR
HE WP, &, vHE S5 0 B i
W2 18] ) PearsonAf ¢ F 4k, e MPRIEAR & (1) 51 E
9 MBI EE S0l 42 v i 45 ) Pearson il 5% 5 H i F
YMEZ WP ZAA . B =AW Fp o A i 2 15 21 (1)
A B B AT, VRS R T E
N T 7o PR EdE, 5 K F 100%00) 24 F ok 2
RERIF, ek 36 Mk o A AR

1§ Flpartial ROC (receiver operating character-
istic; Peterson et al, 2008)f1TSS (True skill statistics;
Allouche et al, 2006)ixX P FH 7 1R PR AR AL 1)
FI . M HAEGHKIROCT V%, pPROCH 1& | 1Bt i
(omission error) f1ic K 5 % (commission error) A~~F
7 )R, IR 45 T B A R 5 22 (MR (Peterson et
a, 2008; ZHkF-5&, 2017), wf LLBE A 3 Hb P Al 5
A, pROCKFIAUCELZ(AUC ratio) K iPfili B 1)
TRINEE 77, MAUCELZR > 1A}, i B4 B Fim) 4 51
FBENL; MAUCHLER < I, 5 B AR 2R F0 25 5
B, AUCHEEIITHEEMRIES (R Core Team,
2017) 2 1) kuenm” £ 7 ] kuenm_proci% £ (Cobos et
a, 2019).

FARH, FA1¥% B 5%Fomission error (E = 5%),

it /L34 HUS0%fH) -1 £ 5 (evaluating data), Jf H. =
522001k, BCFEMEE A ZERAUCHE R .. TSS2
BTG E, HHE AR NTSS= R E
(sensitivity) + 4% 5% & (specificity) — 1. H A R % 2
SEBRA o AT LA TN AT 20 A MRS, 5 5 P A K
B = J6 43 A EL# IE 66 3000 R TE 43 AR KA 2R . TSSHY
A T-1R12 8], 4TSS > 0, i HIRAL T BEML;
HTSS > 0.5 A\ NE AR K 4T (Allouche et a,
2006). A T I/INRIZE KRR S BN AT e, 7

_MW A A, HAFAUCHE > 12H
TSS > 0.5 AL Fil 25 2= 4k H K 2 5 i A
B4R i (ensemble) . 7EEAT R ALEE i), LA36AM R Y
[T SSIE AL E N BT A 158 ) & SR A3 . A
LRI RN T o1 M FIMEZE, K MaxTSS
N e (Gallien et al, 2010), ¥ HHE4L A 5(0,1) 7
fio BARITEN, HARNLA KA T 012 A5
202 B A 22 H A, IBROFA L, 6T 2001 E (1
0.004975, 0.00995, ---+- , 0.99502); FLkLLix200
N BIAE, A R B Tl &5 SR % ¥ i A3 J2(0,1) 7
A 55 SEBRLIN R P R o3 A A2 BORVE FE R, TR
—ANEME FITSS, MTSSik R i KA, % B {E %
KH o
15 HiESH

R HERIE E AT XA, FRATEAT 5%
AR SR e . %18 B 40T X A AR SR I 5t
2 18 B AT X IR A S G B A X T . i
I3 X AR 2> N = FORES R A7 (stable), RIIR
TERASKERA 7347, W4 (contraction), BPILTER 7
i, MAREA; ¥ ik (expansion), RIELLEEA 434,
MARA . Msh, TG RREBE TS
A B 3 B A A X TAR 284k, 3R 27755
] )3 B 2 AT DX AR AR A, 42 93 X A2 A ) THI AR
BEATHET, 106 B3 A DX T AR Jak 2 FTHG n i 22 1) 4510
MEZK. &G, N T IR A X KA %
b - 7 R SRR E S (W LU, K PO A SRR S
AT S E R REN L E R A EE S, i
AR M 25 3 R0 A X R & B b S 5 2R A P 5
ERTR

PLE T #ER 3.4.2 (R Core Team, 2017)#!
ArcGIS10.2 (ESRI Inc., Redlands, CA, USA)H1 58 i

2 4R

21 EREENHERIMETENEEM

TESMAI ) GLMIAUCEL R (1 £ Fx
1 %) 41.98 + 0.05, RFA41.97 + 0.01, MaxEnt 1.96
+ 0.02; RF{TSS0.93 + 0.03, GLM 30.90 + 0.02,
MaxEnt>#0.89 + 0.02. FT A 18 (JAUCLL Z38) K T
1.9, TSS¥KT-0.85, UMY RINL R LT, HetEah il
MR )53 AT o

FEON KR 7 H, d 7% 25 2o il A e g 2=
IKER A AT TT R oKk, 35 B 2 5373 9 0.36
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M0.27 (K1) BEAKZFTTIIE. PR B ZE . &k
At 5T H BEKEXS A A R oT ik, AR
NTF0.1e ANFFPEAL AU PR 7X6 2 20A7 FE )
Wi 7 fH 24 A7 7 5, B KRS 7R A BE AL AR MRS Y )
R EARUEL) . BT TR TOCRE, 2R
FAAERER AR, BB RIS, ROFAEMRR
HARTE, MR TA13CTHR, RIEAE
WEARSOGRGE TR (B 1) BEHLARMRAN S IR AL )
ZEREIR, HEiRTERKEN0-500 mmitf, k47
FEMERRIN(< 0.5), MR Z=F#/KE R T-500 mmitt,
RIFAEMERIZIL T L, T SCERVERE R (1 F000 45 2R
YU 8% 71 I A e 2= P /K B AR 4K, SR A AE R AR
ey HAAE BN (E 1) .
22 HEEESHXERKEESHXAEL
IR Y SE B 79 A 135 TI0I B BAE 5 AL 3 L0 A
XA S (K2) 0 7R IRISE B 0 AT AIE .38 L 347 #
FEARRTET . FEPNAI RIS . o o5 4K
2, ORETRE. B, EESESERKE, £
UM, EEARRGE. &5, JEHNILE+

THRIE. BFiE. SAIEEEER(E2). b, 4
FERIEEN, CFEEE R AN ER RS, Bl
(PRI U 2 5 b X AR A5 1038 B A7 X (K12) o
RRANEBT, A FHLIX 2558 B A6 X AR
WA=, K&t XA AR WIE 5, A
B X P A% 3 B 23 A X 2 HR I sk B 4 /N (K13)
BAASKE, /ERCP2.6FIRCP85IEH T, & K#
HDXATS R0 B A 0 A, ZRIEARES . AESR NN
IR 25538 B A A X 3 ) Ak 5K; 1 AR I
RSP AR PN T I 1 2% 3 B A DX 4 /s (1
3). ARIAEE TN, A& E AR XA BAFAE
% 5. RCP2.61E 5 T, 4 M B 4 A 1 AL s />
9.5%; RCP8.51 & T, ##ik/1>16.9%; ik b 5 ik
DIEH(ER2).
23 FEFRERRREESHXALTL
AFEARRAGEE R T SFEERENRER
I3 X ARk 72 SR, B 22 [ 5K B 4 3 40 A X T
b (#3). RCP2.61E 5 ~, RA HH ., HA,
rh ] = A B S 2 0d B A A T AR 2 3G, 4300 3

1.00 ¢ r -
a b c
0.75 | r
0.50 | r
g
1
E 025t -
3
G4
o
R . . . R i . . .
% 5 10 15 20 0 10 20 30 40 50 -50 =25 0 25
2 WIS BB B A BRR BRE TR
& Mean diurnal temperature range (‘C) Max temperature of warmest month ("C)  Mean temperature of coldest quarter ("C)
% 1.00 - -
% e f
&
0.75 |
0.50 |
025
0 L 1 1 1 1 1 1 1 1 1 1 i 1 1 1
0 100 200 300 0 50 100 150 200 250 O 1000 2000
BT ARKE Rk ZT RIEZREKE

Precipitation of driest month (mm)

Precipitation seasonality (mm)

Precipitation of warmest quarter (mm)

—— | LR A Generalized linear model —2— KA %! Maximum entropy model —=— FEHLZiHKk Random forest

E1l 6MSIRE SRS HhZ
Fig. 1 Response curves of six climate variables
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® 25434 &5 Occurrence ’L - .
m BFE¥AE A X Current potential distribution

E2 ATMoHREAENZR S = FUN I ZB 7 o5 (H F B kIR Thttps. //www.natur al ear thdata.com/down
loads/50m-physical-vector &)
Fig. 2 Teaoccurrence points used for constructing species distribution model and the predicted current potential distribution of tea

RCP2.6 - R -
. k
A : .
m X% Contraction \' ' : 4 : o i
m §75K Expansion 4 ? B .
BUEAFLE Stable [
M ‘*ﬁf*i,f,?s T T'; . - R . — o
¥ oy ,
4 Y
. [ |
.
m (4 Contraction Y
m ¥7K Expansion . - 7y
RUEFEAE Stable (. :
A ia , B 1%; :‘a_
5 A
™ %
Y LA
k&]‘#' >, /)

E3 FME2070EARSIEIFR TRIEE S % X I (Tt F 0 E SR Fhttps://www.natur alear thdata.com/downl oads/50m
-physical-vectors/)
Fig. 3 Predicted suitable range shifts of tea by 2070s under different climate scenarios
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R2 FUM070FEARISUERERTHREE D B XK (%)
Table 2 Predicted suitable area changes of tea (%) for the
2070s

AEER RS RRII X EE AT AR AR
Scenarios Gain Loss Net changesin suitable

area
RCP2.6 9.1 18.6 -9.5
RCP8.5 14.2 311 -16.9

23.7%. 10.0%. 2.7%; HAR7ANE KI5 B oA
U259, Frpl PR 4. R ek
/94.6%. 75.7%. 57.8% (#3). RCP85I%EH T, 4
L H A A IE B A A AR 43 3 N 5.2% 1
31.5%4h, FHRAE. 4ifm. e, tHHESEZFEH
3 A TR N 2 K g sk 2D, L sk 2D 1 Bl A 2 v T
RCP2.61% 5 T [ P M (3£ 3) »

ARSI R, 3908 54 A AR > e %
10 E KA A —5, EEREPG ., g, BRI
W\ FEAE s . 7 AR (Kl49) . AHL RCP2.6
1 5, RCP8.51E F I #-NE FK I A% 1E B /3 A [X 2 sk
ST Z R IR B P RCPS.51/ SR/ 1 3d B 49 A1 T
FUNRCP2.617% 5t 113 314 (K14, FH3K%5, 6). (HZ, X
SR SR SERR P A AT BRI 22 57« fERCP8.51HE
SO, EPE. 4. SRR 3E oA TR A3 ek
/1>397,670 km?. 138,656 km?F1125,462 km?, {H & &
I 120164F 7™ % 253 7 9447 t. 102,404 tAI10 t.

FRAMFRASACTR, 03 B4 A AR B I 2 1
ExFERPE. MR, HA, B, EES
(Kl4b). #LLRCP2.61% 5, RCP8.51E 5t N & ANE X
ST 23 A T AR BB 2 (&1 4b, IS5, 6). Herfr, tE

R3 REKAERRFRTEESRERNEESHEXEREN

MHARBHarUCA A= 2 E K, mHRmes
Ez, planmsk. EE. B, SmESHIe=
(I35, 6). EETEAFMAMEE =T REE D
i X (38 A B oK TERCP2.61% 5t F 2% 1d B 43 A T A
2 4 11145,860 km?, 1fii RCP8.5 1115 5 T M 2 ik 2>
72,289 km?.
24 RRIFEEEDHXAIKIE

RCP2.6 MIRCP8.51% 5t T, A EK U [l 4 4 77 il
14 9.190F1 14. 2% 20 B 40 A X, (HILA 70 A6 X
B> T 2 18.6%M131.1% (F2). X LI 1) iE B
I3ARIX E AT AR B AR (%4). #£RCP2.6
5N, 7 46.9% 8 H3E B A0 X AL T ARk, H
U, (520.0%; %ith15.9% (#4). /£ RCP8.51% 5t
T, AR5 B B /N T RCP2.61% 5t, H41.5%;
HUGRE L, 1719.4%; #HH 5 16.4% (£4).

AR UM FH 4 B 5 73 A K A A Al o A 45 7
TR T AR5 A9 7538 B0 AT X L HAE R OR 22
o SPREBY], RELDNKMBFEEI X, E
FRPRAET M ARPIATRG M, TR Z 1 2 AN
HFEFRKET ST RN RRIEE G X
BACAEA R ARG 5 AR ASFE
FFEZES . AR T, KEE KK %
WEE A XI5/, B L E X RO T
Tl B B KGN T 23 A X 3G, (BRI i
37 X P 2947 68% X 8 1) i A7 L 3 78 5 SR AR
PRy AR R M AE FARME R, DR SR R AR 1

Table3 Changes of suitable areain major tea-producing countries under different future climate scenarios

% I3 B AR X & HL AT AR AR I& 437 T AR AR L 451 FAE (20164F)
Countries Current suitablearea  Changes in suitable area (km?) Changes in suitable area (%) Production (t)
(k) RCP2.6 RCP8.5 RCP2.6 RCP8.5

Hi[E China 2,607,924 69,384 135,088 2.7 52 2,414,802
ENE India 315,323 -9,241 -25,162 -2.9 -80 1,252,174

HET Kenya 17,994 —4,470 5,834 248 -324 473,000
HrE 22 Sri Lanka 9,356 232 3,323 25 -355 349,308
+HH Turkey 2,765 654 -1,619 237 —-58.6 243,000
#F Vietnam 75,599 —43,657 -55,005 -57.8 -72.8 240,000
ENEJEPE Indonesia 260,214 31,551 -94,931 121 -36.5 144,015
4its) Myanmar 38,221 —28,938 —35,895 —75.7 -93.9 102,404
Fi[fR%E Argentina 32,876 31,085 -31,503 -94.6 -95.8 89,609
HZ Japan 279,395 27,910 87,979 10.0 315 80,200
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a | 3152 Tanzania
| ZHEHL Venezuela
m RGPS5 ] 5 Laos
' | WKFIE. Australia
| 4fifa) Myanmar
| B7EF Mexico
| FfihiE Bangladesh
| #§dE South Africa
| FF4ET. Bolivia
| E£74 Brazil
ILIRINETin Madagascar
ZNEGHL Venezuela
#4i Laos
ZE[H United States
5 J$i [ Bangladesh
EffE JEPi T, Indonesia
2274 BF Mexico
BF4ET. Bolivia
4fif5) Myanmar
L 1 E@ Brazil
—45 —40 =35 =30 -25 —20 -15 -10 -5 0
TR Area (x10* km?)
b H## North Korea
f8H Germany
¥ [H United Kingdom RCP2.6
B Norway W RCPS.S
B A Austria
HZs Japan
HP82% New Zealand
ZE[H United States
fil& K Canada
F & China
%% Wr Russia
## Chile
F/R 2% Treland
HA#% North Korea
H[H United Kingdom

Rk Norway
HPE 2% New Zealand

HZs Japan

v :,_
1 E China ] ]

0 2 4 6

8 10 12 14 16
T Area (x10¢ km?)

B4 RREETUT, FEEIHXEARTURZHEI0NER. (QEESHXERED; (0)EESHXEIREM.
Fig. 4 Top ten countries with the largest changes in suitable area for tea under different future climate scenarios. (a) Loss suitable

area; (b) Gain suitable area.

R4 TRIRKRSFERTHERZEE S HXAIKIR
Table 4 The source of newly suitable areas for tea cultivation
under different future climate scenarios

b A I B 23 X AR

Land cover Source of newly suitable areas (%)
RCP2.6 RCP8.5

R Forest 46.9 415

AR Shrub 5.4 8.0

Hiih Grasdand 15.9 19.4

Bt Farmland 20.0 16.4

A Urban 05 0.3

HAth Others 11.2 14.4

NIRRT RE 2 5 B AR E R K A 2
PEGRI P2 AR R . BRI &, RRAEEREINIE B 5
i X200 1, HRCP8S5TE 5 T 7% 19 4= Kok bk
RCP2.61# 5t lfs 55 K 8k ik o
31 EWMESTHEERTF

WA MR, 7% 221 38 da AN f5e R 2= 7K
T PRI S 0 AR I e BRI T, AR H s
Fide T H BEKEX 3 AT s W . IR
PR DA R . oW (1) 0 27 A e - 55
i 2 (De Costa et a, 2007). PMERIHFFRINN, T
T, AT BT o <R, &
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SRS [ it P KB T P 0 B P A 22 5, LI M i
IGIR BEAR T —10°C I, W T 477 (B A4 0%, 1981,
Han et al, 2018) . 3 T o0 A B R Bl o, 7
RAZTHERTOCH, RNESERK, X5
ARG PR AR 2 — 8. AREFTORIL, K
S Hh R 26 R X I A IE AR X Ik, anHp
FAEAFIACES . g K LSRRI X o 31X 7] e A2 EH
T ARG AN et BT A KR, AMTE &
FMHRRE . R A KIE T EE SRR, M
IR 2 [ /K B 2500 mmk f4 7K Z= 45 14 K T 1008,
FAF T Z 142 K . Edens (1965) Ay R Iy 3
M HAERE K B 2 /0 T 31,150 mm, 1 HE A
(350 W, kD 0 Bk B2 Ay Be AN LA R 28
R BB K, B RMIERTE . GO,
B2 v il AN 5 2 R B B A 7 X R
K H ZE B0 T (Larson, 2015) . [ R #4 4lb boo
(CIAT) IR AR B, SRS 15 JE WA S T8 2%
I3 AT X P PR A B 1 5 e R S [ Rt — 2
e ZE B /K B 3G N RT DAAR R 67901 4% 43 A i B 1%
Hhn, WEE M TR R TR RN TR
S (Eitzinger et a, 2011a, b).
FWHAEKIE S ZEE . L3, COREM
I N ) B (35 7730, 1981; Han et al, 2018). LAfE
WFFER A, ZSAE B 0 A 7R IR 1 -8 H (Han et al,
2018), {HAHFFT RN, pHAE KRS Ja ot T 451
I A TTERIR /N 20U, Yan® (2017) tH % 1 4 3% [A]
T T K R SR b X A& BB R A A (1 R e AR ) (<
0.05). IXHJHER T IE R REJEH |, Sgxt 7
[ 43 AT 1A S R 32 vy T 3 pH, i = 3 IR R
FH AT A 32 EARILAE BN SR 3 B b anfapps 35
DR 7 5 W P o AT A 8L B G b 4 AT — A A
A A A A 2 AR T U 2 AT R R 0 U
A5 3 (Chang & Brattlof, 2015), MM 520 2% () 7~ & Al
M, B2 S AW AT (Ahmed et al, 2014;
Mukhopadhyay & Mondal, 2017). Imbach(2017)
NSRS AN £ 308 e 38 B R % K ) A Ak B 2
SR oA, I B AT L@ R A A R
(143 43 A 7 [5)22 5 P PR ) AT, A i 3 42 %
AR T AT e AR . PRI, B U
ify ML T A Sk A A A 0 A0 20 A X [ R, 38 77
BH A OCE R, Bl AR SRR R B2
FEINE A E R A, R E R A XK.

32 RREBEUMFELREEESHXME
M K% Rz 35 ke B

FEARRAELAE ST, FERE K E,
BN RS Y ER VS S N1 0 S PSS = 1 o
HHHRRIE T MY 5K, WP E, HA%
E 2R A P IE AR R 238, TERR G e
A RMFESR T H A 5 2558 5 43 A X
HIAFEFR B Bk . BTARAE . Jif). M. He
W55 B KRR IE A X, B 2070 4F 22 g b
24.8%-95.8%0 /N5 . 1K L [E] 52 1 4% 4 ol A el 22 H DA
AN NECH FKEE N AL, B0 JE RN P 1 60%
(Han et al, 2018), TfiixLe/ N F %A fig 1 RS A
Ao R PR PRS2, DR L S A AR A A R
BRERE, BURIZ 52 UATT DR, —J7TH, B
I 5 EERA AU, MLER R BR T A58 A S
BREEFH & TFINR] COM BE T i 55 7 TH 6 A b
[RRZmR, B ACFIRE & B8 i 5 AN i R
—J5 T, BUM B S R ARAT SR AR, K
JERTRFEL A A, Bl 2R PTG AN E &R E
FIHLIX, SR ALAIE WS TEY, R Z ok
e AYR /N R o

Uhah, EEL AR, MR FEE A E
FWHARIBEE X, FFHmER WL %
] (1 25538 B A X TE AR SR KEd k. fE At
HOKERSEE, #% BIAM KO REEE
AR, OIReHE FiE . (YR A
R L2 R IR FE A B K S S R -, g AR
AHEAEH (A3 ) A9 B R R, A @i
ff)53 i [X (Pineda & Lobo, 2009). [k, % T hn%
Ky W 2 H X B A R mIE R E R, AR
FW AT IR T EE Z RN AR . &5,
DI i I 7 0 A S e VN B BV TR AR
PRI/, TR BT IE E AR XBOR, (EAEAR K
ARG R & B A X 24N, BRI 2%
P b AR X 5 47 T I AE R0 A RS R 3E B [ b X
I SRR R 52 o
33 HRETUTHE~IMARSEMZHMERP
FOREEN

BRI T A RS B AR K,
TTREHMMX, FEER TR, "TReSNE
WA R T B, AU KR SEMZ T
DRI G o FRATHIBIE TR, EAR R 11

s
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B A X, B B R /78 R AR A R AR
WRAE AR I . BIINRCPR.615 5H T, ARSI 1 (13
B, SRk EH AR 5 HNAT%, 110k H
BT AR X A 20%. 1 H., A ARARHE T RE 2%
3 B4 X ) R 1L X A5 B (Eitzinger et al, 2011),
1Ml X 38 A 2 HE M N R B B A S R
BETRE L, Zor A X nl AR kR S B AR A
Bi, WA B, 54 R4
M. Al SRS IE AT SN R 7 £ (K
P T BRI R HEE, < IRk K BEIR R A o BRI,
TE N SR AR N F AR AN P ) e i, 75 2
LT R e 5 M2 R R I HbR, KR
ARESE B F R =, AR AT A b I

4 LELMRE

AHEFEA Bl AR ER 1 A BRI T
fE 38 | 40 A X, IF H iUl 17 2070 4 RCP2.6 #il
RCP8.5SHFI IG5t T, Zei 75 1E B /A7 X A2 4L,
TGl SRR, S 2= 5 AN e e 2= [ /K B 2 PR
il 2 oA B B BRI 7, R FE A ARETM . JE
WA SED . ok b, RS T AT RS
HoAAIX 24a/, BB E . difa. B, &e
A5 5K T — 2 [ S5 a0 A R H AR R SR R IS
B AT X 2238 K, RT3 O o0 18 o A XA T
AR, F b i) R R ] R A B SRR S B 2
PEORI =40 &, FRESREN. ARMERE
FEMVAE RS SR AR AT, 75 R AN [ () LT 55 s
FHH B X A Z PR S, R T RS A Fh
=k

Boft: AL R R FRAASFAAILAY Nawal
Shrestha th - AL F 5 IR FR B EZFHEIL.
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Appendix 1  The coordinate of tea occurrence in the present paper
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Appendix 2 Predicted suitability of tea distribution using different tea occurrence data under current and different future climate
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Appendix 3 Pearson correlation coefficient matrix between environmental variables
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Appendix 4 Reclassification of the land cover types based on GLC2000
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Appendix 5 Top ten countries with the largest changes in suitable area for tea under the climate scenarios of RCP2.6

http://www.bi odiversity-science.net/fil eup/PDF/2019085-5.pdf

M6 RCPS8SIERTEESNHXEARLMEMERZHII0TMER
Appendix 6 Top ten countries with the largest changesin suitable area for tea under the climate scenarios of RCP8.5

http://www.bi odiversity-science.net/fil eup/PDF/2019085-6.pdf




TRREY, AJNHE, E25E, ST, WM, FERE. RRAUEARMKA R B K A& T X psgm. B2
FEPE, 2019, 27(6): 595-606.
http://www.biodiversity-science.net/CN/10.17520/biods.2019085

(a) (d)

Suitability Suitability
WEEHE NN
g 0.95 g 0.96
0 0
(b) (e)
Suitability Suitability
NN 1 FLRE
g 0.95 g 095
0 0
(c) 4]
S.“ri_lﬁ‘bi,.l,:ily Suitability
I i
g 0.94 p 0.96
0 0

ME2 FARESHEBEFNAIIMAIRRKRCP26FIRCPSSIFER TEKENHHEEE . E(a). (b)F(c)
RH AL P HEIBANAMAE. RCP2.6MRCPESIERTESMIEEE,; E(d). (e)FA(f)ZHEH KM
PE—FEIES HEBEFRNAIE. RCP2.6FRCPSSIERETENHEEE -

Appendix 2 Predicted suitability of tea distribution using different tea occurrence data under current and different
future climate scenarios (RCP2.6 and RCP8.5). (a), (b), and (c) Predicted suitability using all tea occurrence data
under current and two future climate scenarios (RCP2.6 and RCP8.5); (d), (), and (f) Predicted suitability using
half of tea occurrence data in China under current and two future climate scenarios (RCP2.6 and RCP8.5).
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MiE3 IMBETT = AYPearsontl & REGEE

Appendix 3 Pearson correlation coefficient matrix between environmental variables

MTCQ  PWQ PS MDTR  MTWM PDM Soil pH
MTCQ 1
PWQ 071 1
PS 043 0.79 1
MDTR 0.37 0.14 0.12 1
MTWM 051 043 0.32 052 1
PDM 0.20 0.02 0.26 0.56 0.10 1
Soil pH 0.37 0.28 0076  0.33 0.22 0.39 1

MTCQ: A Z i, PWQ: IIETERK &, PS: FR/KZETiTE; MTDR: ~FE H# %, MTWM: #:15 H fmii; PDM: 1 Bk &

Soil pH: TR HHIY .

MTCQ, Mean temperature of coldest quarter; PWQ, Precipitation of warmest quarter; PS, Precipitation seasonality; MDTR, Mean

diurnal temperature range; MTWM, Max temperature of warmest month; PDM, Precipitation of driest month.
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MiFE4 HEFGLC2000LithE = LB MEH %
Appendix 4 Reclassification of land cover types based on GLC2000

NNES/EZ

i G

Land cover

HFT

Reclassification

IR, W, W% Tree cover, broadleaved, evergreen

M R, W, 3%, AR Tree cover, broadleaved, deciduous, closed
MR, W, 3%, BB Tree cover, broadleaved, deciduous, open
A R, 4, % 4E Tree cover, needle-leaved, evergreen

M R, 4, 7% Tree cover, needle-leaved, deciduous

M, JRA A Tree cover, mixed leaf type

MR a5, ME/KH#ERE, %K Tree cover, regularly flooded, fresh water
MR a5, MK H#ERE, /K Tree cover, regularly flooded, saline water
Bk ARARZE 5/ HA B 4R AEBE Mosaic: tree cover / other natural vegetation
RN G, BES Tree cover, burnt

WEARZE %, HEHI, % 4¢ Shrub cover, closed-open, evergreen

WEAZE 35, Wi, %M Shrub cover, closed-open, deciduous

TR o, ASH-FiE Herbaceous cover, closed-open

TR A BRE A S 3% Sparse herbaceous or sparse shrub cover

UEIKHE B I RE AR AN EEAZE 35 Regularly flooded shrub and/or herbaceous cover
FRFE # M Cultivated and managed areas

BEHe: BFH/ AR 7 a5/ H A SR HE A% Mosaic: cropland/tree cover/other natural
vegetation

BEHe bR M7 25 Mosaic: cropland/shrub and/or grass cover

N MR FIAH A Artificial surfaces and associated areas

#ih Bare areas

KA Water bodies

VK= Snow and ice

HEWL AL Irrigated agriculture

FRHK Forest

#EA Shrub

i Grassland

#H Farmland

ST M Urban

HiAth Others
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Mi:RS RCP26IFRTEHESHXERELCEMES #1011 ER
Appendix 5 Top ten countries with the largest changes in suitable area for tea under the climate scenarios of
RCP2.6

EE TE LS AT X HTY 7752016 4F)
Countries Suitable area(km?*) Production(t)
A RCP2.6 ARk AT
Current Net changes Net changes(%)
T A X ik D
ELp 739,036 620,204 -118,832 -16.1 447
BRI 4 136,026 53,232 -82,795 -60.9 102,404
[ZEIE 139,909 57,868 -82,041 -58.6 1,251
I 96,937 28,099 —68,839 -71.0 -
PG 156,377 91,608 —64,769 414 144,015
4 276,391 217,706 -58,685 -21.2 64,500
ORI 200,100 144,697 -55,403 217 -
A 130,452 83,055 —47,397 -36.3 7,300
ESETEOA 75,599 31,942 —43,658 -57.8 -
BEEIEN 57,717 19,770 —37,946 —65.7 387
SLNER/ (TR
ay 2,607,924 2,677,308 69,430 2.7 2,414,802
JIIE-FN 40,873 93,616 52,742 129.0 -
ESE 258,278 304,138 45,860 17.8 -
B 60,411 101,156 40,745 67.5 -
BN 279,395 307,305 27,910 10.0 80,200
B ) 1,204 24,857 23,653 1964.5 -
£1979 5,867 29,296 23,429 399.3 -
HelH 21 18,118 18,098 86181.0 -
1 833 18,163 17,330 2080.4 -

R fif 14,589 27,886 13,297 91.1 -
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Mi:k6 RCP85IFRTEHESHXEMRELIEMES B0 ER
Appendix 6 Top ten countries with the largest changes in suitable area for tea under the climate scenarios of
RCP8.5

EE TR X Y PP (2016 4E)
Countries Suitable area(km?) Production(t)
AR RCP8.5 e AR Ak L A5
Current Net changes Net changes(%)
T A X ik D
ELp 739,036 341,366 -397,670 538 447
4y 276,391 137,735 -138,656 -50.2 102,404
BRI 4E 136,026 6,029 -129,997 —95.6 1,251
PG 156,377 30,915 —125,462 -80.2 -
I RE JE P 260,214 165,283 -94,931 -36.5 144,015
YL 96,937 8,970 -87,968 -90.8 64,500
ESE 258,278 185,989 —72,289 —28.0 -
A 130,452 65,965 —64,487 —49.4 7,300
LB EOA 75,599 20,594 -55,005 -72.8 -
T3 n b n 220,289 174,659 —45,630 -20.7 387
SLNER/ (TR
ay 2,607,924 2,743,012 135,088 5.2 2,414,802
JIIE-N 40,873 131,092 90,219 220.7 -
HA 279,395 367,374 87,979 315 80,200
B 60,411 134,513 74,102 122.7 -
£ 979 5,867 58,801 52,934 902.2 -
P 21 51,423 51,402 244,771.4 -
i 14,589 64,769 50,180 344.0 -
e o 955 24,072 23,117 2,420.6 -
FIRE 247 23,021 22,774 9,220.2 -

HKRAT 3,629 17,921 14,292 393.8 -
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WE: RIS EM LR EE RN R —. — BRI S SR 20, 17 HAEANE RN
PR, REESERYIANTET FEA LA SRR GOEATE B w4t 3h . NI Z 4510 T £ M\ i 20 ) N5 5 0 J 46 A
BARGPER], EEREK R AT N Z BT RR, AW IO RATE Y 2 A AR, JEH
TRFEMEASESRAREE HENEESM, F-— 20PN &R 2B, Balgesfl 7 CiR R KXY
BIER . BRUEMAFRMAES RGENT, 0 LLE— 25 R AN [F) AR 5 BB A6 00T B B B . AR S AR [ b 5 84 (1 7%
I 5] 1 Pk——32 %< K (Quier cus wutaishanica) M A FE 6T 4, ¥ B CK (0 kg N-ha *yr ). N50 (50 kg N-ha t-yr Y)Fi
N2100 (100 kg N-ha*+yr ) 3AMf 8 AR I SE e, BELL S IT R I AR MR AE P 2 FEVE RO RN . S84 S (1 R I s 3
SER IR ()RR S TR TR R 2 e, 2028 7RIS AL, QISR 1 HER
TR FEMZ R, BRAR T AR E R, QBB ML 7 RS REM E R, 5 7 RFKER
HEE . AR, KGN 2 0 SR AR A BRI LR, AN 7 A B A G I 6 e SR AT 2
3 BRZIL G IR IR T 82 R R AR A (W95 2 i, pHAE R ) R 3R IO IR RS 758 55 (WA 2 3R
R IR L T AR T8

KR EUIRE; WA EE B RS NS, PRt 2 AR

Response of understory plant diversity to nitrogen deposition in Quercus
wutaishanica forests of Mt. Dongling, Beijing

Anlong Zou, Suhui Ma, Xiaofeng Ni, Qiong Cai, Xiuping Li, Chengjun Ji*

College of Urban and Environmental Sciences, Key Laboratory for Earth Surface Processes of the Ministry of Education,
Peking University, Beijing 100871

Abstract: Nitrogen deposition is one of the major driving factors for biodiversity. Generally speaking,
graminoids and deciduous shrubs compete more for nitrogen than forbs and evergreen shrubs. However,
previous studies have mainly focused on a single life-form of plants in apine meadows or desert steppes,
ignoring the range of different life-forms across different habitats. Furthermore, there is no obvious canopy or
vertical structure in these ecosystems that might exacerbate light limitation. Hence, there need to be more
nitrogen experiments in other more complicated ecosystems (e.g. forest ecosystem) to better understand how
nitrogen affects understory plants. We conducted an 8-year N fertilization experiment with three treatment
levels (0 kg N-ha *-yr*, 50 kg N-ha *-yr*, 100 kg N-ha*-yr™) in the Quercus wutaishanica forest at Mt.
Dongling, Beijing to study the response of temperate forest understory plants to nitrogen deposition. We
found that: (1) Nitrogen addition reduced the species richness and biodiversity of understory plants and
changed the species composition and community structure significantly. (2) Nitrogen addition increased
richness of the shrub layer, but decreased richness of the herbaceous layer. (3) Graminoids responded
negatively to nitrogen deposition, while forbs were positively affected. The study shows that richness and
species composition change differently in response to nitrogen deposition for different life-forms of plants. In

ek H #: 2018-12-30; £252 H 3: 2019-05-16
FBTUH 5K A B R 5 (31770431)
* J@iIRfE# Author for correspondence. E-mail: jicj@pku.edu.cn
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fact, the entire community of understory plants may shift in response to a change in soil resources (e.g.
increase in nutrient contents and decrease in pH) and light availability (e.g. shrubs can access light easier

than herbs).

Key words:. nitrogen deposition; species richness; Quercus wutaishanica; understory plants; biodiversity

EMZR R EESRASWE RN E
BRbrZ —, o NIAE ol DLAE A7 A0 R R I At
(Duffy et a, 2017). FITHEERIE L FEEMZ
FE I D 1 B ZE R B A 1~ (Salaet al, 2000). — A
AN, KHURAKCP BT RE 2 (110 kg N-ha hyr Y
B, A% KT I T R % (1125 kg N-ha tyr 1) #k 4

SRRl 22 BETE (Stevens et @, 2004; Clark & Tilman

2008). Hij, FHE RT3 % 50.42-24.2 kg
N-ha tyr, #rHiX H 2858 760 kg N-ha byr ™
(LU & Tian, 2007; Niu et a, 2017). Rk, WF7E%EIT
ettt i ] 42 o 22 A5 P 1) S e %o o R SR KRR
DR RS 38 DA B0 T X4 AR 38 2R 40 45 1 A Dy e 1)
A B B

HAT, T RUTBE N EY) 2 AP 2 ma pL i 1)
FIREEZ: BT B SRR S0 X FR
3R] FH S AP0 %o B 5528 A 1) 470 40 M 8 ) 0 %
U5 (38 5 43 ROl BE 5 45 ) IR 56 - BE AR AE 2
FUEA F P OB e AN R, 3k S R
ZkEME K 4 2% (Harpole & Tilman, 2007; & &
5§, 2008). —MINK, TEAMEEIR AT, REH
A0 I VE A LU 2% S RORN 8 SR HER T AL S5 4+ R
#(Bretharte et a, 2008). At /i NI 7T 5 £ 2 1E
o T ] R R R 25 A S R AP AT (Tian et dl,
2018), = B ) bL A R — A S BN [ ) R 2 ]
IS 0 ZR, TMET WA [F) A 36 BUAR 4 2 8] A AH ELAE
FHHIF 52 #5570 (Johannes et al, 2001); i H. 2% J5 A & fa)
LEBRGURZ M KT NESER, Arlaes K
T IR KHE Y ) 50 (Bretharte et al, 2008). KA
WEAERMAES RGIT AR, DU — D
il HE ) 22 RE H 0 R o B e AL

HBESRGE NG HAES RGN K, A4
BRBRANG P4 o ke 5 b L 2 0 4 B (Falkowski et al,
2000; %% J5{R%E, 2007). —MIAH, BRRE & B &
BUUPEE R, FUUER RS RGO R T
HoAh B o4 25 255 (Gilliam & Roberts, 2003). #x#k
ERRRNER IR — R IR 24, H 2R
AGTE 2 FAR T Y 2 8 PR AR A X (Gilliam,

2007) » BUTPEX RIS RGN T EM 2V
i 9,45 45 .18 (Strengbom et al, 2001; Gilliam, 2006),
R OG T R UT R 0 A2 W 22 F 4 DA S AN (] AR 3 AL
W EEATE A o AW TN BT 23 FEARAR
YR Z B (Hedwal | et al, 2013; Walter et
a, 2017); #R1iDu (2017)7E i At &1 AR T (1 34E
B IMSEER R IR, S0 AR SO M )
R REPE; B 545 (2004) 48 IR 7 A R VR AS MR AT
) 28 S LA (Tt N 2 B 2 W, IR AL B AE AR T A A
ZREEIE N, AL A I RAE R . RE A
R BHRIRAES RGA R A0S B RE P 0 B0t R e
N5 B R ) S AR S R G AN [ AR AR D BT
ek g e 7 R AA A (], BT R e 8 (2 idE R RS A )
FNTE AR A, F) A BN SRR AR K
(Dobben et al, 1999; Strengbom & Nordin, 2012). A~
AT RN, BT EAE YA B A
KT ZE 0 (Lu et a, 2010). 44K, HUTRHFXTE
W) 22 R A4 1) 5 M) 30 PR it RIS B 1] K K8 AS [R) A7 A 22
(Bobbink et al, 2010; Gilliam et a, 2016). A K
W, FERRVIESRE S AR Y& % (Descha-
mpsia flexuosa) )& B, 144 F 0T R A PR 7
TSR B FEE E (Strengbom et al, 2003; Nordin et a,
2009). Kt A7 0 B AT AN A L 1 1)t JE S,
BE— IR TR TR AR A Z RV I 520

H F A Bk T AR~ 25 R TR K - 5.5-15
kg N-hatyr?, JfHUL—& [ %4 - THDu et
a, 2013). 7EI A AR, BT ARV R R ) 7R
AR T LIEE VAN OEER, SNERR IS
ma A= R R AR G &R, B IR AR IR 2
T XoF &1 Y5 60 i B Jin U (Vitousek &  Howarth,
1991) . (A i 18 DT R iR A AR AR A ) 2 R 15
i B AR GF 48 78 & o 1L A A% (Quercus wutai-
shanica) /& $ [ 16 77 5 W, (1) % i i i p Az —, )
AT A L AAEHBIX o DUIT R B 3 L
o B S A (10 AR PR R v G ] I U e o BB
(R R, O K AR KR L S HEFR A A A
EME B A H (MR R 2, 2000; = bt
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%5, 2001). AHFFE LU RERMONIT S %, SRE
AN F AR & R FEE R (Du et al, 2013)
P ECK (0 kg N-hat-yr%). N50 (50 kg N-ha *.yr %
FMN100 (100 kg N-ha *yr ) 34N, i id 84 (1 EF
AN AR N SE G, SR LR 2 R (DRI
T RN AE AR 2 FEEAG TR0, (2) A8 [R) AR S 7
TR G 0 (] A ] AR

1 MR5REE

1.1 SKIGHFHEER

A SIS FE AT T b 5 2R R L [ R e AR AR
AFS R G0 LT FU e, L 3 AR AR R 39.97° N,
115.43° E. ZHLIX & T IR e 3= A U%, 1
¥R IR3-5°C, %K E550-680 mm, [E/KZEEH
1E6-8H, (A4 MK & 170%-80%. iff 7t [X % 1
BERAUNEZIE L (PN AR R 2, 2000; 1= Bt HIAE,
2001). W FLIX BT AZ F B A PN AR, kAL
bRk (i (Fraxinus rhynchophylla) . AL 5T T %
(Syringa pekinensis)%; AR HE 4 32 AL I V& IR
AR+ 45 255 (Spiraea pubescens). 1 11 [ (Rhodo-
dendron micranthum) . K 7¢ ¥ i (Deutzia grandi-
flora). #H; T-(Lespedeza bicolor) £ 4F A B AR
> (Deyeuxia arundinacea). 4f It %E & (Carex rige-
scens) . £ 1 X\ B % (Saussurea nivea) &5 (k¥ &%,
2015).
12 SWEE

SRR FEHL ST T 20104F, T [FAE AR HEAT A
ISINBE LSS . SRI0 8 B 3R AR INKF: CK (0
kg N-ha %-yr ™). N50 (50 kg N-ha *-yr )FIN100 (100
kg N-ha tyr ™), JE T HIBA R 37 M 4% 10 K S 06 Ao e ¢
HE3FIALEE > 34N B RS BE AL 73 O INEE T
FANMETHEA20m x 20 m, /NEEJT 2 (8] ¥ B 10 m
(R AT

S BT UIE N R & (CO(NHy),), M20114E T
46, FFRAE6IX, 4l T5-10H & A ¥ 1T. N50
AbH PR 2K & 725 g/vk, N10OALFE JR 3 FH 1,450 o/
o HALHEY, i HEUR B EERAGAH B 5T & IR RV T
30 LukH, VAo FHVSE 55 95 15 SEE0 R J7 35 5] ¢
T, 0F HE (CR)RE 7 A 0 AH [ 5 &2 (17K

E 201145 5256 FF 4 1 1201845 H 1) (E - It
JNE I [6] [R] B 64 H), fERENFET7 BEAL IS sUH A
%5 cmi 45 R H20-20 cm# 2 I, i s

150 mL KCI (1 mol/L)¥ iz 1, 285 R vt (pH
S-3B, L RERL) W pHAE ; 1 FH ot & 9 X
(Elementar Vario EL 111, Hanau, Germany)ill ;& 1-35
AE(TN)FI 2R (TC) & &, FHHEPT L aklE -
BEAABE(TP) & 2 (EF k165, 2016).

