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TN, WRRE AR R4S (2017-2020) X B 1 AE ) A AZ L
BN . FEARE: O)FOEERE R T L
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WE: MAARBLERERKERERE ZHEMEGT THARERE R TR RER AL TR RERL B4
¥ AR T YR 2 FEXTVE RAK B SR T T Eb . DR RUGEIE #is L VAR TS o], 2 e EAN A
g R LW RN 2 BEINAL 5 154 BISTAAN T2 SR I R Gk B e B s, 4k A F 2 fh 2 2 5 b AL A 22 11
RGKRE ZREMEIREG b SES ¢ R 458 (net relatedness index, NRI)FI 5 I Fh 6] 36 25 ¢ & 5% (nearest taxon
index, NTI), 4i&#V& N AESERAKEERRRBAER XM FTAARAREARTENRARE R R EHREI: (1)
K2 [ Wl 22 FE ALK 2R 48 % B T8 B BE B8 (mean pairwise distance, MPD)E%LL % i& ¥t £ B InAL{IMPDS
HwEE TR B R RGRE SR, BRI REDNMEGRE (L em<DBH<5 cm)ix 9 it [Kith, FEARM
IR o T NERR S RAR B AW AP RIUZEYFHZEGEE. (2) NEFHRBERGERKEEW
KE, RUEIE PG LR ARTE LT BT R GOR RS FAMN T 25K E KL, HESSISEER SRR &
THENNRI<0). GINHEHBRMARK B LEMKE, R ILHARES . MMERGIE T RAKE RE
(NTI>0), TitERFEHDBH=15 cm)MHiA T RAKE KB(NTI<0). Sz, WK RGKE SN R EY)
UEAL RN A IS SN

KPR ALK, RAKE SR MR EIRG B, BT, RIS

Effects of species abundance and size classes on assessing community
phylogenetic structure: a case study in Jianfengling tropical montane
rainforest

Gexi Xu', Zuomin Shi* %, Jingchao Tang®, Han Xu®, Huai Yang®, Shirong Liu*, Yide Li®, Mingxian Lin*

1 Key Laboratory on Forest Ecology and Environmental Sciences, State Forestry Administration, Institute of Forest
Ecology, Environment and Protection, Chinese Academy of Forestry, Beijing 100091

2 Co-innovation Centre for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037

3 Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520

4 Experimental Station of Research Institute of Tropical Forestry, Chinese Academy of Forestry, Ledong, Hainan 572542
Abstract: Studying community phylogenetic diversity within forest stands of different diameter classes (i.e.
size classes) is helpful for understanding relationships among species at different ages while at the same time
community phylogenetic structure. However, little research has been focused on the influence of species
abundance on phylogenetic structure of community. This study was conducted in the Jianfengling tropical
montane rainforest on Hainan Island. First, we assessed the impact of species abundance on four widely used
phylogenetic diversity indices at different size classes. Next, two of the indices (i.e. net relatedness index,

WSchs H #: 2016-02-25; 5% H #i: 2016-06-05
BEEIH K AR 5E43(31290223 FI 31570240)
* J#IAE#E Author for correspondence. E-mail: shizm@caf.ac.cn
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NRI and nearest taxon index, NTI) were standardized and used to quantify phylogenetic relatedness of
woody plants at different size classes across a series of local habitat types. The results showed that; (1) The un-
weighted MPD (mean pairwise distance) index significantly overestimated phylogenetic diversity relative to
MPD weighted according to species abundance. This overestimation when using unweighted MPD was greatest
for small trees and shrubs (1 cm<<DBH<5 cm). Therefore species abundance information should be taken into
consideration in the study of phylogenetic structure of community when most of the trees and shrubs are young
and small. (2) The community phylogenetic structure was most likely overdispersed among almost all size clas-
ses and habitats of the Jianfengling tropical montane rainforest (NRI<<0). This phylogenetic overdispersion in-
creased as size class increased. (3) The partial community phylogenetic structure tended to be clustered at mid-
dle and small size classes (NT1>>0). However, this pattern continued to show overdispersion within communi-
ties made up of large trees (DBH=15 cm) (NTI<<0). In summary, studies assessing the influences of species
abundance and size classes on community phylogenetic structure are required.

Key words: tropical montane rainforest; phylogenetic diversity; weighted species abundance; size classes;

524 %

habitat heterogeneity; Jianfengling

ARFFKIACLRN T &R E A 2
FEEIERO R, X EE M BV ALY 2 RIS R oR
WAREE PRI 3577 K4 DL KB 22 11
AF AL FAE (Kreft & Jetz, 2007; Magallon & Castillo,
2009). “EMZAEVERIEYIF Z FEPE . DhRE 2 PRI
RGEKE LN, WA B T HEE b Fh 1) e
B KB HIAET BT PE 1 (Swenson, 2011).
RIRAER R R Z e, FER MNP 2
PENTF AT O 5L, ISR 2 B 2 1 0 55 e R
(Huston, 1979; Tilman et al, 1997; #74:/4:%% 1998;
FOIERISE, 2003). G+ LA, ThReZFEtEM RSk
B2 RAER T IRERE, THEEHARSGK
B F BN AL 1) A BN TR A Fh ) A 2
FEPERR S, B RGN 5E 3 T RS AR 2 RETER
WA, (RISt A BT T )R 28 it R S R i L
ALY #r L E& (Webb et al, 2006; Donoghue, 2008;
Erickson et al, 2014).

REMARGKE Z R ECTIEW 24—
t 22 LL AT i & b (genus-species ratio) i %X
(Swenson, 2014), /N ELIRALT IRAE I HE TR
HIR ARG KB RKEL, B E L =k B BT 20
ALK B R (Kraft et al, 2007). {HA2E, FhJg bt
K — AR R RE U 2 it R G A EAE =
AR EAR A T MR . R, A2 5K
B0 R I VR TS 2 A R Y AR A 3T DNAM T
HHEEFREUN P RAKEN, SHIRER
GUREW AL E KA R, i AR
1) 1 5 i 7 A 9 A oy d0RUBE B 22 2 4 R T ) 4

@ N Hm AR ik FE(Yang et al, 2013). JT4ESR, BEE K
PRI e s AR 1 T e Bl e SR i ps AL, HL 32 i T
oA EE B ROt B R R E,
[F] AT T2 20 A T 5 AR SR T ) AR AR K
[t 52 W KR b (forest dynamic plot, FDP), %4
BFEHEFRBEN T — MR R B, A K E BT
R GHR AR T R G K G5B (@YK
RGKE W) AR M 1) AR A A 18
(Webb & Donoghue, 2005; CBOL Plant Working
Group, 2009; Kembel et al, 2010; Letcher et al, 2015),
BER2RR TSR —RRKEREELES T
(phylogenetic community ecology) (Webb et al,
2002). TEIXAMI ], A E R B A KR
WEZRT E BB RAKE ZHEMERIER, 7
W T R G0K B WK EE B 5 B 1K1 3 O R 4t
K B B 2 (mean pairwise distance, MPD) 1P i it
Fh 8] & 48 & & #H 2 (mean nearest taxon distance,
MNTD) 45 %5, LA s o A0 FH 3 #7800 I 381 ) 3R ¢
RE Z RN S TR E AL A B T < 18] 22 57
2 PE A5 M IR) 5% 2555 22 F5 4 (net relatedness index,
NRI) Al 3l B 1] 55 2% Ok 2 8 £ (nearest taxon in-
dex, NTI) (Webb, 2000), F H it — DRI Hix L5544
=R FRGESRE R RS K B 457 (Swenson et
al, 2007; Yang et al, 2013).