7£20184F-8 A ¥ (FE = b U & n it T8 1) B 2 1
M), TEEANFETBENLPRE LIRS L% . KIeE
i BFEF. MM E R Y FE A E (Thalictrum
petal oi deum) fELFK %50k . FEPRAEARBEHL R 207 K

FfE R, Al [ S = P 65°C R B T A E

SR G TR A OO E i i w2 &

EARTFERZEAEEARMEY), ARETER
TEIEAR o ESIET, X2 FF o B A S HEAR =)
PhEE . MM AT 2 B, KM+
B L m AR AR AR T W 2 R (P > 0.1), #hnT
WA SRR G ST A B SR B R AN
(Y B =FE BEF 55 2 AR A L, 2011428 H Al
20184E8H, TERE120 m x 20 mSZGFE 5 b, %I
MELEAT 00 BB ESN5 m x 5 mif#EAR/INEE 7 FIS
AL mx 1 mEEEANETT, 5300 5E FEA R B A A
YRR R AN RS . R RS B OM0.01 emif)
RO 28 7 e v A B b T () R B A A e BE,
iAW AR o5 R T BB T ARAE AR A
.
1.3 HEIE

Yofh = (TR BT AR (L mA)RE TS P B
iR, HatE AN

VIR EEES = HIIERE T N IIFE |
J7 AR (2)

W) b 22 R % F Shannon-Wiener 22 £f P 35 % (H)
AT

H=->RInR 2)
Horb, PORFETT RN AR EHEME, R= N/ NA
VIR 20t EEAE, NIRRT EARE T e
() {1l 2 Al (Kempton & Taylor, 1976; Alatalo,
1981).

HEHIV) = (FHXTEERE + FHXPE RS + FHXT
=g 13 (3)

B EARRYI MR MR IR 2
M FE, e FZYM e EE . 2 B B 5 e
AW EEARNET RS EE . ZEREER
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FAGHE, AE AZP R AR T 25 B R X 5 P AR o
=

A FARIEA RV ALK, AR R4 55 R
AIEVFIFEAE A ThRedE. B e £E(Gini) 2
iy B N [R) DO R 2 FE 25 BE A 45 b7 (Weiner & Solbrig,
1984; Ren et al, 2010), ] s WedFhst e 17 4 R
71o B Je RE(Gini)il oK, RaRDIREREZ AIX 615
e hERBHE. HitEAN:
22 1% |
i=1j=1

2n?X )
o, XX 7R P A ) BEAFE RN (P RE AR T35 = B2
NERINREREE R, X FoRFTE ThRERER RT3
.
1.4 Seitoth

K FHIMicrosoft Excel 20074 P24, FIH %A
£ 7 757 M (one-way ANOVA) Hb e AN [] Jit AT AL B )
YR EE ., A AR, St H Levenett B0 7
ZEFCME, AR R AR LS, TSR A/ B
7 51 (least significant difference, LSD)XAf 7 1%
HALPER . YR mEUKEER T2 ELL
(P = 0.05), 5 Tamhane's T28E7 0 8. HIR
3.5.1fineq packagell] iE A [ D RE A Ik Je R A AL
o SCHEHRINTIME £ bRfERE, Gt
FESPSS 22.011 58 i, il I 7E SigmaPlot 12.04 58 /i -

Gini=

21 FRRMIHATEDIERS R EEBN
SN

2018F IR AL KRR, I ARHMFEILA
SV BLASFIM MY, A EARZEY32R, FE
NAAEER BERL HRMEBRE, EAREEYLL
T, ZOVEMHER, LERETER. EHEEL, T
ASTERIAN R B R R, BB A A B A R ETE
PR BL(FRL), BAINECE T IL R R T A
Prp AL . BRI RESINE R B A5
(CK), BLARZHEY)A 28T, REAREHEMA8M, H
YIRS KT AR AL . NSO H A 2 AE A7) 23+,
VEARKAYIOR; N10OKL B H A R AE Y 20%h, HEAHH
P A0Fd . A 75 3 A K5 o e 0 S P T 2>,
JEHRAERAFHEY B R, I E SR (Vera-

trum nigrum) A1 KRR FL 2K K (Euphorbia esula)
TERA A EE R e o [RIEE, SeadAb B 5 6 H B
TSR, AR LT MOE R B AL
(Patrinia scabiosaefolia) f1%g £} [ # JINSZ (Paraixeris
denticulate) % ; ¥ K2 H B 7 & i i 2= (Rhamnus
globose) f14f- & it 2 (Rubus crataegifoliu) .
GR35 U8 TR A A R A B P SR A
FhEZE . 20114, - AbHEHAR AR Z MY 3
YRR E B TR E 2 R (R2). Li8EME
NESEEG, K03 AR 3 Fh ml 0 55 M i) B LA R AR
T T RAREEY S, CKAEF, B,
i 2R FIAR TS KB 46 2 O JE BT = IR A A, HE
FH 43 5 410.16%. 39.95%F19.77%, & it 5 AL
35 1159.88%; NSOHMIN1004L 3 o, 7 J& B = AL
AR E . R KB LIRS ERE, =
B L Z AN 53 9] o SR 3 B2 1) 58.27%4151.99% .
BE & ZUK B T, AR R A R T R
N50. N1004h#E 5 CK Ab B 22 57 2. 3% (P < 0.05); B
FHEZEEWNA FRE&ES, BaEi¥ERANEE.
ST HEARZHEMM S, CKM A, LS5, B
L AR AR AL JE T = R 5 R, = FH LA
Z A B )52.17%; NSOALFE b 7 J& 1 =
AN A EESLE RN T, At
ST 34 P 1163.41%; N10OALHE A J5 5 = I 4R N
KACE B AR TR A, &b A
70.04%. ZININEH SRR T AR B E A, S
IO xR 2= 7 B (P < 0.05); LS4 E
BEAH B KR BE T = AN T PRI, N1004b B 5 CK Ak 3
Z 5 (P <0.05),
22 FURINXR T % HE1E R S0
MEIIAFATLUE H, KRR IR E KT
RS N EIRN S B, SRI0 A PR 5 ) R AL 3 22
553 (P < 0.05). CK. NSOFINIOOAL 3 [ Fh £ &
%5353 N6.49. 5.21F14.72; Z7 InAbHE AN} Ab 2
Shannon-Wiener#5 1 % 57 . 3%, CK. N50FIN1004t
A H2 ) 9125, 1.04F10.98, i BA it 5 Rk
THE, MR EYI A 2 FEERR G (E1B).
WFFT 285 SR R BRI H R E A b =
BEAMHE/ER, N50. N1005CKZEREZEP <
0.05), =FhAbZ [Pk =F & £ 4 7 45.70. 4.67A
4.41 (E2A); Shannon-Wienerfi ¥ % R UL 4K T
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R1 2018F HLEMM TEMIEKRER, Hp'+ RRBIZYM, — KRIZPM. CK. N50. N1005 75 7~0. 50, 100 kg
N-hat-yr "GURNALIE.

Table 1 Conditions of understory plants during experiment in 2018, and ‘+ means plots have this species, ‘— means plots do not
have this species. CK, N50, N100 denote nitrogen addition 0, 50, 100 kg N-ha*-yr™, respectively.

ift Species PR P EE CK NS0 N100| #Fh Species PHIEEE CP¥EEE CK NS0N100
Average Average Average Average
height (cm) cover (%) height (cm) cover (%)
A Herbs #1T Microstegiumnodosum ~ 39.85 0.30 + o+ o+
4N ZEE Carex rigescens 15.56 1491 + o+ o+ F43% Rabdosia amethystoides 68.27 0.20 + -+
HEF Deyeuxia arundinacea  30.32 3321 + o+ o+ 3 Sedumaizoon 28.12 0.10 + -+
R NEH Saussureanivea 1547 1968 + + + [REH¥Z Adenophora divaricata43.55 0.06 + o+ -
o N 23.25 9.43 + + + R Artemisiatanacetifolia  58.28 0.15 + - -
Thalictrum petal oideum
F&75 Phlomis umbrosa 45.27 1.96 + o+ - FLHF KE Euphorbia esula 33.36 0.24 + - -
#111J% Dioscorea nipponica 23.43 2.28 + o+ o+ BEM#3Z Viola variegata 18.34 0.32 -+ -
/N%§ Dendranthema chanetii  13.79 271 + o+ o+ #ACI % Patrinia scabiosaefolia30.78 0.28 -+ -
1% Bletillastriata 26.67 143 + o+ - | RMEZE Violadissecta 15.38 0.58 -+ -
=Mk %i Aster ageratoides 33.36 1.65 + o+ o+ % JNZE Paraixerisdenticulata  18.68 0.30 - - 4
Ki%k£k3% Clematis hexapetala 29.38 1.25 + + +  |¥EK Shrubs
P Veratrumnigrum 31.63 1.67 + - - | :ESZ% Spiracapubescens 143.78 1096 + + +
GA Atractylodes lancea 34.02 118 + + - | K7EMEi Deutzagrandifiora 108.33 1368 + + +
Huffii Sanguisorba officinalis 27.58 1.37 + - o+ K ¥ Lespedeza bicolor 98.82 17.45 + + o+
JeZ5i3% Asparagus schoberioides 35.55 0.52 + o+ o+ i 102.96 22.78 + o+ o+
Rhododendron micranthum
k702 Adenophora tetraphylla44.08 0.35 + — = |/NIEA Abeiabiflora 272.94 1533 + + +
%M E% Saussurea mongolica 36.25 1.24 + +  + | ZZUFLR4E Siracatrilobata 77.39 5.61 + o+ o+
7§ %L Rubia cordifolia 2314 0.62 + o+ o+ /NEE B Deutziaparviflora  129.48 5.29 + o+ o+
DU Galium bungei 18.85 0.33 + o+ o+ |k 12476 3.24 P
Rhododendron mucronulatum
L7 Polygonatum odoratum 16.92 0.75 + o+ o+ SHRZ 4 Lonicera maackii 176.50 4.36 = 4% &
/NEEBH Bupleurum tenue 14.58 0.30 + o+ o+ [ f 2= Rhamnus globosa 85.43 0.50 = = &
Z i Artenmisiamongolica  78.64 0.28 + - - L&t Rubus crataegifolius 68.95 0.80 - - +
Y% 32 Viola acuminata 13.23 0.35 + o+ o+

RS

THEA AW TR, B EERREE (K
2B); SACFR A = L 2 R AN R (K12C); o5 R
WRPETF i T i, 5 AbHE 2 R 2% (P < 0.05).

BRI INEZ I THEKZHEY W=
JERZ AP, =P Aab B R = 4 51 4 6.00,
6.58716.92 (JX3A), Shannon-Wiener#5 % °41.03.
1.20. 1.39 (XI3B); Bt K FEET =, HEARZHEY &
JEE R 55 P A AN T K, S Kb 3 st HE b 2 S
#(P <0.05)(K3C, D).

5L Je 2R HORA B[R Ty Be BE i BE SR RR M Y
fabr, RECEK, REFA D BEHE I & B A X FR %
HEK . 20114F, & AbHRER 2 ) B AR Z R A
NIIRERFIRE R LR ZE E R, S8 FERBM

S2O6, CK, NSONIN1OOANHEIE B R¥E R BEP <
0.05), =# 8% 5450.32, 0.354110.36 ([X14).
23 FARMMHTHRBMHRETREENTET
ZE5ENFI

BT [ 7 S50 o Ak B o BH I SO3R AR P
iR e RS E, BEESLEMEEFH A
AR B IEN100AL B Fh 5 CK Ab 3 22 ¢ Wi 35 4,
RNTHEIH R TR GBS LEEEZREP >
0.05)(&5).

201L4F SEER T AR R, S/ MET PRI TR S E
BEBZEERP>01), HiEFLem. 8. &S
B0 H°420.79. 1.79. 0.38 mg/g, T 1EpHE ~7.07.
S SR AN AL B, A0 IR AR, 4
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R2 FURMXT2011FF2018F A ELEMBYMHEZETUNZECEIE + FRERE, n = 3). TRIFERRZLEESR
E&(P<0.05), CK. N50. N100& X[E]5R1.

Table 2 Influence of nitrogen addition on dominant species importance value of different treatmentsin 2011 and 2018 (mean * SE,
n = 3). Different lowercase letters indicate significant difference among treatments (P < 0.05). CK, N50, N100 see Table 1.

YFh Species 2011 2018
CK N50 N100 CK N50 N100
E A Herbaceous
428 Carex rigescens 1553+393% 1425+1.95 2053+111° 10.16+0.98* 8.29+0.36" 417+0.21°
7% 3 Deyeuxia arundinacea 4082515 36.64+4.11° 3214+3.66° 39.95+7.41* 3594+39la 34.24+4.66*
B RNE% Saussurea nivea 8.26 + 3.99% 9.73+1.28 849+ 2.29° 9.77 + 2.45° 1249+ 4.78% 878+ 175
MEES A B Thalictrum petal oideum 373+131° 417 + 2.45° 718+ 174 473+153  9.84+41%* 8.97+3.93°
¥EAK Shrubs
+FEZ£:35 Spiraea pubescens 2232+353* 1817+541° 1874+622° 21.19+3.03" 2081+248 930363
KA Deutzia grandiflora 1257257 11.64+239"° 1253+326° 7.00%212% 1580+ 4.64° 26.12 +2.52°
HH T Lespedeza bicolor 15.18+210° 13.09+3.72° 16.08+4.64° 1515+6.16° 2010+1.91° 2233+6.26°
&1 Rhododendron micranthum 1156+ 566° 13.99+2.81° 1650+1.78  15.83+4.44% 22504373 2159+ 282
JNIEA Abelia biflora 9.31+154* 993+52% 6.84 + 1.06* 880+555°  1350+848  1250+373°
5
127 T 32r
(A) 5 ®)
7] =]
] 2
£ o} Z 24t
. (=}
. ;
.g a a —g
a 6 a a b “ et a
7] b ﬂ : a a a
g 3= b b
Bl 5
g 3t §ost
5 3
(=}
[=]
0 £ o0
2011 2018 7 2011 2018

OCK ONs0 ENI100

Bl FRINFT 20114 F120184E vk T 44 =E 2 B F1Shannon-Wiener 18 B HU S0 (EIME + FROEIRE, n=3). ARINEF
BEREREULEERSEE(P<0.05). CK, N50, N100& X[E%1.

Fig. 1 Speciesrichness and Shannon-Wiener index of understory plant varied with nitrogen addition in 2011 and 2018 (mean + SE,
n = 3). Different lowercase letters indicate significant difference among treatments (P < 0.05). CK, N50, N100 see Table 1.

. SEERZEREZP<0.05)(K6A. B. C), H
RN PR T H3EApHIE, CK. N50. N100kk
() -3 pH1E 771 6.83. 6.50. 6.18 (KI6D).

3 Wig

31 SEMTENZHEMTUMIER

Y F  BERI 2 FEPE R BV I B AR IE . —
VR X T K S PR A8 A 1) i 2 43 i Bk AT
1, JoBiE gt R AR, SR G TR AN K
BE R, W55 EUE YR 2 R R AR AR A
(Smith et al, 2009). AHIF 7T R I, it A 5 B V& DL

Tl BEV& G5 HE LR AR 2 AR 38 R A T R 3Rk,
X5 R N R TS5 R —F(Wilson & Tilman, 1993;
Gilliam, 2006). 47T B N1 Bt i i 2 1
P PG P Ji D) 3 A T I 10 (B A 5%, 2008) . —
Pl NAEALE AR UL 2RO YR TN 2= 1 F)
R AN, XTNZ N 52 R A R (Aerts & van
der Peijl, 1993). Bobbink%(1998)HIHF 7T K B, & s
Tn B R RN R B A R 1 2 L (Elytrigia
repens) )+ & B, BRI T XENZEAIE L3 /N
T2 (Schizachyrium scoparium) i 32 & B . RATTHI 45
RBIR, REMR T M0 A 350 sl 5 A 24 b ) 2 22
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and 2018 (mean + SE, n = 3). Different lowercase |etter indicates significant difference among treatments (P < 0.05). CK, N50, N100
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Table 1.
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Fig. 4 The Gini coefficient of understory plants varied with
nitrogen addition (mean + SE, n = 3). Different lowercase
letters indicate significant difference among treatments (P <
0.05). CK, N50, N100 see Table 1.
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Fig.5 Leaf total carbon and total nitrogen of understory dominant species varied with nitrogen addition in 2018 (mean + SE, n = 3).
Different lowercase letters indicate significant difference among treatments (P < 0.05). CK, N50, N100 see Table 1.
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Vertical structure and its biodiversity in a subtropical evergreen broad-
leaved forest at Dinghushan in Guangdong Province, China
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Abstract: Community structure plays a fundamental role in forest ecosystems as one of the basic
mechanisms underlying community assembly. Community structure includes both horizontal and vertical
structure. We dtratified the vertical structure of a lower subtropical evergreen broad-leaved forest at
Dinghushan in Guangdong Province, China by surveying each individua with DBH > 1 cm via a canopy
crane, and then explored o diversity within each layer, as well as B diversity between layers. We found that:
(1) The vertical structure of the forest was stratified into five layers, from bottom to top, the shrub,
sub-canopy, lower canopy, middle canopy, and upper canopy correspond to the traditionally defined vertical
levels of a forest community. (2) Layer a diversity decreased with height, and the Pielou evenness index was
largest in the lower canopy. (3) The B diversity of layers relative to the shrub layer increased with height.
Using the POD framework, the differences between layer community compositions were mainly attributed to
differences in species richness. However, the lower canopy showed increased species replacement and

WSk H 39: 2019-03-28; 252 H 1 2019-05-28
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* J@iIRfE# Author for correspondence. E-mail: lianjy@scbg.ac.cn
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decreased richness difference relative to the middle canopy layer when compared with other neighbouring
layers. (4) Air temperature, light intensity and relative humidity increased with layer height, and the most
dramatic change in light occurred in the middle canopy. These microenvironmental features may play an
important role in the formation of vertical hierarchy in the forest, with light intensity as the largest factor.

Key words: forest structure; vertical structure; B diversity; B diversity partitioning; biodiversity; stratification;

community assembly

MR EMERKES RGP EAEEEN, —
B RRMAE S MR TS o ARMRIETE I 45 MR 1E
AL R BUAE KT 5 1), R BUAETE BT A L (M
TKEE, 2007). FRARIETE T B A5 M0 BRI U
IR 2, IX 2 TR 1) S AR R AIE 2 — (B R
MR, 1990). & FH W7t J= U (RIAR R ) SR ik #1434t
PRI B W (SRS, 2014) . T2 HIBE 7L 5
FELM LI 46 T, AR R — BAE e
240, — J7 =& AR E 53 2 0w SCA B BRI 53
L2, 75— 7 T W R R ik Z 6 Mot J2 1 3%
Belr F B, M LLE WV A Hh 3R EC 4% £iE (Neto,
1989). KT )= HIE X, ARSESH T AR,
— NI AR SR TP R3AN 5 TH (Grubb et al,
1963) K € Lo TE4) 2 J5 i b ALHE 8 MR & K
o B BB T U R Y AR
RBFIE S SURFAE SR BT R 43, 5 I anwatt (1924)
P T EESE . E R AN R S TR A T
L, 32 BERRHEBR P9 AP I O PR A = AR
e B R ms WA, JiE. R RS SR
REUBARIEAT R 5y, W R0 bR e 43 2 F8 2 (strae
tification index, Sl)iZ:(Ashton & Hall, 1992), TSTRAT
Iy EHE (Latham et al, 1998)F13 &% /5 % (Gillespie
et al, 2004; BXFHSE, 2013)%%. e TEE LML
IR, (1550 T BRAR S AR Z AR 4 A A S5 Al
AACEFAE I A A2 WL o

EAFEENE, BATEEENEW, (HiH
T B HARME =, @ N RSB RN E 8
I FRAE AR B0 R4 HHE W (25 4 5 AN [, 2004);
B I S b TR BI04 T SR IR B IR 1 R AE S 4L
FHON BRI BSR4 R B . E 3
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4=(Lowman & Wittman, 1996; Lowman & Rinker,
2004; Wrled, 2016; PLiGSE, 2017). TR,
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(5] () e 3 ke, FG — D W A e B Hi (species
turnover, or replacement), ¥ HiE 2k B N
(specieslossor gain). B2 AEMES il & B X 73X Py
Tl T SARB 2 AR PEBIVE A, FRAR I X P A o
ey 3 [ 52w AN [5) i 2 ROFE B 4 Bl 4y A ks R
(Baselga, 2010; Podani & Schmera, 2011; =g Ig4E,
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Fig. 1 The judgment index partitioning optimal groups. (a) Attribution of the objects and the corresponding SSi (simple structure
index) values for different number of groups. The panel on the left shows the groups that each object is categorized with different
conditions and different groups were distinguished by different colors; the panel on the right shows the value of ssi for different
number of groups. (b) Value of sum of squares within groups for different number of groups.
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Table1l Speciesabundance and richness of each vertical layer in the crane plot of Dinghushan

WREREE  RBMEIREE, BoKfR)

Minimum height (m) Maximum height (m)Abundance Species richness Dominant species (abundance, maximum DBH)

R AR T R 2R
HEARE 14 39 1,966 89
Shrub
NIATN = 4.0 6.7 1,173 75
Sub-canopy
ST 6.8 11.2 503 56
Lower canopy
VSRRl 11.3 17.2 271 27
Middle canopy
IS 17.4 271 226 17
Upper canopy
JEEE = = 4,140 121
Total

HRLE TR e

Aporosa dioica (207, 7.3) Cryptocarya concinna (251, 4.5)
g AIA L

Schefflera octophylla (161, 16.0) Aporosa dioica (122, 10.1)

fif A LLTES

Schima superba (54, 39.4) Schefflera octophylla (51, 18.8)
fif A HEZR

Schima superba (101, 41.9) Castanopsis chinensis (31, 41.0)
T A SR

Schima superba (111, 66.0) Pinus massoniana (34, 47.1)
AR R

Schima superba (301,49.0) Pinus massoniana (66, 47.1)

F2 EHLEBFMEARERSH B E R ABSE BT E A LB

Table2 Comparison of species component between shrub and other layers as well as among neighbouring layersin pair in the crane

plot of Dinghushan

GRS AR AR S AR YNLT NS it

Generalist (%) Specialist (%) Too rare to clarify (%) Total
HEAZ M2 Shrub vs sub-canopy 24 (23.08) 4(3.98) 76 (73.08) 104
HEAZFIMIE R JZE Shrub vs lower canopy 17 (16.50) 7 (6.79) 79 (76.70) 103
HEAZ R Z  Shrub vs middle canopy 8(8.42) 11 (11.58) 76 (80.00) 95
HEAZFMIE_EJE  Shrub vs upper canopy 1(1.06) 14 (14.89) 79 (84.08) 94
et J2 A MR e R 2 Sub-canopy vs lower canopy 19 (20.43) 3(3.23) 71 (76.34) 93
ME T EMMESZE Lower canopy vs middle canopy 10 (17.24) 4 (6.89) 44 (75.86) 58
et E AR e _EJE - Middle canopy vs upper canopy 5(21.80) 4(3.13) 23 (75.00) 32

32 EEESMEBoZHMFHE

P& RS MR R o 2 FEVEFRE SR /NN R 3FTOR,
Shannon-Wiener$i& 2 i Ak )2 ) _E T FAIC, BEAR )2
m, o FERME, HEREZREZEREEP <
0.05). {HPielouss) > FEFR BRI AN A [F: BARZE ) |,
Y5 B A 2 R TR MR 2 135 5T B e A
e, HRME TR EME L2, ERERD, H
Brmoe N ESHEAREZ 4, HALE R ZRIAEE.
33 BEEEMEPSHEM R RRYHE

P& iR L T 22 B AR ) & AR 2 R B2 A
RunE2fR, UEKRZERNZR, ERZE&EKZ
B8] B 22 B 1 /N AR Z R) 3238 o, R0 H e 4
s . [RIF B2 FE 40 fif T A5 ) b 5 46 41 53 F0 =
B E A AR 5B Z e KN
A5, HYMFEEEERHAS P DR TYOMEG

By, WIREE YR A R R R B R R
G A (E29) -

5 ERGRAN L, ARBPIM)Z 8] (13 2 A 1 B
WRZAA I ZIA RS . B R R b, B2 AETER

*”3 SHLERE SRR e
Table 3  Species a diversity of each layer in the crane plot of
Dinghushan

N Shannon-Wienerf& % Peliouds) 51 & fa 4k
Layers Shannon-Wiener Peliou evenness
index index

WEARZ Shrub 2.556 + 0.335% 0.910 + 0.040°
WjitJz= Sub-canopy 2.300 + 0.529" 0.917 + 0.033%
MiE T E Lower canopy 1.955 + 0.334° 0.940 + 0.027%
Mg ZE Middle canopy 1.440 + 0.497° 0.925 + 0.232%
#it £ Upper canopy 1.172 + 0.519° 0.896 + 0.275°

[E)—Frh, ANEFRER R A FEAE B2 7 R
Different letters indicate the significant difference among layers in the
same column.
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Fig. 2 Results of f diversity (Serensen dissimilarity) and their partitions based on species abundance data of each layers in the crane
plot of Dinghushan. (a) Layers relative to the shrub layer. (b) Neighbouring layers. S, Shrub; SC, Sub-canopy; LC, Lower canopy;

MC, Middle canopy; UC, Upper canopy.
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Wi L2 . X 57 HESE(2008) 1 4 B T 7 S 4 1IE
R T AN [7] A 25 200 Sl L g I A 4% o] P b
R RERE . IR ERMTARZIERMEL. 5
A R 3 1 RE b BT A A A4 BB e R I (BI3) v A

27.1 ¢ ® @
8 ®
® @ @
®.® o o ® @ ®
®
® ® 0@ o © &
o9 8
:ea ® gg g © ° o $29 ®
o 8° ©0°8 8§ o8% e g o
%9 o 0o 0®® 80©
R e B
é 6993 °8 g &, L 3K
® °58 o 90 88 0 a8g
~ o o o o 00® ®og eg og
809 ® %% g0 @y e 82
g 173 A § ® 8o '0
hed . [ n alin omg 11 N
z Ly | -5
= = n
.8 a = & "a g L L [ ] L L
Q = mEm mmm ® ainlm L
= L1 " L l'. ug
o 1] "Em = g m 1" = ¥ I ]
L = = "] --I ay m "B
= -m = = myg --- = |.|' -
mm [ - 'Y [ 1] '- L[]
b M | |--- = gpan LLILLL |- nnnf _an
¥ 1121 AAAAﬁA 'é. A 4 ﬁAMAﬁ N g“
AAA%%&AA
AA AA A AAA AAAAAAA
A% AAA A A R0
ADAA A A A
DApAAAA s
AARBAN
6.7 I $x%¥x
39t
1

tagl tag1000 tag2000 tag3000

MELS Tag of each individual
® JEK)Z Shrub W #5EH1 2 Middle canopy
% & /Z Sub-canopy @ 5 L2 Upper canopy
A 5 T JZ Lower canopy

E3 EHLEmERE MRS 2 HE=E
Fig. 3 Tree height scatter points of each individua in the
crane plot of Dinghushan

s



ks

626 4 ¥ % B ¥ Biodiversity Science

273

, Bt EERE LA RA S BRI E, K
R 3 B85 J2 2 TR v o A B A

fE—2 i, R EFRELE LS mak
10 mAy B BRI 73 2 B AR o k) o AL T AR AR EE B
SiKBIE LS m Ny — )2, H EBL10 myE b
(Harms et al, 2001; Hao et al, 2007) . A< 355 #K 2 (] 3
i B R SN E R, BRI E (RL), R5IE M
FERBAL T 5 7 Ay XA, AR S R 7 AR BE g
B AA 5% (Smith, 1973). [F] 35 7 A %402 8] B
H5ZEES m. 10 mHZEAK, AT A5 mEi10 m
T v [ B RELIS K1) 3 AR AR IR B A L — e I A B
42 HEENEoZHEMRHE

TEIE MRS MR T, &Ko FEPETRH0Y
BEAKZ ) b SR g s, EARZEOR; AR
BRI FEMGE R R K. HE TR R
(2 FEVETR RN HERR T MR T E, X
FRMTETE AR 2 o2 1P B e 1 =8 2 Ji (R )
FhEE R, HM 2 o AmItA &) (3R1). Xt

PEA S (R PDRIARRAIL, HEARZ = B foe e B4 B AL A2

G, BRDEAAERTEJZ IR (5 AL . R
7 (Liquidambar formosana)Z&)Fl /b ¥ £ W it 2 H
B /D b (% 78 #1 B9 (Rhododendron mariae) . 2k
4% (llex rotunda)55) 7k, V& AR FHIA /)N
BRNMEAFAETHERZ B, Hk, BERNIEH L
IAEAE T 1% 2 B ¥E R M A, 4o Ju = (Psychotria
rubra). & 14T F(Garcinia oblongifolia)Z (Fff %
2). A LATLHEAR ZP AR FRZBER IR S 4R

IS 5] FERR A OO I, 5 2 350 50 B e v,

XA RERE N — T T g A HESRSE AR 2 Ll
FEZZH AR Z IR 2, 51— AR =
(REARJZ AN J2) AR S R s IR AC L SRR 5t
HL WD, %R IIRNE 2 B R AN
43 HEEWNEPSHIERE SR
BEARZ A E, B AR RS MEARZ 5 SR
SR FEIE R E Y, HEZEHMYMESE
FEZ G AR 2 R 7 RS AR E I
SRR 2 T W A R B Tl (Legendre, 2014; Li et
al, 2016). Ui PIZAE AR NEAR Z BIMOE LR, %
WEYIF AWK . X SHEMZ 7 LS E R
BEAW FBE—8EEL 2). BWER L, XS E
HEVE 5 EA R (K LA Pl AR A R A 588 B K mT e,
XA 2 EER B S M D, R R

B GRS IR S5 R M SR AR B M EE M 20 &
EEBE R, AT A, HESESE D E A 2 IA M
JE BN i X — IR B JE R AT BE A A el
A By R 22 e R B R AR L [R5 (ST et al,
2016).

EAFE RN, MHHRZRBEFEME RN R
oy BEARZ 7] AR AR R 38 5 U A (R AT
PEEANH . W T 25 W 2R e 2 L A
PEIIIR, AP Loy B R K. S5A Mo T
ES5XFHAZ R LRSS R, KBS W 2 A
be, #ROE T 2 BVREA B AR GE H Z O 3R e K
Mm-S MEH ZA L, R 2R o R R ek
S MRGE E AR A . Rahbek (2005)HF 57 & BHL, p£#E
PER R _E TR 2 RIETRAR A . AR E AN
I B0 Y (1) Ji TR T g 2 DAL DR R AR ) b 5 AR AR
Wi T B R e K XY R AR T W R A (B )
(Ricklefs, 1987; Brown, 2001; McCain & Beck,
2016) . 51 LS 1 RE M AR VR T B R AR
52 AL, AR M S 5 ARG R MG T
FEASIE, HRAET R, R R R
Jib N B TEZARRTE B 450 B b B Rk

S AN, ME T E S R b JZ R B 2 R AR,
XEFEEEFHSEFIA R, FINYFE kA
SR EER, BEFEIE EE M B GE. EMAE
FEd, WE . AN (Celtis sinensis)Z M MY A %2
L, BTSRRI R ROk
(RoeBefh, BRI TEMHE R 2 L. XLy Fh
SRR BEVR IO HIEMOE Z, ERVREEB SN, ©
ATHE JF 5 2 3035 (20 R (Fukami, 2015), BIA AN
P e B8] e A2 T BOoR 2 S RoE B2 Tk AR
VI I R A
4.4 SR RNE R EESWRRENE

HilleRisL ambers?s (2012) A BT F 2 f2 2 A
REEARZEREILFERER NS R, /R E LY
T A7 2 A B 0o Y AT A P AE A 3 (W) B B0 (1) 45
Ro BMBEEE S W LR BZIR T8 T AN
B8 PR 7 1) v e o P o AR NS s I Bt mT %0, A
VER 2 BIMGEE B, T A & bR 2 P 38 T R~
BRI R GG, 1P A S AR 2
fadh, HPB A LR B A, B A
FHABMR R A VA EE R 1R, Moe b= 1 H P 3500
St ST = X A IN (B IR Y S A E A 3
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B ELO R RS SR B, Mo 2 SR
JZ R Rh 2R 22 S e K B R B 2 B K. AT
I 7N, T8RS e T e DL B A
JE. Togr. HLPEES 2% (Angeler, 2013; Legendre,
2014) o B A A5 bR A 3 B 2 ) R T R R
SEETHEN S REIAEEH 72, A T RE &
Bt SR ) 7 L PR RE BA MR T2, 1T BE I8
T PRI G A PR E MR 2 B, LR PR
TENEIE . TG FHOGT AT 7 A A 1) S e L A ]
AR BT A . RJE BRI, YA
B 1AW R Vet 2 RO A T VR T B SR R,
VIRh R TG, EA R R TR AR B v A Bl A7 A
5, ZHRERYFR EBAL, NEEREFH
Plo DRI FE AR PR TR 2 L 45 P R A g e R T A
VIR A B JE 1 L AEE IR 2R GRS JE) A A IR %3
ANTTTHIZ FE

g5 LR, 5L R TR EZ TR N
AR WiEZE. W T2 Mod s ZRkE -2
52 BEAKZ A -5 ED R £ BN, HEE
FEFRBOR WIS, R 8] B 22 FEPE I R 3 22 ) b
FoE ST EL, A AR E 18] (1) B A I 2
., MR E AR TR B B B, AR
SRIPREE IR IE AR, PRI BN e

ARAIF FEANA S X 2 7 o e P 40 S LTV
PN YIBR T, A EiEd AT AR —22 M
BZ WAL R hREMEIRE) B HRZE N
FhILAF R R, IR AT SCBEE A ML 1)
IF]

S K

Angeler DG (2013) Revealing a conservation challenge thr-
ough partitioned long-term beta diversity: Increasing turn-
over and decreasing nestedness of borea lake metacom-
munities. Diversity and Distributions, 19, 772—781.

Ashton PS, Hall P (1992) Comparisons of structure among
mixed dipterocarp forests of north-western Borneo. Journal
of Ecology, 80, 459-481.

Baselga A (2010) Partitioning the turnover and nestedness
components of beta diversity. Global Ecology and Bio-
geography, 19, 134-143.

Baselga A, Orme CDL (2012) Betapart: An R package for the
study of beta diversity. Methods in Ecology and Evolution,
3, 808-812.

Baselga A (2013) Separating the two components of abund-
ance-based dissimilarity: Balanced changes in abundance vs.

abundance gradients. Methods in Ecology and Evolution, 4,
552-557.

Brown JH (2001) Mammals on mountainsides: Elevational
patterns of diversity. Global Ecology and Biogeography, 10,
101-1009.

Chazdon RL, Chao A, Colwell RK, Lin SY, Norden N, Letcher
SG, Clark DB, Arroyo JP (2011) A novel statistical method
for classifying habitat generalists and specialists. Ecology,
92, 1332-1343.

Chen SB, Ouyang ZY, Xu WH, Xiao Y (2010) A review of
beta diversity studies. Biodiversity Science, 18, 323-335. (in
Chinese with English abstract) [fiZ%5, BHES, T
6, H%k (2010) Beta A VERE AR, M) REM:, 18,
323-335.]

Condit R (1998) Tropical Forest Census Plots: Methods and
Results from Barro Colorado Island, Panama and a Compar-
ison with Other Plots. Springer-Verlag, Berlin.

Dolnicar S, Grabler K, Mazanec JA (1999) A tale of three
cities: Perceptual charting for analyzing destination images.
In: Consumer Psychology of Tourism, Hospitality and
Leisure (eds Sakai MY, Woodside AG, Crouch Gl, Mazanec
JA, Oppermann M), pp. 39-62. CAB International, New
York.

Fukami T (2015) Historical contingency in community asse-
mbly: Integrating niches, species pools, and priority effects.
Annua Review of Ecology, Evolution and Systematics, 46,
1-23.

Gillespie TW, Brock J, Wright CW (2014) Prospects for quan-
tifying structure, floristic composition and species richness
of tropical forests. International Journal of Remote Sensing,
25, 707-715.

Grubb PJ, Lloyd JR, Pennington TD, Whitmore TC (1963) A
comparison of montane and lowland rain forest in ecuador.
I. The forest structure, physiognomy, and floristics. Journal
of Ecology, 51, 567—601.

Hao ZQ, Zhang J, Song B, Ye J, Li B (2007) Vertical structure
and spatial associations of dominant tree species in an old-
growth temperate forest. Forest Ecology and Management,
252, 1-11.

Harms KE, Condit R, Hubbell SP, Foster RB (2001) Habitat
associations of trees and shrubs in a 50-ha neotropical forest
plot. Journal of Ecology, 89, 947-959.

Harrison S, Ross SJ, Lawton JH (1992) Beta diversity on
geographic gradients in Britain. Journal of Animal Ecology,
61, 151-158.

HilleRisLambers J, Adler PB, Harpole WS, Levine JM, May-
field MM (2012) Rethinking community assembly through
the lens of coexistence theory. Annual Review of Ecology,
Evolution, and Systematics, 43, 227-248.

Huang ZL, Kong GH, Wei P (1998) Plant species diversity
dynamics in Dinghu Mountain forests. Chinese Biodiversity,
6, 116-121. (in Chinese with English abstract) [# K, fL
[ %, o7 (1998) Sl L EMYIF 2 AEIESNS. EME

s



ks

628 £ ¥ % B M Biodiversity Science

273

FEME, 6, 116-121.]

Latham PA, Zuuring HR, Coble DW (1998) A method for
quantifying vertical forest structure. Forest Ecology and
Management, 104, 157-170.

Legendre P (2014) Interpreting the replacement and richness
difference components of beta diversity. Global Ecology and
Biogeography, 23, 1324-1334.

Legendre P, De Caceres M (2013) Beta diversity as the
variance of community data: Dissimilarity coefficients and
partitioning. Ecology Letters, 16, 951-963.

Lennon JJ, Koleff P, Greenwood J, Gaston KJ (2001) The
geographical structure of British bird distributions: Diver-
sity, spatial turnover and scale. Journal of Animal Ecology,
70, 966-979.

Li DZ, Zang RG (2004) The research advances on the structure
and function of forest canopy, as well as their temporal and
spatial changes. World Forestry Research, 17(3), 12-16. (in
Chinese with English abstract) [Z=/fi 3%, JiEE (2004) #x
MRIEE J2= G4 5 D g S LI R ARG R Tk . SR L AT
7t, 17(3), 12-16.]

Li SP, Cadotte MW, Meiners SJ, Pu Z, Fukami T, Jiang L
(2016) Convergence and divergence in along-term old-field
succession: The importance of spatial scale and species
abundance. Ecology Letters, 19, 1101-1109.

Lowman MD, Rinker HB (2004) Forest Canopies, 2nd edn.
Elsevier Academic Press, San Diego.

Lowman MD, Wittman PK (1996) Forest canopies. Methads,
hypotheses, and future directions. Annual Review of Ecolo-
gy and Systematics, 27, 55-81.

Ma KP, Liu YM (1994) Measurement of biotic community
diversity. 1. a diversity (Part 2). Chinese Biodiversity, 2,
231-239. (in Chinese) [S 7 F, XK (1994) Y%
ZREERINEE DTV L o2 FEERIEE TR, 22 HE
4, 2, 231-239]

McCain CM, Beck J (2016) Species turnover in vertebrate
communities along elevational gradientsisidiosyncratic and
unrelated to species richness. Global Ecology and Biogeo-
graphy, 25, 299-310.

Neto RB (1989) Rain-forest canopy remains elusive. Nature,
340, 586.

Perry DR (1978) A method of access into the crowns of
emergent and canopy trees. Biotropica, 10, 155-157.

Pielou EC (1975) Ecological Diversity. Wiley, New Y ork.

Podani J, Schmera D (2011) A new conceptual and methodo-
logical framework for exploring and explaining pattern in
presence-absence data. Oikos, 120, 1625-1638.

Rahbek C (2005) The role of spatial scale and the perception of
large-scale species-richness patterns. Ecology Letters, 8,
224-230.

Ricklefs RE (1987) Community diversity: Relative roles of
local and regional processes. Science, 235, 167-171.

Rosenzweig ML (1995) Species Diversity in Space and Time.
Cambridge University Press, Cambridge.

Shen H, Cai JN, Li MJ, Chen Q, Ye WH, Wang ZF, Lian JY,
Song L (2017) On Chinese forest canopy biodiversity mon-
itoring. Biodiversity Science, 25, 229-236. (in Chinese with
English abstract) [JL¥, %877, kL, FRY5, MR,
TG, IR, R (2017) H [E ARG E A 2 R
WS, A=W RedE, 25, 229-236.)

Si XF, Baselga A, Leprieur F, Song X, Ding P (2016) Selective
extinction drives taxonomic and functional alpha and beta
diversities in idand bird assemblages. Journal of Animal
Ecology, 85, 409-418.

Si XF, Zhao YH, Chen CW, Ren P, Zeng Y, Wu LB, Ding P
(2017) Beta-diversity partitioning: Methods, applications and
perspectives. Biodiversity Science, 25, 464-480. (in Chinese
with English abstract) [ 306, BXARSE, BRMGE, RS,
WH, RIS, TP (2017) Beta REME A ik, NS
B, YR, 25, 464-480))

Smith AP (1973) Stratification of temperate and tropical
forests. The American Naturalist, 107, 671-683.

Sun RY, Li QF, Niu CJ, Lou AR (2007) Foundations in Eco-
logy, 2nd edn. Higher Education Press, Beijing. (in Chinese)
[AMEIK, FP5F, FERIE, %220 (2007) HahAESE
(5B —HR). WS #0E Hihcrt, dEst]

Ulrich W, Almeida-Neto M, Gotelli NJ (2009) A consumer’'s
guide to nestedness analysis. Oikos, 118, 3-17.

Watt AS (1924) On the ecology of British beechwoods with
specia reference to their regeneration. Part I1. The develo-
pment and structure of beech communities on the Sussex
Downs. Journal of Ecology, 12, 145-204.

Whittaker RH (1972) Evolution and measurement of species
diversity. Taxon, 21, 213-215.

Williams PH (1996) Mapping variations in the strength and
breadth of biogeographic transition zones using species
turnover. Proceedings of the Roya Society of London B:
Biological Sciences, 263, 579-588.

WuY, LiuWyY, Song L, Chen X, LUHZ, Li S, Shi XM (2016)
Advances in ecological studies of epiphytes using canopy
cranes. Chinese Journal of Plant Ecology, 40, 508-522. (in
Chinese with English abstract) [ 525, XISCHE, #5s, FRiE,
FAEIE, T8, ABEA (2016) HE TGRS 1 B AR A A
AR TR AR, 40, 508-522]

Yang L, Sun ZY, Tang GL, Lin ZW, Chen YQ, Li Y, Li Y
(2016) Identifying canopy species of subtropical forest by
lightweight unmanned aerial vehicle remote sensing. Tro-
pical Geography, 36, 833-839. (in Chinese with English
abstract) [#e, #hrh T, BOGR, MRESL, BRIy, 22w,
225 (2016) FE T AT A HLRE B A B AR A AR
. #har iz, 36, 833-839.]

Ye WH, Cao HL, Huang ZL, Lian JY, Wang ZG, Li L, Wei
SG, Wang ZM (2008) Community structure of a 20 hm?
lower subtropical evergreen broadleaved forest plot in Ding-
hushan, China. Journal of Plant Ecology (Chinese Version),
32, 274-286. (in Chinese with English abstract) [ /3%,
HtgE, DR, IR, TAEE, Kk, SR, TE



ECE FEFEE S5 S5 L P S i o o P MR v T L 45 S L 22 R AL 629

W (2008) S il 111 i MV s S AR 202 B M T v
FHERT T, YA R, 32, 274-286.]

Zhao J, Li J, Liu QH (2013) Review of forest vertical structure
parameter inversion based on remote sensing technology.
Journal of Remote Sensing, 17, 697-716. (in Chinese with
English abstract) [i4F#, Z=#f, MIEK (2013) MM EE
M BHOB IR SRR, BRI, 17, 697-716)

Zhao MF, Xing KX, Wang YH (2017) Patterns and deter-
minants of beta diversity in the understory vegetation layers
of montane boreal conifer forest in Luya Mountain. Acta
Ecologica Sinica, 37, 3327-3334. (in Chinese with English
abstract) [BXRS ¢, JIRFFRE, FFAT (2017) 7 5 1L 9ER
BF i ARGE 2 N B W betaZ FETERS SR A LR AR 324,

37,3327-33341]

Zhao ZM, Guo YQ (1993) Principles and Methods of Com-
munity Ecology. Scientific and Technical Documents Publi-
shing House, Chongging. (in Chinese) [, SRR
(1993) A A2 B 5 0710, RHECTHR i Sk Z5 873
1, ERK]

Zhuang CY, Huang QL, Ma ZB, Luo F, Zhang Y (2014) Rev-
iew on defining methods for canopy stratification. World
Forestry Research, 27(6), 34—40. (in Chinese with English
abstract) [FE4E7E, SIGBE, SER, P55, KH (2014)
WIERN G Irikegd. ROV 7, 27(6), 34-40)]

GifEwmZ: £2m SUERE: )

M Supplementary Material

MRl SAALERFH SRS ESE

Appendix 1 Height of all micro-climate monitoring equipments placement sitesin the crane plot of Dinghushan

http://www.biodiversity-science.net/fileup/PDF/2019107-1.pdf
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Appendix 2 Comparison of species component between shrub and other layers as well as among neighbouring layersin pair in the

crane plot of Dinghushan
http://www.bi odiversity-science.net/fileup/PDF/2019107-2.pdf
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Appendix 3 Microenvironment factors of each layer in the crane plot of Dinghushan
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Appendix 1 Height of all micro-climate monitoring equipments plcacement sites in the crane plot of Dinghushan

A TR B TE s E Height of equipments plcacement sites (m)
Name of indiviuals fr# 1Sitel  frE2Site2 f7#E3Site3 fIE 4Site4 AL 5Site 5
faf A 15 Schima superba I 19.7 14.5 10.2 7.5 5.0
i A 2 %5 Schima superba II 16.5 12.6 10.6 6.2 4.0
A 35 Schima superba ITT 16.0 15.5 12.0 7.6 5.0
JE57HE 1 %5 Cryptocarya chinensis I 15.5 11.5 9.7 7.2 5.1
JE5¢kE 2 5 Cryptocarya chinensis I 12.0 9.6 7.0 5.0 33
JE7HE 3 %5 Cryptocarya chinensis 111 12.4 10.2 8.3 6.4 4.2
L EFs 15 Pinus massoniana I 22.4 18.1 14.5 1.2 6.8
LR 2 %5 Pinus massoniana I 21.0 16.8 13.4 11.5 9.0
LJEFs 35 Pinus massoniana ITI 21.0 185 155 12.2 7.5
HETE 1 5 Castanopsis chinensis T 14.2 11.8 9.5 7.2 45
#EZE 2 5 Castanopsis chinensis 11 16.1 115 9.0 6.8 4.8

HEZE 3 5 Castanopsis chinensis IIT 18.2 — 115 8.5 4.4
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MisR2 SHLEREMERRSHEM SRR RETKEEIMERLER. S: #KE; SC: TFEE; LC:
BTE; MC: KB4 E; UC: KB LE; vs: AHBHITIILL; ¢¢ mHRELEM; sp: 5I—MEREEM,;
sp*: E—MRERIFER; r BB TTE S LEBIFR. S vs SC spFIS vs SC sp* A RIFRNERB I E F4
MLLECES, SEARRMSEMAILERREaT.

Appendix 2 Comparison of species component between shrub and other layers as well as among neighbouring
layers in pair in the crane plot of Dinghushan. S, Shrub; SC, Sub-canopy; LC, Lower canopy; MC, Middle canopy;
UC, Upper canopy; g, generalist of two layers; sp, specialist of the first layer; sp*; specialist of the second layer; r,
too rare to clarify of two layers For example, S vs SC sp and S vs SC sp* represent specialist of Shrub and

specialist of Sub canopy respectively, when Shrub compare with Sub canopy.

YyFt Species S SC LC MC UC 4453 Classification results

M 5457 Glochidion wrightii 5 1 SvsSCr,SCvs LCr,Svs LCr,Svs MCr,Svs UCT

A% Syzygium levinei 14 6 4 2 SCvs LCr,LCvs MCr,MCvs UCr,Svs LCg, Svs MCr,Svs UCr

HEEAE Alleizettella leucocarpa 6 2 SvsSCr,SCvsLCr,SvsLCr,Svs MCr, Svs UC

F#k Mallotus paniculatus 28 55 30 13 2 SCvs LC g, LC vs MC g, MC vs UC sp, S vs LC sp, S vs MC r

A B Gironniera subaequalis 3 SvsSCr,SvsLCr,Svs MCr,Svs UCT

HIHiA Blastus cochinchinensis 24 7 SvsSCg,SCvsLCr,Svs LCr,Svs MCr,Svs UCr

ARH-#5 Ficus variolosa 10 3 SvsSCr,SCvs LCr,Svs LC1,Svs MCr,Svs UCt

A Microcos paniculata 10 2 14 1 SvsSCr,LCvs MCr,MCvsUCr1,SvsL LC g Svs MCr,Svs UCr

K& A Leucas mollissima 1 SvsSCr

S A% Litsea rotundifolia 2 SvsSCr,SvsLCr,Svs MCr,Svs UCT

HIH# Ficus hirta 1 SvsSCr,SCvsLCr,Svs LCr,Svs MCr,Svs UCr

SHB49A% Lindera chunii 5 8 1 SvsSCg,SCvs LCr,LCvs MCr1,SvsLCr,Svs MCr,SvsUCr

A4 MR Macaranga sampsoni 1 SvsSCr,8SvsLCr,Svs MCr,SvsUCr

%A Machilus breviflora 10 8 16 14 17 SvsSCg,SCvs LCg,LCvs MC g, MC vs UC g, Svs LC g, S vs MC sp, S vs UC sp*
X% Ficus hispida 1 2 2 SvsSCr,SCvs LCr,LCvs MCr,Svs LC1r,Svs MCr,Svs UCr

P# Liquidambar formosana 1 MCvs UCr,Svs MCr

MRS Canarium album 105 48 10 7 8 SvsSCg,SCvsLCg,LCvsMCg,MCvs UCg,SvsLCg SvsMCg, Svs UCg
MAA Tsoongiodendron odorum 2 1 LCvs MCr,MCvsUCr1,Svs UCr

Skl 2 Aidia canthioides 33 16 2 SvsSCg,SCvsLCg,LCvs MCr,SvsLC g, Svs MCr,SvsUCr

JZR3EAE Machilus kwangtungensis 1 2 2 1 SvsSCr,SCvs LCr, LCvs MCr,MCvs UCr1,Svs LCr,Svs MCr,Svs UCr
Y4475 Clerodendrum fortunatum 1 SvsSCr,Svs LCr,Svs MCr, Svs UCt

415 Adenanthera pavonina 1 SvsSCr,Svs LCr,Svs MCr,Svs UCt

S AW Cecropia peltata 1 SCvs LC1, LCvs MC r

faf A Schima superba 13 28 54 101 111 SvsSCg, SCvs LCsp, LC vs MC sp*, MC vs UC g, S vs LC sp*, S vs UC sp*, S vs MC sp*
R A Mischocarpus pentapetalus 1 1 SvsSCr,SCvs LCr,LCvs MCr,SvsLCr,Svs MCr, Svs UCr

4K Memecylon nigrescens 3 3 SvsSCr,SCvs LCr,Svs LCr,Svs MCr1,Svs UCt

2295 1LFRAT Alchornea trewioides 3 SvsSCr,SvsLCr,Svs MCr, Svs UCT

217 Syzygium rehderianum 26 13 5 2 SCvs LCg,LCvs MCr,MCvsUCr,SvsLCg SvsUCr

215542 Taxus chinensis 2 SvsSCr,SCvsLCr

ZL6#HBk Syzygium hancei 1 SvsSCr,Svs LCr,Svs MCr, Svs UC
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YyF Species S SC LC MC UC 44553 Classification results

41 %% Craibiodendron kwangtungense 4 1 3 SvsSCr,SCvs LCr,LCvs MCr,Svs LCr, Svs MCr, Svs UC t

#EH-3A Archidendron clypearia 3 4 1 SvsSCr,SCvs LCr,LCvs MCr,Svs LCr,Svs MCr,Svs UCr

J&5¢4: Cryptocarya chinensis 28 21 3 6 2 SCvsLCg,LCvsMC1r,MCvs UCr,Svs LC g Svs MCr

1E3E 4% Machilus chinensis 20 2 2 1 SCvs LCsp, LCvs MC1,MCvs UCt,Svs LC1,Svs MC1,Svs UCr
#ILJEFH: Cryptocarya concinna 251 121 36 SvsSCg,SCvsLCg,LCvs MCsp,SvsLCg, S vs MC sp, S vs UC sp
163! Dalbergia odorifera 2 SCvsLCr,LCvs MC r

# B Ficus esquiroliana 5 1 SvsLCr,Svs MCr, Svs UCr

#4-A Cratoxylon coclunclunense 12 2 1 SvsSCr,SCvs LC1r,LCvs MCr,SvsLCr,Svs MCr, Svs UCr

# i Engelhardtia roxburghiana 25 38 17 5 2 SvsSCg,SCvsLCg,LCvs MC g, MCvsUCr,Svs LCg SvsMCr,Svs UC g
#HET Gardenla Jasminoides 1 SvsSCr,SvsLCr,Svs MCr,Svs UCT

JKAE Magnolia sumatrana 1 1 SvsSCr,SCvs LC1,LCvs MCr,Svs LC1r,Svs MCr, Svs UC 1

‘K J1k# Michelia macclurei 1 2 1 SvsSCr,SCvs LCr,LCys MC1,MCvs UCr1,SvsLCr,Svs MCr,Svs UCr
fillf1JlH Maesa perlarius 3 SvsSCr,SvsLCr,Svs MCr, Svs UCr

flR3E % Sterculia lanceolata 181 94 24 3 SvsSCg,SCvsLCg,LCvs MC g, MCvs UCr,SvsLC g, S vs MC sp, S vs UC sp
IZSEA Viburnum sempervirens 1 SvsSCr

F# 37 Acronychia pedunculata 2 3 3 SCvsLCr,LCvs MC r

&MH Chrysophyllum lanceolatum var. 1 SvsSCr,Svs LCt, S vs MC sp, S vs UC sp

stellatocarpon van

JLAY Psychotria asistica 183 6 SvsSCsp,SCvs LCr, Svs LC sp, S vs MC sp, S vs UC sp

145 Ligustrum robustum 1 2 SvsSCr,SCvsLCr,Svs LCr,Svs MCr,Svs UCr

#i5% Zanthoxylum avicennae 1 SvsSCr,SCvsLCr

B it Castanopsis fissa 33 38 11 SCvsLC g LCvs MCr,SvsLC g Svs MCr,Svs UCt

ZF Litchi chinensis 3 1 2 2 SvsSCr,SCvs LCr,LCvs MCr,MCvsUCr,Svs LCr,Svs MCr,Svs UCr
SMEEER Archidendron Incidum 1 1 SvsSCr,SCvsLCr,Svs LCr,Svs MCr,Svs UCt

145 4EAS Rhododendron mariae 1 SvsSCr,SCvsLCr

I&F 1AL Symplocos confusa 1 SCvsLCr,LCvs MC r

14 # 11757 Garcinia oblongifolia 17 SvsSCsp,SvsLCr,Svs MCr,Svs UCT

JHRAE Ixora chinensis 14 SvsSCr,SvsLCr,Svs MCr, Svs UCrr,

JEHR Dimocarpus longan 1 3 2 SvsSCr,SCvs LCr,LCvs MCr1,Svs LC1,Svs MCr,Svs UCr

% FAli Diospyros morrisiana 7 2 2 SvsSCr,SCvs LC1,LCvs MCr,Svs LC1,Svs MCr, Svs UC 1

B 4p Ardisia quinquegona 169 85 1 SCvs LCsp, LCvs MC 1, S vs LC sp, Svs UC  sp, S vs MC sp

L EF Pinus massoniana 1 14 34 SC vs LCr, LC vs MC sp*, MC vs UC sp*, S vs MC sp*, S vs UC sp*

EAF llex pubescens 3 SvsSCr,Svs LCr,Svs MCr,Svs UCr,

ERHAET Glochidion eriocarpum 1 SvsSCr,SvsLCr,Svs MCr,Svs UCr,

EH Melastoma sanguineum 2 2 SvsSCr,SCvsLCr,Svs LCr,Svs MCr, Svs UCt

EM-FEMH Casearia villilimba 3 2 SvsSCr,SCvsLCr,Svs LCr,Svs MCr, Svs UC

A6 Rapanea neriifolia 1 SvsSCr,SvsLCr,Svs MCr,Svs UCT

] ¥ £74#% Photinia benthamiana 1 SCvsLCr,LCvs MC r

5L Osmanthus matsumuranus 1 4 1 SvsSCr,SCvsLCr,LCvs MCr,SvsLCr, Svs MCr, Svs UCT

Witk Syzygium jambos 54 45 27 4 SvsSCg,SCvs LCg,LCvs MC g, MCvs UCr,Svs LC g, Svs MCsp,SvsUCg
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YyF Species S SC LC MC UC 44553 Classification results

kM Celtis sinensis 2 MCvsUCr,Svs MC r

T-4EH# Vernicia montana 1 SCvs LCr,LCvs MCr

ATi-F Dracontomelon duperreanum 1 1 1 SvsSCr,SCvs LCr,LC vs MCr, MC vs UC r

Z44#% Machilus velutina 2 2 1 SvsSCr,SCvs LCr,LCvs MCr,Svs LC1,Svs MCr, Svs UC 1
M4 llex ficoidea 1 SvsSCr,SCvs LCr,SvsLCr, Svs UCT

PIEE Cinnamomum cassia 4 2 SvsSCr,SCvs LCr,Svs LCr,Svs MCr,Svs UCr

= X% Evodia lepta 21 9 SvsSCg,SCvs LCr,Svs LCr,Svs MCr,Svs UCr

ZAEAT llextriflora 1 SvsSCr,SCvs LCr

1149#% Lindera metcalfiana 1 SvsSCr,SvsLCr,Svs MCr, Svs UCT

11 JEHR Helicia formosana 1 1 SvsSCr,SCvsLCr,Svs LCr,Svs MCr,Svs UCt

LIk Ephedra equisetina 1 SvsSCr,SCvs LCr

L4t Vitex quinata 2 SCvs LCr, LCvs MC r

1111244 Sapium discolor 1 1 SvsSCr,SCvsLCr,Svs LCr,Svs MCr,Svs UCr

WEAH Viburnum odoratissimum 1 SvsSCr,SvsLCr,Svs MCr, Svs UC

fBEA Raphiolepis indica 1 SCvsLCr,LCvs MCr

it 27 Euonymus laxiflora 3 SvsSCr,SvsLCr,Svs MCr, Svs UCT

fUlHl Itea chinensis 2 SvsSCr,SCvsLCr

JKZRHF Saurauia tristyla 1 SvsSCr,SCvs LCr

JKEEH Wendlandia uvariifolia 1 SvsSCr,SCvsLCr

KA FE Sarcosperma laurinum 72 17 3 1 SCvs LCg,LCvs MCr, S vs LC sp, S vs MC sp, S vs UC sp
JK[AA Ficus fistulosa 62 42 10 SvsSCg,SCvsLCg,LCvs MCr, Svs LC g, S vs MC sp, S vs UC sp
JK# Cleistocalyx operculatus 2 SCvs LCr,LCvs MCr

BT Glochidion puberum 1 SvsSCr,SvsLCr,Svs MCr,Svs UCT

PEIE R Alstonia scholaris 1 SCvs LCr,LCvs MC r

AT llex rotunda 1 SvsSCr,SCvsLCr

MJkAA Ficus nervosa 1 SvsSCr,SvsLCr,Svs MCr, Svs UC Tt

+%i#F Aquilaria sinensis 12 2 SvsSCr,SCvsLCr,SvsLCr,Svs MCr, Svs UCr

& RA Pygeum topengii 21 25 9 4 1 SvsSCg,SCvsLCg,LCvs MCr,MCvsUCr,SvsLC g Svs MCr, Svs UCt
Wbk 1l EAR Helicia reticulata 1 SvsSCr,SCvsLCr

%4 Diospyros eriantha 10 1 SvsSCr,SCvs LCr,Svs LC1,Svs MCr,Svs UCr

F. A% Antidesma bunius 1 2 SvsSCr,SCvs LCr,LCvs MCr,Svs LCr,Svs MCr,Svs UCr
F.¥5EHME Ficus hirta 1 1 SvsSCr,SCvsLCr,Svs LCr,Svs MCr,Svs UCr

Yl ZE1E Wikstroemia nutans 1 SvsSCr,SvsLCr,Svs MCr, Svs UCT

FMH Lindera communis 1 SvsSCr,SvsLCr,Svs MCr,Svs UCT

/N Microdesmis caseraiaefolia 1 SvsSCr,SCvsLCr

/NS Ficus benjamina 3 3 1 SCvs LCr, LCvs MC1r,MCvs UCr,Svs MCr, Svs UCt
/INIHRJIE Artocarpus styracifolius 1 2 SvsSCr,SCvs LCr,LCvs MCr,SvsLCr,Svs MCr, Svs UCr
TSHEIAC Schefflera octophylla 140 161 51 10 SCvs LCg,LCvs MC g, MC vs UC sp, S vs LC g, S vs MC sp

BABE Averrhoa carambola 1 LCvs MCr,MCvs UCr, Svs UCTt
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YyF Species S SC LC MC UC 4334553 Classification results

BH# Cinnamomum burmanni 3 2 3 SvsSCr,SCvs LCr,LCvs MCr,Svs LCr,Svs MCr, Svs UCr

#iL% Aporosa dioica 207 122 43 11 SvsSCg,SCvsLCg,LCvs MC g, MC vs UC sp, Svs LC g, Svs MC sp, Svs UC g
fiE A Canthium dicoccum 22 44 31 7 1 SCvsLCg,LCvs MC g,MCvs UCr,SvsLC sp*, SvsMCr

fi)£%% Caryota maxima 6 22 35 22 24 S vs SC sp*, SCvs LC g, LC vs MC g, MC vs UC g, S vs LC sp*, S vs MC sp*, S vs UC sp*
M2 Pterospermum lanceaefolium 1 1 1 SvsSCr, SCvs LCr,MCvs UCr,Svs LCr,Svs MCr, Svs UCt

R Cinnamomum bodinieri 1 1 SCvs LCr,LCvs MC 1,MCvsUCr,Svs UCr

K474 Podocarpus fleuryi
Bf6 2 Linociera ramiflora
#HPHA Bischofia polycarpa
it Carallia brachiata
HEZE Castanopsis chinensis

Tk Syzygium championii

SvsSCr,SCvs LCr, LCvs MCr,Svs LCr,Svs MCr, Svs UCr
SvsSCr,SCvs LCr,Svs LCr,Svs MCr,Svs UCr
SvsSCr,SCvs LCr, MCvs UCr,Svs MCr
SvsSCr,SCvs LCr,Svs LCr,Svs MCr,Svs UCr

SCvs LC g, LC vs MC sp*, MC vs UC g, S vs LC g, S vs MC sp*, S vs UC sp*

SvsSCr,SvsLCr,Svs MCr,Svs UC
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Appendix 3 Microenvironment factors of each layer in the crane plot of Dinghushan

Wz
Layers

H P68
Average daily light (LE)

H R
Maximum daily light (LE)

TR

Average temperature ('C)

T AR

Average relative humidity (%)

WEAZ Shrub

WjiJZ Sub-canopy

5 FZ Lower canopy
Wi HE Middle canopy

M _FJZ Upper canopy

20.70

15.11

13.49

30.89

47.30

183.64

678.02

611.23

928.01

1035.96

26.75

27.09

27.03

27.55

28.07

94.36

91.92

84.57

84.77

84.62
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I mpact of livestock terrain utilization patternson wildlife: A case study of
Wanglang National Nature Reserve

Xing Chen', Lianjun Zhao?, Xixi Hu', Chunping Luo? Chunping Liang®, Shiwei Jiang?, Lei Liang", Weichao
Zheng®, Tianpel Guan™

1 Ecological Security and Protection Key Laboratory of Schuan Province, Mianyang Teachers College, Mianyang,
Sichuan 621000

2 Wanglang National Nature Reserve, Pingwu, Sichuan 622550

3 Tangjiahe National Nature Reserve, Qingchuan, Sichuan 628100

Abstract: Terrain use is a fundamental factor of wildlife habitat and is closely related to other environmental
factors. To assess the impact of cattle and horse on wildlife, we conducted field surveys in Wanglang
National Nature Reserve and analyzed terrain preferences. We also deployed infrared cameras and historical
biodiversity data to evaluate the risk of disturbance to key protected species based on atitudinal distribution
of livestock. Results showed: (1) Both horse and cattle preferred low altitude habitats with low slopes, close
to water with half to full sun aspects. However, there was also significant differences in terrain use between
these two domestic animals. (2) The areas with the most frequent disturbance by livestock in the Wanglang
Nature Reserve were Youyizhigou and Zhenggou in Zhugencha, and Yangdonggou in Dawodang. (3) Based
on historical data, takin (Budorcas taxicolor tibetana) is likely the most influenced wildlife species, as the
degree of overlap with livestock along altitudinal gradients is very high. Infrared camera data showed that
areas frequented by livestock had fewer takin individuals recorded, indicating a negative relationship due to

ek H #: 2019-04-09; £252 H 1: 2019-06-14
BEEIH: K AR 5E43(31300319)
* JL[EIEIAEH Co-authors for correspondence. E-mail: 379265906@cq.com; tp-guan@hotmail.com
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co-existence. Based on our findings, we suggest, (1) nature reserve should focus livestock in two core areas
of Zhugencha (Youyizhigou, Zhenggou and Baishagou) and Dawodang (Yangdonggou and Waicepo) by
monitoring the population and distribution of livestock in these areas; (2) they should prohibit the dispersal
and distribution of livestock towards higher elevations; (3) the frequency with which local herdsman feed
livestock salt needs to be controlled; (4) the strength of law enforcement towards illegal herds should be

elevated.

Key words. elevation; habitat; grazing; Southwest of China; giant panda; national park
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Fig. 1 The location of camera and linear transects in Wanglang National Nature Reserve. 1, Youyizhigou of Dawodang; 2,
Youyizhigou of Zhugencha; 3, Tiebanfanggou; 4, Youerzhigou of Zhugencha, 5, The left of Dacaoping; 6, Yangdonggou of
Dawodang; 7, Waicepo of Dawodang; 8, Baishagou; 9, The ridge between Baozigou and Jiefanggou; 10, Zhenggou of Zhugencha; 11,
Qikeshugou; 12, Tianranmiaopugou; 13, Erdaoping; 14, Laotingchechangduipo of Zhugencha; 15, Nangou of Zhugencha; 16, The
first supplementary survey trail; 17, The second supplementary survey trail.
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Tablel Terrain preference of cattle and horse
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VR G (P < 0.001) 3 5 51 4% (P < 0.001). HiJF i
fREE /NP < 0.001). HE7KIE(P < 0.001). KBAESH
(P < 0.001) ) X 3G 3 (£ 1, 2). A1 F %k
PEAFAEZ 7 2R B S (R i (K 4k (P < 0.001). i
JKIE(P = 0.001). K PFHFESE S =(P = 0.005) X
B TEMEIAERE b, A5 2R PH 3% (18.14% vs.
12.24%) F1>¥: FH 41 (49.64% vs. 44.03%) (X* = 26.53,
df =3, P<0.001)(£1, 2).
22 FHXEITEMN
221 HEZENERNER

PR SR B, X & IE B R B AL T HT 10AL

K+ Terrain factor 4= Cattle I, Horse AR Availability
K Elevation (m) 2,987.33+7.04 3,092.97 + 6.42 3,496.97 + 3.44

% Slope () 16.28 + 0.36 16.28 £ 0.28 30.57 £0.09
HiJE#EIRE Terrain roughness index 28.08 + 0.56 28.23+0.49 4751+ 0.16
PEIKJRFE S Distance to water (m) 187.12+7.21 153.48 + 5,52 4652 +2.25
KIFA4E A Solar radiation value (WH/m?) 985,160.94 + 3,125.05 978,059.35 + 2,252.7 947,815.03 + 880.76
Y% Shady slope (%) 552 711 11.58

A3 Sunny slope (%) 18.14 12.24 10.31

[ Semi-shady slope (%) 26.71 36.62 39.67

A[HYE Semi-sunny slope (%) 49.64 44,03 38.44
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T2 HEHIAR IR
Table2 Test of terrain utilization of livestock

HIE KT Terrain factor 4T, Cattle-horse

—155{E Cattle-background

O35 5:{H Horse-background

##4Kk Elevation 0.000
W Slope 0.663
M #RIRE Terrain roughness index 1.000
FE/KJFEE B Distance to water 0.000
KFH4ESHE Solar radiation value 0.005

0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000

LR MTRE A — S (n = 409). PTAR & IEYE(n =
233). K& KVERE (n = 201). AV (N =197). %
T 5 ARG 2 [ LR (n =170) K& ik AMIl 3 (n
=142). KE KA —>2(n = 113). JEHF(n = 111).
TR (n = 58). TR ZAF X i (n = 57).
MR SR AR P AR, FRATIIX 10 R 26 1)
T RSB N=25 ()BT 39
TR S TR TR L A -EARR R, ()5 T
R4 KSR MU . K& REETRVE . K
B KA 30 CIEPPRIATIR 7 A — 30, ()R
TEH ERER T VE . PR A5 20 B
ATHR 2 IE VA (E12).

FEIX B Zr, ARHE SEHER BH B, TR
i AT IE VA AN K 55 ok PR A A T AR
(X 32 TECHCT P e 7™ 2 10 X 3l K88 ik A — VA Al

¥§#K Elevation (m)
3000 3300 3600

2700

E2 FHRFEXEEAREETIEERSHEE. L A
W 2 MIIRBZIFEIK, 3 MIRAIEMR; 4 KEIKN
SMULE; 5 KBIKGER; 60 KEINA—XE, 70 &1,
8 MIRBA—M; 9 FIFASHERAZEMLE, 10:
EER,

Fig. 2 Distribution patterns of free range livestock in different
valleys of Wanglang National Nature Reserve along altitudinal
gradients. 1, Baishagou; 2, Laotingchechangduipo of Zhug-

encha; 3, Zhenggou of Zhugencha; 4, Waicepo of Dawodang; 5,

Y angdonggou of Dawodang; 6, Y ouyizhigou of Dawodang; 7,
Erdaoping; 8, Youyizhigou of Zhugencha; 9, The ridge bet-
ween Baozigou and Jiefanggou; 10, Qikeshugou.

T8PPI 2 S B TR R R A I 20, R TR
2,900-3,000 m.
222 FHIEN

AR W B, FRATIE SR T ORBER AN A
H BE $ (Naemorhedus griseus) . 1 4 & ¥ (Capri-
cornis milneedwardsii) 3Ff & SR B EBIY), 1%
AR 0 54 TR, aiTiX AR sh S 4
LIEMR A LI 2 R (33, K3). 45K K
Hi(2,911.05 + 13.87 m)54:(2,996.79 + 14.63 m)Fll
15(3,084.76 + 12.53 m) 53 Aii MR A LE M 2 25 72 7 (4
P =0.001, &: P <0.001, 3); Fh#E3#4(2,926.23
+ 24.89 m)F AL 8L #4(2,960.18 + 22.88 m) 5 L {EAE
BFZR(P <0001, P=0001), M54ERANEE
(P =0.091, P = 0.661), fFEMFIKES; RF54H
LEWHR FINERERARE (R P=0314, TP
=1.000).

CLAMENLIE IS ) 1850 5, ARG, ik
BEFy . IR A MBS (Moschus berezovskii). 7 2
(Pseudois nayaur). £k FE 4T #E(Lophophorus lhuysii) .
ik 35 (Tetraophasis obscurus). IfiL & (Ithaginis crue-
ntus) 2 2RI ALY . ZDAMERLIA S A\ SEE B I
sk AR 2275k A1 R 2525k, =3 R kT
A IR $36.18%. 10451 TR IR RO ARMLAT 3%
E| NS S 7 N SN0 S RS g1l R R S EA R
FHBLIE S B 1 5 280 R 2= 19100% (n =
4). 84.14% (n=191). 95.63% (n=241). fEFTHH

=3 HESHEIVIHBRERKVRE
Table 3 Test of difference on altitudinal distribution between
livestock and sympatric wildlife

¥)F# Species 2k Cattle o Horse
K el Ailuropoda melanoleuca 0.001 0.000
BRI Naemorhedus griseus 0.091 0.000
rhEE ¥ Capricornis milneedwardsii  0.661 0.001
#7f- Budorcas taxicolor tibetana 0.314 1.000




6 1

¥R Elevation (m)

2600 2800 3000 3200 3400 3600

WREAE: JET U AP 88 22 1R FARFAE BT D PP —— DL E B B X 0 B AR R X B 635
n=97 n=>52 n=38 n=170 n=30 n=267
1 1 1 ul 1 sJ
PN i PR PAERR 4 B 5
Ailuropoda  Naemorhedus Capricornis Cattle Budorcas Horse

melanoleuca griseus

E3 HFEmISHENER S HHHE
Fig. 3 Patterns of atitude distribution of wildlife and livestock

B, 5 S ERAE3,000 m PR X8k k7 A 250
J 40l o R R B A R 1999.12% (n = 225)
F199.81% (n = 249), UiAAYEE 7ELRY1X 3,000 m LA
TNHT .

3 iTig

Hi T 22 Ak 22 PR 858 R 1 Hh f A HL RS TsE AR
IR, XA 278 LR 2R 40 rh AR B 4 )
WIS (PR A, 2000; R9c4, 2012). DAL, AHACT
FER, I H TR PP AR A AR, ARR B3R
BN R A TR AT R, R XA
W R ) TAEROE AL A R R MR AR 1
FIAE S G, B AN T4 T R R AT S e B
. AN IEIN S R R R, 4. DI
I FH B DX 3t /A B A= S R, T R B AR B )
XA I [ P S

TSR AR DX DL T, e A e i A )
U5 (KR B RO 35 4, 0 B A S A 6 7 A — g R
s, S AR X AR S RGN e BRI g B (Mishra
et al, 2004; Arlettaz et a, 2015; Khadka & James,
2016; Maxwell et al, 2016). 317K, & R
RERE AEFF I A M) 2 /K P (Takala et al, 2014),
B3 B 5 A BB L (GBS, 2009; F=
YL, 2016). JHARTE T EAERYIX 2 X AT kAT AE, A
A B0 ARAP IX P () BT AR sh sz e I sE 0, H
SN I FE AR R . (R IX @SS, T
J R BE AR I —, BIEBAAT ARG B R

milneedwardsii

taxicolor tibetana

o T P & 7R R X N B B R A, X Fh
TFHE 0I5 FERT B AT 11 1 THI 25087 328 7 7 7] 47 TH] o
tE ARSI B KRR &, 44 & Bl kI ™ =T
P BRI« Wang %5(2015)38 ik RE A 2 3t
L AMENLA & CAUE ] 74 & 5 K RE A1 7E 3%
R E AR5 4. Li 25(2017) I H GPS 1 f14)
Fh o AR 1 — R B 1A B A DK BE A S
HZR G 2 &5 (0 23 (AR FHARFAIE, R F sz e 5 7]
FH [FIRE B2 08 & B AN W) AT DG I 23 BT i s 1 IR

AT FEPEAN B LR B SR e, R A
BEHEM R, BAAHERARE, 22T
KW FR . v AT, BE S U RE2 DL S AR
¥R, AAZRHSLRIR G ERFERZET,
5[] Jg i Ly AL 350 140 R ST B R 4 SRR X AR L,
T RALRS XA 4 20 A Mg 3O J2 5 5 (Guan et dl,
2013) o X FPIARSE 15 B TR 8500 TE R = 72 5L
P, (K I 5 FE ) TECBCH D88 35 OR3P 0T G AR ATG
ST B A L R 7 2 R TR AR H A,
oo S AL AN AL IR DA 5T & B % I OR3P 30,
AT Fg R R AT 3 — W JE R, fER 4
I AR, R & RO O A B
D, T A DU 120 B2 3203 18 22 184 #5(3,230 m:
4 =1, $4 =3, 2950 m: 4 =19, B4 = 3
2915 m: 4 =15, & =8, ¥4 = 1), AlREUH T
P LR 78 () [k, H 2 [l A 75 1) A2 25 2L
MAEZE .

M B A 2 B S ) AR R R

s
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WERHGR M & MBS K, R4S aEINY ] fe
B B B R 3 B R R B BT R IX,
AT T AR R RS . — U A6
AT LR, B ARRY X2 P 2R 2 A BUIR %
B OB R -, UGB A AR AR AR B AR X
(Guan et a, 2015). [, AT, RAEEN5E
W AT PGE A 0] e R AR RS X P 4 R
B, HE AR, BB IE S22 =LA
BRG. L) B O U, BEE M &R
W B 0T B, B AR SR RE 2 vT DAL 2K 1)
(Madhusudan, 2004).

WIS AT, AT DUF UG (D) RPN
AP0 X I 7 M R R O B DL S Oy A
# QXA T iR B B AT R OK S, BHLAE
BT — 2D R A S N, Q)R ER
LTI REL, PRI BT REEE, (4) gz
MEAEE, &G R EDH BFICEE 584
A1 A DO PR X AR BRI i R 5 T 5K
B, A EROTBUR . ATk 3B LA (A K RE R B K
o8 el 3 SR ) RE A% EEANLE T B R AR A7 A B AR
BN H 2 B8O B AR X, B R A
B AERT S, MR B BRSO B AR X
W Z RV B o
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EONY F ORY ASHT ATH SEE

1 (V558 VA XMl A BRI 72 Be, i 850000)
2 (bR AR be, dbat 100871)

X

FEE: 20132018 [A] K FI £ AMHBLE A PU e S kA Kk 25 [ 5 20 8 2R ORa7 IX (14 4624 (Catopuma temminckii) i
AT RN, R TEA B 704N s, 14,072 HNL AR H o Ll o I R 1015k, JHhe0sk ar it (8, & &8t
PSR T K159.40% . i sk BIAFPAN [F) 6 2 () S MA, FHERAIR LU RS (LB - AR T - A K
R = 461 7 4 3 HURO AR NI E AR S SR T il sk AR R AN R [F3oAm, T DA & R
U2y B ARRS X AR IR r b DX 3 B G 0 AR S e 3 5 L X o ST 20 AR ML 75 S8 1 3 M T A s
EFNAS [3] € 08 (R SRR T A REAE 3R AT 1 PE4H B B SRR, DU Z R IR N TR AT SE R BT R} . v& 2 154
HI o BT BB os, B FCIX N £ CAEAT MG 8 32, 10:00-12:00y F i 5 1135 2l i 0 o AN 7] A 40 110 H 36 80 22 S Fa 3
(daily-discrepancy index) afil/E4T M4 #5%k(diurnal-nocturnal index) BIJAF1E & % =, Himshu g BA B 2T

b vl toy)E S RIEh Y R 2 R T LT TR Bt T R E B 5 2%
XA eHi(Catopuma temminckii); ZLAMHBLEAR; UGBS AT R4 F 5 2% B AR ERI X T80T

Coat pattern variation and activity rhythm of Asiatic golden cat
(Catopuma temminckii) in Yarlung Zangbo Grand Canyon National
Nature Reserve of Tibet, China

Yuan Wang™, Sheng Li%, Wulin Liu®, Xuelin Zhu?, Bingzhang Li*

1 Forestry Inventory and Planning Institute of Tibet Autonomous Region, Lhasa 850000
2 School of Life Sciences, Peking University, Beijing 100871

Abstract: From 2013 to 2018 we conducted camera-trapping surveys on the elusive Asiatic golden cat
(Catopuma temminckii) in Yarlung Zangbo Grand Canyon National Nature Reserve, Tibet. With an extensive
survey effort of 14,071 camera-days at 70 camera stations, we obtained 101 independent detections of Asiatic
golden cat, of which 60 (59.4%) were captured during day time and used to identify the coat markings of
each captured individual. Four types of coat variations were detected and defined. The capture rates were: 46
common form, 7 red form, 4 melanistic form, and 3 gray form. The gray form was the first ever record in
China. Results indicate that individuals of different forms could be co-existing and southeast Tibet has the
most diverse coat variations of Asiatic golden cat in China. We described the morphological characteristics
shared among and between the different forms, which will provide a sound foundation for further research on
this species. The Asiatic golden cats in the study area showed a diurna activity rhythm with the highest
activity peak between 10:00 and 12:00. There were significant differences in daily-discrepancy index o and
diurnal-nocturnal index B in different months and the activity intensity and peak patterns had obvious
seasonal changes. This study has accumulated basic data for wildlife inventory of the East Himalayan
biodiversity hotspot, and also provided basic information and reference for subsequent research on the
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mechanisms determining coat variations of felid species.

Key words: Asiatic golden cat (Catopuma temminckii); camera-trapping; Yarlung Zangbo Grand Canyon

National Nature Reserve; activity rhythm

i ER S BRI S 2 A T E K, 3
Iy A 45 130 4 Bl 5h ¥ IUCN/SSC Cat Specialist
Group, 2014; # ENIZE, 2017). 08 REE 5 B A4
SIS AR W R A b, DL R A S AR s
AT oG, A 430 () L3P R} 31400 1 SR 8
Ak, R E AR 2 AR AR
PR, HE N M M (Nowell &  Jackson,
1996; IUCN/SSC Cat Specialist Group, 2014). .,
& (Pantheratigris). #J(P. pardus). % %Y(P. uncia)2
PR KB BL B0 MK B LSRR A S & B B Ak
EBRGRIEA R, Z R 2 HRE, MR
4 (SK A Ty g 25, 2010; 94k 2013; JH4E
&5, 2018), TIALALZ b NSRS VI 32 R
FEN — AU, FEmTREZ, MERG XL
W (R BT S5 I £ 7 RN A L IS 1) 4 5E (IUCN/SSC
Cat Specialist Group, 2014).

4% (Catopuma temminckii) ZR BRIV I 4 08, 14
K:75-100 cm, B K:35-60 cm, #4A#E8-16 kg, & T
SSRT R E Y, Dy E N BRI AR
YR — (45, 1987, 7EFA, 1998; Smith &
Xie, 2008; XI/LIEHIEHE, 2019). SR AR A
FEHCA IR TE NS, Fa A X R [ A R S 1 R T
JEAH 2R By by T R, [ R A A AR, B A
B, R, Zht. ROfZE. RE. DRET. B
JEVEIE. i) EQJE . Fonds L AP JEiH/R (Smith
& Xie, 2008). 7EFLIE, S B A TR
e EE S VIR R X, (HAEN XAt
W, oA E 2R D, BUA A A X T RE C s
FEREREAL . R ACEPIR 2 A1 (Ul S R0 52 5%, 2019); 3
SRR IE PN SR A AT C I T DY N b0 7 5
Bevtre i = B PE RS e 0, DA P AR R S
I X (R B R 5, 2019).

Hh ] S T AR AR IR Ak R = A
SRR (UCN) RHZ R TS 43 B R,
FEH E R 7 R 2% S 2R R I o5 DX 3 P 08 1)
P EE 2 B, FEIFEFNAREDFH
I ARARATE S 3 2K A S (M cCarthy et al, 2015).
EANE IR AFF BV 2EE R AN A

(camerartrapping) Xf = L R L H B AR B 1) e
FEREFFEEAE MR, B 22 ) R 1 00 1) 40 A A
TESREE. MR MR R WEE AR . RREESL
IR 7] B (Ghimirey & Pal, 2009; Vernes et al,
2015; Chatterjee et al, 2018). AW EM, SHE
I T FAE 32.6-47.7 km?, £ KRG B0 HE B
1,597 m (Grassman et al, 2005). JT4EA A B/
A FHIF 4,282 mAabHER B S KE B, PR
124 © H I 5 = i 4R 43 AT il 3% (Dhendup et al,
2016).

S DA ) € 284 1 A8 S AE A RL B Hh AR
JE R, FF RG] RO T I A 5 e i 2 4l
(Sunquist & Sunquist, 2002). & [F #4525 i 1)
FULLa R a4, AKX TR (S AERESE, 1986, T
NiFE, 2003). ) (P AL ) (EAEEESE, 1986).
(REZME « SR (R, 1987). (HEYI
EEA ) (FERA, 1998). (PTEIsiE) (X155
K, 2005). (H [EBZRKE AT M) (Smith & Xie,
2008). Field Guide to the Wi dlife of Southwest China
(McSheaet al, 2018). (1 [E S %) (X1 /bFoFn 5
%, 2019)%%5 &5 5 Li%%(2010) iy SC ik, ARPEH Al
R ESHARATESFE S D 'k B Fr, REHD
S A ERAT 2 LA 4 R € 28 (1
4 RS ARETI(AES). BER(S A58
B SRR (L), E N30 H Rk 2 TS
PR F, 26 B LSO HER R 4 i 44, X RS
XHZ AR T LR O VREL (FEAS, 1998). Jigme
(2012) TA AN [) €8 Y (1) 08 ] e A7 A0 %o 4 v P )
FRE I, HIX— W AR TRAHERS, AFHIX 12
T o, ARERR ST ER— XA
TGN, AHE R ARG R R (L et a,
2010; Vernes et al, 2015).