WAl RS RGUE 2 BRAEY) 2 R A0
AR5 Dy RE bR AR EE R EH (S5,
2013), (Hii FHAMZ MR FE . ARG
MADIBEICAE A, RAERFZXIT I RER
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Pk, HME—4-50 halil @ M#EH(Barro Colo-
rado Island Forest Dynamics Plot){E E 5 T #i /i Ak
AL LLG (19824 B R — IRTE &), AR EXFH
G VE AN W) F oy SR 2 8] o A 45 BN 2 R
FRHT R BETR AR 548 S L S R0 2 R R AH B
TER, B 7 Fmiff s (Hubbell, 2001). [FIET, Ff
IS A HERS, TR R A Sl 0 e 4 k7
T AR BT 25 B B L0 S A AR Ak 1) e R AT A 4
ft 7 4 %0& 42 (Anderson-Teixeira et al, 2014). [F1t,
A2 25 57 R Bl SR AE A BR PR MR Y T B R A 2R A o
FEST T FRARIE] 8 M A b (T RR“RAERL™), FFTE R
AEERVE I ARARULI AT 7T 9 2% (The Center for Tropical
Forest Science and Forest Global Earth Observatory,
CTFS-ForestGEOQ).

T T B By AR FRE AR 2 R S
Wik 7 — (R Ea%E, 2012), {H BT TiZH X
VIEEIE RGUR B ARSI AR A RIFFLR, WA R
GR B A MM B AE R Z B HINR. EI&
B Je AR B S o P (BP0 ) M T M ont B v R
SR E SRR FEME, AR SO FH A P SR UG U AT L) 3
PRS0 858 2 S K 31 ha b 00 3 18 4 o
HERE, BT M2 EAREREX AT 2
KA ARG K E 2 VSR E(MPDAIMNTD, NRIA
NTI)FRIFZE 35 A A bR AL 1 B (NRIAT
NTI), FF&5E R RIS A R A B 2
NAFRRLETRI RGK B 451 .

1 WREXEER

T T DR U U FAHY T PR A, T IR UG IS FR X (18°20—
18°57' N, 108°41'-109°12' E), FILF A IR IAH
BEOMAT T R R R WARRI R Lt Y AR R, ST
116,627 ha, RREIMEHAE K. RN
BRI IRIB R — CRA 4R 255, 1991; ¥
PR S, 1997; Z= Bl 2002), 52146 AT 2 X
SR, JRIGIEHRX FRETTHE, £F811H
ZBIEAH, WZEHN5-10H .

ARV 60 hagk bR A4 2 B 1 2 25 R H A7
T B AR AR AR U0 R L b R AR RR XA 4 X R
EMN . FEHLZ P K 1,000 m, FFJL5600 m, T
2009-2012 4 % M@ 3£ [ s % F% A WF LT
(Smithsonian Tropical Research Institute) ¥ ZR AR AT
3¢ H1 0 (CTFS-ForestGEO) 1 45 # 2 37 (Condit,

1998). MRHEKFEH AN kmib () H 23S Rk (#4820
m) 2010-20124F I IEHE, Suitfs B I UEls $ay
Ly th {9 PRSP 3 B Y &=/ T1,305-3,686 mm, 4
N 19.8°C, H ¥ Al #4 H 5 43 7 9 10.8°C Al
27.5°C. TR SEZMIER, SRUEIE Ty
ULyt R AR - 98 28 B S BEOA A R 1L B b R T
TR (F RS, 2012),

2 BARSMAE

21 RGLZEWEE

FE SR VAU Bty Ly i R AR O i 7 R — 2R b X £
4 bik B RA W RS R RPN ha T FEHs,
B H P T 42 DBH>1 e AR AR iR Fh 42 3%
& S5\ E|Phylomatic - 5 (http://phylodiversity.net/
phylomatic/) (Webb & Donoghue, 2005), 4T
APG 7R A G BB K I RS K B M HELE
(phylomatic tree, version: zanne2014) (Bremer et al,
2009; Zanne et al, 2014), %R 4K B WK AL I
F Congruification & i (Eastman et al, 2013). #|H
Phylocom#k{4:(version 4.2)+ {1 BLADIF B ix s i
R AN E A 1 (Webb et al, 2008), 4 A
BB HA5BE 22 404 B A4 (ultrametric tree) (Kress
et al, 2009). FIHRIE S apetd Emulti2dipk Ho6t R4t
KB W Z 531 (polytomy)#E4T B AL 7> fif (Paradis et al,
2004), AT BRI ARG R EW
22 RGAESHEMIERIRE