FIX T E&MAR AR R#IA KL 25 T8
ik WS BB A SR B SR AR I S 0 B 5k (V5 AR R 4
1986), Xif H I ZRMRAS T P A= B 4 A [ € 28 A
[ b DL R S AE 5 R B Z W 7T . 76 35 [ 204E 7],
ZEAMANLE AR K R, CRCNEF A K A kR
P05 1 BT AR A I R B TR —, RTLUE SO X

RS
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Bl TEBNRREL SEEE FE K T AR S R
I 5 W %< (McCarthy et a, 2005; O'Connell et al,
2011). ZLAMENLEATE F I BT A= S AT 78 AT 1) B
5 B bREEAF D, JFi6 T 20t 229040 1, it
J 204F (AL IRE I K (B /R 55, 2014), H AT O oy K H
RS G M BT A Zh ) AR HEAG IR Va2 —, T
FLAERRLZ0 Y R 705 W D R S 3 T O 1 AR
(F %55, 2014; M6 R4, 2014, 2017).

Myers55 (2000) 4 “ 7% 5 B hi HE” 51 N 4 BR A )
ZREME RS [X (biodiversity hotspots)Z —. {HAREL T

RE BN R E D XKW DR B R g4
T I Zh A A I IR R 2 o i o5 T 4 SR SRk 158 it A
BARFBAIAW e, [ 2% 1% 80 12 X I8 AT
TR IT . IR ST 5255 (2014) R FH 4T AN AR ML 55

i B AT T AR, O % B P SR I R A,

Rl B 52 ¥ (Atherurus macrour us) il 2 it (Catopuma
marmorata); B4 2 (2015) % 55 it B /N Y 2425 2k
PEREAT TS, SR 45 (2016) % 28 i A [A] ¥ 44 11
B Bl 7 VEARTRIR o BE S SRR — b EDErid %
() Sl HE P P i SR ok o i T Xk 22 A0k )
WFFLAE E, PO R B &) M SEBR H R 7 T 2
A A DS, DA X I8 A= S Wik 7t
(75 1, [R] IR R P U 5 e AT 02 X 2 B AR
TR XA SR SR 2

A5 LA VG 5 A B AT R ke 4 1B 2K % H AR IR
IO X, W 2 FELLAMETLIE I, B3
WL T T (L) it X B AR SRR R TR AR T LA A
7] () 82 (2)3d i IR AT et e 0 HHfs, 2 5 ] DA9R
AN [R] €0 Y p3t 2 1) R LA RFAIE 2 (3) 1 X A 8 1Y
TGS RN RT 2 ACHIE T 5 SR AT DO A AR
PO TR AR, IR X At
AH L PR ST 55

1 #RAEZE

1.1 R

7 i 5 A R U 7 B R SRR X (LA R
TR K e 28 AR 4 DX ) AL T 4 ek A i S0 AR 27T, AT B
TLRE T L LR IX L KRR R s BRI AR L4 EL(IX)
FI144 S5 . fR3 X HHE AL Bkl 29°5'487-30°20'7"
N, 94°45'28"-96°5'39" E, s [H#19,168 km? B LA
Juhr 5 PFEITAGE K R 5, JE AN R

i AR AT 5 I A L K 324 PR AR S
Ml Bk =L %% BRI B2 5 EL G A 45 K 0
FRIEIE H A 0

U3 R4 X AR 1 BB R A ) 22 e AT AR
NS SR ANARR M, R T R T
X, #6RE LA S RS R e B R RS
25, MER SRR AR SN AR,
L 2 S R AR I R L S AR e
N A8 R 1L VK R e AN T B AR A R g,
FR 2R B T ot e R e L ) 5% AR R (R S5 K,
1987).

AT R R A U S L R AR A AR %A
5o, R /4 XA £ 5 WEM R
Y, ARSI Sh A B R RE o A il b R IR
E(RALFE 5, 2014, &S, 2015). R4 X A Al
1 1 I SR B A 2h a3, E RN E A
P E7 LR Zh 36, o BF AR S OFh, ALEE
hn#i fE (Panthera tigristigris). 5% 5. 234 (Neof-
elis nebulosa) . Z&FI(Lynx lynx) . 438 =48 3t (Pr-
ionailurus bengalensis) F1 At (Felis chaus) (X1l 45 4k,
1987; FFm XISk, 1993; # HNIE, 2017).
12 LI5MBENLEE

TELRY X IR B R B . AN [RIAE A 2R A 11
9 AR X I AE A AL IR 2 X, A8 404k
FANLR AT AR SRR . 05855 H X A 1B AR 4
2L AMRHLE B S 5 44 BEEAT, 40 51 20134517
H . 2013410 #20144:5H . 20164:10H %2017
EAH . 20174E10H 201847 . HAi L AMHML
WAL AT 704, B 5 RS 5 582-3,479 m, Rl
24,0714 FIHL TAE H (D).

£ AN LAY 5 9 LR 5 Acorn Lt16210,
BB R il R 5 S TR STR A RILEL 15 ST
B BUREE R E N, TEE I ENL . A AL
fic £ 17K 32 G SDAF-fils < A1 12715 7% 52,800 mAh(#)5
SR I, ANL R HA R R B AT B R, R A
WEYFEE S ER . e S B AR LR R
R, TGRS . LLAMENLIZ LR 3R T VA 1

BRI L RH R R 2, EAS )i
PR BEAT BEAR ML o A BEAT 53R B JFN - (1) 50 (2) X35,
WIFRE, RICENT, R . L H X %Y
T X AR A 1

B B Gk IR AT 1, AR K IR T
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&1 2013-20184F PRl fE & ifh Kk A EREB B AR XIMBAERXISMEN TIER S WM B A
Tablel The camera-trapping efforts and number of independent photographs of Asiatic golden cat in the 9 survey areasin Yarlung
Zangbo Grand Canyon National Nature Reserve between 2013 and 2018

WX ARV E LKA G e | FAHLLAEH HE P B ST R 4

Survey areas Number of camera  Elevation range Number of Number of Number of independent
stations (m) camera-days photographs photographs of golden cat

L HIX The Bixiri Area 11 2,235-3,479 2,794 12,294 34

HEEHRATTLRE £ X 10 582-668 1,880 16,751 0

The south bank of the Yarlung Zangbo

River Area

5,0]1[X The UmaMountain Area 6 1,751-3,145 1,374 6,942 0

i X The Raj Mountain Area 8 1,631-2,086 1,968 8,467 12

H%#[X The Dangezhuo Area 3 954-1,434 630 684 2

#2474 X The Gedang Ditch Area 16 2,230-2,470 2,691 8,713 46

E L EX The MeiyulunbaArea 1,751-2,315 294 5172

T [X. The Xigong River Area 1,124-1,590 1,080 6,532

##[H¥ X The Deyang Ditch Area 815-1,294 1,360 6,359

&t Tota 70 582-3,479 14,071 71,914 101

AR TR KK 1 Zh A 2 A FR e T I AT
WAL Ao Q7R A TR AR SR BE N 7K YR L P 20 47 e
ERZ, PR AHNLHES e P a0 e = 0 LR
BEEAKIR. HEPEHIX, HEEBAAILEREX . 55
WX, B L DX 23 1 X AR A 1

5 =R A vk < BRERT AR, BUCERT PR A
WOTERIEEA b, R L NN ZE JREETE B IR,
T EN YIS SE TE AR AN s B S AT RN S AL,
AR B N100-200 m. 13 Tl X, iy i X
0 M XA B 7 VAT 1

TR AN = B 1N RS = N = S T s Y T
2014): (D) AFTIEARBCIEPERCE, & %K BH G EAT AT
HMRNL T, (RIS A AL AT A KR R KRS
IR SOGAD; (QFEAR X AT BB ARAIL, AHATLER R, %
AN AR K 5 5 [t RT3 AR A) 22 A AR i, DA
WGBS B IE AR LR A ()T AL s N 8
RN TFERE, VA St T AR AR R = R
TS S I 52 ma 08O ()AL [ o LE
SR L, EHhE EE50-80 cm; (B)MNTEA Z=I K
TR TRT TE A B AR AL, 2 Hb ey B AT % i) 7£ 80-100
cmZ 8], IR 5 REAE AL 55 A1 1K
1.3 BUEAES SR

PR R AT RO I, FH R ) & R
v 4% BEA [) 47 A7 R0 A [R] e 00 DX 38 3 S S Ak S5 A
XK, brid it iE, DUEZEAT Gt . AR
PSR i, B LA6H NEZE. T-9OH REZE.
10123 Wik =, 133 W& =,

Gt — ST R () B [R], F A%
R PR R IR S 1 HE B (Ridout & Linkie,
2009). fEZII T, B RIRSLARM AN 2L
AN BT 4 05 7E — R N V& 3 58 2 Ak 256 53 A1 (1) Bl AL
Kb BTLLAMENLR AR RS TAE, nTLLA %
WA 4 R R R IR B P9 A 21 1 RH AL B 30 1 ]
REPER— B, DRIz 22 % 2 R 5 B AT 3R 4E
4R Higsh i3 (Ridout & Linkie, 2009). 1%
5o M8 FR(v3.4) [ overlap” i (Meredith & Ridout,
2016) 5¢ . -

Xof [ — UL LA AL LS TR AR B3 FHIT AL
A7 BT V) A A 3 4 ek 1 08 R R %o B AR R4 RS L ]
[ AL BOSRSREL AT N, DLAIT
FE 10 & [F] — IR H, AR CE R Py 5 SO IRy
(independent photograph, 1P). X448 i% 5l 56 B ) H
Th 5 7 718 %0« (daily-discrepancy index, DDI). B4T
PEFE B (diurnal-nocturnal index, DNI). Z=¥5 135 )
SR FEHy (seasonal-activity index, SANBEATIHEL,
AR

azzn:riz (1)
i=1
18

B= 2
i=6

=23 3)

NS
Forr, DiC RN R S 8OH, wEIEIRE AL h, 4R

==
=

il

'/' <

fft
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24 Wit e G 3, toAERIAN S RIS [EME,
00:00-1: 00 s [AJ{iE A1, 2:00-3:00f I A A2, pi
Nt BOASE I SR PR, HhpiR s H i %)
TR BIN S HNPE, pig ARG 2R 5 3 1
SHPEG NRREAS H IR RIS 5 PEL, Nl
AN AR SR IPEG vt 2 (AR X
TSNS, T O I P4 B8 B (1 &0 P S
FHBAINIELA, Bir = pi/N (FIR%E, 2014).

H &3 2 5 48 Bo T =304 H & 3 8] 43
BC3B SIREE, aBUEBEOKR, 2 BH A7 10 0] B Y
(3G S A 2 B R AN &) o B AT 4R B T 41531
SRR T BAT R AT, R B
113/24 (£190.54), RKRTESIBA I T B R Z 5,
B> 13124, RIF{EHMUEATH N, p < 13/24, KW
PAAT N o pFaFRIE T LU S A Bl g 20 (1) 25
A (FINEE, 2014).

Bl F I Excel 2017, SPSS 19.0% {4 4bFE, 4
K P B R A K -SH6 56 75 72: (one-sample K ol mogorov-
Smirnov test) 31T EHE 1 IE A AL, WA IE
Ao, WS U317 2500 M.

B S A VL e X 5 5 Bl KR A 35 2 4
Wiz A, FARTAS A X Id sk B S il R AL
MR KR 815 m, k3,479 m. L4
ML B8 1015k (1), BEAh, FHedl (by-catch) [A]35
Sy A T HRR AR R S A SN Z M =5, 1
76 AR X 1) (582-3,479 m) PN oA 41 1% 3] i
A= NI OO 1 Vi
21 BEIAEFSLLSG

1015k S A7 B8 b, 605K N B RIAEE, b
ST IR KB159.40%, ] TR 3l
e N R o g NS B DA SRR EINEAR
ey, BEMEIRER(E).

FERIAEIAG W AT SRR R 0 R 1
PSR A —3, WMIRWASE —&wag, Hia
HEPAR BSOS L E 2 LG E8; AR LU %A 41
HOEA; B, REeMPARSEEAR—. H
BN SE AL, BR TR EE . T
AEEACN A . By RO E., BT ik
B i b3, T TR A 2 (SR A XS BE AN [R]85 2 K /)N

Lt Acom O ot OU25207 25117

El AREEEOAREERFBAFRFEALIMENAENSHNAMEE. a RBEE, b IHFREE; ¢ BEE,; d

&R,

Fig. 1 The four coat patterns of Asiatic golden cats photographed during camera-trapping surveys at the Tibetan Yarlung Zangbo
Grand Canyon National Nature Reserve. a, Common form; b, Red form; ¢, Melanistic form; d, Gray form.
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TR VO A 7 [ K AR DR X e i 1 TR ) 5 B R 643

A=), BTN R A

AFPE T LSRR R W R () BRAE 8L (3
WEM): HNRMASAAGAREAGRKL, 25
BN JEEERA W RARA ABEEUR, AR5
AR L, T R BESL. XN T4 44 B
B R WOE R e Z RS (Bl1e). BRI AR
B9 X B ] i DL At € 28, TR It 6 e A A
CHEE A, (D)L AR AR R IR R
(Muntiacus vaginalis) 54l 1, VU BEFER. 4
SO R BE o X R T 7 44 B R R O
“OT R B RS (K1) . (0) B BAATB AN
S BABIR KB, THERE AMAIEERE
B, X RLT #4235 B R WOl A (- 38507 B
‘5537 (KE1o). (ARG &g BEoNIKA, B
SLERAR, 4B o BB S (& 1d) .

FE605K [ R AR IS IR b, BRy Hid st
FILHAMAE . R 2 S0 FE A 465K, AT
B S 76.67%; ARSI BT, M
HH11.67%; BER SRk, HEE16.67%; K
R S35, 5 EEUN4.99% (£2). AT, HEX
AR, DU B R3S, ARE
Rz, T 2R AR AR A8 I
22 HETE

HiG A b s R BoR, SR LLH
ITYEN E RSB E(R2), 4R R G VS 51 0
I AE10:00-12:00 [, 17735 50 e 55 PR A H LA
J=5:00-7:00 [f]; £ N7 Z M F1%15:00. 19:007!

#2 FPBEXHASHEAMEEMINIEIRAEH

23:0011 J&, &A LA EUR IS 5l i .

L RFEARK-SI L, &M% H o HiE3h % =
& B (I 3) A AT VEFE KU B(E A3 175 & IEZS 407,
% H 0y odEA71E 123 7 5 (t = 3.79, df = 11, P < 0.05),
PIEWAFEAE R ZE# (=361, df =9, P<0.05), Hpll
HO.61 > 13/24, KWEHMINEELLAR N E, BT
AT, X 5% FE R B TSRS 45 R — 3.
23 EINETER

ANRIZE T A ER 0 S ST I8 Hoy i 22 (B
). 1 (EZF). 39 (KF). 39 (%F). HTEFM
SEHR T BCE R D, NI R 2ZE RO, H Hr R
PR A

KRREARK-SKk L, =R RERREO TS
IEA 5041 (P = 0.74 > 0.05) . 3N 2717 [] G Bl 3 JE A7
BEMEZER({ =418, df =8, P=0.03; P < 0.05), #

N=101

e

(=]

&
T

14 338 B Density of activity
(=]
=
=

(=
T

0:00 6:00 12:00 18:00 24:00
B} /E] Time

E2 AEEEEHARSEREBARFXeMBEDT
(N =101)

Fig. 2 Thedaily activity pattern of Asiatic golden cat in Tibe-
tan Yarlung Zangbo Grand Canyon National Nature Reserve
(N =101)

Table2 Statistics of identifiable color photos in independent photos of Asiatic golden catsin each monitoring area

WX ST R A FE AN B 2L No. of independent photographs of each form

Survey areas No. of independent AR i 7 Tk A e ]
L2 CHELE Common form  Red form Melanisticform  Gray form

LLPE HIX The Bixiri Area 34 6 7 3

M AT VLR 7 X 0

The south bank of the Yarlung Zangbo River Area

5[ [X The UmaMountain Area 0

$z# 11X The Raj Mountain Area 12 1

B #%#%X The Dangezhuo Area 2 2

#2494 [X The Gedang Ditch Area 46 35 3

EEEX The MeiyulunbaArea 1

PE 5T [X The Xigong River Area 3 3

V4 X The Deyang Ditch Area 3

#il Total 101 46 7 4 3

RS
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Fig. 3 The day (a) and monthly (b) changes of Asiatic golden
cat of daily-discrepancy index («)
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Fig. 4 The day (a) and monthly (b) changes of Asiatic golden
cat of diurnal-nocturnal index (5)
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Fig. 5 Daily changes of the seasona-activity index (y) of
Asiatic golden cat

FAEIL A m R X ), SETEBANE EL
AMFRBUAN R LKA R Fr o X i sE 2 2
LG B X AT LB R, 7R AR 2 AR X 3 L i
I, B HGR w E N582-3,479 m. M 5 Z=iE shifEik
7 S N FE 3,500 mEL

31 &REBERAEF

o A € R 1R o A R0 TR AL i 4F 9 R P b
BN AE R . Ko B CA R A5k 1 X3
LLAMANLEE SR, B2 NIEFREH
YR I FER I T R IRIE . B NE EE R
U 11X 4 5 11 2 L A A ZE T PRV SRR AT T
WIHR (BRI 145, 2014), {HIE AR K €T fn) @5 1 iF
W 2R (2015) % T4 AMENL A A Il X0 DY )14 &
TATVE) AR X S A i 2 (R HEAT T VEAH 1R .
BRUECAAR, N T8 6T S e R BIE S IR iR

SEAAHIT FE 25 FANE Py Ah R RSOk, AT
B3R E LM — I M a8, R A (X
WER), aiEaf, BaeR, KeRMERa.
DU & 58 AT KU B 28 OR3P X AR 1Y) 8 2R 7
X2 R S L R A 7 e o X o FE A T,
AN [F) B S A AR o] DRI A, W s 78 S
B AT e R R T AR KSR s AR 2 A
22 5%, MASREVE AR AR . T A [R) € Y
(AN A 2 1) 72 5 A7 A 22 e A I A8 B A TR B ik
P, BT AT R ER R TCVE W . FEARH 5T
S B 0 R BB R A 32 A A T By AT



e TR VO A 7 [ K AR DR X e i 1 TR ) 5 B R 645

PO R AR B R I A, TR AN TR AR B R X
T A T L JhkS 23 X3, 7E 2 S R e LTk R B R A
Wb AR AR P G 10 5%, HoA B 7R W S (5 8 L ar
R R B A W (Bashir et al, 2011). 7EFREEE.
V)N A e B e T 0 (Li et al, 2010; 2%,
2015), = e Ll ik 2R R R X d 2 v AR T 1L R 4
AL IR L S A FE BE B R 1 424 (Bashir et al, 2011),
BEAR TP ARA LT MR OT SR E NN
ARIE -
32 EHTHE

TEE AR BIAT AR FN — A EE R
WZ¥, R BLERFUET AL S WA AS [R] B (] P 1R 375 30 52
JAFAINE . — BN B B 2 s H &3
e &, e, gy, feE. A, ZEDRu.
FERFDRIZ . FhIE] S 4 DL AR SRS J8 T IR 2
RIE . ARSI H I S5 X ) 52 PN 22 7778 BH i
ZE5E, T I R] K R T AR A DU 1 £ B 4
H 35 3h 5 A S8 I R (I A%, 2014) . At 7o imit

IR TN AT, AR P 1 DX s i R B 9 B AT 1

5 TR 5] 55 (2014) 15 38 114 Z2 04 b X 448 1) H VG 3l 75
AR, EZRIGHLIX, 09045 B o &M N BRI
i, 80%IHIE F o Al F 4 (R 755, 2014). X
ANHBIX G H G s T 1 22 7R 2 AT A TR &R
M F B IE A R — PR 9T . Gaynorss(2018)fiff 7t
R, NG5 B AR s ) B s s A &
SERFVRIREIA, 2> SRR RGBS 0, w] R
SPIHEL r= AEA BRI . FEARRT ST X AN
KIEB L TACT FE, T 7E Ze 0 b DX DU A7 72 AR R R
ZIINZEIES) . Rk, FRATHEN RS B 52
Al RE IR IR R R R 2 —

IBAN, S (2T VTR B B T RS2 MR IR 3R
FHEREE R R 254 M. ELLAMENLITE T, 38
WINPT H S B R A R 2R 13 B
S s EpL it S IEAESC, RS, E
21 5 P A1 8 =y, 3R BH B A 7E I R] B P R I R
(FEPAS, 2012, TIHEE, 2014). HAH T AT
DUt &4 H g3 Z 5488t 5K5:00. 11:00.
23:00 H B 34N 0, 111 13:00-21:0037% 5l 44 5 4 %
XA EHIE T &8 AR BRI 2 e, &£
HITE C N A TR T &R BT S . HiE
B 72 5t F6 Blo B AT S AW H TS S 1) 22 R,
AHIEFE A G () % A B S 30 22 548 B a AP AE AR

25 (P <001), RHHHESN AR 222 FhiH
FI s AN WA, e BRI PR 2R A
EVIERIES . BHAN RS R E ST
BoRE, &2 . 5A. 7TH. 10-11H8 HIiEsh
UG, T RE S AR LR B . AR X
BRI B, BTt ey AR, &MsEshnT
RETE NANE . 2-5 H NEF A& I S AL, 1%
17 B 45 0 7% AR 78 K S 10 B ) DA 4EFr 4 L
BYIHRIE, FECT IS RN 1110127 H 4
W RIE S, i, RS L
HUAH R i o Rl , ASHF e R BoR, e
TR T B 5, (IR 105K ML IR A, B2
TR LS . BATHEN, X FTRERZ T &
TEAEZENT MR R B AT S AR 5T R ML
e (KR T N 582-3,479 m, TEE 2, &M vl
REE BEASPIT F8 224 X (443,500 mLL 1), DA
G o X 4k B o T 2 ) 380 R R A T B 2 R 3R
Bk

s BROHEBRASERARLFERE. ARZ T4
Fo B B B BB Ao B B S AR £ BT 8 A
5k £ 4. A B EBLE A 5 A TAEA T 3T AR

B 8 M A b FA A AR, R RN A — 2R T4,

KRB R R A BE KGR ak. fEsb—IF 804
T — R TAR R AT . Bt R 18
FIEMATEH A,

SE 30k
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Assessment of macrobenthos biodiver sity and potential human-induced
stressorsin the Ganjiang River system

Yuan Xing™*, Xiaoping Wu?, Shan Ouyang?, Jungian Zhang®, Jing Xu?, Senlu Yin®, Zhicai Xie"

1 Center for Aquatic Biodiversity and Resource Conservation, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072

2 School of Life Sciences and Food Engineering, Nanchang University, Nanchang 330000

3 Chinese Research Academy of Environmental Sciences, Beijing 100012

4 University of Chinese Academy of Sciences, Beijing 100049

Abstract: The Ganjiang River is the seventh-largest first-level tributary of the Yangtze River, and
knowledge is limited about the river's macrobenthos assemblages. Here, we carried out a comprehensive
assessment of macrobenthos species diversity in the river system, and then identified the potential drivers of
the observed community patterns based on combined datasets of available historical records and field
investigations from 2016-2017. A total of 330 species have been recorded to date, including 138 from the
historical record and an additional 267 from the 2016-2017 investigations. In particular, this river network
harbors a high array of mollusk diversity, with 17 gastropods and 31 bivalves endemic to China while 32
molluscs endemic to China were recorded in the 20162017 investigations. The dominant species in the
Ganjiang River can tolerate pollutants. The density, biomass and richness index of branches of midstream
were all higher than those of main stream, branches of the upstream and branches of the downstream. The
canonical correspondence analysis (CCA) showed that five environmental factors (substrate, sand-excav-
ating, altitude, turbidity, velocity) and four spatia factors (PCNM1, PCNM11, PCNM12, PCNM15) were the
key drivers structuring macrobenthos community variation. The variation partitioning analysis indicated that
the environmental factors had a stronger effect on macrobenthos communities than the spatial factors. This
study provides useful information to enhance the conservation of benthic biodiversity in the Ganjiang River.
Key words Ganjiang River; macrobenthos, community structure; biodiversity; canonical correspondence
anaysis

WA H #A: 2018-11-05; 4252 H #A: 2019-04-24

B4 H: HERRYHAEY 2 BV % 15(2017HB2096001006) 11 5K H SRR 4643 (41571495) . BHHFHS Al 151(2015FY 110400-4) Fl v [F £ 2
5 5 543 305 151 H (ZDRW-Z.S-2017-3-2)

* J#IAE#E Author for correspondence. E-mail: zhcxie@ihb.ac.cn



ECE T 4 BT /K R KB RAN S 2 R 115 52 I BRI R 649

BILE KT EEN SR —, HE5EPREZER
H BB A &, 15 KR MR B 2 E TN
FEMEDZ RN X LA A5 (2010) 10 KL+
AP R 708K ) JE AR &5 (2012) 1 35 Yt Ik Y 7
TEAE Y3128, {E SR IR M XR AT [H 51 4 5 s R
P 14%, B0 UG 25 F R 1) 28 (1R # 55 5F
2010; B34, 2016). BT MARE T MR ST T 3
S VLUK N MR N, RAF T 82 AR PR
HRh(H E 91, 2005; &F R H %, 2014) . Ttk &R
H %5 (2014) 2 SO A KT IR N 275 AR
Pt ekt X . SR RE A 4857 (1 R R AR AL 3t 7
FnR, BRI IR A2 ) 2 R P O T Il 7 E Y
JHh o T SRR I 2 PN 2 SR TR S 2 G, 1
i AR D (B B AR5, 2014) . I P 7K 55 e
THOLR R, KR B s TR RS 4,
For I R G . R B SIS O ™ E (B2 NI AR
FHAE S, 2001; EMEZE, 2015). 1H & NGB0}k
TLAEW) 2 FEPERE IR T 70 20 LB = o

JE G S R R AR AS R G BB, (EYR

T AN RE BBl R A5 B (% WEE, 2011,

ZEEE, 2013). JEA BB A K TR
D155~ S Ava ) A IR AR UR SRR, 2K
B2 =R ) B =D S /P = 11 B/ e 2 S R 1A € o
BV Z R AR, st . T
I, BRIREE LR HB (L 44 A A B T 1
TLK R KB R Zh W) 2 R A 5 PPk TR, LA
B A, B ERESLK RN AR
B, NN ZFEER Y RS EE PR R S 4, R
A5 R E R AR S ) 2 AR A B ORIV
BT ARRUE, NI LG KA SR TAE
FRPLRL AR .

AT 5T A T P S B4 Y B AN 20162017 4F 1 4

T E, RGOV BHLK R RS YR 2 FEAL,

M ) RUBE 4 3R w5 JER AV 3 0 A v 1) AL s AN 45
Ky, FF T UCEL) T A AN A ] PR A IR S S A
B 2 RS R AR AL A TR, RN
T B LA S VIR K2, DU SR
EVZ R RIIR S

1 HRXSH3

11 WREXER
BRLRUR T A5 (116°22" E, 25°57' N),

MEAEATNE(H), TKIBE R (116°01 E, 29°11"
N)ENFBFH, EiiE K760 km. #ITHEK R K
ik, B L O B, R X PR, v AL AR
BPIRK R, % ZRK, KR BEFE. BEMNHTE
w2 T B, AR PR A BRI SCRIE
N, THKT BN T22, WIKRZ AR 400
LUK, S5 U B R PR TR B 22 i 6 4
EHTE LU N T, TKREIIL TR, HAF
I, TR B R, PR S R . LR
MR R 2R SR X, SRR, R, 1
Zor M, FUR I
12 REFGEMHEREE

KA FEAEFIL T F R BL7 KA &, 1054 E

20164E10H . 201741 . SHMBH I & T 4k

52 BRI 4546 SR Ve %% (Peterson, 1/16 m?)
A2 A M (Surber Sampler, [4240H, MHif10.09 md)
BEAT, B AR RV 2 T R AR KR T BUR A A
FAH PR K AR IFE 55 o 52 MR 4R FH D I 1366

Nl N -
290 // \‘\,\Nq-,? ;-?"”‘ e ﬁ/u/u
Ep N PPN
P
g }
wl b/
\5>_,, g f
%
¢ de Yichun
27 R o
oK
fSJ}ilLPcfve
a {0 g
P
6ol
POVEREERC .
s r;"“s“\»ﬁtga éu SN  © st City
“%‘7@\“ AT ¢ @T¥iMain stream
/A“ftaﬂ GRVIA /A B3N Branches of the upstream
g ? ¢ 0L\ WU Branches of the midstream
25°L &é;ﬁ;’ MRS Branches of the downstream
A
}égy' 0 50 100 200 km
A X . . '
114° 115° 116° 117° 118°E

Bl SEIKRABKEIAEES G RER
Fig. 1 Distribution of sampling sites for macrobenthos in
Ganjiang River system

© M (2011) BEVLRIRRMEE) W AES I, Bl 2208 S0, MEAK
¥, WA,

s



ks

650 4 ¥ % B ¥ Biodiversity Science

273

W o FEANRE AR AR 2-34 8 B AR S A LA S8 AR
FEME40H /r FEIR I vE e, BNE D48, w5 el =
WHEAT 0. bRAHT75% B [E 2, Z% X H %%
(1979). Morse%%(1994). Epler (2001)i#1T% 5%, &%
Ja VHEUFIRRE
1.3 IMEIEFRAONE

W37 FHY S 2 2 H08 15 K5 2 Fr 400 & 7K
6 pHEATHL G R 1 o 3R AT I R AL bR
FHElGarmin GPS-761 72 . ¥t 14 H LID-103L X
W5 o BRI 5 52, B AR, L. ¥b. BR
A BEIAL KA, B H G E R E
Et(Barbour et al, 1999). k4500 mL 7K+ 2)f (2 )= 7K
N30 emit), —JEAKFEIIIRERER AT [E 2 (pH < 2),
IR RSLI =, Weh¥HaE. BA.
RA~ SR, HEER. BB ERRE:. 55—
IR RARE P 0 kP88 IR B o K A 235 o () 5 A
P OKBE KT M 775 CGETURR)Y - $2V050)%E
KA TCEAE, R SAZD e N, BAZ
WL N 07
14 hEHEWEEEE

AW FCE I SCRR R BT (7 0%, 2011; Sk 77
4 2011; TEMELE 2012, A K&, 2012 MR,
2012%; 2=y, 2016%), B T Sl SRS
YiF 25k, W R R AT A5, ARG
FRVTL AL IC R 394171840 19 H 39F1 81 )& 13874
(FfF3%1).
1.5 HELIE

VAU A (1) P AR TS S S Y, E Primer
6.0 I H AR A Z R R, TR AT

(V)Y Fh=F & e 3 (Downing, 1986): F¥fh%k
(HKER;

(2) Shannon-Wiener £ # 1 f& % (Shannon,
1948):

HE—i("i)(m R)

i-1
(3) Simpsonflt # & 54 (Simpson, 1949):
D=1~ ZS:(Pi)z

=

© HEE (2012) HBHEAE F G H AR AR X K S 2T R A 2 4
TR A R Z FETERIT AL, 22083, FE RS, B E.
@ ZE3Ci (2016) VLA L RS OR AL AR B WD VR L) S K ST PR A

Wik, BEKE, mE.

(4) Pielouts) 51 454 (Pidlou, 1975): J = H'/InS
For, PO RRIERE A PR F2 B

DN (%) B 4K B - 35 ANl 2 TEAS o0 A A 22 5%
P, #R H HE S 3066 5 (nonparametric tests) EL A
[F)7R] B (PR 01 22 57 o 1k FH K ruskal -Walli st 56
ekl 2 AN FEAL K I AR EREE R JF
Rk A SPSS 13.08 A b e ik . FHERRI R 7 25>
T (one-way ANOVA) St A [F] ] B 8] JEE AW 5 4 3=
FEA Z FEVESR BN 22 7, BRIR 3R U7 22 40 #7 72 SPSS
19.0 5EfL . AWFFTH, RKE L FT 73 EE K T-5%0 &
Xt FHFf(Bunn et al, 1986; fE 4%, 2012).

1% FH F # 4R #H v (principal coordinates of neigh-
bor matrices, PCNM) i 2 ZI| il £ 5 8] 1) 2% 8] 48 &
(Borcard & Legendre, 2002). #PCNM 1-4. PCNM
5-9. PCNM 101573 7l & LN R L RUE A
JNPE 23 B R F (T 1, 2014). PCNM A HTERIE
7 veganfE 78 N 1 penmig 50 S .

iz I # 4 HE 7 (constrained  ordination)fi# AT 7
A SIS (B R A )6 R o 1 Je XS VA 4L
5 14T B %5 %) B 23 H7 (detrended  correspondence
anadysis, DCA). DCA%S SR B RdE4k A% A gradient
length > 4 standard, Hi& & #F & SHEER X R
fi##T(Leps & Smilauer, 2003), [ A 51K #7
X 8 4347 (canonical correspondence analysis, CCA).
BRI 1Tlog (x + 1)k, BASHACHEr >
0.80) S &K 1 (inflation factor) K 20 454 X 1
Bime sk, JEESHrh AR T ARA YA IRCE . H
% (forward selection) fIMonte Carl o' #4646
TE X VA AR S A O B MO AR N E A
4+ . DCAFICCATECanoco for Windows 4.5% {4+
Fi&

N

JH I CCA 43 1 28 555 1125 18] [R5 B v 28 57 1
TR, SETHEATA R TR, ARG ARSI
NEAE, FREFFANEE, HEHRER R
DUBRER, T [FRE R v 5 2 R R P IR DTk R,
e THE RS2 W] R 7 A8 TAE L . fmCCATE
Canoco for Windows 4.58 {4 41 5 .«

21 IMEREFHIZEE) S
SR, . Wk, . ME. BLE.
MA. AR, TSR, ERRRE:. CODAIEE



6 1

TS BT K R KB RSP 2 1 5 52 X WA 651

®1 BIDKRFEIMERIMERE TR EMTEE

Tablel Mean value and standard deviation of local environmental variablesin Ganjiang River system

T SRR i SO NS QAR L P
Main stream Branchesof the  Branchesof the  Branchesof the  Chi-squaretest (%)
upstream midstream downstream

/K Water temperature (C) 230+6.4 228+54 203+6.4 223+71 6.00 0.111
M $% Conductivity (us/cm) 116.7 + 44.7 92.4+494 98.5+69.8 249.2+33.3 45.34 <0.001*
% Channel width (m) 608.40 £437.20 114.12 + 65.66 82.71+ 52.51 92.58 + 28.02 61.25 <0.001*
Y& Current velocity (m/s) 0.28+0.25 0.35+0.31 0.45+0.36 0.29+0.38 6.71 0.082
3 Altitude (m) 75.76 * 66.37 188.87 + 36.57 303.00+251.12 53.00 + 21.86 83.48 <0.001*
HEJ Substrate 8.00£4.73 10.00 £ 5.41 12.57 £ 5.44 9.67 £ 6.51 12.12 0.007*
B Turbidity (NTU) 15.18 + 8.76 20.06 + 32.33 10.14+6.94 9.47 + 5.62 8.69 0.034*
W4k Mineralization (mg/L) 75.61 + 28.68 59.03 + 33.34 51.55+ 3351 161.33 + 21.82 50.56 <0.001*
7% Dissolved oxygen (mg/L) 9.03+1.45 9.10+1.26 9.49+1.00 8.68+1.41 263 0.452
pH 6.34+0.84 6.20 + 1.07 6.26 £ 0.77 6.31+0.90 0.37 0.946
AR Total nitrogen (mg/L) 1.71+0.88 1.33+1.03 1.47+0.98 234+135 17.54 0.001*
FHASZ Nitrate (mg/L) 1.25+0.51 0.90 + 0.86 0.67 £ 0.24 118+ 0.52 40.14 <0.001*
%% Ammonianitrogen (mg/L)  0.10+0.15 0.08+0.13 0.06 +0.08 0.07 + 0.08 1.81 0.613
WAHASZ Nitrites (mg/L) 0.05+0.15 0.01+0.01 0.04+0.14 0.07 £ 0.08 28.96 <0.001*
S Total phosphorus (mg/L) 0.23+0.25 0.18+0.24 0.18+0.21 0.18+0.18 5.81 0.121
IEBERREE Phosphate (mg/L) 0.06 + 0.06 0.05+0.07 0.05+ 0.03 0.06 + 0.03 11.71 0.008*
fp 24 & (Chemical oxygen ~ 2.86% 1.51 2.32 +0.69 341+339 316+ 0.53 12.52 0.006*
demand, COD) (mg/L)
fii 5 Hardness (mg/L) 44.87 + 14.92 36.42 + 16.04 41.71 + 26.28 106.07 + 12.88 48.99 <0.001*

*P<0.05
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Ui SR PR 5 P8 B v TR, T R R S PR AR )
B TR _R 3SR (P < 0.05)(K2a, b)

HR R Z 0T RER, BT B N+
EREAEHEZER, PSRN S ERE RS
T RA 3 S0P < 0.05)(&12¢), 1 Shannon-Wi-
enerZ FEVEFE R, Simpsontlt 34 15 H M Pielouts
JEE FEHON TE B 22 5 (P > 0.05)(/&2d, 2e, 2f).

VAT B AR A o A B — R 5 B R AT o
(2). XL F—BONRN HEH BN 2 F X, A
A A UG Gy MRFEXTEL/N L 3E S RE )58 55
23 [RIEshIEEESERFMZEEFHXR

CCAZERFW], k. FEFR. Wk, E. 2
W KREFIPCNM LA /N REE[PCNM 11,
PCNM 121 K PCNM 152 5 1 JE A 3147 43 A7 1 o
PREEAN S (][5 7 (%3, KI3). CCANIRTA%hYLT]E
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Fig. 2 Density (a), biomass (b), richness (c), Shannon-Wiener diversity index (d), Simpson dominance index (e) and Pielou
evenness index (f) of macrobenthos communitiesin different reaches in Ganjiang River system
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Table2 The density percentage of dominant speciesin each reaches of Ganjiang River system

A T VRS rh i ST RS
Ganjiang River Main stream Branchesof the  Branchesof the  Branches of the
(%) upstream midstream downstream
Z B /K8 Aulodrilus pluriseta - - - 10.40 -
FEH/KLE Limnodrilus hoffmeisteri 14.17 18.69 - 20.24 6.32
FhIE 2 740 Polypedilum scalaenum — 7.74 = = =
L3 H 22 Orthocladius vaillanti - - - - 10.12
= R L Cricotopustrifascia 5.98 - - - 20.63
BZ e W m—Fh Senelmis sp. 531 - 5.45 5.28 8.84
BREUAH R E—Fh Potamyia sp. - - 13.33 = =
FHAA—Fh Psychomyiidae sp. = = 5.03 = =
HBIEJE—F Bellamya sp. - — _ _ 10.23
J7 ¥4 VEE - Semisulcospira cancellata - - - - 6.13
WA RS Limnoperna lacustris - 6.61 - 6.90 -
i Corbicula fluminea 6.11 8.92 8.35 8.16 —
FRP(P < 0.05), LR T 19.699% 1 HEvE A2 7+ (7
HIfARE T 6.69%. 4.66%. 4.28%714.06%). {#CCA
Bon, e A R LR T 3L.6% M TE 3.1 YR

AR, Hoh, AT E B R N16.1%, J5#E N11.6%,
W3 1028 AR N 3.9%.

AW T2 B LR R AN B 4 1 7 B e
IR, DO AR, A A o B L,
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Table3 Canonical correspondence analysis (CCA) relating macrobenthos communities to environmental and spatial factors

F P 1M Axis1  GE2%h Axis2  ZE3Mh Axis3  EE44h Axis4
AR F Environmental factors
i Substrate 212 0.001 0.374 0.028 0.006 0.176
{2VbsiE Sand-excavating 16 0.001 0.267 -0.322 0.579 0.681
K Altitude 152 0.004 0.295 0.283 -0.093 0.597
U Turbidity 143 0.011 -0.275 -0.001 -0.150 -0.013
s Velocity 1.36 0.046 0.270 -0.802 0.291 -0.696
ZE[A] K Spatial factors
W E PCNM11 1.67 0.002 -0.237 -0.351 -0.211 0.133
KRE PCNM1 1.63 0.001 -0.147 0.384 0.676 —0.480
MR E PCNM15 1.48 0.015 0.148 0.256 -0.311 0.306
WORE PCNM12 1.37 0.018 0.081 -0.274 0.291 0.004
1.0
BRR—Fh
Leuctridae sp.
: A
e R —Fh : A
. PCNMI i ARESR R — T
L Cryp toten%p o5 5p- 5’6 ﬁ%_l—ﬁ‘A Amphinemura sp.
mas R e & BRRRA—H , W
. . rilus is
Corbicula fluminea ﬁlim A P A Glossoso&na oy~ Altitude
A : A
i) R Benmis
Limnodrilus hoffmeisteri AN M B —
.2 |.Parafossarulus striatulus... 7 - Gl S Keliogomphus sp.
< Boksmg A DA =97
Semisulcospira liberzina p Substrate
B AR 2 R —
\Polypedilum scalaenun AP R —F
PCNM11 A 3 .
A BY & W
7!&}_3“2"_ Sand-excavating : /MR Velocity
Turbidity A : Ephemerella sp.
eseEy A DRIRR A
Orthocladius vaillanti Stenelrzms Sp-
_10 1 l 1
-1.0 1.0

Axis 1

E3 BIKRKRERMERNIE %D H S XEMERE F R =6 E R85 N 54 (CCA)HEFE
Fig. 3 Canonical correspondence analysis (CCA) ordination plots showing the relationship between macrobenthos communities and
significant environmental and spatial factorsin the Ganjiang River system

SR IR EN 267 . AU A SR L A
2 NFFBRMEEEEL R, iR YE DA &0,
BRTLIK S ZREEON ARSI (B, 20117 RTEEE,
2012; TSR, 2012), RYIEETHIK AR

DB (2010) BRI BN AT, B i, BEK

© M
% WA,
@ P (2012) BRI 52 1 SRR X KR UK R 2 4
REVELHI B REPERRE. L2200 3, REER2E, P,

T, TTH BRI DI BRI e . &
TS B T R 38 AR B 2 % 1 (BR B
P 2011; 14 T%AE, 20127 187, 2013; AFRUH %
2014). AT, S50 BARAH G, SRR,
JCHRRF A AR, Ne R E LI RFIE L
FRTHIIG B, B RS /K &R 32 B AR sh A 31
(PR 1) o BRI A LA R AN W (R F2 VDA M ™ B g
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Fiir (KB4, 2011; % &, 2012Y). B4k, iEEEK
BLAT K A BT 2 K, 0™ 5 fE 5 T AR s
A 17

% ik B2 FOAL i) L 5] 9% 2 R 4 R ST I 8K
s MBI Z RV 1%, ERIL TR 4
FE b, — g A PR T R B P P ml i i i KA
AT RE, §ELEIER P A BT K R XY RhAE
FRULIIEUE B BT TR . R BE
PEUTEFB PRI R BL T — PR R MR . A3
YA % F25(Wu et al, 2000; Gibson & Wang, 2002),
T 268 BE 8 11 12 3% 36 AH 3 0 7 A VT 38 0 A 1Y
ERR, REITH U A B SR T A 2E e
(Xie et a, 2003). Hx, EKILTEIMERI4ERE |,
BT T A AL X AR B X I 5, Bl OK
DL OM AR B , BEA AR FEIX A, dnEw
i (Rivularia auriculata), 7485 AR, Qi
BB (Limnoperna lacustris). 55 =, #&VLK &5
1) b 7 b 3 R T B R AR BN 2 REPE SR AL T AT
RE, WRVTIE LA BHE NI, B0 7 A f R
BE R M, S PH WA g i AR A ) R R A T
Z2pf X (Wu et al, 2000; Xieet al, 2003; #4:7%, 2013).
s UM X, JE R NI KIS0 R, T
BRI, WAERER, EEHREIMI LR
K, RUFIHE R BEA )T HA P AR AT
(1=, 2013; 4T 4%, 2014). 50U, ST/K /B
MR JISCHE TN F S 2 R . BLE T
PR R 2 KU, SR, BT AR, TR
WA B I E = )1 0°, FERIXRE L, B
FAEFEJIRIBE N, X3P & Hb AR R R 22 S
BOK, A7 15 ) 2 B B IE L% & (Jonathan
& Mathew, 2002).
32 BEEREMSIMEMTEREFHXR

Z P55 R 2R IR BN T LR S (4 3 A 4 )5 o
VI T 5 e — A 1 [X ' RE R R 45 BA 55 R 1
A4k, ] R W IS AT 2 4 1R T VR 45 0 (1T 1 IR 5%
2015). Astorga®(2011)iA ik 55 R i = o 1 2 1)
FHIC, XF/KAE B R 3= A W3 R M (Vinson &

HE R (2012) R E K 4 E AR ORI IX L2 S T K B B
AR R Z REERIT AL, B2 e S, FE R, A
(2012) BT HISIEM B AES I, B2, AR

3’3‘1@
{;W
E%m[:

=
F (2013) JET- CASA BB VL PE 44 ST I8 b NPP i 0T 7T,
BRI SL, KK, TR,

&

@O

=
H o
9

Il

N

&

1!