(1) PO 248K B PR B (MPD)fEHEVA R4t K
BB AR S B ) 2R G K B R R R )
BB . ZAR e R R M B IR R A K E
. HEITEWR:

MPDZ? s £ PIE] W

Hrhn MBI PR, IFEIM RA K B ISR
KA R G K B PR B HFES, o &P Fhi A1 Fhj i
RARKEIEE. BEIFE T EEEAAES
2, B LR 2 BRG] A BIMPD 845 1% 45
A YR E E (abundance weighted MPD, &5
HNAW-MPD)I RG K B Aifs B tHEITTENT
(Anderson et al, 2004):

~ Z:Z?ﬁi‘jfifj i .
AW-MPD_W , Yikhi £ Yo (2)
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524 %

FL Ao NG 2 B O D RN A B TR B I R AT 2
o

(2) PRI Fh R R4 R B BE B (MNTD) A2 F5
WA KR EW LoRg ok 2500 YR PP 2 8] &
40 R B BB 2 AT #4118 (Webb, 2000), 15 5%
o

MNTD:m, i £ PR (3)

HAn A REVE L AP ECE, ming; U2 Fhi AT
HALFT G R s /N RA KRGS . FEEYF 2
FE AL 51 N EIMNTDH (abundance weighted MNTD,
fal'5 NAW-MNTD). Hit& 5.

w Wi WA @)

HA R MERE T2

()44 E] 2 2 5% R AR BU(NRI) A2 Fi5 B A <2 b
152 B BT B WA 35 oot 248K 6 55 (MPDoggs) HH
Xf T ZAE R (null model) BEHLAE (MPDnun) FIARHEIL 2K
N AH (standardized effect size) (Webb et al, 2002), H:
THREAR T

NRI=-1x

AW-MNTD =

Horh, mean(MPDnui) & R4t K B M M BEHL 73 i
(taxa shuffle)iz 47999k 47 1,000 ik A 7= A )
V9991 BEHLMPDAE [T 34118, sd(MPDyy) Il 52
XL BB bR 2

[FAEH, K BV YA 2 BEIAL I N BINRI T
# (abundance weighted NRI, &5 NAW-NRI)ZH,
2 K MPD R A8 4 (R AW-MPDFE %0 . THELA K
W

AW-NRI =-1x

AW-MPDobs — mean(AW-MP Dnur) 6)
sd (AW-MPDnun)
(&)1 B M A SR 2 58 RARHUNTI) 245 R A
KRG RAZBIENY P Z B H-FE RGEKE B S
(MNTDobs) 15 25 155 5L B AL A5 FAEL (MNT D) 14 4% 14
RSB (Webb et al, 2002), Hit-5 7535 R
MNTDobs — mean(MNT Dnun) @)
Sd (MNT Dnur)
H A mean(MNTDqyn) & i B 7= A= 119994 MNT Dy
1 ()T 2548, SA(MNT D) S X LU BEA LB bR 2
S| AN¥pFh £ FE InALE (abundance weighted NTI, fij
5 AAW-NTI)THE TR T

NTI=-1x

AW-MNTDobs — mean(AW-MNT Dnun) (8)
sd (AW-MNT Dnur)

AW-NTI =-1x

2.3 BURGT O

UGS T 1L Y AR3ER L haf dh A e $i 4 >k
PR T ARUEUE KFE S — OB B A . B R
5 S B PRI RE Hi Rl 40 75520 mx20 mirIBE  BEVR,
FET B HIA RIS 2 EESR, Aehs WA E3&
RS U FRry Ly b R AR VA A A Ry o SRR 3L
AM4EDBH=1 cm A7 1% 7r HE AR 22,56 10k (A HL 3%
A RSLARFIEIAR), 77 )E56%1128)82367%, &
Rl 2 K50 o0 AR AP, 430 7 9 U604 60
ha K ¥ #b i) 42 DBH=1 cm 7% #£ K & J& Fh (1)
90.3%(62%}). 82.6%(155/%)F181.4%(290F) . Afih
WALF FRET S, LKA 28 (Livistona saribus). H
B (Gironniera subaequalis). J5 5% H: (Cryptocarya
chinensis). JJ}(Alseodaphne hainanensis). VU&=
A ¥ 4€ (Prismatomeris tetrandra) 1 ¥ B & T
(Nephelium topengii) Jy 5 F AR #5164~ B (V118 45
2015).