Hawkins, 2003). LR E X, KA B AT
B AR BN, FERRARAR RN TR
HIRS 52 M S 6 SR MG S 4 A 5 B S R S i (T ¥
PREE, 2015). — R &, )00 A0 S5 0T 1 AR E 1k bk
, BEA R ZRE iR S . BT BRI AR TR
B — S DA YO F, IR SR T A
6], PLR =80, il & gk Xk 3% BT (Ormerod & Edw-
ards, 1987), #&m 1 IRMENII R 2 R0 . T2
S R AT 54 3 A 1) 522 [F 1 (Nelson & Lieberman,
2002) . A SCHE S (2011) A A S AR B 470 0T At T 1) A
AHBEET R EEEL AR ST SRS
Noo b7 H . B EH MR H A TS TR K
(I 35, 17 5 T 40— M A Vi AE K R 22 18 1 b o (FE
HERAE, 2015). @RiLH BUHRIEEOK, R E . B
T E AR H 0% B AR e DR R EE
FIH T G DA R e VA ot P I A SR 5 T IS AT )
Yi(Lawler et al, 2006). s 5 AT E i 52 MR A K
SR 5 M JEC AT 3 40 P £ 40 SRR (95 T3 FE S5, 2008) . 25,
2(2013) I\ N T R PRI (Procladius sp.) i 5 76 VE 1
7K HE I B A Rl $2 0 o) e 2 470 ) i) 3= 2
RIAEW T B2 ERN AR RIR, X35
FOREY M T-(Newell et al, 1998). #EIT T ANEE
Iy TR FZ I AR FETR, 7™ 5 5 R AR B ) it
FH R (U B Kb 7R Nephthys oligobranchia) i)
S ARSI . Meng®E(2018) I 7t i, AR
PORA NN E=9 =€ e | o8 S e B O N N ERp
YRR E B EERNELZ —.

7% () 3o 2 52 B VLR W 30 1 4 A s R
(Cottenie, 2005). 4 HURE 773 2R HE (W& B FIHE
I 2H) 2 A7 R R BE A () IR A s, T R
55 T T (0 S B 2R R AR B ) 2 L2 AR A )
7152 . CCALE R ER, HEEHTME T
16.1% I B VA 54k, 1 25 A) IR 7 DU A RE 17 11.6%, 3%
IR 5% R 7 % VLA S 0 16 o0 A SE BB
SN, 3X 5 SRE N VR 2 TR S R VR R
(R BIF 9% 45 B AH fel (Heino et al, 2015; Jiang et l,
2016) . Ja 3 FR X du ik A2 3 [RIVE F T B 7R 45 A AN Fil
YRR, HA BURE )2 5 m 2 )i AR IR 55 4R F (A
X B EL M (Heino, 2013). SEVL KA Sh I HE VA 45052
JR AR IR - s BE K, X ] R S BRI A
N B B AR ISR 4 A BORE ) I R A
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FrA R 123.9%) . A JERI5R T O 3 BUSHL R AN
SNV R R A AR, DL DU 5 AR A Ao 3,
MR PO 2R o CRAP BRI ) R 3P 2 FEE
DRI

B Rty BIARAFHARRGITREFR R,
VAR T B A IR K A A W B BT IR SR 50 L A X)
B A R AR F T2 PL TR, Baftd
EAFRAKEEMFRLIGEE R, TE, FE2%
Fod) G RFE) R RIS, NBE, =HEFAE
IR A E A AT LT 0 X FAH B,
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Appendix 1 List of macrobenthos in Ganjiang River

Biks Ry BASBIE R

/i Jisz  2016-  AF Molluscs  Endangered species
Species History 2017  endemic to China of molluscs
LY Nematomorpha
2 i Nematoda
FHEH Rhabditida
IFFR Rhabditidae
L/NFFE g —Hp Rhabditis sp.
RIESYI] Platyhelminthes
i HL Turbellaria

2. —Fp 1
3N —Fh 2

Turbellaria sp. 1
Turbellaria sp. 2

HAEYIT Annelida
Z BN Polychaeta
Wi H Nereidida
SR Nephtyidae
4. MRS YL A Nephthys oligobranchia
M H Phyllodocimorpha
iy 2T} Aphroditidae
5.fig v 2 Jg — il Aphrodita sp.
HEN Oligochagta
Bis| § Tubificida
il sk Naididae
6. HESE B Chaetogaster limnagi
73T A2 B Nais padarlis
8. fT Al 2 He Nais simplex
9Alli %z e Jg —F Nais sp.
10.22 S Slavina appendiculata
1153341y & Stylaria fossularis
12 F56R R A R Dero digitata
138t R At Dero obtusa

14. 25 g —Fh
15. R At
16. BNV Sk fif iy
17.2FWE R

Dero sp.
Aulophorus furcatus
Branchiodrilus hortensis

Pristina jenkinae

1855 EW)H M Pristina aequiseta
s Tubificidae

19.2 B /K5 Aulodrilus pluriseta

20. % G /K | Aulodrilus pigueti

215 K ) Je — b

Aulodrilus sp.
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YA ER RS
YT Jist 2016-  f5Ff Molluscs  Endangered species
Species History 2017  endemic to China of molluscs
22. 505 Jg — Tubifex sp. +
23. 1 Eis] Tubifex tubifex + +
24 BURF /K 2215 Limnnodrilus udekemianus +
25 7K £215] Limnodrilus hoffmeisteri + +
26. LRI K 2215 Limnodrilus claparedianus + +
27. 5Bk 22| Limnodrilus grandisetosus +
287K 22 0| J& — Limnnodrilus sp. +
29 30 R | Ilyodrilus templetoni +
30, 0 | oy — ol Spirosperma sp. +
318 s Spirosperma nikolskyi +
32. 5 I Jre fi| Branchiura sowerbyi + +
iy £z 5] H Lumbriculida
iy 2 | R} Lumbriculidae
330k 22 ] Lumbriculus variegatus +
34,747 L2 Wi F—Fp Lumbriculidae sp. +
H s H Haplotaxida
SLGEES Megascolecidae
35. Bl JE —Ff 1 Pheretima sp.1 +
36. 4 F 5| Jg —Ff 2 Pheretima sp.2 +
37. Es| R —Hp Megascolecidae sp. +
£k Rt Enchytraeidae
38.H k| JE —Fh Mesenchytraeus sp. +
L] Hirudinea
Wi H Rhynchobdellida
TR Glossiphoniidae
39, HHERIE Helobdella stagnalis +
40505 & —Fp Helobdella sp. + +
A1 AT I Glossiphonia lata +
4275 i iz Glossiphonia complanata +
43R B IR Glossiphonia weberi +
44 8 JE —Fh Glossiphonia sp. +
45,55 5 7Kg Whitmania pigra + +
46 S0 Batracobdella kasmiana +
47 FWER—Fh Glossiphoniidae sp. +
48 W AR ALK R Hemiclepsis kasmiana +
JaviE H Arhynchobdellida
AIER] Herpobdellidae
49. )\ Barbronia weberi +
50. /1M F—F Herpobdellidae sp. +
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BARZ b E R ARSI fE
YT Jis  2016-  AHAF Molluscs  Endangered species
Species History 2017  endemic to China of molluscs
S1 AU JE —Fp Herpobdella sp. +
PRy Hirudinidae
52. H AR g Hirudo nipponica +
53.BEIE JE —FP Hirudo sp. +
WEEhI] Arthropoda
A Insecta
I H Odonata
R} Coenagrionidae
54 MARL—Fh Coenagrionidae sp. + +
his Libellulidae
55. 3 i Brachythemis contaminata +
56. 15 /N i —Fh Diplacodes sp. +
57. Kr ik Pseudothemis zonata +
58. I Rl —Hp Libellulidae sp. +
taE g Calopterygidae
59. tr i J& — Calopteryx sp. +
sLpe Corduliidae
60. = I Ji — i Macromia sp. +
Jig i e} Euphaeidae
6115 R R —Fh Euphaeidae sp. +
22 AR} Lestidae
62. 22 Wa R} —Fp Lestidae sp. +
PN Cordulegastridae
63. KU g —F Cordulegaster sp. +
645 B KU i —Fh Anotogaster sp. +
gt} Gomphidae
65.F U g —Ff Comphus sp. +
66. R Rl Fil Gomphidae sp. +
67. XISt Labrogomphus torvus +
68. I & H It Davidius fruhstorferi +
69. At Jg —Ff Davidius sp. +
70. 40470 Jm —Hp Leptogomphus sp. +
T1IR B fm —Fp Lamelligomphus sp. +
T2.HT K e L Merogomphus vandykei +
73. Ik JE — Heliogomphus sp. +
742577 W JE — b Orientogomphus sp. +
75 KT i A Stylurus amicus +
76225 JE — Burmagomphus sp. +

ey H

Ephemeroptera
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/G Jisz  2016-  AF Molluscs  Endangered species
Species History 2017  endemic to China of molluscs

IR} Ephemeridae

77 0 Ui J — Ephemera sp. +
TR R Siphlonuridae

(LR EA sy Siphlonuridae sp. +

794 2207 Jm —Fp Siphluriscus sp. +
JUISRY P Baetidae

80. Y Jm —Fp 1 Baetis sp.1 + +

81U Jm—Fp 2 Baetis sp.2 +

82.VU7T 0% JE —Ff 3 Baetis sp.3 +

83 AL HNF Ji —Fh Baetiella sp. +
N 7 Leptophlebiidae

84. i BT JE —Ff Choroterpes sp. +

85. L FIF JE —Ff Habrophlebiodes sp. +

86.41 ST Rt —Hp Leptophlebiidae sp. +
g} Heptageniidae

87 MUBNF Jm —Fp Cinygma sp. +

88. fi I A} —Ff Heptageniidae sp. +

89, Ji IF J& — Heptagenia sp. +
jopia s Potamanthidae

90 i AR T Jo — Potamanthus sp. +
Mzt Caenidae

91. 4% J& — Caenis sp. +
AN EZE Ephemerellidae

92,/ g — Ephemerella sp. +

93. BRI T JE —Fh Ephacerella sp. +

94 4R BT JE —Fp Serratella sp. +

95. 5 It g Cincticostella boja +

96717 /i 4% & —F Cincticostella sp. +

97. 5 R Jg —Fl Drunella sp. +
L7 R Isonychiidae

98. 5507 Ja — i Isonychia sp. +
B Neoephemeridae

99./NATIF. JE — Potomanthellus sp. +

Bi#H Plecoptera

AR Perlidae

100. 7 Wt —Ff Perlidae sp. + +
HRR Leuctridae

10L& R R F Leuctridae sp. +

EEe

Perlodidae
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Jist 2016-  f5Ff Molluscs  Endangered species
Species History 2017  endemic to China of molluscs
102. P AL —Fif Perlodidae sp. +
X AR Nemouridae
103 35 Amphinemura sp. +
XUHH Diptera
PN Tipulidae
104 5H K BUE —Ff Antocha sp. +
105. K45 — i Tipula sp. +
106. 22 K g — Hexatoma sp. +
107 KSR Fi Pilaria sp. +
FRCR} Chironomidae
108. R Potthastia longimana +
109. FE P AR Potthastia gaedii +
110,55 A PR — Diamesa sp. +
11158001 25 BRI Clinotanypus microtrichos +
112 ZE R ISCm — Clinotanypus sp. +
113 MRS JE — b Pelopia sp. +
114 i FH R IR — Rheopelopia sp. +
115 3 [ Hir A4 Procladius bellus +
116 1£3 Fif BRI Procladius choreus +
117 B SRR m — Procladius sp. + +
118. T Ik FE s —Fh Ablabesmyia sp. +
119 88 PR —Fh Natarsia sp. +
120. RN HR 508 — Conchapelopia sp. +
121K KBt B2Iscm —F Rheotanytarsus sp. + +
122, [ A R Tanypus chinensis +
123 K BRI — Tanypus sp. + +
124 S A HRE A — b Paratanytarsus sp. +
12524 Fr K B s Paratarsus lobatifrons +
126 K BRI — Paratarsus sp. +
127. G V5K BRI Tanytarsus formosanus +
128 K BRI — Tanytarsus sp. +
129557 K B 47 I Tanytarsus gracilistylus +
130. AR K B 7 I Tanytarsus mendax +
131N 2 — Neozavrelia sp. +
132 B B RR WU —Fh Microtendipes sp. +
133. AR BUE —Ff Endochironomus sp. +
134.45 & BRI Cryptochironomus conjugens +
135. 3558 FR R I Cryptochironomus digitatus +
136. B FR s J —Fh Cryptochironomus sp. +
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/G Jisz  2016-  AF Molluscs  Endangered species
Species History 2017  endemic to China of molluscs

137. 15 B HR I Cryptochironomus rostratus +
138. [H14% B4 s Cryptochironomus defectus +
139. 5 Fe R s Jm —F Cryptotendipes sp. +
14086 % 2 R Polypedilum scalaenum +
141. %2 R ISUm —Fp Polypodilum sp. + +
142 350 % L BRI Polypodilum flavum +
143 742 AR IL Polypedilum nubifer +
144,191 % AL 4RI Polypedilum albicorne +
145,14 BERE SR —Fh Stictochironomus sp. +
146. /N JE —Fl Microtendipes sp. +
147 AR —Ff Harnischia sp. +
148, - X PRI — Dicrotendipes sp. +
1495 5 I 4 0 Einfeldia insolita +
150. B #7 Chironomus plumosus +

151370 E—Fh 1 Chironomus sp.1 + +
152 %R g —Fh 2 Chironomus sp.2 +
153 S F2 Chironomus acerbiphilus +
154. SRR —Fh Orthocladius sp. + +
155.74 7K H S HE I Orthocladius frigidus +
156. FL3 H R AR Orthocladius vaillanti +
157. SRR —Fh Orthocladius carlatus +
158. 5L hr H R BRI Orthocladius clarkei +
159. XU IR L HR I Cricotopus bicinctus +
160. =7 FA R FRAL Cricotopus trifascia +
1613 i BRI — Cricotopus intersectus +
162 .3 L BRI — Cricotopus sp. +

163003 P A2 R A Cricotopus politus +
164 57 B0 B[RRI Eukiefferiella brevicalcar +
165. eI FLT [ RR I Eukiefferiella brehmi +
166. 41 5 [CHR Eukiefferiella gracei +
167. FLIF IR RIS —Fh Eukiefferiella sp. +
168. i s m —F Rheocricotopus sp. +
169. £1BRZH A Propsilocerus akamusi +
170. BRBEBUR—F 1 Chaetocladius sp.1 +
171 BREBUR—F 2 Chaetocladius sp.2 +

IR} Ceratopogonidae
172 35 R —Hp Ceratopogonidae sp. +
17315 g —F Culicoides sp. +
LLERS Simuliidae
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YyFh Jise 2016~  HFF Molluscs Endangered species
Species History 2017  endemic to China of molluscs
17404 )& —F Simulium sp. +
LI Tabanidae
17547t —Fh Tabanidae sp. +
KRR Ephydridae
176. 7K IR —Ff 1 Ephydridae sp.1 +
177 7KWR—Ff 2 Ephydridae sp.2 + +
S AL Empididae
178 B0 Ft—Fp Empididae sp. +
17955 MW H —Hf Brachycera sp. +
I ARk Syrphidae
180. & lef i ot —Fol Syrphidae sp. +
I H Coleoptera
v B Dytiscidae
181 & B —Hf Hydaticus sp. +
182k m A Fr Dytiscidae sp. +
BV PR Elmidae
183 kiZ e H Jm —Fh Stenelmis sp. +
184 e I RF—Fi Neoelmis sp. +
1852 FF}—F 1 Elmidae sp.1 +
186.7% e I F}—F 2 Elmidae sp.2 +
&Y FE R Georyssidae
187 (513 g — Optioservus sp. +
Jin e TR Psephenidae
188 i vJe I FF—Fh Psephenidae sp. +
e R Dryopidae
1897 HRF—F Dryopidae sp. +
AT dUR Carabidae
190. 2047 HURF—Ff Carabidae sp. +
KA R Hydrophilidae
191 7K o R} — Hydrophilidae sp. +
HHE Scirtidae
19278 R} F Scirtidae sp. +
193 ¥ H —F Coleoptera sp. +
fig 4 H Lepidoptera
ISR} Pyralidae
194, 7K WS Fob—Fol Potamomusa sp. +
195. A 7K UR Jg —Fh 1 Parapoynx sp.1 +
196. 4 7K UR Jg —Fh 2 Parapoynx sp.2 +

B}

Crambidae
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YT Jist 2016-  f5Ff Molluscs  Endangered species
Species History 2017  endemic to China of molluscs
197 ZLdEF}—F Neoschoenobia sp. +
EHH Trichoptera

JR A A Rhyacophilidae

198. J5 A ik Jm —Ff Rhyacophila sp. +
LUAIEE Hydropsyehidae

199. 4047 Ik Jm —Fl Hydropsyche sp. +

200. ERECAT IR —F 1 Potamyia sp.1 +

201 BRECAT MR —F 2 Potamyia sp.2 +

202 5k EA ik JE —Fh 1 Cheumatopsyche sp.1 +

203k sCAg)E—® 2 Cheumatopsyche sp.2 +

204. 80 kR —Ff Hydropsychidae sp. + +
LA R} Phitopotamidae

2056 X A5 Ak JR—FF  Chimarra sp. +
ANFIEE Hydroptilidae

206. /N R —Ff Hydroptilidae sp. +

207. 3 /N ik Plethus sp. +
farel: 7 Ecnomidae

2084547 et —Fh Ecnomidae sp. +
EHER Psychomyiidae

209.% A kBt Ff Psychomyiidae sp. +
IERAL A Glossosomatidae

210. 5 Ak g —Ff Glossosoma sp. +

211 f Ak JE —Ff Stenopsyche sp. +
KA AR Leptoceridae

212 KA AR —Fp Leptoceridae sp. +
HOH R Hydrobiosidae

213 B4 gk Jm —Fl Apsilochorema sp. +
IR IR Goeridae

214 93 A7k Jm — Fol Goera sp. +
BAHRE Sericostomatidae

215. F A7 gk Jm —Fl Gumaga sp. +
Z FAE Polycentropodidae

216. 2 A MR, —Ff Polycentropodidae sp. +
EpeY v Phryganopsychidae

217 A R — PP Phryganopsyche sp. +

IR Megaloptera

L e Corydalidae

218 MRl F Corydalidae sp. +

219 G188 —F Protohermes sp. +
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Yo

Species

AR SR
Endangered species

of molluscs

220. B f0 0% Jm —
- H
iR
221 AL —Fp
e
222 S R—Fh
Kl
223 R RL—Fh
224Xl
ki Rt
225 kIR —Fh
= H
Kk R
226.7K Bk H
LG
R H
227 KK B H
2 H
REFRIFFY
228 F KU i —Fh
2295 A HTKIF
230. AR IR
231K & —F
KRR
232 71U & —F
233. H AR
234. A/ N IR
BEEFL
235 IR JE —Fh
i 2 H

W
236, K23 | —Fh
BRI R}
237 AU & —F
IRIEN
W
JK kR

238.7K gk
Lz Z~HIL7/ I

Neochauliodes sp.
Hemiptera
Aphelocheiridae
Aphelocheiridae sp.
Belostomatidae
Belostomatidae sp.
Corixidae

Corixidae sp.

Corixa substriata
Notonectidae
Notonectidae sp.
Collembola

Poduridae

Podura aquaticus
Malacostraca

Isopoda

Asellota

Decapoda

Atyoidae

Neocaridina sp.
Neocaridina denticulate
Caridina denticulate sinensis
Caridina sp.
Palaemonidae
Macrobrachium sp.
Macrobrachium nipponensis
Palaemonetes sinensis
Potamidae
Sinopotamon sp.
Amphipoda
Corophiidae
Grandidierella sp.
Gammaridae
Gammarus sp.
Arachnida

Acarina
Argyronetidae
Argyroneta aquatica
Mollusca

WA Ry
Jis  2016- A7t Molluscs
History 2017  endemic to China
+
+
+
+ +
+
+
+
+
+
+
+
+ +
+
+
+
+
+
+
+
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Species History 2017  endemic to China of molluscs
JIE A4 Gastropoda
W e H Mesogastropoda
FH R} Viviparidae
239. 5 [ [ FH 12 Cipangopaludina chinensis + +
240. H A (5 H 12 Cipangopaludina cathayensis + +
241 Gy i Rivularia ovum + + + +
242 HyT g Rivularia auriculata + + + +
243 BRI Rivularia globosa + +
244 KT Rivularia elongatea + +
245 ] 3 15 Mekongia rivularia + +
246 HRER T H 18 Bellamya aeruginosa + + +
247 RLE IR IR Bellamya purificata + + +
248. 77 TEFA #5188 Bellamya quadrata + +
TR} Ampullariidae
249 K JHE Pila gigaa + +
250. 7 g Pila tischbeini +
R Pomatiopsidae
251 G5 45 i A Lithoglyphopsis ovatus +
SLIEFR Bithyniidae
252 K7 1% Parafossarulus eximius + + +
253.4(7H 1% Parafossarulus striatulus + +
254 A I8 Parafossarulus sinensis + +
Parafossarulus
255, i1 g vH % anomalospiralis + + +
256. 1 Ff 12 Alocinma longicornis + +
257 R Bithynia fuchsianus + +
LA L Assimingidae
258. £ iz Assiminea latericea + +
Pe 2R} Stenothyridae
259. 5% Bk 112 Stenothyra glabra + +
260.5) 18 Jm —Fr Stenothyra sp. +
I Pleuroseridae
261, J5 A% J ) Semisulcospira cancellata + +
262 IR K5V I Semisulcospira libertina + +
263 JEHE K VE I Semisulcospira henriattae + + +
264 {0717 55 Y4 ik Semisulcospira erythrozona +
265. 2 J5 i) Semisulcospira peregrinorum + + + +
266.4% FC A VA I Semisulcospira gredleri + + + +
267. 2 KR HE Semisulcospira jacquetiana + +
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YyFh Jise 2016~  HFF Molluscs Endangered species
Species History 2017  endemic to China of molluscs
268. 2 M VT 1 ik Senisulcospira amurensis +
269. 55 /N VA I Semisulcospira minor + +
B} Thiaridae
2709 0 B Melanoide tuberculata + +
R H Basommatophora
ME SR} Lymnaeidae
271508 Mg Radix ovata + +
272 MRl N Radix swinhoei + +
273412 Mg Radix plicatula + +
274.H & Mg Radix auricularia + +
27558 Mg Radix lagotis +
276 B liEH MZ Radix latispira +
277/t Galba pervia + +
JB% e W s Physidae
278. 2% e iz Physa acuta + +
27921 157 e ug: Physa fontinalis +
i B AZ R Planorbidae
280. 7t f A U2 Segmentina nitida +
281 1™ JiE Gyraulus convexiusculus + +
282. Jii JiE W Gyraulus compressus + +
283. K J5F 15 i 128 Hippeutis umbilicalis + +
28442 11 [ i 42 Hippeulis cantori +
MEEN Bivalvia
B U H Mytiloida
Jt& LR Mytilidae
2850V JBe b Limnoperna lacustris + + +
FLIE G Eulamellibranchia
R} Unionidae
286. |5 T R Unio douglasiae + +
287. 71 [E 4 i Acuticosta chinensis + + + +
288. 51 JE 4R i Acuticosta ovata + + + +
289 I LR 2T Schistodensmus lampreyanus + + +
290. AL Ik Schistodensmus spinosus + + + +
291 i Arconaia lanceolata + + + +
292. [ S A ek Cuneopsis heudei + + + +
293 f 1 #RE Cuneopsis rufestcens + + + +
294, fa [ AL Cuneopsis pisciculus + + + +
295 T AL Cuneopsis celtiformis + + + +
296. F g HLEE Cuneopsis captiata + + +
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297. = AL Hyriopsis cumingii + + + +

298. SLHE I Lanceolaria eucylindrca + + + +

299. 5 YA Ief Lanceolaria grayana + + +

300. BIPIR i Lanceolaria gladila + + +

301 = APk Lanceolaria triformis + + + +

302 MM IR ek Solenaia oleivora + + + +

303. ey R ek Solenaia carinatus + + + +

304. ik Solenaia rivularis + +

305. = ik Solenaia triangularis + +

306,77 I Lamprotula caveata + + +

3074 - ik Lamprotula rochechouarti + + + +

308. %I 24 ek Lamprotula scripta + +

309. 75 72 T I Lamprotula amprotulaleai + + +

310. 2 931 TN I Lamprotula polysticta + +

311 LR i Lamprotula bazina + +

312. 45 22 T e Aculamprotula fibrosa + +

313. KA I N i Aculamprotula tortuosa + + +

314 PR Aculamprotula zonata + +

315, KR Aculamprotula tientsinensis + +

316.RTETC ik Anodonta globosula + + + +

3176 oA Anodonta lucida + + + +

31846 5 £f o o e Anodonta woodiana elliptica + + +

319. 1795 /A Tk b Anodonta woodiana pacifica + + +
Anodonta woodiana

320.15 fi To ik I woodiana + +

321 TGt e Anodonta fluminea + + +
Anodonta arcaeformis

322 MR T 1A I arcaeformis + + +
Anodonta arcaeformis

323 B AR TG A i flavotincta +

324 JHE TGN Anodonta euscaphys + +

325 FH 40 I Cristaria plicata +

326. e T iz I Lepidodesma languilati + +

327. FLAi [ I Lepidodesma languilati + +

328 MRl —Fh Rectidens lingulatus +

WY Corbiculidae
329, Corbicula fluminea + +
330. 47 [l Corbicula nitens +
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ZFEME, 2019, 27 (6): 648-657. http://www.biodiversity-science.net/CN/10.17520/biods.2018296

* ARSI Ry A R BRAR S i b A VEAL 45 SR 2% 6T XU 45(2009) AT AR IllA DS b
FEARDL VAL
* The assessment of “Chinese endemic species” and “Endangered” according to Shu et al (2009) Assessment of

Species Status of Mollusca in the Mid-lower Yangtze Lakes.
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B TR e

OB SRR XS AN [E] Mk B B B A AR AR 1
Z BB IRE 2= 7S A 20

% # IHE KERE ¥ OH FAE

(PR 22 A S 522 B, B 650224)

FAEE: PR B HGHT AR AR S I v W 5 R 398 5 S AL B LY (readlily oxidizable carbon, ROC) 2= 2l 45 1 521
FMLA, A FE LAVE XA 44 11 15 il (Mallotus paniculatus) #E 74 B 158 (Musa. acuminata) #f 74 F1 2 5 i (Mel lettia
leptobotrya) 7% 3 VK &2 B BEAHE ZR MO 700 5, 1 B WS40 St 5 A B 2 b AL B R AT B AN ) S G, )
EG A #r B RN AR R L HEROCE BN S AR REAIE, FRHR 7R IX S8R 4b 5 - il R ) A s i B B 5 2 AT 4
HIRF. AR (1) 558 2 50 He Ak LIEROCE & (P < 0.05), WU LIEROCE EE AR SIS T
14.2%. AR E M BOSCE SRR HIEROCH B X/NMIT fv: BF RS > REBHE > AEMEE. QA
[ 52 9 B A FR AR 5 AR IS L L IEROCH i35 5 S BY g i [ AR b 35 (P < 0.05), Fe KMEHILTE6H, H %
H A U - HEROCE &1 i TR UL . (3) AN IR VK &2 B B vy AR AR i SR AN AR U3 - EROC & i M it -+ 2 VR B 1 2
W B T EL AR 3 (P < 0.05), HLISUER HIEROCH Bk T AEBUEL (P < 0.05). ()W 451 48 ) g sk i
JRAEST LEEROCE f A 7 — e s . LIEROCH & 5 L fipHAI A E 2 B3 il k(P < 0.05), 5 LEA ML
Wi AP AE R, 2% BARMHEARE R RE EAS(P <0.05). LAY YRS S MU SR
HEROCH! AR 1) FE Z Tk, MiEAR . 2R A PR I ROCH 2= A0 I T3 K . Rtk Wi
AR FAGHS AR R AE W (U AR W A P ) % - ST R R (s A LB SRS ), b R m
HEROCIHIIN 2 8745

EHEIR: WU, SR AN, LI, A

Effect of ant colonization on spatiotemporal dynamics of readily oxidizable
soil carbon across different restoration stages of tropical forests

Zhe Zhang, Shaojun Wang’, Minkun Chen, Run Cao, Shaohui Li
College of Ecology and Environment, Southwest Forestry University, Kunming 650224

Abstract: This study aimed to understand the mechanism of ant colonization on spatiotemporal variations of
soil ROC (readily oxidizable carbon) during the restoration of tropical forests. The experiment was conduced
with two treatments (ant nests and without nests) in three restoration stages of Xishuangbanna tropical forests
(i.e. Mallotus paniculatus, Musa acuminata, and Mellettia leptobotrya communities). We compared the
spatiotemporal dynamics of ROC concentrations in both treatments and concurrently measured soil microbial
biomass carbon and physicochemical properties. The results showed that: (1) Ant colonization significantly
affected soil ROC concentrations in the tropical forests (P < 0.05), and ROC concentrations in ant nests
increased by 14% compared with the control soils. Soil ROC concentrations in three recovery stages were
ranked as Musa acuminata community > Mellettia leptobotrya community > Mallotus paniculatus
community. (2) ROC concentrations in ant nests and the control soils both showed unimoda temporal
variations across the three restoration stages (P < 0.05). The maximum was observed in June, and monthly
ROC concentrations were higher in ant nests than in the control soils. (3) ROC concentrations in ant nests

WA 1 : 2019-01-14; 252 1 2019-04-18

SETH: ERARRHESE4(31660191; 41461052). FE S ML JE" 948" T H (2015-4-39) = Fa A I 704 S )il [ A G B 100 B R 2= R 48 280 T RHEE 7 5k
42(2018Y129)

* J@ifE# Author for correspondence. E-mail: shaojunwang2009@163.com
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and the control soils decreased along the soil profile across three restoration stages (P < 0.05), and they were
higher in ant nests (P < 0.05). (4) Variations in soil physicochemical properties induced by ant colonization
influenced soil ROC dynamics. Soil ROC was negatively correlated with soil pH and bulk density and
positively correlated with soil organic carbon, microbia biomass carbon, total nitrogen, ammonium nitrogen
and nitrate nitrogen (P < 0.05). Microbial biomass carbon and total organic carbon in soils were the main
contributors to the spatiotemporal variation in ROC in ant nests, while ammonium nitrogen, total nitrogen
and total organic carbon were the main controlling factors for the spatiotemporal variation in ROC in control
soils. Overall, ant colonization significantly atered soil microbes (e.g. microbial biomass carbon) and soil
physicochemical properties (e.g. total organic carbon, ammonium nitrogen and total nitrogen), which
impacted spatiotemporal variationsin ROC concentrationsin the tropical forest soils.

Key words. ant colonization; readily oxidizable carbon; soil physicochemical properties; spatiotemporal

dynamics

+ 3245 HLH% (soil organic carbon, SOC)fF Ny 115
F) B AL RS 73, A I AEAS [F) o R B B
AR SR A, (BT HIEF AR . A
I T AN 8 2% A= BRI =5 300 0 25 7 TR #4556 H 2L
B (MR B4, 2012). ARAR 13385 Mo fits & A Ak
HhAEZS R GER I BB B R s, 2 Rk
MU it 5 11139%, - 438 ML [ 47 F kN A8 46 7T g
FHURRCONMKEE 1) B BN 1L # 55, 2012). 44
WM, 33 ML G R R 8 A A A A UK
(Chen et a, 2017), H AV 3h = EIE T 5 Ak
5y R o AR Ak (Matias et al, 2012). -3 5 %4k
A WU A 3G MU A B B AN S BB (W 2 7, W]
VB R FAE 1584 WLBS A L 338 R 325 4k 1) 76 B4 b
(EiEZES, 2005). Blairss(1995)¥4 fE #7330 mol/L &
R B A I R BR v 5 A A HL B (readily
oxidizable carbon, ROC), FHil AiZ 4 43 Al 3 A X )
IR E R . Rk, IEROCH LAE My & + 15
B FEASE VE AR R IR 1 (MR /NESE, 2017). H AT, 7
W ROCTE [X 18,88 4 Bk N B | 1 4 A ¥ R AZ 1
R A e . B ARSI, 2R
R EROCE 5 (1 I 28 B A 9T OO A2 BRI
RHIE TR #8 mst 10) 2 — (TR IGE 256, 2014).

W A Sy ) KT 3, =
) R TR, 7R AR RSB PR BE )
rh R 4% 45 B AR ] (Folgarait et al, 2002). 38y
I SEFER A SUR T IR R A, B
) 2 Y+ 3EROCHI I 25 B A5 . — 7 THI M 45058
o SIS S AV (AR Y SR R
BRSNS, A B AR R . ROK
&S FHANA VAL S P E 5SROCH & LR

> (Duval et al, 2016; Tripathi et al, 2016), 3t
L F2E 184 o 5 Py B8 | 3 Y ROC 5 & (Kilpelinen
etal, 2007). 53— 77 I, BB ELHENS e X I8N
i IR DA K IR S 2 Rl
FE¥55, 2009), [B)HE T T3 bk e A /8, AT
S+ EROCHI AR 2 (BT 4%, 2011). H AT, $H98H)
WEFE B T EA TR 2R, 150 T MO ARk
b e AR 1) Py AR bR L 3% ROCIS 7 51 245 11 5 Wi
LGS i 7

AT ety 16 2 1 78 XU 94 & 3 K it # s /i
WREF A EEX I, ZX B E R, NFES
FE, R E X R & 2 A O T E X (B
RUREE, 2001). AT BRAR R 2% A M X 58 4 B S
T B0 R BE 2 Sk oA g o K L R AR kS
A2 fE(Wang et al, 2017), Bk 11
ROCIHII 235 as o KL, AU U XU N 3T S i
BRI AR ARV T T G, LU A 30 5 e
Ak §ith HIEROCH I = BhAs, H 4 A i B S0t £+
SEROCHISZM, ANUA By BEAR TG XU AA Py ARk
PG FE b RIEROCHI AR SARFAE, BT B AR %
ity AR L EROCTE U AW - WL o

1 HNSEE

11 #EXER

BIF 70 DX AL T b R} 27 e 7 XU R 498 4 i AL 47 [l
(101°16' E, 21°55' N), HikbZ<rg b4, @t
P = MAAR X, PR 21.5C . P REK
1,557 mm, HAHNZFG-10H)H1,335 mm, L4
EHI87%, TZ(11H B IRFAH) K202 mm, 54
TEREK R 13%. T8 AN A K B TR AE

RS
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CLIE. HHT AR A R AU PG I ARFI R AR, (H
TIIBE KA EE NG S TR SR, BT — &
IR T AR S B BRI AE R/ RS A . AT T 35
el X N A AR M ELRE V& L R AR L) 3/ B B )
O AR AR, BEVS A B 25100800 m. FE 4 JE A MR
/I

(1) 15 A B 7% (Mallotus paniculatus community,
EIFRMP), YK FRLI 124 (F A8 E S, 2016), 4K
600 m. #FE65%/A AT, TIENRELIE, MRS
JE1-2 cm. FEEMEYA A, SEE(Syzygium
oblatum). &t FRFF(Alchornea tiliifolia) . #i#t 4=
£ ¥ (Acacia pruinescens). B 4E X\ #¢ H(Clinopodium
chinensis). F{E%i(Borreria stricta).

(2)BF WA V% (Musa acuminata community, i
FRMA), & 52 48R 20284 (£ AR 4%, 2016), 1K
535 m. #JE85%/A AT, THENTELHE, MitivEn 2
JE2-4 cm. FEHEYAE /N (Musa acum-
inata) . & £ (Caryota urens). @€ # ¥ # (Ptero-
spermum menglungense). il #(Trevesia palmata)
H P 4= (Amomum  sericeum) . 5 I B8 5 (El ato-
stema platyphyllum) A % 3 %5 J17 3% (Allantodia spe-
ctabilis).

(3) 2 SV (Mellettia |eptobotrya community,
fEIFRML), KR L424E(F AR A SE, 2016), 4K
568 m. i /E90%/4 A1, THENREAIE, FhikvAn 2
JE4-5 cm. FEHEYA B 2T (Millettia lepto-
botrya). #BH- L ERFF. J#% AL A (Canthium horridum).
% 1 i (Derris ferruginea). fliM- 4 & ¥ (Acacia
megaladena). JE i /L1 (Psychotria henryi). KIZE4T
(Microstegium ciliatum) A&z 4R b4
1.2 TIREVAEF IR BONE

TERRNEEE T BEAL I B3N FEHL(40 m x 40 m,
[EFE15 m), FFEERENEEH R BEHL B S 3ANFE TS, 7
FEJT IR L1043 EARZ04-5 cmir) IS0 (s i
JCR A FERIE E), RIS R B RIS moh ik
BN EFE 5 (GE S ) (Holec & Frouz, 2006), K
FEIN E)420164E12H, 201743H .« 6 K&9H .

% F A8 485 3 4= 438 /K 43 15, B I & 1 (SIN-TNS),
M 5E o R 34 2 (0-5 em. 5-10 cmff!
10-15 cm) Ky H3EIR B, I IR JIVERAE LRI E
IR E . AR S ) B A BT, A
PERER 2 IS, AR RAIFREILR, W

(] 512 56 = 3R AT 3B FR AR E

I IK AR (Yo) K ML 7€ (105°C, 24 h);
PHE FELAZ RN g ;33 L JBT SR FH i s I A —EE 4%
FR PR BRI 58 438 5 E A A WLBICR F e B PR A
AARVEI e AR R B & KR
K BRI ;K AR ECR B 502
E; EAEKHEMNBERET BRI E, MAEK
FA Ty T B 032300 5
1.3 HESH

W P R A I B (3% 2 E A A DLk L 3 e
YIrEYER . HIEANR. 2%, pH. HIERES
PRAGME R ) BT RE R Excel #E4T1E Bl F SPSS
22, 0% A AT LEXT 43 BT o AN ) A ISCER AN B -
B 5 FAA R & A% L ERIACEIE .
SEAE ARG 38 43 A1 A R v R) B A R o 1) 22 =,
Canocoftt] = B 7343 1 (PCA) 1 1) 1358 5 A AL 5 H Lk
5 R A BOG R

21 TRIMEMBHRTHRMYESIEWE L IE
ROCE&=

3PPk B B v R AR E L IEROCH &
(10.13 mg/g)#4) & 3 v T AR I (8.87 mg/g) (KL, P <
0.05), P2 T 14.2%. 3Fh K EH BEAR IR 1
BEROCH 7 A/ A M B 74(9.05 + 1.28) mg/g <
B GREREV%(10.13 £ 1.58) mg/g < HFEAERETA(11.22
+ 1.62) mg/g, FFHHh+IFEROCH &K/ RN H A

—
S
1

)
Y | a
i é 12 b
Mg 10} ¢
K.S
=g 8 b ¢
]
W8 4 —a U Antnests
X 8 2| —— JEHYE Without ant nests
=4
0 1 1
HF Yy e B
Mallotus Musa Mellettia
paniculatus acuminata leptobotrya
% Community

Bl TRREMBRFRMBUESIENETRZTUEI
BWEBHR ARFHRTYESIENELRZ AUFINK
SEEREEP<005).

Fig. 1 Comparison of readily oxidizable carbon (ROC) con-
centrations in ant nests and the control soils across the three
restoration stages of tropical forests. Different letters indicate
significant differences between ant nests and control soils (P <
0.05).
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BEVE (784 + 1.16) mglg < EE RIS (88 +  HA> 128 (KE2). K12 A1 M A0 E A i v b 36
1.27) mg/g < B EAERVA(9.90+0.97) mg/g. 5KE  FAEBUR LIEROCH B2 R AR EHL, HAbL® H i
WIIAHEC T &, #ar R E B E e 7T i SHIEROCH BN EE m THEBUEL(E2).