IRV PR R B B H I, K aR0E
U4 AT Ll T PRV R A R R, R AR
RV FER B B RANRE BN INMedk
(1 cm<DBH <5 cm), XX YW, FHELEG
cm<DBH < 15 cm), ft & & #& #; K% %
(DBH=15 cm), ARFEREMK; LA A R AL
BAREEVS K (DBH=1 cm). KL TEAR SRR A
7R A (Swenson et al, 2007). HRFEHIEIL60 ha KEE
HFT 20 mx20 mAE PR . I BRI AT HE
7, A4 VX5 RN I P (1 v ST AR KR H 1) ~F- 35
MK (E, 934.01 m)FIdEE(S, 25.45°), 454 MM
OVE R, [FiZEYang%:(2013) T 7T, FitiE Kif
iR, RAHE<<934.01 m. S<<25.45°f{kE
J5 A AR, K E<<934.01 m. S=25.45°
1 FE 77 FL s NG B A 55, ¥ E=934.010 m .
§=25.45°, [AJI C >0 F: 77 Rl 70 A m B A B, 4%
E=>934.01 m. S=25.45°. C<OMIFE 7 RI4> NEA
A8 HE=934.01 m. S$<<25.45°, C<<OMIFEIT 5
BN AR BE=934.01 m. $<<25.45°, C>0
(IR T e LA 5.

TS HEAT MR 2 B IR AL BT S AN R
G B Z PR B MR PR E B AT A O
ST, BB AT — e R A M Rl £ B N
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B R GR B 2 REHEARE s . R 2 B2
W5 BW RS K E 2 FE TR E0br A0 88 AE P
AR RFEH N RG KB LM, R F)
R £ 1 FH 7 22 50 B (ANOVA) 8 /R BE T R 9 K
B G50 TR A5 AR 45 S SO A e o A

ARG K E ZFMEIRENEIE 5 TR
& S picantefd (Kembel et al, 2010), HoAth &I 2 i
TRIEF A EL(R Core Team, 2015)Flggplot2 £
(Wickham, 2009),

3 &R

31 A EREEE T IFHE

W 5 b B 9 4% HEUOAS [F) 48 RS AT R o 4
TR YR R DL (R 1, A4S S LB 1) R B
R A7 Ll HB R AR NME 2K (1 cm<DBH<5 cm)7¢
VEAR AR AR & BT AT 0T8T A T R A
[ 26 K673 (77.88%), HMi4754F1123)% 2267, 43
hatfth T TR AR JB. Fi196.43%. 96.09%F
95.76%. 14244 (5 cm<DBH <15 cm)#I & itk E &
A 5 A T A TR RE AR AR 2 1) 14.64%, (HAHA
Yoy R 9L Rl , 5 T SRR M T T R R )
80.93%, 43 JE54F}(1596.43%). 109 (15 85.16%),
R R ESE BN BN T /ANMRGN SR, (ER}
MECE 5 /MEFAE S . K124 (DBH =15 cm) fEL R £
A VR FTE TR AR AR R 1 7.48%, B4 A
EHA2RH75%). 82)%(64.06%). 146F1(61.86%)
A L2 U 0 R WY AR A 5] 4% 0 R BE TR E AR W) =
B & (R,
32 YIMZEMNIARGLE SRR

T R A ) PR 2 R I B R IR, 2R
WA U A Ly i RS R VR R A R 33 RO R B8 K
H PE B (MPD) B 45 48 40 RUBE A8 A T SR I KA 4%

> {2 g > /NME 2 (EILA-C), i /MEZFIMPD 5
BB TE K- IMPDAHIE (B1D) . XIMPDFE% % &
AL 547 % EL(MPD vs. AW-MPD), K34 %
FEPNFh £ FE A5 2 I MPD 5 $8 i vy A 1 B VR B4
MARZKRE LN, RENFAHRRE =
0.473) FIEAR LR (FHOR R 3L = 0.465) RIS I N
E(K2). SULFEIN, HEASEY) TR ILRGK
H A B (MNTD)/E A 7] 48 2 1R AR A0 At R B
FKULUIMPD IRt i A2, $ADMEHEM
MNTD1E 5 H &1t 2 FEInAUS [ AW-MNTD ¥ $5 %L
2 R4 B L (BI1E-H), M55 R 5% K
F0.7, A2 U F 2 X & AR FIMNTDHE
RIS (K 2) -

2 FERE TR (R A AR 22 e v 1 s e EL A R
PRI S5 RB, A AR ) S 2 00 R TR AL
(NRNTEAFRR L Z A K, H5%EAF 2
B FJAW-NRIZ 8] 32 BT 1: 128 8.3 (1) 4w 2
(B 1-L) o T oRZE A 22 FE I i P ) SR 205
RIGE(NTI) L &Y Fh 2 FE I AW-NT IHE K12 R
FE BRI B S T RAEZ M, ENTIS
AW-NTIANFELE 2 25 ARG (BIIM, R22). HiAh2
G RE B AR B VR AEH S Fh 2 BE J5 1
AW-NTI 5 NTIH TG 2 25 1 22 71 (BT IN-P), AW-NTI
ENTIRR BRI — & BIA R, (HAHCFE B
255 T NRIUFAW-NRI A T (£:2) -

33 AERERRERGAE LHMRITEZERNN
VA

MBEEH R AR AR RG K E 450
(NRDE, BT /IME AR 0 A B0 ) T R B0
&4k B B4 (phylogenetic clustering, NRI>0)
ab, HAB T 25 B H R AR YTE FT A AR5
B Ee TR IR RSk B K (phylogenetic

Rl EERIEBEHAT LRI REARETEAEDREMS
Table 1 Distribution of species, genus and families of trees and shrubs in different DBH size classes in Jianfengling tropical mon-

tane rainforest community

1% TR AR Ziik¢ FE L Jm % JRE L L BHE L

Size classes Individuals Species Species percentage ~ Genus Genus percentage  Families Family pergentage
(%) (%) (%)

DBH=15cm 1,689 (7.48%) 146 61.86 82 64.06 42 75.00

5cm<DBH<15cm 3,302 (14.64%) 191 80.93 109 85.16 54 96.43

1 cm<DBH<5cm 17,570 (77.88%) 226 95.76 123 96.09 54 96.43

DBH=1cm 22,561 236 100 128 100 56 100
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DBH > 15¢m Sem<DBH<<15c¢m 1l em <DBH<<5 cm DBH=>=1cm
“1 18 1c¢ 11D

1 . | e |
o % - M

2004 17 47 A4
T T T T T T T T T T T T T T T T T T T T
200 250 300 350 400 200 250 300 350 400 200 250 300 350 400 200 250 300 350 400

Py 2 FEIELT B Mo B4 K ¥R ) AW-MPD

400+

3504

300+

o0

250+

T B ER H IR MPD

F S [6 1 [w

3004 ©
250

2004

i A TR B MNTD

L

1504

= L2
g

i

100+

1,
L

H

- T T T T T - T T T T T - T T T T T
100 150 200 250 300 100 1500 2000 250 300 100 1500 2000 2500 300
T o BE IR Bt R 508 TR B AW-MNTD

T8

41 NRI

&

T 1T T 0
I R I -3 2 -1 0|

yH 2 FE DALY R ) 243 5 AW-NRI

EEEPEE S

HREONTI

=
i

—r T T
3-2-10 1 2 3 -3-2-101 2 3 -3-2-1401 2 3

Yol 2 ML BT R E) 506 R IR AL AW-NTI

EBheiRulES: &

Ell MFSEMRNRELE SRR, ELFRRL: 1%, TER—TEMEEFMUEHL%. 2B TEEEMOMS
KAt TRGREZHY, IHTREEZANNHSRTRETRELESHME,

Fig. 1 Effects of species weighted abundance on phylogenetic diversity indices. The dash lines are 1:1 lines, and the solid lines are
simulated lines based on simple linear regression. Scatter points distributed on the left side of the dash lines indicate overestimation
of phylogenetic diversity, while those on the right side indicate underestimation of phylogenetic diversity. MPD, Mean pairwise dis-
tance; AW-MPD, Abundance weighted MPD; MNTD, Mean nearest taxon distance; AW-MNTD, Abundance weighted MNTD; NRI,
Net relatedness index; AW-NRI, Abundance weighted NRI; NTI, Nearest taxon index; AW-NTI, Abundance weighted NTI.