ROCH it 23 I E B A AR PR S AR M R
22 FRREMBASHABLSEYRER  ROCEENEANT
ROCHIRHIEIZE AL, [ B4 KU 2 - HEROC it 47

AFE R B BUAGH AR BUR S AE RO £ AR, R BUR S AR T ROCH Rk A
ROCH &I A 138 2 g A Ak, BI6H> 3A> 9  HZIREERIEIN 2I/ ARk (E3). 3Rk

16
o) 0O A EHBE% Mallotus paniculatus community
? 14 F a O B EAERE Musa acuminata community
= W ESHEREIE Mellettia leptobotrya community
.S b b
g mE ¢

c
§ d T d d d d d d
Q T
g 10 + T e € e e
o T © e T
g 8 f T £ AlE
T
2 4 T
G of
=
4 L
o
N
W 2r
i
0 } } } } } } }
3 6 9 2 [ 3 6 9 12
B & Ant nests JFEAY S Without ant nests
A4 Month

E2 ARREMERAFHREMBESENELRZENENRS ENHNEENL. FTRFERTIYUESENELRFEUEN

mEEER—AREEREEEP<0.05).
Fig. 2 Tempora changes of readily oxidizable carbon (ROC) concentrations in ant nests and control soils across the three
restoration stages of tropical forests. Different letters indicate significant difference between ant nests and the control soils (P < 0.05).

14 ¢ O00-5cm M@5-10cm M 10-15cm
a
12t 1 b ] b
c c ¢ T c c
10F A4 d d d g
e T

o]
T
-

BEALE PR S8 ROC concentration (mg/g)
=)}

0 1 L
Sl gzl ﬁﬁ%ﬁ% Eﬁﬁﬁ% Eﬁﬁ#? ﬁﬁ%ﬁ% BT RERRE
Mallotus Musa Mellettia Mallotus Mellettia
paniculatus acuminata leptobotrya paniculatus acummata leptobotrya
community community community community community community
HY &L Ant nests JRiY E Without ant nests

E3 ARREMBRATHRMEEZNESENETRFENENKRSENEETN. B—HEXYPTEFEFRTHESIE
WETEGFUBNRSEEENHEFMEEZE(P<0.05),

Fig. 3 Vertica variation of readily oxidizable carbon (ROC) concentrations in ant nests and the control soils across the three
restoration stages of tropical forests. Different letters indicate differences in vertical variations of ROC concentrations in ant nests
and control soils (P < 0.05).
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S BB AR BT R 5 AR A [ 4 2 g
ROCEH®RIMIRIN: B EERE > BUERNE >
H AR (P < 0.05). S LI, B O REREA
A - ZROCH &I £ & K, 05 cmL =2
10-15 cmff1.256%; FEBCER 3, S R BN
A - ZROCH & I £ 7 i K, 05 cm=L =2
10-15 cmif 1.311% .

24 WESIEWNSETIEROCEES HIEEIMR
FIPSER

GEROEISVE NTI= ET VE3tR TE5 1y I w41
ARG LIEAER. R, KA. A
BAEIEIRE P < 0.05), &3 KT L5 pH{E A
+IERE(P < 0.05) (£1).

TR g BRI (K 4), UL L3, B
FERFTE NS A KA. BRI B3
TIEROCE &, HEMHE S B YA LIELf
HUBR . A= 2E e b R e 25 80 H3EROC & 1)
S, 3ANEEVE LIRS L EROCH A B #
s, HiEpHIE . A HE 5 HIEROCE 3 Ak,
kI ARG, LIEMAEYEY RS LIRS
BLERAT - EROCH; & 1 DTk 5 K

JEBCH g, 3RS LA E . AR K
g il X HIEROCH |2 i 3, T
PHIE . /KRR S 1 EROCE & fi Al e, B M AR
w5 EE R DIEAR. AR SR
TR A R R T IEROCE B S & 3 o 444
LRAKE, HAE AEA LIRS YR g
ROC & 541 (1) DTk A K o

31 AEREMBRNEMSFEEMTIEZTELSE
HLR B B 23 454

P8 X I 2 FA s AR P S R R 3R 5 AL
MUBR AR 5= 2E T S 2R . WL AEE S 3R 5
AN S B R/DNIRT Ry BEERE > BT
FEREVE > OB, R RMIEIE T
TIEM G AMANIR SR, — MRS, SRR
WEA ARG ES . HEY AR RN, T
AW S BRI, T R WL A B 2
PEGRXIEAT, 2010), CAWFFERIA, T3EROCE &
E R AT B BTk 25, 2013; kT
&, 2016). AHFFUAHIRAA, M E W E

T EI'RE M A R IR AN E UL &R IR B LI IR

1

Soil physicochemical properties in ant nests and the control soils across the three restoration stages of tropical forests

Table 1

TIEEKE  HIEEE Soil FE BD

THAR
NHI-N (mg/kg) NO3-N (mg/kg) Soil water (%) temperature (C) (g/cma)

SR

IKIER
HN (mg/kg)

pH

TN (g/kg)

2576 +£2.77° 0.87+0.17° 4.17+0.59°
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B

The same lowercase letters indicate no significant differences of three forest communities (P > 0.05). MBC, Microbial biomass carbon; SOC, Soil organic carbon; TN, Total nitrogen; HN, Hydrolyzable nitrogen,;

NH,4*-N, Ammonium nitrogen; NO3-N, Nitrate nitrogen; BD, Bulk density.
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PC2 (20.3%)

PC1 (37.7%)

E4 TEIVRE M AR IR IR BT BRI BUER
TEGFUENRROC)EMAER S FHr. Ar BE; B
EWE. L AEEEE 2 FEERE 3 ETRE.
SOC: +iEHFH L MBC: MEYEMEK; TN: £5; HN:
KBRS NHI-N: $7A5%E; NO-N: FEASHE; SW: HigEks:
ST: TiEEE: BD: RE.

Fig. 4 Principa component anaysis for the effect of soil
physicochemical properties on readily oxidizable carbon (ROC)
in ant nests and the control soils across three forest restoration
stages. A, Ant nests; B, Without ant nests. 1, Mallotus
paniculatus community; 2, Musa acuminata community; 3,
Mellettia leptobotrya community. SOC, Soil organic carbon;
MBC, Microbia biomass carbon; TN, Total nitrogen; HN,
Hydrolyzable nitrogen; NH;-N, Ammonium nitrogen; NO3-N,
Nitrate nitrogen; SW, Soil water; ST, Soil temperature; BD,
Bulk density.

BB S I SRR, LIEROCEEE BT
B (B2, THEE PN EEREROCE &
K, ARG TR EERE LA S, BERS
1) 138 K R R % s R Y, A R T
ROCHIE il 572 B (Wang et al, 2017).

0 5 S S I B sk 3G 0 L 9 A AL B
A SR FEVE AT N T 1 EROCH &,
H - EROC 3 fin &2 75 A 7] ¥k 52 o B () A7 1E 2% =
P o FHEZE S5 (2016)AF Fu e W, M 55 A 7 (] b
Bl A, AN ER SRR B B B AT AN 5] (R 0
R B HUOUEES B, TR BEVR RS
AR B BRANAE JO3 = A2 AN () R s i, 3 1 5 e 8] -
HROCEH &. EAWMEYINK A fftE, BT
TEVEAER N G L2 FEVERRT B, BRI R D)
SR, M FEYIMER, R A LA
bk, 2019), WY FE S R R AR,
(Rl 1t - 438 ) S A A WL & BRI A PR R AF PR

B0, bR R B R AR RN R S AT
By, HEpSTSEaTReESE 4, BULME
A EMN R, T EIES A NGNS EEE
Tt

AN ) A2 B B AT AR AR B 5 S B+ 15
ROCE mIIRIIN6H e~ 12H ik, X5 3R
TR I A B2 H — 2. N6 H IE AT 76 XUAR 44
X R EE, iR, se it LIRmAEYm)
ERK KIEME, B F T L IEROCH B (X1 B &
&, 2018); 12H HEN T3, iR EA RIS, 1%
WAEYNETEAR S, M2+ IEROCHI L . + 3%
ROCH 7 2 B 8 FE 3 I 980/ A8 A a3y, 5
2N T SCH BUBK 1) 5T = A DDA OC (55 4,
2005; TiHESE, 2005). HEvEIHTEY) LR L
R Z, B AR JZROCTE -3 B A HLER i 5 HLig
e SR, AHIF A 4 B F) 4 2 R -3 EROCE &
P00 25 i T AR, IR B T AR S s e T
IR SRS, Gete SECHENLY . WRHEEY) . )
WP A R R S A AL AE B ) SR AR
(Wang et a, 2010).
32 TIEREEXNITIESEUBENIRMEN

BT I ZE T AR Ak A 5 e 1 3 ROC ) 2
[X & (Diaz-Ravifiaet al, 1995) . A~ [F] K & Fr Bt #vis 2%
R W S 88 B A 1) R R, RTRE R
TAE P M S B, ki 135 5 S AL LB I
FUR A B RO R . WIS SR 5L 8 o A R A v 1Y) 1 438
TR, X 55 W KPR AR S 13252 DA B BSCEE 9 Al A=
VD E BRACU P $E U) A ¢ (Frouz, 2000). M54
B RS 398 K oy e AR AR A T ) 35 5 SR A A AL
e ESAERER . AR, R EERE
b, At R T A SR S A 8 BB 25 B 3K Ay (P <
0.05). TIEFAEMFELUHE NE, ELIESKE
RSN, PO, (R T X R )
(R PRI 2 e, [R] BTt T 0 VR R B R R A3 R e AL
AR T 58 5 S AL A ML AR R (F /N ZE5E, 2010;
MRIESE, 2013). Wi s AL = B i g s R e . HE
SRS B T G A0 R R (R TR SR, 2012).
WA AR, WIS . RERE PR T
YA LE G 1R, D TR TR, iR
T HEOK (R E A, 2016; RYLHSE, 2017). B
1, 0 ST - 187K 43 K+ 3EROCH S i 4775 —
SE HIANH E P
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33 TEREXMNTEFEUBNRNFI

KEFFRY], WSBOEE S5 sh8 0 7 3%
iHi% P (Macmahon et al, 2000), Jik/b 7 1358 7% 5 (=
kMRS 2002). /N SR (2010) % AR IE 1 i FE
MRS R AT I, WO 38 5 AH AR IR 1 438
HHEL, 7258 TP 759%. BRIESE(2013)7E Hifbi L+
e FE L) B R VR A BT R R R B, ST SR B ) i
R8T, XA TS, BERKT
TIEEE ., AW, AR BT AR AR
PR E LT R EP < 0.05), I HBE 1
WA E LD A A PR S & B E AP
< 0.01). [k, $HECER AT A IR A =2 oy K
IV RA R, FoR IR TR
VIR R A5, 20 118 5 S AL S B AR
AR
34 TIEWMEMTIESEUBNRMNEI

A ECAE WA Dy 48 P R R R ) AR ) AR
5%, RERE M 1458 5 F AL B MBI . At 7,
W B R SR T IR A R i, BT
WO B 3 R T R R R K, TR
Wi = 35847 HLAS () 3% 1k B = 38 B S8 A0 AT LB 1) T ik
(MRocReSE, 2012). CAWETUERH, WO SR
VB SOE TR R, — 9 T A2 E T S5 AN
T 7 B ) TR (MR RS, 2007); 55— 7 Tl /2
Bk AL, iF kSR S Y RS s
o AN, ISR EUR GRS B o T BUBCR A I
B8 (AR B T DA K B M ) R AR AR K, it
10 5 Wi 3] = e 3l A2 P i 4 F 3= '5 JE (Diaz-Ravifia
et a, 1995). /K73 A A i B b B4, &
Be/K oy 55 A HUBK 2. 35 AH 5% (Piao et al, 2000), 7K
OYIE RN, AEYINE AR, XHRETE Y S RRIE 4
fi A il s (Acea & Carballas, 1990). [Flif, +3EH
P AE DS KB G T PRl K, Refg L
BAVR . Bk, 10 e JE AR08 B e
PR BN LK o IR SR, JRRS I B L
A WBCR R aE T, BN T IEROCH R A Bk H
BRI
35 TIEpHTHXTHIES EUBH RN

i 5 AR B 5 D T BURR 4N A TR R BB B AR AR
M IEpHE s, B sz - EROCH &, Sl
145 (2012) % 4 g £ 2R Bz 1L AS [F AR 2 B SR A,
T HEROCH & 5 pHEAFAE i35 AR R R - AHEF

e S 5 2 PR AR T I pHAE, SR ET N [
F 45 B — 8 (Folgarait, 1998; F:4f:, 2016), +IEr#;
IS pHAE W AR 2 L S5 G e Wi 1k, b A R T
TIEROCHIFA R . HAE BTN, WU SR L) (b
A HpHE & P, AF T EROCH L&
(Frouz et a, 2003). K1t B4R S %F 38 pHAEL Y i
(3t AR BT IR 58, B fp gt — DAL
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BELS ERFS K W

1 (W R AR 2 EF R A ROR B, Kb 410128)
2 GERIAEBEAE AR E AR, | AR 514015)
(T HRA K= REAF L, TTRMEM 514015)

THE: A1H 7 A E B (SR T AT R TR R R R A PR . AR T T R 124 B A 2
LR 2N i (4 25 LB IE 5| (cytochrome ¢ oxidase subunit |, CONERI, ELHE4M T H a8t 22 RE R A% 254
2550 L B RS AE it AT U B0 22448 T a5, 5 A3 BT B 3.17%; A% R 2 R 290.00142-0.00339, HLAE T B
°N0.380-0.757, H:rRig B 2 X9 K% 1V IR 2 eV B, Ak SEXS B . A B 7N R R IR AR A T, SR E e A k1L
ANAME G 8 ST 2480 A Y, JLH AR IV HIRIHB Y 124 S0 SR L =2, HIUAREE ) 9 11564k Bhidt &
A BRI 2, TS A b FR R I S AR TC 0 M R SIS AN R 4 ) R R IR AR . A AR R
2 81.06% A8 K [ BEAR A, b A A8 A% BE 15 °40.002-0.004, i A58 4% 4014 22 B Fof 9—0.035%0.594, 1%
1 0 5 A R B AL o U FE S R o AREERT R, B XS R BEMNT I 1oy 3, AN EE A ANAL SRS Hh AT 2%
XA TEoR . Hp B oA 0 2 B 24 LS B 0 S 355 b 23, BRI — @ 10 R v, e s L S
75 T T X R W A A R A U HB, HOL HA1. HA20 88 T X344k 13 2 Ab o 38 HiAth 52 % Al 41 5
R CON 2[R F) v A1 W] 245 PR 2 A 448 4 5 v ) 0 B XS RO AL D o 2 SRR T b [ % 0 P 3ol A 22 RE PR RG] 2t
e B35, ATREE N M S ik G ok, 75 ZE 0 sa A5 TR AR

FRIR) ZEAY; RRIRCOIZE; LR, WifE ik

Genetic diversity and population structure of black-bone chickens in
Chinarevealed by mitochondrial COI gene sequences

Zhuoxian Weng"?3, Jiagiong Huang?, Shihao Zhang?, Kaichun Yu?, Fusheng Zhong?®, Xunhe Huang**,
Bin Zhang"
1 College of Animal Science & Technology, Hunan Agricultural University, Changsha 410128

2 Schooal of Life Science, Jiaying University, Meizhou, Guangdong 514015
3 Guangdong Innovation Centre for Science and Technology of Wuhua Yellow Chicken, Meizhou, Guangdong 514015

Abstract: Comprehensively evaluating the genetic diversity of Chinese black-bone chickens will facilitate
conservation and utilization initiatives for this invaluable genetic resource. Mitochondrial cytochrome c
oxidase subunit 1 (COIl) gene sequences were obtained from 12 black-bone chicken breeds in China. These
sequences were then used to analyze the genetic variation and population structure. A total of 22 mutation
sites were detected from 255 individuals representing 3.17% of al sites. The nucleotide diversity and
haplotype diversity ranged from 0.00142 to 0.00339 and from 0.380 to 0.757, respectively. Lueyang black
chicken has the highest level of genetic diversity and Dehua the lowest. Seven amino acid variations were
detected from 11 individuals from six breeds. A total of 24 haplotypes were defined, where haplotype H1 and
H3 are shared by 12 black-bone chicken breeds with a frequency of 115 and 64, respectively. Yanjin had the

WSchs H #: 2019-01-17; #2352 H #il: 2019-05-20
FEEE: ARG ARS8 /785 H (2016A030303068) 1137 N 27 [ 48 17 4 2 5 5 g 4000 H (3 B[ 2017]275)
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greatest number of haplotypes, while Guangxi has the fewest. Neutrality tests and mismatch distribution
analysis revealed that these populations have not experienced significant population expansion. Most of the
genetic variations observed were intra-population variation (81.06%) as indicated in AMOVA analysis.
Pairwise fixation indexes F4 values among 12 populations range from —0.035 to 0.594, and genetic distance
ranges from 0.002 to 0.004. The genetic differentiation indexes between Xuefeng and other populations was
the greatest. Black-bone chickens cannot be separated from domestic chickens and red junglefowls within the
neighbor-joining tree. The median-joining network of black-bone chickens is classified into three main
clusters with the characteristic of specific breeds, while haplotype H8, H9, H11 and H12 existing in
Wuliangshan, Yanjin, Xuefeng are not directly related to the three main clusters. The median-joining network
of black-bone chickens and additional domestic chickens and red junglefowls does not change the main
structure of the tree. The results presented here indicate that the genetic diversity of Chinese black-bone
chickens is low but significant genetic differentiation is evident. The Chinese black-bone chickens may be
selected in situ from domestic chickens. Overall, the results suggest that more attention should be paid to
germplasm resource protection of these fascinating breeds.
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Key words: black-bone chicken; mitochondrial COIl; genetic variation; genetic divergence

b T 56 30 A% R AR ) 22 B I ) B A R
WAy, AR A RRAE R KRR AR R
WAL (Groeneveld et al, 2010). WA K Bl £
FE AT Bl 48 7R 25 R 18] (0 77 s IR B SR 406
R, R ERR AR T SR AL R AR R E B
B, AL PR N W] B ) — S
K (ERSSEETEE RS, 2011). 5E0
(black-bone chicken) Kl H Jz Bk LA B Sk AR
SWIER S BEANE4, O 1,3002E MR
B(FITE2, 2005) . F1H ME 513 fE RSB, B
BT ARV RE ST 0 S B S R, AE (R E
BRAERFEEEE) LA 185, LR E M
PR p B R R A M EN R B RE R E
B EEZR AL, 2011). BT, XT3 F it
ZREPERT 7T 32 B DU PR AR D AR R R DNA 4%
FRic oA . BRIESE (2008) ik | 500k R 4 235 4k
Ak 23N PR AR, K I B S AR A
ZREVEEAT TR, 45 RR W T 06 55 39 5 AR B
HARFE e 2B, bR i< (2017) R 26
FiAADNA D-loop)7 FIHH 5T 1 R 7K B X8 22 i Ak gt 4%
SRV, RIRK GG E MdE 2 e, B
FEAE— E RSN R XS S B N . 15 CI5%%(2014)
XFOAN 12 F 4 S Fil 17520 bpZk ki A DNAZH Ay 2 = b
B 51 a0 BT ik, R IE 5 f XS = I B R R 3
P oy o J5S B, I8 0T B A /D B K K SRS I
% . Zhang%(2018)ll & 1 3l 2 F % D-loop)¥ 4l I
BEORIRIEE, 758 L1108F A5, K
o MR K Rl A B 8, D RO R,

A HAREE A58 R CIF R b [ 2 XS 1 i 1
ZRAETIT, EOCT SO B IR B SR )
i(Liu et a, 2006; Miao et al, 2013), tbinFkE I
AR YA L2 —, WK IH R AE (Xiang
et a, 2014, Peters et a, 2016; Huang et al, 2018).
I, MEARE RS, SEGESAZ . A6,
FLIBAR 22 R 43 A AR R B 1307 S AN 7 AT
LR AR A Y €8 3K A AL B V. &I (cytochrome ¢
oxidase |, COI)/&mtDNA ft]— B B A Jii 4w i 3 [
HA MR 52 i@ S0, ) ZMHE T
Fhigt i Z #EE (Kameshpandian et al, 2016; T34,
2018) AL F(Ren et al, 2016)73HT. J&B =itk
(2012) 1) FH COI 5 R of . 1] 308 73 b 77 X5 Fot 22 &5 41 e
HoF RGEHAT 7O, 550 A1 55 (2016) F)
L RLAR COIEE D] 7 471 43 A 46 7 b [X O A J5T 16 777 %8
AL Z P, 25 SRR B COIEE B v] A Tt J7 39 Fh
AL ZAEPE 3 dr . H AT AR A FFH COILEE K 43 i
1 E XS BRI AL 22 REME RIS AR S5 M AR SRS . A
A5 DL A R 124~ 5 X0 b Rl oA S B i kR 2okt
PR COIEE R 7 1, MR A o i 35 [R5 41 £ FEE 53 7
TR0 AL 2 A PEAIBAL 2540, TR 1 X o 5%
VIR AR S AT TT R FH SR AR .

1 PSR

11 SEE#R

CLrF [ 12 550 36 dh R 3% 2554 1Ay S 6 #4
BHERLD) . BRECHRBRXGRAT BHESE 2 A, oAt iAo
By (hEESRETES(EEE)) (EAXRHaHR



el PHSESE T EAL AR COIJE R 7 [ 5 X384 22 REVE AR A% 451 669

FERIRZE 143, 2010) i BRIl . SIGRE R IR
B = B AR A7, 38R R KL . {5 A N S Hi
Pure Blood/Tissue DNA Mini Kit (J7JNZE3E AR}
B PR F]) LU L R Z1DNA, —20°C -7 % H
1.2 PCRY XM+

COIZE K [P # 51 ¥): BirdF1, 5-TTCTCCAA-
CCACAAAGACATTGGCAC-3' (Hebert et al, 2004),
COIR, '5-CGTGGGAAATTATTCCGAAACCTG-3
(FE 1%, 2016). PCRI MK £ 30 uL, HH110 x
PCRZE M (FrMg?) 3 pL, dNTPsYA (2.5 mM)
24uL, IE. RHE5#(20 uM)#%0.3 uL, K DNA
15pL, rTag DNAR G (FEAM TRECKE) AR
#]) (5U/uL) 0.3 uL, ddH,0 22.2 uL . PCRJ M 414
94 CTIAE 4 min; 94°CAZ 445 s, 58°CiE k1 min,
72°CHEMIL min, PEFR35IK; % J572°CHEMI10 min.
PCR™ ¥ T 1.5%%5% 5 Al 5 e H vk A I 45 6% S5 i )
PN LA AA FRA R AT .
1.3 %itoth

It # k- Bioedit (Hall et al, 1999)i:BUMFF 5
H, SR AT N LIRS &A%, JEiE
ok A AN i O ) U AR A A PR R T 3R AT
MERZIE. Frik /74148 Clustal_X 1.81 (Thompson
et a, 1997)FAT X HESI fE, DAL IR XS 2 A T [R]
H(AP003321)1E 825741, FIDnaSP 6.0 (Rozas et
al, 2017) 5 SCHAE Y, R T SAZ R 25 S 2 K (K)
1% R 22 FF 1 () 15 B 22 FF 1 () A R AL 7
% . FIMEGA 6.0 (Tamura et a, 2013) [
Kimura 2-parameter (K2P)15: 81 1 & A] F i A e A%

x1 AARERER
Tablel Sampleinformation of this study

FEES, R H4R 9% (neighbor-joining, NJ)Z73 744 2 th
B S5, FASFLEASRERRAKEN. H
Network 5.0.0.1 (Bandelt et al, 1999)#:) % 14 k¥ 4%
K. FJHArleguin 3.5 (Excoffier & Lischer, 2010)it
SRR AR EU(Fs), BEATREAR N ATTEAA B8] 1) 1
77 72453 M (Andysis of Molecular Variance, AMOVA),
DA K R VS 38 R AZ T BR B T 40 AT 4317 o

2 #R

21 BEZHMN
211 ZERUSTR. ZEHRSHMMEERS
M

ZBRSIIFF A )G, RAFKE 695 bplt 2kl ik
COIZEH A, BFEA. T. G. CFHEESHIA
26.0%. 33.6%. 24.7%. 15.7%, A + T §(59.6%)
KTG + CHE(40.4%), HA TR IEH Bl
P o 124> i Fh 3 2555% 7 F1l K N 3 22438 S o 1, o
ML R3.17%, Horh L —A7 lURABIAS, fiZIfE
BALR134 . B H TR 2 114 790.00142-0.00339,
{5 2 FEME 90.380-0.757, W& RH 38 () P-4 R
7E 5B K (2.356), fEAVEERY % /N (0.987); FHN M,
WS FH 1 XS A% HF R 22 R 1k e v, Ak B XS (R (3R
2). HFRIAW, 228 i s sE LT 24 LAY,
Forp s A RUH L H B2 5 1 (1150K), HKAEH3 (64
), XA 124N SR AT I . 2R
R AR AR 2 (81Y), 1T 238 IR (T, | TS
g/ D24 e AN AP I A B AR AP AR 22 5,
V1 & WG ) BT FEEOHLAIHS, it S g8 3%

%5 Code FhAl 4% Breed 74 Origin P4 Samplesize
LY W& BH 4 38 Lueyang chicken [ i s BH 2 Lueyang, Shaanxi 10
WLS F& LS5 Wuliangshan black-bone chicken Z AR E Nanjian, Yunnan 25
YJ 5B Yanjin black-bone chicken A EEE Yanjin, Yunnan 24
ZX Y1 238 Zhuxiang chicken SeM4E AR/K Tl Chishui, Guizhou 32
XF I 9B 38 Xuefeng black-bone chicken I AT Hongjiang, Hunan 19
Js YL B3 Jiangshan black-bone chicken T4 YL LT Jangshan, Zhejiang 21
SK 2P 5H0 Silkies TPEE 22 EL Taihe, Jiangxi 25
YG AT H%Y Yugan black-bone chicken LHE & TE Yugan, Jiangxi 18
HY # P 38 Huangyu black chicken VLVE44 & Yichun, Jiangxi 18
DH 4k 2238 Dehuablack chicken A EAE Dehua, Fujian 22
H 4155 A3 Jinhu black-bone chicken @A T E Taining, Fujian 24
GX I P85 38 Guangxi black-bone chicken J"PE 4 2% B Donglan, Guangxi 17
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R2 12N BBHMCOIEEFHERM A, FHIRERER . RERSHMEMPAELLEE. KPR SRERL
Table 2 The number of variable sites, average K (k), nucleotide diversity (z) and haplotype diversity (h) of COI gene in the 12
black-bone chicken breeds. Breed codes are the same asin Table 1.

B A A7 e AL PR TR R R 2 R BAER R
Breed No. of variable sites Average K (k) Nucleotide diversity () Haplotype diversity (h)
W BH R LY 6 2.356 0.00339 + 0.00064 0.733%0.120
TR LS EE WLS 6 1.653 0.00238 + 0.00026 0.743 £ 0.051
HESE Y 10 2.036 0.00293 + 0.00042 0.757 £ 0.075
e zX 7 2.018 0.00290 + 0.00028 0.730 + 0.056
FESHIY XF 6 1.310 0.00188 + 0.00069 0380+ 0.134
MANIIRET = SEAN'SS 7 1.952 0.00281 + 0.00048 0.729 + 0.078
2 5T SK 7 0.993 0.00143 + 0.00044 0.537 £0.115
RTEE YG 5 1.804 0.00260 + 0.00025 0.680 + 0.074
FON B HY 5 1.523 0.00219 + 0.00051 0.634 + 0.093
4L B3G DH 4 0.987 0.00142 + 0.00047 0.455 + 0.114
S RS JH 5 1.486 0.00214 + 0.00044 0.572 + 0.095
I PSS GX 3 1.456 0.00209 + 0.00034 0.485 + 0.079

R3 12N EBEBHRMERACOIEER R EFRRAETR RN D5
Table3 COIl haplotypes and their distributions in the 12 black-bone chicken breeds
FAfERY AR AL A FAAEUAE SRR AT (PR it
Haplotype Variation sites Haplotype distribution in breeds (frequency) Total
6666666666677777777777
T777788889900012233333
1146704890012331537788
0255272216776245331467

AP003321 ACATGTTTAATGAGACAGTCCA

H1 LY5, WLSI0, Y4, ZX14, XF1, JS10, SK17, YG7, HY 10, DH16, JH15, GX6 115
H2 llooo000000a000000a0a00 ZX1 1
H3 Y (O (e (5 LY2, WLS2, YJ1, ZX9, XF15, J$4, SK2, YG8, HY 2, DH3, JH5, GX11 64
H4 T..C.C...Gooviint ZX2 2
H5 Coviviniit To.o.oo.. ZX1 1
H6 LGCCo G ZX1 1
H7 To..... WLSL, YJ1, ZX4, JS4, SK2, YGL, HY 1, DH3, JH3 20
H8 Go..A ... WLS7, YJ11, XF2 20
HY Goovvvien T. WLSS, YJ1 6
H1©o Covvnvniii YA 4
H11 LG GGl AL YJi 1
H12 BRI Goovvvnnnn T. YJl 1
H13 C... SK1 1
H14 Go.o. SK2 2
H15 GC.... SK1 1
H16 TG LY1 1
H17 GGG G LY2 2
H18 T...T.. XF1 1
H19 c00CoCooolooooliboocoos JS1, H1 2
H20 L LCAC G JS1 1
H21 AT JS1 1
H22 ... CootGovvnnint YG1 1
H23 L Ao YG1 1
H24 oL Govvnn To..... HY5 5




el PHSESE T EAL AR COIJE R 7 v [ 5 XY A% 22 FEVE AR I A 25 671

JNHL1. H8FIH10, #5538 3 ZEAH1FIH24.
212 SEEBRZHM
i T ME B W) 26 kL A4 38 g G 5 S, R

MEGAB.0K 215 X5 COI JE K e o E FE R, LAAL R
X 28 57 4R COI L K] (APO03321) 44 il 1 2 L i N5 %

A5 3N 231N TR, I B 74N F IR R AL 47 4
(2%4) RAGIETRAL (A AR 7T £ 3R
B, BARMLPLENG, RTSEEMTLSE
X5, DL R PG AL B 2 3 864 A 10N Ak . FL
HHAT 2 X0 RN 35 O i 0 AR S AR d e, P AL AR

T4 COIEFEYmiL ) S EER?

Rl 2 R A . (ERERNE, T2 —%
B i A R AP RIAR S, AR T T R A
R, 17 2 XN Eh 1 XG4 A AH 5] 1) 28 B R R AR Ar
M ER->NERR)-
213 PRI

Tajimas D. Fu's Fs*F31{H %) 5 50.11225,
0.44305, ¥JARIEFEEKF, FYIX124 5B H
AR B P B, RE MR 7k (#%5). #
T FR A TIC 7 AT B RE G R 5 1 B i i 2 45 5,
e I & AR & (B11).

TREHEENERMESH. MRS ERL

Table4 Amino acid variation of COI gene and their distribution in these black-bone chicken breeds. Breed codes are the same asin

Table 1.
YR AR AL IR 5 A
Breed Variation sites Amino acid variation Variation number

0000122

1235124

9010875
AP003321 YLTEVDI
238 ZX F...... it = IR — K A Z R Tyrosine — Phenylalanine 3
T3y ZX Seonn.. % & B — 2. %X Tyrosine — Serine 1
238 ZX s0hbo0c TR — N B Threonine — Alanine 1
HEDEN Y AL HRIR—TEM Threonine — Alanine 1
HHELEY Y VAL HRBIR-HEAR, HER—HZR Leucine — Valine, Threonine — Alanine 1
PG EN SK L. H. RAHR—HATR Asparagine — Histidine 1
WERHSE LY ... v SRR 1soleucine — Valine 1
FANITEER= AN S LK BRI E R Glutamic acid — Lysine 1
KXTLEWN YG  ....E. HRER>HE M Vaine — Glutamic acid 1

RIEMRNL 15905 LL5E 2 APO03321 COIJ: [FI Fif T
acid trandlation

4
L‘*ﬁT

R5 12N EEBHMEICOIFFIP MR . AMKSERL

R NS % The amino acid site code referred to the complete AP003321 COI gene for amino

Table5 Neutrality test in 12 breeds based on COI sequences. Breed codes are the same asin Table 1.

YR Tajima's D EieEs
Breed D P Fs P

BSPHISAS LY 0.45768 0.70000 0.96375 0.68900
TS E WLS 0.12109 0.56400 0.49464 0.62700
FREBELE Y —0.79944 0.25300 —1.69126 0.17200
238 ZX 0.99606 0.85100 —0.31381 0.45400
FIELHX XF —0.76698 0.25300 0.57269 0.65900
TS E3G IS 0.01119 0.54100 —0.25147 0.44900
230 5 RS SK —1.43529 0.07300 -1.92588 0.07000
RTEHEE YG 0.76262 0.79100 0.24173 0.59100
FP A HY 0.15067 0.60000 0.87825 0.69200
14 BXS DH —-0.28222 0.43600 1.28651 0.75700
&5 R JH 0.31722 0.67500 1.19223 0.77300
JTPEERS GX 1.81444 0.97700 3.86919 0.94800
P4 Average 0.11225 0.55950 0.44305 0.57342
J7% Squared deviation 0.87539 0.26761 1.50012 0.25155
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——S2Hl{E Measured value
B e WiM{E Predicted value

" " L " " L ooy " 4 "

1 2 3 4 5 6 7 8 9 10 11 12
FXBLXT 22 5 Pairwise difference

Bl 12AMSEBRMEESH

Fig. 1 Mismatch distribution analysis of 12 black-bone

chicken breeds

22 BHKNRMREEWN
221 BfEEHN

755 I 2 5 X% COl [ /7 41 i B ik B, A
GenBank T~ %% ZX X Fl 41 J5L 18 COIl 7 41 (41 Ji7 X5 285%
FKAG101%%) (MisR1), & il384% 7 54T 40 HT, 52
T AN SR (M 52) . SR K 2PRE ALKy 2 COl
M R G W (R (B12) . KBEW 3 NPIKL,
YR ERS GBS (A& SE )0 A6, KA
PR/ St PRe S o E AR A, AR Y 25
FRRRK, MikFR R > 50%0H, ANAeE RuiAT
X 73 (P 55.3) o

HH [ 5 0 CON i [A] A ) 2% [ 3 2243 34
B ST, AR IHL YA L, B
R A2 R LAHB, H7 0 2 (18138) . H.
H3FAE R A5 12 b Ff, TH7 A S B BH 208, &
VS B AP AS, AR AIHE, HI. H11., H12
WEETXIKEIL A, RS E, $hifty g
RO W 1 RS A Rl . EBEIERE I, 3800 T NN
ZL IR XS T 50 (5 5B X0 ) s, M R ) A
28 B (K13b) o A 45 B AR S R A R, IR
PIH1. H3. H7 A0 A, INFEH12, HI95HS,
H11z (B340 17 H36IX A1 s, At i 5 £ 2 4T
AR ATAE 4 3. H3. H7 O SIS
LIRS, X5 KRG K EMAHT. S ESKRATE
BREA IS, 55 IERA I B X Tk
222 EfESK

AMOVA i &5 R Box, BER AN B AL R
(81.06%) K T B A4 1] (18.94%), A AAF«ft 40.18943
HPE/NT0.01, 3R UIBFAREEAL 7% 2 3 (5 6).

K 2PEE B8 {2 7~ 12 2 B X i ol i) 1) 384 2 25 9
0.002-0.004, #hiH 5 3% 5 H AR 1UFf Hb 77 %S P 1) 152
BB I3 (R 7)o bR A) 38 AL 0 AL R BU(Fs) N

4,7H41 (R1)
HI3 (R1, Bl)

H25 (D1)
H1 (R17, B116, D17)
H28 (B1)
H31 (D1)
H35 (D1)
H29 (D1)
H39 (D1)
H10 (B4)
H34 (D1)
H15 (B2)
4‘—H15 (B1)
I H32 (R1,D1)
H40 (R1)
H23 (Bl)
H2 (B1)
L | —  H5(BI)
H7 (B22, D45)
1 - HI8(BI)
H21 (B1)
H24 (B5, D1)
N H26 (D1)
H27 (D1)
H30 (D2)
H33 (R1)
H16 (B1)
H36 (R2, D3)
H38 (D1)
H37 (D1)
H9 (R3, B8, D2)
H12 (BI)
H11 (B1)
g (R1, B20, D4)
-H22 (B1)
H6 (B1)
H4 (B2)
H3 (B66, DS)
H17 (B2)
H19 (B2)
H20 (B1)

E2 384R3BRY41COI B ERIERIERT. RALEN, BAS
B8, DARG, HFE~HERHE. RFPKRSEERL

Fig. 2 Neighbor-joining tree of 41 COI haplotypes deteced in
the samples of 384 chickens. R, Red junglefowl; B, Black-bone
chicken; D, Domestic chicken. Numbers represent the sample
size. Breed codes are the same asin Table 1.

—0.035%20.594, =5 I 15 38 b5 HAth 5 B 1 1845 2910
FREE B, BT 7E 5948, 5 A & R 1A% 41k
ZRIIA R B K F(P < 0.05); $hidt & 3 M &
Ll B X R 2 2 Ak, A B (R84 A R B
FRIL F) 22 K F(P < 0.05) (7).

3 iTig

AW FUR A 124 B B XS i R AT T 2



el PHSESE T EAL AR COIJE R 7 [ 5 X384 22 REVE AR A% 451 673

®)

@ 41539 Red junglefowl
© &% Black-bone chicken
@ %7 Domestic chicken

H37

H120-8 : w 68

us_ " o K H30
HIS

187
H27
H21 ‘ H26
H24

E3 COIEEFSNMMEE., ERSBFRAZERERNNVE, NN N EERNE, FESRMATERERE, @
MR ERIERL. ()P E12F12553 LB B MERI24NCOI B {58, (b) 384 I8 MAHIALNCOI B fE BRI ch A 4R B

Fig. 3 Median-joining network based on COI gene. The links are labeled by the nucleotide positions to designate transitions. Cycle
size is roughly proportiona to the haplotype frequency, the breeds are indicated by different colors, breed codes are the same as in
Table 1. (&) Median-joining network of 24 COIl haplotypes deteced in the samples of 255 individuals of 12 Chinese black-bone
breeds. (b) Median-joining network of 41 COI haplotypes deteced in the samples of 384 individuals.

*6 LS FUMERELERND TERIN

Table6 AMOVA analysis of genetic variation of 12 black-bone chicken breeds

R S L H REiL Wik iV Ji Z Eef

Source of variation df Sum of squares Variance components Percentage of variance (%)
BRI Among populations 11 52.622 0.18826 18.94

A Within populations 243 195.743 0.805553 81.06

BAF S Total variation 254 248.365 0.99378 100

WL A& COINEE K] 7 41 i) 38 A% 22 R 0 FHEA% S5 44 37

5B SR R 8 2 S N3.17%, (KT B mib%s
(2012) 43 Y 74 Hb 5 %S (3.38%0) A 15 il 1145 (2016)
TRIE () KX (15.68%); TR IR ZE % T
PR 22 FEME AN B T 2 B PE R RE k. 28044 D-loop
B 50 2 W1 o [ 5 30 I A% R 2 A M R A
(Zhang et al, 2018), 1X 1] R 5B XS 2 HOH R
mr A, 52 BN Tk 0 v T A XS A G

WAL Z PRV R R O TR A 1R R A IR A
WEH P, B BH 0 i s, AL RS RIS, 4

P LN 5 A A R R o W B %19 45 1,900 £E 1)
TFEDI R, RAWSRIZA AT I E, MR
12 IR . 19834 HE LM FH XY R Fiz, 2006417 7F
RERIA39.6 77 H (& & &L R IRZ 51 42, 2011).
DI SEAS A BEAREE . (R & B AT BE 2 P 0
BAEZ R E B . S B i ST,
X} FRFE B RS % AR G R R, BLAT R
AR PFEREFE, Wik K4, 20020 TF GG 3T H R
MR AE, JOLERR, &)U S, kA
HPSRFNAE P71 g AR R — B (X5 7, 2006) . 2278

RS



674 £ ¥ % B M Biodiversity Science 8274

Fx7 LRAEEBEMEKIumuraZ NS HES(E=R)MEETURL(F:) (T=/A). MR SERL
Table 7 K2P distance (above diagonal) and fixation index (Fg) (below diagonal) among 12 black-bone chicken breeds. Breed codes
arethesameasin Table 1.

ks

Breed LY WLS YJ ZX XF Js SK YG HY DH JH GX
LY 0.003 0.004 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
WLS 0.116' 0.003 0.003 0.004 0.004 0.002 0.002 0.003 0.002 0.003 0.003
YJ 0189  0.017 0.004 0.004 0.004 0.003 0.004 0.004 0.003 0.003 0.004
ZX 0018 0134 0207 0.003 0.003 0.003 0.003 0.003 0.002 0.003 0.003
XF 0231 0427 0.433 0.248 0.004 0.004 0.003 0.004 0.004 0.003 0.002
Js 0.004 0121 0196 0014 0341 0.002 0.003 0.003 0.003 0.002 0.003
SK 0178 01920 02690 0134 0594 0074 0.003 0.002 0.001 0.002 0.003
YG -0035 01700 0234  -0011 0158  0.032 0.250° 0.003 0.002 0.003 0.002
HY 0.165 0.204° 0.261" 0.120° 0.535 0.051 0.079’ 0.223 0.002 0.002 0.004
DH 0.117 0.160° 0.243 0.072 0.551" 0.011 -0012 0182 0.044 0.002 0.003
JH 0.013 0121° 02060 0001 0403  —0033 0445 0.546 0.067 -0.011 0.003
GX 0.054 0305 0343 0089  0.029 0173  0441° 0002 0393 0383  0.220°
*P<0.05

19 F X (RN 12 39) LA 187ASE sl A\ & b v it
(Ekarius, 2007). &JJ; T KHmmEM N TIEE 2 )5,
22 2P 5 F X (1) 38 A% 2 R T B T (BT e E A
2017).

W E S BRI R 2 AR, U6 AL
LIS B4R 57, 35X AT B COIl A2 2 B [X KL [A]
BONDRSF A Ko Bl 3G 545 3 22 FE1%(0.380-0.757) -
% % % #4E (0.00142-0.00339) £ & Grant /1Bowen
(1998) i H 14 B A5 B 22 A 1t AA IR 2 A 1k 41
G Hh, Kx" s 2R, RS E Y
A b SR Atk B RN

PN GG . FE) s AL F2 mT A
T8 o B TG 0 A A8 20 A 2 M U7 iR 3R AT 43 AT (Excoffier
& Lischer, 2010). AL/ 10 22 WERY, fe B H 2
DRI TR 72 v BEBE ALY, SR PAFREE SN A A E 1
SPHTIC; ARG AT I R, 3R IR T £
KA TR BRI A ()£ B S KT RS, KA
IR 7 o AHIF T R RRAS T 70 AT AU ih 2%,
ANFFE R Tk 0 sl g 26855, H Tajima's D
Fu's FSEARIEZIE /KT, i B 5B XS b F A s 25
Wk, T R R R K

HEAR AL 73 R B (F o) & SRR AR B] 382 4% 7340
T2 1) 8 B 4R br (Rousset, 1997). AHF 7t Fh B IH] Fo
{H7E-0.035%20.594 2 [f], KEB/riA 2w E/KF-. [F
I, ZEAMOVAZ M HrHh, SR IIF4(E 40.18943, P <
0.01, 15 HH 7 S 06 By 346 X5 i o [ F 255 D) 22 i 4 20>,

PEAE T BRI B E A . PR IR R R AT R A
AL R BRI, Flan S S Ey. ShiESE
XS RO 5 11 5 XS Fir A R B B IR B 5 o P 2, 5L
b S AR A R EIAB) T R EKSE, L S
I RAZ WK 2, 5 HAMD E XG5 A 2
o AL B AT RHE R SCRZ M A i
LEN= PUNIE N STk S LY P/ I RSN PLE SRRV L SRt
4337 (H8. H9. H11l. H12).

r ]S X oM R B S R U 1 B I TA] 5
) IAS A o i X 2 Lyl £ 3P R RN R R
A& PR R ER, EEENWFERMZH, F&EE
BAERNZIEP . — RO E S XS kR T
VLV () 22 2P 5 B XS (5 SR AR 2R, 1999), (HILA
Tt 9032 BH 22 2P 52 55 P ) R AE 8 (Feng et al, 2014), #2
5 B X R MCE OB S B XS K I T ok (1) 75
2002). 5—FM 2 onie, WRESEFNELL
YR B T SR (k136 F, 2002) o 8 538 K343 9 3
A, HYIRI YL 548 3,6004 DL (5=, 2010), ifi
B B S A IR IE S R (AR 2, 2005) . R AR
B 21 2k B £0 25 3L [ (fibromel anosis, Fm) & %Y B 47 7
6,600-9,1004F, F-F ZEG MM IEE, (HDHS
1 #f VI ik & B 1] 9 AN E 4 (Dharmayanthi et al,
2017). AWIC SN S G AL 2 AR, (HEL 4
RTE 3 PP UEIE 3P E it o €272 i Ny
5B XS GG FNLLIENG o3 T S 3 5 5 k=
2 T B R A i 25 A A 2 B S IR A B R S R
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dn A RIS, T RE R A SN i R AR Y
ARSI F IR, X152 J0iR R ARAT .

gi b, rPES RO AR R R 2 AR, (H
WA, RE IR R 5K, =5 2N
X ] 5 M A R B R DRAP, T 7 £ B e
JE 535 bR a3k PR 4 SNPAE PR 2R J [ 5 3 X8 il A ik
ELNEE VSR

Bugh Bt Rk KR mm sz =R LK F
GAKERK. JEHRXFHFRIIZ. TEH R LA
F A6 LRI A on, Bl RiBFEXSF
AR B RF B ARG E AR F
25 HIRAAR MR AT R B B, AR P B A
RS MRS RIFR ARG F
X, COI LB 75| Anffl 4 2 & T 72 523675 & 691080 .
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Appendix 2 Variable sites and distributions of 41 COI haplotypes, and frequency of occurrence among domestic
chickens (including black-bone chicken) and red junglefowls. Red, Red junglefowl; DC, Domestic chicken
(excluding black-bone chickens); BC, Black-bone chicken.
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Appendix 3 Neighbor-joining tree of COl gene of 384 chickens (cut-off value > 50%)
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I mportance of conservation priority areasfor bryophyte biodiversity in
Chongging

Yan Liu’, Yushuang Yang
College of Life Sciences, Chongging Normal University, Chongging 401331

Abstract: Biodiversity is especially rich in conservation priority areas. Based on field investigations and
available literature, a bryophyte checklist was compiled for the Dabashan and Wulingshan conservation
priority areas in Chongging, China. Species richness and abundance of endemic and threatened species were
analyzed. Species compositions were also compared between the two areas. In total, 722 species in 221
generaand 77 families were recorded across the two areas, accounting for 76.0% and 23.9% of all bryophyte
species in Chongging and in China, respectively. Among these, 56 species are endemic to China. One
critically endangered (CR), four endangered (EN) and three vulnerable (VU) bryophytes were also found in
the two areas. The Jaccard similarity coefficients between the two areas were calculated to be 0.7, 0.6 and 0.3
at the family, genus and species levels, respectively, indicating the big difference of species composition.
Dabashan and Wulingshan both have relatively high bryophyte diversity and representative species
composition. They are important priority areas not only for Chongging, but also for overal biodiversity
conservation in China.

Key words:. bryophytes; biodiversity; species richness; Dabashan; Wulingshan
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W), TEREAEAEY b E 5 A7 (Goffinet et al, 2009),
bt RGN E B S, 152 ERIR A E
W BERTEE . KL IRRRSE 7 I A ¥R EEART)
At (Turetsky, 2003; Tuba et al, 2011), 4 ERE #EHE Y
ZRNE AT R AN T 4EE YY) (Shaw et @, 2005;
Geffert et a, 2013; Méls et al, 2013), HAGHIX 5
Myers5 (2000) #2 H 1 42 3k 257> A ) 22 1 P A R
[X 17 7 % 5 (Vanderpoorten & Hallingbéck, 2009;
Hallingbdck & Tan, 2010; Patifio & Vanderpoorten,
2018). i L, WHF A2 R R0 SE X I B a e
Y2 FEMEXS T & &Y 2 VR R B R
Hr .

(b A= 9 2 FF 1 LR 37 4T 3 T il (2011-2030
)Y RISE 1324 Mt AL 2 FEE LRI SE X, o
KB Ll A0 R L P A R AP S X %A — & 0 i T
HIRTT RN (h N RS E AR 5738, 2011), &
AR T V8 R HL X () A= 2 FEvE R 9P R 2R L
(R E A, 2018). RIAEE WL Giit, ET H AT
A B EEAH Y90} 2628 95071, H A 4 K043 HiE ok
U5 T BRI RIS X A SCHRE . BRI, 0
PINRT LR X I & SR ALK, AR T HREE
EEREYIAE R AT A% SR, EAGE 2 REIE ORI
2 DR H PR & SR ) 2 FETE DR IO TR

ARSI TR A 3 A BT A1 R A R A SR R
A TR AR L A o A 2 R R A
PooE X E PRI N ) & SR ) A4 ok, o bR
B ERA A B YA, PR A B
HUARABLE, RS LU AN ) (1) > PRIP R 58 IX
HREE A B & B R S B BUS R 2 R
IR QWA DX ) F S A 0 A0 A2 S (ERE BA
FREZ), LAVEA A4 2 R PR OR P40 58 DXORE T & S48
WZ RO I E, v E s A 2 FEERTE 5
MR- BERL 2K o

1 MRSREE

11 AR

HRAE AR Z R R L JE X VE LY (A5
PRI 820164 255945 A ), KE LAY 2 AR
PRI X P S R ARAGER 3k OBy ARl B AR
BRI RS 28, Hhasm kel Txl.
T BB SR 0 4 [ X G B AR IR X, J& b IE #
AR, B L AE 2 FE R L X B

IRARFEHMETLIX . AR, HE, HEE, &
K BRI R A ) X VX iR B 2 2 4, B
WAL G Ll [ R SRR AT T 4 B SRR
PIX, @R XA, NI A, AN
V)22 REPE GRS X 35 & 1 v B A e 7 L e
BEHIX

12 kKR

& FIA S SCER TR R M, KL PR i
2 X H RS P ) L A B 1 B T AR R R
3 LR B [ X g 3 AR PR3 X (31°37'—32°12
N, 108°27'-109°16'E)i#ff 7t TAF, HIE#H CikiE%k
P (RHESE, 2016)F13 PR 4 1 #b 70 1 2 50 (P =% 1)
LA KL E K% E AR X 7 136,017
km?, 2 K B AR 4 (X R 358 P AR 3AN [ R 4
E AR X TR SR 14 1.681% (ZE 12 42, 2016), H 5
HAR3 MR X I Aoy il o BRI, R X &
B R W) P 22 B 1 R4S B B oK B2 Ll AR AP AR o
[X B PRI P (1) 5 AR A 2H A i RS BT S5 (2014)
PR R AR LB ARIR B TR ERI B ) 5 Al
VI A LR, (B35 R E A e H HAACR AR 5 2
BRIERE RIS IX P, PRI SR Bkt 5%
BFELEN o BRI PRI 26 X 1) & BEAE Y B >k H
A1 4 Ll B X g B AR AR IX (B IR = F0 S S A
1991). (FEE T LIE ) £ #i(Jaet d, 1999). P FH
KARE TR AR X . F5 10 KPH 1L T % E SR G
X FNEATT X (REYE 3T, 2007) HIRTE 7L Bk} o 1% 46 [X 35 )
HFR VG RSN 28°17'-29°52' N, 106°55'-109°04' E.
R H e N RS AT [ PR B AR 3 50 A AT 1 A [ A=)
Z MR X A B, FIFHArcGIS 1024
B 7 R Bl AR L AN A 2 FEPE R AR 2 X
5 H PREE A 1 R B0 A B (1) -

2 W8 SCHR (B A AT 8, 2013; Goffinet & Buck,
2018) X} T B B MEN 44 A R R AR ZRIMAT SR
— B, EE SRS I E TR A
(B A, 2013). SR (b [ = SR 32 )
VIR 4 5%) (B T4, 2017) 052 52 I8 & #EAEY .
% 8B 2 B R0 8 X ANEAE TR &
NI A R B 2 (1 AR W) 2 FE P (Myers et dl,
2000), [Al 1t 2K i Jaccard #H UL 14 & % (J) (Jaccard,
1912) % PR AN PR A AR S IX 1) 3 #EAE A0 ) P 4 it AT
bedse, DAVEAY HXT H R T & S AE ) 2 A PR S (1
B B PIAS DX PR AR A AR FE A A, 0033 B



56 XIHEFR AR 3 AR REME ORI L 5 X0 B2 PR 3 B A 2 AR R A B S 679
B pevE—y N F944.9%. R LL (4 08 55 X T PR 14 0 25 e A
Dabashan Prioiy Ares A 1167R1 18R 517, (145 2 % 23F) 35/ 102Fh, B
‘Waulingshan Priority Areas K435} 153)% 414%4’, AERIFLE 1%'1“, VIR EL

31° +

30° +

29°

28° ki L L 1 |
105° 106° 107° 108° 109° 110° E
Bl KREUMEKERUEMSHEFRIPLERERERS
mE

Fig. 1 Map of Dabashan and Wulingshan priority areas for
biodiversity conservation in Chongging

P IR AL A AR E, XA 2 FEEOR YY)
HATE B TTmk. e 2 i I 2 (R P ph 4 R I+,
IAAEAT IRORY A RTIR T, 7T LA R e 4
2 FEVEACT A B ) XA B #EAT R Y. J=cl(a
+ b —¢), Arhayi X AR (E SR £, biiXB
A (R BB, O IX AMIBRIIEA (& 2R}
#. Jaccardf Bl R E Y TORI12 18] HAE ML
1, RPN X 73 S8 T R AR AU R P e

21 YIMEEE

KB L R R L AN PR O 2 X B R85 P
HEEEHEY)TIRI221 8 7227%h, A E05 7 b =R
T AR [ & B A 2 1 76.0%H123.9%. Hrf, K
Bl B K 3R R XA & & A Y 675} 165)% 427
Fh, ELHE & 282281 32)E 86F1, #¥3543F}131)% 339F,
B IR2RL2JF 280, PiFhE 5 R T & AR A S AL

H KT & B Y 22 1)54.4%.
22 HEHEM

KBS L ATz P A PR3P 100 5 [X 3 A7 56
A B s, b E S s EY S 80 1.9%.
o, KRB LA A 39 R A A, R Ll 43 A A 294
LSRRI
2.3 ZHEAT

R ARz 1 AN OR3P 00 2 X 2 PO A A
A2 B & SR 8FN, o5 B KT 43 A I 52
JB & AR Y (BFE I E(CR) 1R, HilfE(EN) 60 A1
5 fE(VU) SR s 51166.7%. b, KELLfFHifE2
Bl By fe3p sQRE LA R fE DM R fE 2F4 (R 1)
PRAN DX 335 T AH [ 6 32 BB 0 o
24 AR S FIARLE

MEHA R EE, KE R X E RSN
B M 1080 BT 1582780, Hi%
X & AR ) 0 80165.1% (1K128). BRI R
P X K88 N & S YA S 10M R 178
340%H, iz X & BEAEY) S 40165.8% (1412b) . P
X A P> 100 1R} JaccardAH UL 14 % %4 0.5.

MBI EE, KE LRI X E s N
& ST 1001 )8 A 6)8 H:82F, 417l
N 8§ JE (Brachythecium, 28FH). F#% )& (Bryum,
12Ff). 25 4% )8 (Entodon, 118Y). Y3 & & (Porella, 11
fh). &8 )& (Plagiomnium, 10f). HH &8
(Frullania, 10%f), & iZHh[X & & 20F0 8401 19.2%.
gRF Ll R R 5 X EE PR R N () & B R A P A > 10
T B A R AL116%, ral v HEEE (21 KB

x1 RELFMRRLBNPEEDSHEEFRIPREXERERNNZ BN E EEY
Tablel Threatened bryophytesin Dabashan and Wulingshan priority areas for China biodiversity conservation in Chongging

s ER il Vo ﬁ?Fﬁnf’ElZ

No.  Category Species Distribution Priority areas

1 Wi f Critically Endangered  JE 7t =i45i6% Glyphomitriumminutissmum 73 )11 1L Mt. Jinfo, Nanchuan B 1L Wulingshan
2 Wifé Endangered THEMHE Frullania sinosphaerantha I K E L Mt. Dabashan, Chengkou K E il Dabashan
3 Wif& Endangered [ Jungermannia orbicularifolia FiFHKH#E Dabanying, Youyang EFZ 1l Wulingshan
4 Wif& Endangered HM AR REE Orthotrichum revolutum R OKELL Mt. Dabashan, Chengkou K EL il Dabashan
5 Wif& Endangered PajE#E Tortula thomsonii )14l Mt Jinfo, Nanchuan EFZ 1 Wulingshan
6 %16 Vulnerable w4 #E Anomodon perlinguatus 3 O KE 1L Mt. Dabashan, Chengkou “KE2 1L Dabashan
7 2%& Vulnerable FHI YRS Cololejeunea sphaerodonta IR KL Mt. Dabashan, Chengkou K1l Dabashan
8 %f& Vulnerable B ZE% Frullania wangii R OKELL Mt. Dabashan, Chengkou K EL il Dabashan
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5.62% 6.09%

B % #8) Brachytheciaceae [ E#EH} Neckeraceae

B \EERL Pottiaceae [ 262528 R] Grimmiaceae
O JX#¢F} Hypnaceae W B #ERl Leskeaceae

O T2} Mniaceae W EEER Porellaceae

O 2258} Meteoriaceae W 4 & #EFL Polytrichaceae
0 E#¢F} Bryaceae M i E2#ER} Dicranaceae
O 4015 E R Lejeuneaceae M H-H-EF} Frullaniaceae
O 258%%#} Entodontaceae W HAth Others

b 4.26%

4.64% 4.64%

34.24%

W E#EF} Brachytheciaceae [ #%H} Neckeraceae

W \#ER} Pottiaceae JKUE#ERL Fissidentaceae
[ JX#¢R} Hypnaceae W i B#ER) Dicranaceae
[ 228} Meteoriaceae W PIEER} Thuidiaceae

[ $24T#ER} Mniaceae W 5 &3} Lepidoziaceae
O E 2R} Bryaceae W 4085 &R} Lejeuneaceae
@ E Rk #%£%} Leucobryaceae [ ¥4 #%R} Hylocomiaceae
O £ Z#E#F} Polytrichacecae [ & A} Plagiochilaceae
O ##EF} Plagiotheciaceae Ml At Others

E2 KE(a)FEELL(b)EIS M RIFPAAX ERERSEEY S 100 L _ERIRLE BRI FRT & e 51
Fig. 2 Bryophyte families with more than 10 species and their species percentages in Dabashan (a) and Wulingshan (b) priority

areas for biodiversity conservation in Chongging

&% J& (Fissidens, 16Ff). #f &% )& (Plagiothecium, 13
Py, HEEJE(12F). KEEJE (Hypnum, 12Fh). )2
&% & (Dicranum, 11#}), ¥ & & (Bazzania, 1147). Hh
1% J& (Campylopus, 10F#). P& J&(Plagiochila, 10
), HZHX B EEYRR R 22.4% 5 EE R I, [
Haf Jm A EE R AL, FIRPIAN ORI X I B A
Y= 10501 JE AR, JaccardtHBM I & 3K
0.2,

MEH & AR R, MR I X
HREL A 8 BRI BHEUNS7, Jaccard FHABLT:
ZEON0.7; HHJEECHL33, JaccardtBINE RECHN
0.6, A Fh ¥ N222, Jaccard kA 22 H0N0.3.

25 KRBLLERFZBAFRIPREHEIHFTICT

BT IR ERF A TAE, b7 fiiE =R E L F
KR REY X G SEAEYALRN (5% 1), BREER T
EEEEYHC SRR 24, BT & R A BE RL; By
OSB3, BUMRAT &5 8 (Buxbaumia) . K 7 &% &
(Calliergonel la) f1 41 %% J& (Horikawaea); i ic & Ff
3%k, 43R % 80k ik & (Sphagnum multifibro-
sum). 4 3 AT &% (Buxbaumia minakatae). 441H- i
FE#¥ (Dicranum hamulosum). #8147 % (Rhizomnium
pseudopunctatum). 4 5 % (Aulacomnium palustre) .
i J) #¥ (Drepanocladus aduncus) . [&] iH- 7K 7K & (Hy-
grohypnum molle). 5 7KK &% (H. purpurascens).

4 K % 2% (Rhynchostegium contractum) . 25 ki
J5 4% (Calliergonella lindbergii) . %% il 5 %% (Symph-
yodon pygmaeus). FIH- % (Horikawaea nitida) 1 [ i
241 (Lophozia excisa) .

AL HE AR 3 1 A T A0 R A B0 R Sk R
BT T R EL L AN R Ll A R AR 2 R R
5 X B PR B P (1) & AR A W A T R AH R 2
F, G5 RR WSR2 X HS A B I
VR 2R, R SR — e Rk, X E
PR(X 3 T Zox) v [ & B G 2 P ORI ) A &
BERFEAE

Vi B FRE A PR VRN AR ) 2 R P R
A X AR IME I Fa bR 2 — o RELAERE LA
PRAPR S X B BRI N (1 & e AEL ) 0 b 00R o [
A P ECy ) 7 A A S 011 23.9% 511 1.9%,
X5 g TR EM Z AR HLIX (Myers et
2000).2 — I 2 PE KV VAR AR (Atlantic forest) ) & &
W2 FEE KT 24 (Silva & Porto, 2015). #51%
X ) 4EE A 2 A KF LB (Myers et @, 2000),
BB 2 PRI N B3R (Silva & Porto, 2015).
X AEE AR 2 A I R AP A A E ) XA
A—miEE EEHEY . BN, 16F—XERY90%



e MFEAER I AR 2 B R DL SG DO H R & S 2 RV ORI 0 4 681

(1) 24 %5 R 0 X 6 [R] B PR 477 65% 11 &5 #£ 5 4) (Pharo et
a, 2000). &R & EEAEY) 5 4EE Y 2 R KT AE
[F] — PR X ek N 22 S BRI R AL, T RE 5 KSR
SESSEDRANF G 5. ART4EEHEY), SiHE
M ZAEKLEYIRE . BB RA A LBk, T L
AERKAE B W MR S 2RO ESE b, (R
T BEE TR IR S ER A S, YF 2 R ]
DALE e+ 5 A8 A2 AF o

AR FLEG R TR, A EYTE, KRB
ARz AR AP0 e X PRI N 1) 8 B AR )RR
HHAPEAR. Foe b, SRS SR E HKE
TR T Y. X0 RER RN & Bl
g, Jf B 2 oMl 7 KR B AL FE e ) B
(Patifio & Vanderpoorten, 2018). E[Ifii & H4 A &
BRI E s A (EAGE, 2016), KA AL
5 [ S R R A 06.6%. 5 L, TEIN A2 R
PELRAP 56 X B & SEAEA 2 FEVE KT IR, ASRE ) 5
iy 5 24 5 R A B A A P SR ) AH DG HR AR 2R AT LE
B, RRFRETE 2 BN AK A E RIS, 46k
RS BUVFNR R . A EAEP B IR
P75 EEAR R I B B R () AR ) 2 R ) S A [
{38 ti(Vellak et al, 2010; Méls et al, 2013).

RS AR 1 g A PR 4P A8 2 X B PRI P K
ZRNERERNE, Fanp o2, R AR,
WKE. RS, KIALCRSCEAE, 25% )5 .
DAVE B 98 130 1 K B2 Ll [ R 4 SR AR 3P X R 48
A SR B 5 BE R ) 2 AR O DR 3R 2 9T B
W BREEE. 2RI RAMKIE RS XX
W2 B EEE Y (R D) F, By ik 4 &F (Ano-
modon perlinguatus) ¥k, HARAF I 7040 11,
BAHAR AN — B NSETESIBA AN S, Yo
JAER R, A, ZET R N R AR TN
B 2 PR R 7R g R . OAEER
RIS, B SEEYREE 2 70 A AR R A A BT
TN LTIV IR R I BR 5 2 A o AR R L ORI R
26 X 23 A1 1 VR T4 i A& (Glyphomitrium minut-
issimum) J& T~ B 16 R i fa & s 2 — (Rl T
S5, 2017). {HFEEFR HIE, 1200 A Ph 8k A% (To-
rtula thomsonii)(EN)7E 2 Jk 1) 73 A i 5 KI5 T3 30
SR SO (B e = AR S ARE, 1991), H R
VA oA BB/ IS5 R 5 T S A 1 E

R R B L R i R L 7 S R A A ot X 7 B R

55 P9 ) b PR EE B RO (R s e (R) B B 2R R 4
450 km), {HEFFLEE R BN, P 18 AP Fh
A TR WX — g5 R AR, —J7H ] e
B F AN XIS EAN o K E i X b A b T R4y 2
S, J& T LR ) e e B IX T R 1 X D)
HAb TR o 55— D7 T T BE S PR AN DX A ) A B 2
FA K KRNI EPIE T & AR PR 5
b2 B WL A5 (Gignac, 2001; Tuba et al, 2011),
L Ja iR R Z R R e XN R AT I A )
faonth, AV Z RS I,

Xof R [ AR 2 FEPE AR S X VS BB (RS
PR35 20154F 55945 A~ ), KB Ll An B 1Ly A
PRAr e o X PRI A 1) & A g H AR F IS . 5]
n, R E AR S8 X 34N R H AR IR X
(BIPRS00 K G B AR ORS IX L AR L T B 3 5K
P EIRIRY X AR ]R8 R K H AR DR X)), i
BRI IR e X N IIEVTIX . AR, KB, 1T
DY T L 55 b 1 B AR ) AR AS R A Rl — 2P
e, MEMEETRMIRN, X ERWA R o
DX 1) & B HEL ) 22 1 M S HG 4 AT 23 B 08 W (4 A
P, K52 B S R A VT A R R B AL T 2 T AR
A -
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MRl EEXRTABLERZBARFRFEESHEYIITRFR
Appendix 1  Additional checklist of bryophytes in the Dabashan National Nature Reserve in Chongqing

%55 1% Frey (2009)F1 Goffinet 1 Buck (2018) M E#HMH »ERGHS . BIUATHE. Fhigd: T 78I FHES .
N HACEM . M EH 1 B EIEARA RS . A R AL T B PINTE KA MR A (CTU) .

VBREERL Sphagnaceae
1. *BLURIREE Sphagnum multifibrosum X.J. Li & M. Zang, ##{K 2,100 m, +/E, X# DBS201708270023
2. JewREE Sphagnum palutsre L., ¥ 2,100 m, 4, XI#i DBS201708270024.
JEATEER Buxbaumiaceae
3. *FWINHATEE Buxbaumia minakatae S. Okamura, 4K 1,957 m, JEARLE, BRAFHAIX 2 CK201808270555.
Y8R Funariaceae
4. FAPEE Funaria hygrometrica Hedw., ¥4 1,207 m, f%E, Xt DBS201708290119.
LEERN Grimmiaceae
5. ZRWKIKEE Niphotrichum japonicum (Dozy & Molk.) Bednarek-Ochyra & Ochyra, ###k 1,509 m, fi4E, XI#
DBS201706220078 .
Wa#ER Erpodiaceae
6. 4hIE#&E Venturiella sinensis (Vent) MUI. Hal., ¥k 1,400 m, #4, x1J#i CK201808280972.
i E# %l Dicranaceae
7. *HgmihEEE Dicranum hamulosum Mitt., ¥4k 1,252 m, £/, XI#i DBS201706230127.
H&REHR Leucobryaceae
8. [IK#E Brothera leana (Sull) Miill. Hal., ¥k 1,774 m, JEARZE, X3 DBS201708270016.
MEEBL Pottiaceae
9. ZRWAHIOEE Barbula subcomosa Broth., ¥k 2,260 m, £, Xl DBS201706240139.
10. RWLHEE Bryoerythrophyllum wallichii (Mitt.) P.C. Chen, ¥k 1,554 m, £ 4E, %% DBS201706240153 .
RITEEPR Mniaceae
11. #RUESLATEE Orthomnion nudum E.B. Bartram, 4K 2,050 m, £14:, XI#i DBS201708270046.
12. KW Plagiomnium succulentum (Mitt.) T.J. Kop., #§3% 960 m, G4, X5 CK201706210006.
13. * 3L B 4T &  Rhizomnium pseudopunctatum (Bruch & Schimp.) T.J. Kop., #F ¥k 1,378 m, A 4, X
DBS201708270028.
45988} Aulacomniaceae
14. *85¥itE Aulacomnium palustre (Hedw.) Schwiigr., 73 2,260 m, G4, X|it DBS201706240134,
FLEER Hypopterygiaceae
15. FASLEEE Hypopterygium flavolimbatum Mill. Hal., #4£ 1,000 m, £14, ¥t DBS201706210023.
Hir-#R} Amblystegiaceae
16. * JJ%E Drepanocladus aduncus (Hedw.) Warnst., ¥k 2,345 m, 4, Xi#i DBS201706240141.

17. *BRM/KIKEE Hygrohypnum molle (Hedw.) Loeske, #k 2,271 m, £, Xt DBS201708270021.



X, HER EVESHMRPLERNERESEYSHMRIPOERTE. £HEHM, 2019, 27 (6): 677-682.
http://www.biodiversity-science.net/CN/10.17520/biods.2019045

18. *E {0 /KIKEE Hygrohypnum purpurascens Broth., ¥k 1,825 m, fi%E, Xt DBS201708280083.
PRl Thuidiaceae
19. KHMIPEhE Fauriella robustiuscula Broth., K 1,124 m, £1/E, XI# DBS201705020043 .
F#EL Brachytheciaceae
20. /NEEE Brachythecium perminusculum Miill. Hal., ¥ 1,530 m, #4, Xi#: DBS201706240207.
21. #E4E Brachythecium uncinifolium Broth & Paris, #§#k 1,423 m, 124, XIJ#t DBS201808300529.
22. /N KB EE Eurhynchium filiforme (Mill. Hal) Y.F. Wang & R.L. Hu, # 4k 2,275 m, + 4, X[
DBS201706240160,
23. *4gK#E Rhynchostegium contractum Cardot, 4K 1,423-2,275 m, +4E, Xt DBS201706240158.
24, KAEKIEE Rhynchostegium riparioides (Hedw.) Cardot, ##E 1,120-2,050 m, 4. fE. WAKHA, X3
DBS201704290027,
EEERl Meteoriaceae
25. HInf 8§ Toloxis semitorta (Miill. Hal.) W.R. Buck, ik 1,378 m, A4, Xt DBS201708270056.
JREER} Hypnaceae
26. *TH-KILREE Calliergonella lindbergii (Mitt.) Hedends, #33k 2,050 m, 434, XI|#i DBS201708270045.
27. LUFIR#EE Hypnum hamulosum Schimp., ¥k 1,477-2,050 m, 4. A4, Xt DBS201708270048.
EEAL Hylocomiaceae
28. I&#E Hylocomium splendens (Hedw.) Bruch & Schimp., ¥k 2,254 m, 14, Xil#s DBS201706240163 .
29. Fifnt#E Neodolichomitra yunanensis (Besch.) T.J. Kop., ##4k 2,050 m, 4, ¥t DBS201708270077 .
30. KL #¥ Rhytidiadelphus triquetrus (Hedw.) Warnst., ¥k 2,050 m, +4, it DBS201708270074
HIEEHR Symphyodontaceae
31, *EAREE Symphyodon pygmaeus (Broth.) S. He & Snider, ##k 1,000 m, A4, Xt DBS201706210026.
KiEERL Plagiotheciaceae
32. JwVP-Hp#E Plagiothecium neckeroideum Schimp., ¥k 2,271 m, 14, XJift DBS201708270019.
EHEER Pylaisiadelphaceae
33. HRI/N#REE Brotherella fauriei (Cardot) Broth., ¥4k 1,957 m, £, Xi#i DBS201808270301.
4588l Sematophyllaceae
34, T hfil K #E Wijkia deflexifolia (Mitt. ex Renauld & Cardot) H.A. Crum, ¥4 1,788 m, A 4, XIifi
DBS201808270309.
HHEERL Phyllogoniaceae
35. *YUM&E Horikawaea nitida Nog., ¥R 1,554 m, faE, X DBS201706240156.
H4%%l Marchantiaceae
36. HUliER Marchantia emarginata Reinw. , Blume & Nee, #3% 1,465 m, 4, XJ#fi DBS201808290460.
FH-EH Lophoziaceae
37. *[@MWHME Lophozia excisa (Dicks.) Dumort., ¥k 2,124 m, Ak, X DBS201708270018.
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HHER Lepidoziaceae
38. = W#i& Bazzania tricrenata (Wahlenb.) Trevis., ¥4k 2,271 m, 4, X DBS201708270020.
FEF} Plagiochilaceae
39. UEMFE  Plagiochuila ovalifolia Mitt., ¥k 2,050 m, A4E, XI#: DBS201708270047
LR Anthocerotaceae
40. Y Anthoceros punctatus L., ¥4k 1,467 m, /=, XI¥i CK201808301008.
HAER Notothyladaceae

41. BfE Phaeoceros laevis (L.) Prosk., ¥4k 990 m, 14, X4 CK201706220096.
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Field monitoring using infrared camer as and activity rhythm analysis on
mammals and birdsin Xishui National Nature Reserve, Guizhou, China

Jun Mu*, Jiaojiao Wang®*, Lei Zhang', Yunbo Li*, Zhumei Li*, Haijun Su>*

1 Guizhou Xishui National Nature Reserve Administration Bureau, Xishui, Guizhou 564600

2 College of Forestry, Guizhou University, Guiyang 550025

3 Research Center for Biodiversity and Nature Conservation of Guizhou University, Guiyang 550025
4 Guizhou Institute of Biology, Guiyang 550009

Abstract: In order to further enrich the regional bio-inventories of mammals and birds for the Wulingshan
Priority Area for Biodiversity Conservation of China (WPABCC), we monitored mammals and birds using
infrared cameras in Xishui National Nature Reserve (XNNR) in Guizhou Province from July 2015 to
November 2017. From the camera data, a total of 56 avian species were classified into 5 orders and 20
families, and 28 mammal species were classified into 5 orders and 12 families. One species, Moschus
berezovskii is listed as a first-level species on the China National Key List for Wildlife Protection, and 13
species including Tragopan temminckii, Lophura nycthemera, Nisaetus nipalensis, and Capricornis milneed-
wardsii, are listed as second-level. Nisaetus nipalensis was newly recorded in this area and 10 species
including Chrysolophus amherstiae, and Turdus obscurus were recorded for the first time in XNNR.
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BEH: SoME MR RE @ HRHE[2013]4 5). SI7K BARS X LMV IR SR ISR « B3RS B K £ 17 2016]3022-1 &5 [H
K B RFI 42 (31860610) Al 5 JH A FHEL T RITTH (B4 FH4 30420192842 5)

# [AIS5ETTMREE —{E# Co-first authors

* J@iINfE# Author for correspondence. E-mail: hjsu@gzu.edu.cn

4w E



F 44w E

684

4 ¥ % ¥ ¥ Biodiversity Science

According to the zoogeographic regionalization of China, the Oriental Region Type was dominant (41.67%),
Southern China Region Type followed (29.76%), and Northeastern Region Type was the lowest (2.38%). The
activity rhythm analysis of four dominant mammals and two dominant avian species revealed that, in
mammals, Elaphodus cephal ophus was more active in the evening as expected, but became active earlier in
winter. The daily activity rhythm of Callosciurus erythraeus varied with seasons becoming more active at
noon in spring and autumn, and in the mornings in summer. In winter, it showed two activity peaks, from
8:00 to 10:00 and from 16:00 to 18:00. Hystrix brachyura always moved frequently between 20:00-24:00 in
all seasons and Macaca thibetana was active from 14:00 to 16:00 in autumn and winter, and from 10:00 to
12:00 in spring, in summer, it also had two activity peaks, from 12:00 to 14:00 and from 16:00 to 18:00. In
birds, Chrysolophus pictus was active at noon in spring and summer, but from 6:00 to 8:00 in autumn;
comparatively, Tragopan temminckii was more active in the morning in spring and summer, and from 14:00
to 16:00 in autumn and winter. Our results would be helpful to further understand the biodiversity and
improve its conservation in this area.

Key words infrared cameratapping technology; wildlife monitoring; biodiversity inventory; activity
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of XNNR in Guizhou Province; B, Location of XNNR within the Wulingshan Priority Areafor Biodiversity Conservation of Ching;
C, Division of functional zone of XNNR, and the locations of camera sites set up for monitoring.
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Appendix 1 Information table of infrared camerainstallation location in Xishui National Nature Reserve, Guizhou

http://www.bi odiversity-science.net/fileup/PDF/2018347-1.xlsx
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Appendix 2 Thelist of wildlife captured by cameratrapsin Xishui National Nature Reserve, Guizhou

http://www.bi odiversity-science.net/fileup/PDF/2018347-2.pdf
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Appendix 3  Photographs of mammal and bird species recorded by the camera-trapping in Xishui National Nature Reserve, Guizhou
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Appendix 2 The list of wildlife captured by camera traps in Xishui National Nature Reserve, Guizhou

e o xR [ 4 51 RAl s ) A AT AL B
Species Distributiorr attern Fau/n\a State protection Number of sites Number of independent
P P level monitored effective photographs

I 5240 AVES

— 8% H GALLIFORMES
(—)HER} Phasianidae

1K y#T38 Bambusicola thoracicus Sc 7 - 321 9
2.41 )5 4 %E Tragopan temminckii Hm 7K I 75.14 40
3.[#% Lophura nycthemera We 7 I 10.77 17
4. 191558 Chrysolophus amherstiae Hc 7% I 0.46 2
5.20 J545%% Chrysolophus pictus Si 7 I 26.12 27

— I H ACCIPITRIFORMES

(T)ER] Accipitridae

6.JEE i Nisaetus nipalensis We 7 I 0.23 1
= 58/ H STRIGIFORMES

(Z)R959%L Strigidae

7.7k #kE Strix aluco 0, I I 0.23 1
8.5 L4589 Glaucidium cuculoides wd R I 0.69 2
Py %A% H PICIFORMES

(PO A7} Picidae

9.7 BB K 1 Blythipicus pyrrhotis wd xR - 0.69 3
10. 7KL 445 AR S Picus canus Uh I - 1.15 5

1 42/%H PASSERIFORMES

(11)%: R #} Dicruridae

11.223: % Dicrurus macrocercus We I - 0.23 1
(75)H5%} Corvidae

14
328
47

114
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YR S AR X % Sliflgﬁf%ﬂf'é&_j”zﬂ RAI HamiE] H‘J&,;‘i%ﬁl ﬂiﬁﬁiﬁﬂﬁﬁiﬂl
Species Distribution pattern Fauna ate Iprotectlon Numbe_r of sites Numbgr of independent
evel monitored effective photographs

128449 Garrulus glandarius Uh I - 2.06 7 9

13./N¥E 549 Corvus corone Eh S - 0.92 4 4

14. 7529 Dendrocitta formosae Wa S - 1.60 3 7

15.41 MW #45 Urocissa erythrorhyncha We I - 3.44 6 15
(-B)E#Y%l Stenostiridae

16.75 244 Culicicapa ceylonensis wd N - 0.23 1 1
(\)s 3R} Cisticoliade

17. K B4%m7% Orthotomus sutorius Wb * - 0.69 1 1
(Gui&ERlE Paridae

18.K1l14E Parus cinereus o] I - 0.23 1 1

19.4¢75 1148 Parus monticolus wd 7R - 0.69 3

20. %7 1L4¢ Pardaliparus venustulus Sh I - 0.92 3 4
(+)%%%} Pycnonotidae

219 Pycnonotus xanthorrhous We = - 0.23 1 1

22. 4k Pycnonotus sinensis Sd I - 0.23 1 1

23 L5 WA 9 1xos meclellandii We % - 0.46 2 2
(=)W R} Cettiidae

24 kA IIG48%  Abroscopus albogularis Sd N - 0.23 1 1
(F)KEILERL Aegithalidae

25.47 J. K 211148 Aegithalos concinnus wd R - 0.23 1 1
(T =)# 5%} Sylviidae

26.7K 394 Psittiparus gularis Sv S - 1.60 5 7
(TPE)MES A} Timaliidae

27 KAEEWERY Pomatorhinus ruficollis Wa * - 6.64 15 29

28. B4 WERS Erythrogenys gravivox Sd % - 1.60 5 7
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IR, Sy A X % Sliflgfd%ﬂjé&_j”zﬂ RAI HamiE] El"]&ﬁ%ﬁl Zﬂiﬁﬁiﬁﬂﬁﬁiﬁl
Species Distribution pattern Fauna ate Iprotectlon Numbe_r of sites Numbgr of independent
evel monitored effective photographs

29.41 3L %5 Cyanoderma ruficeps Sd % - 0.92 2 4

(-1 F)Ha s A} Pellorneidae

30. K HEZERY Alcippe morrisonia Wwd % - 7.10 16 31
3L Schoeniparus dubius Wc * - 1.83 2 8

(F75) SRl Leiothrichidae

32.H§ Garrulax canorus Sd * - 18.33 16 80

33. KNS Garrulax cineraceus Sv * - 8.93 10 39

3445 S Garrulax maesi Sc * - 1.60 3 7

35. MKk ES  Garrulax perspicillatus Sd I - 0.23 1 1

36. 2k EYS Garrulax chinensis Wa R - 0.92 4 4
37. A FHIMEY Garrulax sannio Sd R - 1.15 2 5

38. K4S Garrulax berthemyi Sc R - 11.00 9 48

39.7% kY Trochalopteron milnei Wc * - 7.10 12 31
40.2T M5 AH L S, Leiothrix lutea Wd * - 49.71 32 217
(+-B)i %L Cinclidae

41 %57 2 Cinclus pallasii We I - 0.69 3 3
(H/)V#F Turididae

42 K2 HES Zoothera dixoni Hm % - 2.29 3 10

43R BEHLEY Zoothera aurea U I - 0.46 2 2
44.% %4 Turdus mandarinus O3 R - 1.37 4 6

45. 4 JE#% Turdus obscurus 1.37 2 6
46. 5 MR Turdus mupinensis Hc % - 0.46 2 2
(+Ju)85%F Muscicapidae

A7.[{THE WS Chaimarrornis leucocephalus Hm I - 0.23 1 1
48.JL41 24% Phoenicurus auroreus M I - 0.69 3 3

49 25t Myiophoneus caeruleus We I - 42.61 24 186
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IR, S AR X % Sliflgﬁf%ﬂi'%i_j”zﬂ RAI RAR U] EI’ME,;‘R%I Zﬂiiﬁiﬁﬂﬁﬁiﬂl
Species Distribution pattern Fauna ate Iprotectlon Numbe_r of sites Numbgr of independent
evel monitored effective photographs
50.7k {532 Enicurus schistaceus wd R - 1.37 1 1
51.Hjd#EE Enicurus leschenaulti wd R - 0.46 1 1
52./N#EJEE Enicurus scouleri Sd R - 0.23 1 1
53.41 M4 4Y Ficedula albicilla Uc I - 0.23 1 1
54 k£ IEAI4Y Niltava sundara Hm R - 0.23 1 1
55.41 i F2 19 Tarsiger cyanurus M I - 0.23 1 1
()R} Locustellidae
56. 4 #3457 Locustella luteoventris Sd R - 0.23 1 1
I WIHA MAMMALIA
— & HH PRIMATES
()W &R} Tupaiidae
1.55 2§ Anourosorex squamipes Sd R - 0.23 1 1
— RKH PRIMATES
(Z)HERL Cercopithecidae
2J/% Macaca mulatta We I I 18.33 25 80
325 H% Macaca thibetana Se R I 38.03 28 166
— frWH CARNIVORA
(E)HiEE Felidae
4373 Prionailurus bengalensis We I - 0.69 3 3
(PU)&hFE Mustelidae
5. 3%l Mustela sibirica Uh I - 29.78 28 130
6.7 JIERI Mustela kathiah Sd i - 7.33 9 32
785 Arctonyx collaris We I - 1.60 4 7
8.4 Meles leucurus Uh I - 0.92 3 4
9.§i#% Melogale moschata Sd R - 0.92 1 1
(i) RAE} Viverridae
10./N R Viverricula indica We 7R II 0.23 1 1
11.4¢[HE Paguma larvata We I - 11.68 13 51

(7S)FEFR} Ursidae




BH, EWGF, K&, Fai, FHUE, SR SN IKE KR QRIS DXLLAMHBL S 8 0 s 3 53 i ZEWZ FEPE, 2019, 27 (6): 683-688.
http://www.biodiversity-science.net/CN/10.17520/biods.2018347

- E R ORY 00) LarESINOE Ve e BT A B E
iﬁzii Distrikfj tfg;ﬁbattern F%u/fa Slzlate protection RAI Numbe_r of sites Numbgr of independent
level monitored effective photographs
12. 228 Ursus thibetanus Eg I I 5.96 15 26
VU {5 H ARTIODACTYLA
(L)%l Bovidae
13.5¢ % Naemorhedus goral Eb I I 2.29 3 10
14. 4 4E ¥ Capricornis milneedwardsii We 7R II 12.37 14 54
(JO)¥E Suidae
15.77%% Sus scrofa uh I - 36.20 35 158
(JL)ERL Moschidae
16.4KE§ Moschus berezovskii Sd P I 2.75 5 12
(PR Cervidae
17. %5 Elaphodus cephalophus Sv x - 130.13 60 568
18./NFE Muntiacus reevesi Sd * N 17.87 18 78
19.7% & Muntiacus muntjak Wc ) - 5.27 9 23
i M55 H RODENTIA
(+—)¥AEF} Sciuridae
20.7%f4% i Callosciurus erythraeus We ) - 70.99 43 310
21 2T BB . Dremomys pyrrhomerus Sc K - 33.01 13 148
22 KK W)FA B, Dremomys pernyi Sd PR - 1.15 4 5
234 Bl Sciurotamias davidianus E I - 8.93 4 39
24 B8R R, Tamiops swinhoei We % - 3162 17 138
25.5RE L Petaurista petaurista Wd ) - 1.60 4 7
26.21 185 i Petaurista alborufus Wd R - 0.69
27. 7% 3k /MEERL Petaurista caniceps Hm R - 0.23 1 1
(+ )% Hystricidae
28.5%% Hystrix brachyura We K - 68.04 45 297

e LR T AR AR AREES IR,

2. 0 A M ZARABZY; U: G ABAY Ue: BB AR); Uh: A BL(RRMEIR A - ), E: 2 XY, Eb: 2= KUY (LA 5 75 L ol P AE i 2 W) 2 (D T 7K); Eg: XL (BHE S 5 %)
fif); Eh: ZE XL (ELFR M D W AR MK, HA); Her 5 Db A7 L X 2 (B S ZR ) Him: 55 T by AR I L X B (R 1 2 5 T k), Ser 3 v B B (A - MR ); Sd: r o [ 280 (3
Hr—AEME AT, Se: Fg B (R Ay - AT ); Sh: pig i B RS (R I Ay B Y ), Si pg i R (AT, Sve R R LR (R PR AT W ARV IR (AR ), W ZRVE R (it —pig AT ),



BH, EWGF, K&, Fai, FHUE, SR SN IKE KR QRIS DXLLAMHBL S 8 0 s 3 53 i ZEWZ FEPE, 2019, 27 (6): 683-688.
http://www.biodiversity-science.net/CN/10.17520/biods.2018347

We: ZRPERL (i MEHGT ), W AR (Bviii— BT We: ARVEZL (L), O ANZH IR, O ANGy SRR K G IR A, iy Bl i —4iy); O3: AN S ST (b rh e B — M e
BAEAIE);

3. R G FXE GRS IR (EEE AR B AR H 0, 0GR 3.
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(%33 Chrysolophus amherstiae 2T A5 Tragopan temminckii

1% Lophura nycthemera JERfE Nisaetus nipalensis

L7 — N —

HuEEERS  Garrulax chinensis 214559 Chrysolophus pictus
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oA e o o ORI DR

I & Garrulax canorus F%% Prionailurus bengalensis

MLHE Ursus thibetanus FRIERA L Callosciurus erythraeus

AL ¥ Capricornis sumatraensis R Mustela sibirica
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- ey . n

L3 deem R E

F5 & Elaphodus cephalophus P934 Sus scrofa

B Macaca mulatta

41 F1§E i Petaurista alborufus
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Appendix3 Photographs of mammal and bird species recorded by the camera-trapping in Xishui National Nature Reserve, Guizhou



EMIZREME 2019, 27 (6): 689-697
Biodiversity Science

doi: 10.17520/biods.2019032
http://www.biodiversity-science.net

A4 H .

IEERPEE~EMNBRIEFTR
TP S

1 (V6 ARl R 22 [ SOMl R TH R L XA ) 2 A PR R 7 SR 2, R 650224)
2 (th FE R 2 B VU XU AN A I Bl 2R S ORI Thol, P B 666303)
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FHEY ) & (K 70 2R B AT TR 45, 45324

93 22 AR 5%
KR TR Y W E; E; FrdsE; ag

rREEEE LI R A Fie R, DU AR 7 G RHEY)

Recent taxonomic changes for Fabaceae (L eguminosae) generain China

Kaiwen Jiang", Bo Pan”, Bin Tian"

1 Key Laboratory of Biodiversity Conservation in Southwest China, Sate Forestry Administration, Southwest Forestry

University, Kunming 650224

2 Center for Integrative Conservation, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences,

Mengla, Yunnan 666303

Abstract: Fabaceae (= Leguminosae) is the third largest plant family after Asteraceae and Orchidaceae. It
contains ca. 791 genera and 19,325-19,560 species. Many taxa possess great economic and ecological
significance. Since the publication of Flora Republicae Popularis Snicae in 1998, molecular systematics has
continued to develop, and thus the classification categories of many genera have changed tremendously. In
this paper, we summarize recent research results from both home and abroad (including 32 treatments and 4
newly recorded generd), compare these new changes with the treatment of legume genera in Flora
Republicae Popularis Snicae and provide a reference for future taxonomic research into native Chinese

legumes.

Key words. Fabaceae; taxonomy; China; genera; newly recorded genera, summary

& FH(Leguminosae = Fabaceae)ifl i A A2 1%
TR AR TR RAE RO 5 = KR, 249791
J&, 19,325-19,560% (£ iR, 20165 4). T RHH
Yixs N A = v B 2% R 52 IR X (Lewis et
a, 2005; LPWG, 2017). 1%, BRI T AAEH
N KB SREAEY), IR T KELA
A/TERY . BRWT RERAEYAT 4EEE IR R
(Lewiset a, 2005). ik, HF K2 GRHEYIRE S
HRPR T LA [ 4, IRk T DA R I by, 2+
B 7y, FFH AT RSB, BOVES RE TR

WSchs H #: 2019-02-11; #5257 H #]: 2019-04-13
BEEIH: H K AR 543 (41861008)

BEA BORIR R 0 (Sprent, 2007). IbAh, SRMEY
NS T REARM . R WG DL 23 %
AL TE L (PR TS, 2014).
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V)G w2 714>, 1959-2004). 19984, £ (hE M
Y& SRHHICE M (B39, 40, 4145, Fa2E5—.
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FERE TR, V2RI EY G IRy, X
SR Z ot o [ R RS S A T KR .
20104, Wu%s E4mfFlora of China Vol. 1010
Wi, HAFECE TADIEET 57 REFHHALHE.
20174F, GRHEY) R4t K B L1E4 (Legumes Phy-
logeny Working Group, LPWG)k % T #r ) 5 Rl611
B R RG(LPWG, 2017), Ho A [E JE =47 51 F,
E—TAEX T EER R R A EEENE
o ARILLAFRPSH SR8 R4 2R, LR
49 71 B} (http://duocet.ibiodiversity.net) 1 & #} () &
FI2E AR (PR 2 HLPWG (2017) 4L EL), 43
RO AT 204F Sk [ [ 7= GORHE Y 1) 8 G oy AR
B (ELHE—Le M 4y K AR B Sl A G 2 HAth & 1)
T OL)BEAT T g, DU 3R E SR A 28 (1) 53
KEW RIS X ARSH 2 HEY A FL
X T AR B SRR B L FR A2 5)), LA ST R B
FRACKRHE RIS, (EH) SR SO BAIX 53

1 BHnEFi

11 IR

Subfam. Cercidoideae Legumes Phylogeny
Working Group

I S g (Bauhinia L. s. 1) #4743 (Lewis et
al, 2005; Sinou et a, 2009; Mackinder & Clark, 2014;
Clark et al, 2017), #x73 )5 i KR ELIE AU &
(Lasiobema (Korth.) Miq.) . ‘k & # J& (Phanera
Lour.). & &% & (Cheniella R. Clark & Mackinder,
ZIB AN T AT E 3 A SRR FIRE I S A
iR 2 7 ILEJE T R JE T SRl A S
FJ& (Bauhinia L. s. s). Lok SCEBEH BA S
FRPSH 2 i F IV J& (Bauhinia subg. Bauhinia) f¥] it
R e 1k R AL A FRPST JE 4 1V J& (Bauhinia
subg. Lasiobema Korth.) 1] BT #; FRPSH ZAE TV &
(Bauhinia subg. Phanera (Lour.) Wunderlin) %5
£ % 1 (B. quinanensis T. Chen). Bl i 2 i H (B.
ovatifolia T. Chen). Z= £ i H (B. didyma L. Chen).
FEFEF I B (B. touranensis Gagnep.). AT Ll =F B H
(B. damiaoshanensis T. Chen). #; '  FF (B. glauca
(Wall. ex Benth.) Benth.). {2 H (B. glauca
subsp. tenuiflora (Watt ex C. B. Clarke) K. Larsen &
S. S. Larsen). 14 7d i (B. corymbosa Roxb. ex DC.) A
N Z JEREAE ETE SR P A 32 1R Hh B = R (B clem-

ensiorum Merr.) Fl$i 5 = # H (B. lakhonensis Gag-
nep.) (7K B AR AE,  1996) 53 i 4 5 N\ 1 ek ik g
FLrbyd i 2 i PR AR T AR g, B e R (Ch-
eniella tenuiflora (Watt ex C. B. Clarke) R. Clark &
Mackinder), FlFIHN KZ#E. Wunderlin (2010)
J T Sinou%s (2009) ) R 4t & B 45 B AN N 1R £
HORE 2R S N KR s, LPWG (2017)7E 4 %K
TARBHE ARG FI AR X A, K e 20
JBIENKEIIE .

12 =mEEF

Subfam. Caesalpinioideae DC. (£13% & 2511
£l Subfam. Mimosoideae DC.)

(1)) kA JE(Cassia L. s. )R N3JE: I
st JE (Cassia L. s. ) 2 LB (Senna Mill.) A
11 Ji & J& (Chamaecrista Moench) (Irwin & Barneby,
1982; Chenetal, 2010). ' AR, JERATL.
BCAR AR BB E I &8, o . 1
I T 55 KB R B TN SR B g a8 9 B
A H/ANE R TERAER, TR 8
WAL 5%« Flora of Chinad# 5 2% vk B (Ca-
ssia nomame (Makino) Kitagawa) 4\ %75tk B &,
B Senna nomame (Makino) T. C. Chen (Chen et al,
2010), ASAEF WA Z, K i%bh i % & Rk
(M. ERIEES. FrrBASE) S EET L RS
J&, #N NI S8, B S 2% 1 W & (Chamaecr -
ista nomame (Makino) H. Ohashi).

TEVYM R RTAREKHNP A, W]
(Cassia tora L., ¥l ySenna tora (L.) Roxb.)Ji N
Cassia L. s. LB 3034, Z@Eikoa)a, eapkdl
Hr&Senna Mill., [T AR SC 2 BOKE Senna: ML A
AW RFJE" ChECassal. s LAHIX 5y, A
FEER AR SCB AT T 3 S EAX ), 1
Cassia L. s. st NE M (Cassia fistula L.), H
ZIB IR AR, R RAE O, TR,
sl ", ARSI Cassia L. s, s 4
U~ B &7, Chamaecrista Moenchll {f Flora of
ChinaffJ b2, & A" 1L i 8" .

(2)) X = 92 )& (Caesalpinia L. s. L) #F %>
(Lewis et al, 2005; Gagnon et al, 2016). HA: =52
(C. decapetala (Roth) Alston). /N Z52(C. millettii
Hook. & Arn.)FlIZ5 /A (C. sappan L) N S 7= 52
J& (Biancaea Tod.); #ll 754 (C. bonduc (L.) Roxb.)
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A% 3 25 52 (C. minax Hance) #% 5 A & 1 %1 J&
(Guilandina L.), 52 BT 4L & AR IE UK,
& % = 52(C. mimosoides Lam.)## N5 2 = 52 )&
(Hultholia Gagnon & G. P. Lewis); LIl &(C. cucu-
llata Roxb.). JLF) ILifL & (C. enneaphylla Roxb.) F1 i
3 WL 1% (C. hymenocarpa (Prain) Hattink)# # A\ L
1. & J& (Mezoneuron Desf.); K 3% = 52 (C. digyna
Rottler) f1H F 77 A& (C. tortuosa Roxb.)#l#% A P 3k
= 5 J& (Moullava Adans); #3 M 75 K (C. caesia
Hand.-Mazz.). 5 =52(C. cristal.). KMz 52(C.
magnifoliolata Metc.). *5#5#j(C. sinensis (Hemdl.) J.
E. Vidal) 15z 52(C. vernalis Champ.), &4 5K A
FHH R AR H = 92(C. dliptifolia S. J. Li, Z. Y.

Chen & D. X. Zhang)fl = F§ = 5%(C. yunnanensis S. J.

Li, D. X. Zhang & Z. Y. Chen)bA KB s 35 M 2= 5K
(C. rhombifolia J. E. Vidal) (Z=tH: 45, 2001, 2006; Li
et al, 2002, 2006) )4 i B F it — Bt 7T, Kok
Al A2 W N RS K R JE (Ticanto Adans.) Bt At )& .
AN, HE 5] 4% 1 4 K (Caesalpinia pulcherrima
(L.) Sw.)f#% T Caesalpinia L. s. s, %@ T4k
N/INRAE I (2 VA EIBA, 2016 %)

TEVHMZ: RTAREHMP A, 5%
(Caesalpinia decapetala (Roth) Alston, i A Bian-

caea decapetala (Roth) O. Deg.) i yCaesalpinia L. s.

LIRS 4, e e, = 4% A Biancaea
Tod., [ 4 3 & 130K Biancaea Tod. i SC 4 N
“ZSZJE” (N5 Caesalpinia L. s. | MIX 4y, ASCfEIE
KB AR X B M BA X ), T
Caesalpinia L. s. si&HAEAF /X TE (Caesalpinia
brasiliensis L., XI5 4, #f&H 165 4 X Caesalpi-
nia pulcherrima (L.) Sw./Ni &) SO~ /NATE &

(3))" X 44 W (Acacia Mill. s. 1) H% 7>
(Maslin, 2008; Kyalangdilwa et al, 2013). L
Bl Ji = AR 2R BN L AR JE (Senegalia Raf.) (18R BH 4k
NEE, 2013), G Hd: B BT H A KA (A. senegal (L.)
Willd.) 7R AN J&E; 3P BRI | (22 250 B iR A%
2R B VAN AR S B JE (Acacia Mill. s, s) (Maslin,
2015); tEEE. ARG 3R K 45 (A, glauca
(L.) Moench) )3 N\ KA #x J& (Acaciella Britton & Rose)
(Rico-Arce & Bachman, 2006);  [E #5141 4
A (A. farnesiana (L.) Willd.) AR iz 41 4= 4 Xk (A
nilotica (L.) Willd.)J3 A\ 4 & XX & (Vachellia Wight &

Arn.) (Madlin, 2015),

(M F-34 & (Archidendron F. Muell) M 2R i &
J& (Pithecellobium Mart.) 4> i, 7 ¥ # 7 5 )&
(Cylindrokelupha Kosterm.) 3 A\ H o, i 4 5 )8
A 51 1A, B AR B S (P dulce (Roxb.)
Benth.) (Wu & Nielsen, 2010; xIl¥Kk%&, 2015).

13 MREELR

Subfam. Papilionoideae DC.

(1) #£ (Sophora japonica L.) 1% &2 (S bra-
chygyna C. Y. M)A\~ X J&E(Sophora L. s. L)+ 4>
H, F SR X P& (Syphnolobium Schott), it 5 #
WA G, HARA AT AR AL B AT 57 44 (Bao
& Vincent, 2010); Sophora s. s. 9 4 NN S )G
(Sousa & Rudd, 1993; Lewis et a, 2005; XIvK4E,
2015).

TEULI R KT AR 4, H(Sop-
hora japonica L., #i>4Syphnolobium japonicum (L.)
Schott) ySophora L. s. L.EH 034, iZEFR)5,
4% % N\ Syphnolobium Schott, X 1fij s 52 £ 430K
Syphnolobium Schott i) 1 3L 4 N “HRE” (N5
Sophora L. s. sAHIX 73, A SCHE IR SCE 4 1T
CTTSCTS CBESCTIMEAX ), T Sophora L. s, sAK H
] NG —Ff——7% 2 (Sophora flavescens Aiton)
MBS Z 8" .

(2) %4 )L J& (Priotropis Wight & Arn.)3F A% R
. J&(Crotalaria L.) (Li et a, 2010; Subramaniam et
a, 2013).

(3) [l B b 3= 3t W s — oKt 7K 35 B2 (Pongamia
pinnata (L.) Pierre) 9 2 5k & (Millettia Wight &
Arn.) (Lewis et a, 2005), {HiX—A4bHE— H A5 5 [
W K A AT (Zhang & Pedley, 2010). i34 fi
PhAC B S B, A ik — P 7.

(4) Geesink (1984)4 4.1 ik J& (Paraderris (Mig.)
R. Geesink) \J~ 3L i J& (Derris Lour. s. 1.)F143 H,
ChenfllPediey (2010a)7EFlora of China %2 7 iX
— kT, Sirichamorn%(2014) 45 & 73 1 iE ¥ K fl
B FUR N E, IR R R T A Rk 8 (Solori
Adans) i fr, H a2 E =M BERAKES
eriocarpa (F. C. How) Sirich. & Adema)Fil & £ i B
(S robusta (Roxb. ex DC.) Sirich. & Adema).

(5) Adema (2000) M) S £ i Ja A 49 HH XU £
J# )& (Aganope Miq.), ChenfllPedley (2010b)7£Flora

4 44w E
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of China/r#52 7 iXx—AbH, 1ZJ8 A 33 E F=Fh:

K- (A. latifolia (Prain) T. C. Chen & Pedley).
BAELE f (A, thyrsiflora (Benth.) Polhill) il i i
JB (A. dinghuensis (P. Y. Chen) T. C. Chen & Pedley).

(6) 4% 7K JiE 55 (2004) % 2 1 J& 4 )& (Sinoleg-
umenea Y. K. Yang, L. H. Liu & J. K. Wu) & H:E—
Fhoh #£ 5 (S chendezhaoana Y. K. Yang, L. H. Liu &
J. K. Wu). Zhang%%(2018a)45 & 45 K 4y TAEdEE
SEzFR s A B ) LB (Apios Fabr.) T LR, Bl
-84 JL(Apios chendezhaoana (Y. K. Yang, L. H. Liu
& J. K. Wu) B. Pan bis, X. L. Yu & F. Zhang).

(7) Ohashi (1999)¥4 /M {£.(Desmodium cauda-
tum DC.)FH119884F 3§ & & 1% 1 /MRAE(D. luteolum
H. Ohashi & T. Nemoto) M Ll 15 1 J& (Desmodium
Desv.) 7 Nt J& /M 4E J& (Ohwia H. Ohashi).

T EP A /& OhashifliNemoto (1998) 1K 4f 17
JCT P R B L BA R R AT BT RS AR TR 240 A AR
IR 1B Ak 35 /N B AE (Desmodium luteolum H.
Ohashi & T. Nemoto, 1998)#2D. Iuteolum Staudley/¥]
— AR, HoZBFRAATE. SR Ohashi (1999)
FHARBEIRFIX i, B $% Desmodium luteolum H.
Ohashi & T. Nemoto, 199841 & FlI/METEE, ElOhwia
luteola (H. Ohashi & T. Nemoto) H. Ohashi, 1999,
OhashiFlINemoto (2006) = HE 73X — &, #73lN
Desmodium luteolum H. Ohashi & T. Nemoto#l1Oh-
wia luteola (H. Ohashi & T. Nemoto) H. Ohashi %™
LFRFEE T Hr &R (nom. nov.), EllDesmodium sino-
luteolum H. Ohashi & T. NemotoflOhwia luteola H.
Ohashi .

(8) Yang#llHuang (1979) /& 3 [+ 4 111 h5 b2 J
(Podocarpium (Benth.) Yang & Huang) (FRPS§%%)
“APodocarpium A. Braun ex Stizenberger, 18517/

Podocarpium Unger, 186411 tH [ 44 (Ohashi & Mill,

2000; E#H, 2006). OhashiFIMill (2000)$21% LA 4
FrHylodesmum H. Ohashi & R. R. Mill#{Ri% )& 4,
“NFlora of Chinafi4%5%(Huang & Ohashi, 2010b).
(9) Ohashi (2004) ¥4 /N - = £ 4> (Desmodium
microphyllum (Thunb.) DC.)4H & % #% %5 )& (Codar-
iocalyx Hassk.), H[ /)i #% % (Codariocalyx micro-
phyllus (Thunb.) H. Ohashi), Flora of China 521X
—AbH, (HAEHER P U 7 IX — 155 (Huang &
Ohashi, 2010a); Ohashi%5(2018a) & i #7 11 7 -k His

Bz A4 2 4008 JE (Leptodesmia (Benth.) Benth.
& Hook.f.).

(10) Ohashi #10hashi (2012a)¥F 1L 1t i 8 1k
5 WV J& (Desmodium Desv. subg. Dollinera (Benth.)
Schindl.) M 111851 J& (Desmodium Desv.) HF 3l 37y Tk
i 45 J2 (Ototropis Nees) »

(11) OhashiF1Ohashi (2012b) & 4 — 3 [ /= Fil
A L i (Desmodium hentyi Verdc.) & % 37 & #f
FEAL 8 J (Verdesmum H. Ohashi & K. Ohashi), 3T
AN [ 7= (1) 5 1 A9 1L 85 8 (Hyl odesmum - meng)l-
aense (C. Chen & X. J. Cui) H. Ohashi & R. R. Mill)
# \1%J& (Ohashi & Ohashi, 2013). SongZ;(2019)i&
ok o A AS SRS IR Sz oM S bR BTG R S AN
KR Lo 88 g, X — A EE A5 3 T Li%%E(2019) 1 7
TARIISFF

(12) Ohashi#1Ohashi (2018a) 4% & 43 T ik 45 Pk
2 7B S )& (Grona Lour.) 4> 2ihr, iZB s
7 FRPSH (L i g — 55 4 & (Desmodium  subg.
Sagotia Baker) & & (45 12 24 (Desmodium  sect.
Nicolsonia (DC.) Benth.) ff] it 5 #h F1 = s 4 41
(Desmodium sect. Sagotia)f] — s 4x(D. triflorum (L.)
DC.) I 1L 58 (D. heterophyllum (Willd.) DC.).

(13) Ohashi #10hashi (2018b) 45 & 4> 11k 45 ¥4
FRPSH (1) 1Ly s J& B+ 2H (Desmodium sect. Ang-
ustistipulosas H. Ohashi) i 37 A ¥ J& 5= & ¥ )& (Soh-
maea H. Ohashi & K. Ohashi).

(14) Ohashi%§(2018) 4% & 41 1 ATE A& UEHE M L
o R R AR, RS ML SRR (D, concin-
num DC.)MS7 Jy M- 1] 15 i J& (Tateishia H. Ohashi
& K. Ohashi); #1145 1#2(D. dichotomum DC.)J 57
1 i 8 J& (Bouffordia H. Ohashi & K. Ohashi);
B i1 585 (D. renifolium (L.) Schindl)# A\ ¥ &S
111 9548 J& (Huangtcia H. Ohashi & K. Ohashi); X
1114548 J& (Pleurolobus J. St-Hil )i k2, 45
Jor i Ly ) AN [ P, B R 1 e (P gan-
geticus J. St-Hil.). thAh, KM 11ITEE(D. oblon-
gumWall. ex Benth.)# % A\ 2 & J& (Uraria Desv.).

s U 19894 Jifi ik K . 20104F
fEFlora of ChinaH# 4b38 Jykis £ 1L i #2(D. strig-
illosum Schindl.) 2z i (1) 5 S 1L 582 (D. - strigillosum
var. pendenticarpum (C. Z. Gao & Q. R. Lai) P. H.
Huang) (7R ffidiss, 1989; Huang & Ohashi,
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2010a), Ohashi (1995) 3= 7 JH 4k B A s T 1L 4 it
(1544, Flora of Chinarf s I 5 (i i (173 ¢ 75
i, Ohashi A Ay 5 1 st 56 6 1Ly e )37 Ay [
(Huang & Ohashi, 2010a), # = L4 % # Ohashi %
(2018b)2H & At &2 i, H SR 1L i ) o3 et 7
TE it — B 5t

(15) Ohashi%§(2019) 45 & 4 AT A5 UE 45 4 2%
F 11145 2 (Desmodium velutinum (Willd.) DC.) M 1l
W 43 H Oy 2 e S R 2 L 0 0 (Polhillides
H. Ohashi & K. Ohashi).

(16) Ohashi 4 (2017) % fifl & 1 £3 & (Shuteria
hirsuta Baker) M 15 &L 52 J& (Shuteria Wight & Arn.)#%
27 @ I B 75 41 5 & (Harashuteria K. Ohashi & H.
Ohashi).

(17) EganfliPan (2015)4: it K& 5T, K2k
% (Pueraria wallichii DC.)M % J& (Pueraria DC.)%
S5, FANHTE TR JE (Haymondia A. N. Egan & B.
Pan bis); 75 & (P. peduncularis (Benth.) Graham ex
Benth.) Al = F5 3 & (P. yunnanensis Franch.)# A\ &
T 5 J& (Toxicopueraria A. N. Egan & B. Pan bis); %
5 55 J& (Neustanthus Benth.) A7, %)@ 1Fd, B
(=25, N. phaseoloides Benth.); #/NE
75 (P. stricta Kurz)# A\ 35 5. & (Teyleria Backer) .

(18) Geesink (1984) M\)™ X & & i J& (Millettia
Wight & Arn. s. |.)H4) Hi 3 IfiL % J& (Callerya Endl.),
£ 45 FRPSH ()45 S 41 (Millettia sect. Corynecarpae
Z.Wei). HiFE4L(Millettia sect. Curvistylae Z. Wei) 1
75 4% 4H (Millettia sect. Eurybotryae Dunn) (Schot,
1994; Wei & Pedley, 2010b; xI|¥k%E, 2015). Geesink
(1984): Whitfordiodendron Elmer (J& i 5 )& ) 4b 7
NG LR JE 44, 4 I & (Whitfordiodendron
filipes)## A48 2. 1¢ J (Afgekia Craib)(Wei & Pedley,
2010a; XIKAE, 2015); J& 705~ UEHREAIE SE X i ik ) A7)
ANELR, HAFE LR A8 )8 IR A 3 28 Bk T30 i
JEJE(Li et a, 2014; Campton et a, 2019), it
Campton& (2019) %) X4 IfiL ik J& 147 1 14— 25 47 77,
oA [ P2 2R 2 s e AL T AR XS I g (Callerya
fordii (Dunn) Schot)F1& [N X% Ifil % (Callerya speciosa
(Champ. ex Benth.) Schot) # ¥ X\ ¥ J& d ¥ i )&
(Nanhaia J. Compton & Schrire); Y75 IfiL fif (Call-
erya kiangsiensis (Z. Wei) Z. Wei & Pedley). M43
IfiL ¥ (Callerya reticul ata (Benth.) Schot). 43 4¢3 [fiL fif

(Callerya championii (Benth.) X. Y. Zhu) 15 33 Il
fi# (Callerya eurybotrya (Drake) Schot)##: A\ &
Kk )& (Wisteriopsis J. Compton & Schrire); JEIE T
W N E Pk A ) Padbruggea Miq., 31L& UK R
AT E N SR .

(19) M\ & % 1< J& (Hedysarum L) R4y Hi 2R L8 )8
(Corethrodendron Fisch. & Basiner), fi4&FRPSH 5
J& A A ZH (Hedysarum sect. Fruticosa B. Fedtsch.)f
FiA 258 (Xu & Choi, 2010a), X —ALFRE 3] T 1
UEFE 1 S (Amirahmadi et al, 2013; Duan et al,
2015; Liu et al, 2017); 7% J&(Sracheya Benth.)Ff
A5 KB (Xu & Choi, 2010b; XIJUK%E, 2015).

i UL ) R T AR 44, Flora of
China¥ Corethrodendron Fisch. & Basinerfil 4 4 1l
rEr, i1 iX — 2PN Bk 5 Bl (Clusiaceae
Lindl.)# 3% 8 (Garcinia L.) 2 ¥i@ 4, HiZEEYZE
5 fii(Garcinia mangostana L.){Ey—Fh) N A\ %01
KR, TRE — B WAT 77, NBERIRE, A
WHAE B NN — MY 58 A
B (Corethrodendron fruticosum (Pall.) B. H. Choi &
H. Ohashi var. mongolicum (Turcz.) Turcz. ex Kitag.)
AR ELE RN AR IR 4, Bl F5ER" .

(20) DuanZ5(2016) 1k i 73+ FU T 25 Sk 3 ks T
5. J& (Calophaca Fisch.) 144 £ i J& (Halimodendron
Fisch. ex DC.)H A\ fi 4% ) LJ& (Caragana Fabr.) .

(21) Yakovlev fll Sviazeva (1987) M\ %2 )L 5. J&
(Chesneya Lindl. ex Endl.)H#fH =% 5 )& (Spong-
iocarpella Yakovlev & N. Ulziykh), HH A& T
FRPSH I 5% 1] = %5 42 )L . (C. nubigena (D. Don)
Ali). JIIJE4 )L 5 (C. polystichoides (Hand.-Mazz.)
Ali). 2484 )LE(C. purpurea P. C. Li)fHII i 4 )L =
(C. spinosa P. C. Li ), KK T =B EL(S
yunnanensis Yakovlev). itz # 5.(S paucifoliolata
Yakovlev) f1 52 2 % 5 (S. intermedia Yakovlev) 34
Hrkh o T NI(1998)i 7t T Wi &, NN =58 A e
BT, W B N LGB R4, TR IR
KEIBMHEEEILTE.

(22) Zhang#1Podlech (2006)1% 5 T & & 1€ J&
(Phyllolobium Fisch.) Az, 1% )8 L FEFRPSH )&
T ¥ < )& (Astragalus L.) /% E . J& (Astragalus L.
subg. Pogonophace Bunge) 115 ji 2 (Astragalus sect.
Phyllolobium (Fisch.) Bunge)4: 4 Ff Al iz S 2H (Astra-

4 44w E
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galus sect. Bibracteola Simps.) )1 7)N 1 3% B (A. balf-
ourianus Simps., ELFE/NEITEECA. prattii N. D. Sim-
pson). 5 14 # 1 (A. camptodontus Franch., #5351
i # EEA. camptodontoides Simps.) 1514 25 1 (A. dol-

ichochaete Diels, fLFE 5 13 EEA. albido-flavus K. T.

Fu). A (A, yatungensis Ni & P. C. Li, NA.
donianus DC.If1 744, f4E% L FEA. pycnorhizus
Wall. ex Benth.). #H4kE EE(A. flavovirens K. T. Fu,
ALFE P # EEA. angustifoliolatus K. T. Fu). 7558
E(A. lasaensis Ni & P. C. Li). KMFHEE(A. miling-

ensisNi & P. C. Li). H# 5 & (A. pastorius Tsai & Yu,

B ER I TEA. tehchingensis Cheng f. ex K. T. Fu).
Z (A, prodigiosus K. T. Fu). 238 € (A.
sanbilingensis Tsai & Yu). & H B (A. tingriensis Ni
& P C. Li). ZEZEMHE(A. tribulifolius Benth. ex
Bunge, i H ¥ # €A tanguticus Batalin). 2 5
(A, turgidocarpus K. T. Fu)bA K J& k& F &
# (A, chapmanianus Wenninger) . 1M # B (A.
enneaphyllus P. C. Li). ZRH- 2 (A. lineariaurifer P
C. Li). M5 EE(A. siccaneus P. C. Li) (Wenninger,
1991; Z=iliBR, 1989). AMH = (2015) I\ Ak H H B
(A. tanguticus Batalin)5e 4> 4b A4 i 5 & 3% 1< (Ph-
yllolobium turgiddocarpum (K. T. Fu) M. L. Zhang &
Podlech) i) & 4 A %4, K HAGREHKE.

VAR KT ABKH L4, Flora of
Chinaf Al A I R E 8" (Xu et d, 2010), &
PG R 24 I RPN ERE, EARRITSH R
JE T IRA Z XA SERE, WK R 83 E (Astragalus
englerianus Ulbr.) &5, A 3C 3 5K 4K 4 7k W] 3 4%
(2009)F Bty b T4, A E T C A E N B
KE" (ECHE MAHR, & mE N mK”
ZJEtHWs, WARFEBEAR NS, MR ScE
WO SR,

2 RIS EFHA

(D) [E FE 51 R 1 P (Albizia falcataria
(L.) Fosberg) A& ¥ & (Albizia Durazz.)4r Hi, AN
£ & (Falcataria (1. C. Nielsen) Barneby & J. W.
Grimes) (Wu & Nielsen, 2010; *IJyk%%, 2015).

() 5| )7 44 ) L(Cytisus nigricans L.)
M 4% JLJB (Cytisus Desf.) 7y i, AN 442 )&
(Lembotropis Griseb.) (Wei & Turland, 2010; XIJUK4E,

2015).

(3) Song%5(2017)fER M Abr A5, W/
1¢ & (Fordia microphylla Dunn ex Wei )b ¥ 4 E[1 Ji
& (Millettia pulchra (Benth.) Kurz) [t 5# 4

(4) B JiE (Psoralea corylifolia L.)#% % N kb8
JigJ& (Cullen Medik.), Psoralea L. 5 #1044 A H &
(Wei & Gilbert, 2010; XIJuk%%, 2015).

(5) FRPSU s 1 o [ 51 3% 1 45 Bk /) 5 1E
(Coronilla varia L.)##% % 7% 3£ 5. J& (Securigera DC.),
Coronilla L.H 34 5 46 )& (Lassen, 1989; £
RHEIBA, 2016 E 4).

3 #HcERE

(1) W5 W 2 3 5 (1997) 3 T 14N 7= i 3%
J& ¥ Hh 57 J& (Rothia Pers.), oA ep[E = 1R, B4 Hh
(R indica (L.) Thuan), 27 T#RE A

(2) Zhang%:(2018b) & % 7= SR L
T AR i 84 (Pseudarthria panii R. Zhang, T. S. Yi
& B. Pan bis), {77155 J& (Pseudarthria Wight &
Am) R EFHERE, ZREN ST oA .

(3)FMYLAN & W B2 (1996) 4118 1 14~ [l 7= Hrid %
J&: 3% B )& (Mastersia Benth.), Horbeb [FH 7= 15,
RII A1 38 (M. assamica Benth.), 7347 -1 Pt .

(4) SunfiiBartholomew (2010)7£Flora of China
s i A i (Ever smannia Bunge) iEic ke,
Forpdp [ = URp, BP IR &(E. subspinosa B. Fed-
tsch.), A T st .

4 4his

DT REFH AN Y ARG KEE IR E
BRMER], —J5 i, 07 RGEARE T AT DA IE — L
IPRAEPE; T, 7T RGEN FRTEYIK &R
iy LU R AN e . SRME N TR AR
=RBH MR A ETERIER, EiEL RS
DRRAZABAERE L ARG, T 1205 K FH ™
ERMEY IR S RALE), AHIXIFAE — AN R4S
R, HGEEAARPREK, FEHRHABEARRARE, &

% W22 1 R o N BRI 73 J8 5 R A5 LIRS

BUf: & RAMERBERFEIMEE. FEAF
I )~ B AR A 5T A R BA BT A AL B A
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REFEAEL L HREEN., AXLPRAT o+ EF
I L kLAY B X B, b B A A A
RAT R kG Z 10 S ntidh B AP ey f L g,
By 5 0P R Rl ]

S 3k
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China’'skey protected specieslists, ther criteria and management

Zhigang Jiang**
1 Ingtitute of Zoology, Chinese Academy of Sciences, Beijing 100101
2 University of Chinese Academy of Sciences, Beijing 100049

Abstract: China's key protected species lists include the List of State Key Protected Wild Animals
(LSKPWA), the List of Terrestrial Wildlife with Important Ecological, Scientific and Social Values, and the
lists of local key protected wild animals. After the amendment and implementation of the Wild Animal
Protection Law of the People's Republic of Chinain 2017, the revision of the LSKPWA is on the agenda. In
order to revise the list of the state key protected species, the relationship between these lists should be
delineated to reflect the priority of protection and to facilitate administration and to divide the responsibility
of protection between the central and local governments. It is recommended to determine the level of key
protected wildlife species according to their attributes of endangerment, endemism, rareness, preciousness
and management requirement. By adopting the Principle of Clump Listing, related species or the higher taxa
such as a whole genus even a whole family should be included in the lists of protected species as far as
possible. It is aso practical to list a subspecies or a population as a management unit on the species
protection list. In addition, to reflect the new provisions of the amended Wild Animal Protection Law of the
People’s Republic of China, it is necessary to distinguish domesticated and wild populations, those
populations which have been artificially successfully bred with mature technology and stable production
traits should be exempted from the listing. Thus, using the Principle of Splitting Listing to solve the real
problems in conservation. In addition, taxonomic changes should be closely tracked and species list should
be updated in time. It is also necessary to formulate criteria for protection levels, to develop guidelines for
species recovery plan after their listing and to design amendment procedure for the list. It is important to
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formulate populations and habitats recovery plan for each key protected species. Through periodic evaluation
of the listed species, the listed species are upgraded, downgraded, deleted or maintain its status for the needs
of dynamic management of rare and endangered wild animals.

Key words: species conservation; protected species list; criteria of key protected species; Principle of Clump

Listing; Principle of Splitting Listing

1988412 10H, [ 4BefttifE 1 (EKE iR
P EF A B ) (LA R AR B ZKCE AR 455 )),
19894 1 H 14 H 1% 44 53¢ Hh Hh 48 N IR S A ] J5 Aol 38
R A R4 315 R ATHAT 24 . HRHE201647
HE+ ZmeEANRRBREHZEZREE
— R WIBITH 2007451 [ 55 Be iiAn st )
e N R E B ARSI RTEY (LU EIRR (DR
), BRSPSt B, WifE b
AL KAERAESMAE EEAS. B oM E
(IR A= B A= Zh W, B KX Bt WA 1) B A Bl sk
ITHE SRS Rk, B B AR S R 44 %2 S
B AEGYRIVERIRZ D

CERAED) B4 E R E SR B A
N5 N — AR ET AR SR AR B A B0
] 5% B LR AP B A Bl W) 44 3% v L 55 e BT AR 3 A AR
P EEMITHLRVEAG EHE, 8 A ERTER
BB 4 AT R . [ R E AR B AR s 4
SEAR I 55 Btk it A Ao

H (EXE SRS 4 WALk, o E R4t
2. AR BERGUANET A= )R A S
KA T BEFEDRN. R EE19984, [ [H F Ml
JRI#E20004F . 20064F A120094F, [ 52 Mk lk Al & i )
TE20194FE W) LI TR T (ERE SR 4K &
WEF 2, iR T AN ERZMARETX
PGB REIT AR (ERE SR 4
) HHT T Z20RIE. SR, BR T 20064 [F % B it
T B 2K BT AT it B 5% 11 4 B A AR A S 4 3 |
o AR A, (R R E SR ) HIAh
VRl (1 PR 5 S0 A B TR, R G M R TR
%o FARFARMAMBT (ERE SR L) IV
AR B (D 7, 2016; XI4x4%, 2019).

PAE, (EZRESRPAT) MIHECHR F
FHRE. B (RYE) , AR 2 EE (E
FEEAR AR « (BFEEAS. Bt
MERBE A B A4 5%) (RIFRA (=B R3%) )
FHE 7 s ORGP BT A B ) 4 SR (TRTAR O Hh 7 E AR

PaF). BT (EFE R AR bR, A
FHRIX ZAEE R A K AR SMERTAH LG
2, PR ORS 4 . AR ORI 00 ) 22 7 A
1, PASERICAS R B R4 36 5K

1 ZHHRIFBRZ

PRI 2 55 AR VIFI AR & o 4R B (PRI,
RAGE T, WUEHIYIR, BEERD> . oA X Pk
Hr. HEREA R EAES RS DL AE
IR XA N RSN B LR E A SN (I
FE LRI, 2 E R — e R A
RIPEFESIY) . KT YRGS )R 7 Fr e AT A
Z: JEIUCNYA & P B 21 15 44 3% 1) K1) 43 B 4 (www,
iucnredlist.org/resources/categories-and-criteria) .

R CORIPIED | HuT7 3 ARORA 4 R 2
CHEZRE m R 45D LM T R O3 i 3 A2
MW, ANYE (ExEARFLAR) B, W
FEZ BT CLMUAL 7AW RE LR K. AL
A0 (UL VG 48 ) ¥ 1 X R B AR S AN T
B R E PRI AR (ELA), 12 508 6 B0 K E X
H A PR AP B E BN L S AR AP 44 3 (K1B)

WA, (ZFH4x) e Aetss (HxEGSR
A4 AT R AL SR R E? LA
1 (IREY WA =F1KR. NCEKAAN
(ZHE) B, ZAFBERRE (E K E iRk
Zs) SN BV R)E, AR EEAS,
BRI ERAE R (EKE SR A5 Bk
F i A= 5 25 3 0 10 g PR TR e AT B B O — A 4
3, BRIy E S SR Bl AR B AR B Y A
Z—? B, BRETIrAYIN (EZEE R A
F RPN TT H RLOR Y 44 R BT AR Sh 0 H 2
THES . Bt i, Bk, Bl phasg
FESZERI(BI1C). 28, WiEE EF, (EX
H AR AT (AL A7 AR 45
NAEAN A HI4E & (E1D).

RIPIP IR



RIPIPIE

700 4 ¥ % # I Biodiversity Science

07 %

HF 4= ¥ Wild animals

PRAPEFAE B4
protected wild animals

Bf4E ) Wild animals

B4 %) Wild animals

T E SR A Y
Local protected wild animals

D

B4 54 Wild animals

Bl (ERERAFRPER) WEESRIPERT (ZHBR) HEEXR. BPRAKERTRIFER. BOERELRF

Z2R5 (BRERFRIFER) (ZHER) BEEA), ZHEARERRIPERNE (ZFEXR) BEEB). EXL, FE
S BEFE A2MERMEFENINERREYE, — M EREEE—ENXE(QC). (ARESFIFER). (ZHER)

it ELRIPBRNETENEED).

Fig. 1 The set relations of the List of State Key Protected Wild Animal Species (SKPWAS), lists of local protected wild animals,
and List of Terrestrial Wildlife with Important Ecological, Scientific and Socia Values. Different protected species lists are
represented as different sets. The lists of local key protected species of some provinces overlap with the List of State Key Protected
Species and the List of Terrestrial Wildlife with Important Ecological, Scientific and Social Values (A), while lists of local key
protected species in most provinces overlap only with the List of Terrestrial Wildlife with Important Ecological, Scientific and Social
Values (B). As amatter of fact, important ecological, scientific and socia values are the common attributes of terrestrial wildlife, and
the intersection of the three lists exists (C), despite that the three lists should be different sets (D).
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Fig. 2 The set relationship between the state and local key
protection lists. Considering that important ecological, scien-
tific and social values are common attributes of terrestrial wild-
life, the lists of state and local key protected species are suff-
icient to distinguish the key protected species. The top point of
the triangle in the figure points to the direction of increasing
importance of protection.
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