R2 WM EMNEIE RS L E SR HPearson Bt

Table 2 Pearson correlation of phylogenetic diversity indices with and without species weighted abundance

RERE LR %% Size classes

Phylogenetic diversity indices DBH>15 cm 5cm<DBH<15cm  1cm<DBH<5cm DBH=1cm
MPD vs. AW-MPD 0.797" 0.805" 0.473™ 0.465
MNTD vs. AW-MNTD 0.895™ 0.888™" 0.725™ 0.828™
NRI vs. AW-NRI 0.876™" 0.893™ 0.621™" 0.597"
NTI vs. AW-NTI 0.149 0.406™" 0.542™" 0.687™"

REGKRE LRSS XILEL. Implications of the phylogenetic diversity indecies are same with Fig. 1. ""P<<0.001.
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Fig. 2 The patterns (Mean=SD) of phylogenetic dispersion (NRI and NTI) with and without species weighted abundance for woody
plants at different size classes in six habitat types at the spatial scale of 20 mx20 m. LS, Low slope; HS, High slope. Size classes:
Small, 1 cm<<DBH<5 cm; Middle, 5cm<DBH<15 cm; Large, DBH=15 cm.

overdispersion, NRI1<<0) (KI2A). #—SHEFi £
JE B 520 5 (AW-NRID R B, /MR ZROR A R  AE AR
WABFERAETRENASERE BENR (B
2B). ZEANRIFIAW-NRIZKRE: RUEIE FH (3
MRBFTE B 5 M PERE 7 U (20 mx20 m) b A i) 1
B SRk RBGE IR ALK, 1 H KRG AR AR

MARGR BRI miA . S B3
ET L ANMEREYD; HRR ARG
R R G B 2 FEVEAE R A S5 IR R R DL B
FEMERNE, RAA/MEGREZARS . B L
AB R M 2 R (R3).

MR AR R R K BHEHMNTYE, Kit
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#3 YIFZEMNSBZHINRIFINTI (mean + SD) % FREME FEH Tukey % ELLE
Table 3 Tukey multi-comparison for NRI and NTI (mean=SD) with and without species weighted abundance among different
DBH size classes and habitat types.

B 129 Size classes
Habitat DBH=15cm 5cm<DBH<15cm  1cm<DBH<5cm  DBH=1cm
I IR] SR 40O0 R 4L ¥4 Valley -0.81+0.70% -0.25+1.00% —-0.21+0.73%8 -0.57+0.82"*
Net relatedness index (NR) -y Lowslope ~ -0.87+1.37% ~0.66+0.91% 0,570,697 ~1.16+0.88"
wi High slope -0.9040.52% —0.6310.98* —0.62+0.52482 —0.7940.48"
=i Gully -1.33+1.03* -0.26+0.76"® —0.53+0.594% -1.10+0.76"
¥ Saddle -0.91+1.10% -0.67+0.91% 0.30+£0.42% -0.51+0.69"
I Ridge -1.21+1.05" -0.68+0.76" -0.81+0.83% -1.23+0.63"
Wi 2 EOMALF R ERZOCR I Valley -0.81+0.61%" -0.14+0.71% 0.1940.37% -0.0140.46"
fb%%] dance weighted net relat- &3 Low slope -1.13+0.81* -0.79+0.58* -0.68+0.71% -1.0140.22°
edness index (AW-NRI) i3 High slope —0.87+£0.40% -0.52+0.69* -0.62+0.24% -0.75+0.26°
=i Gully -1.48+0.54" -0.19+0.58* —0.46+0.29°% -0.78+0.20°
#i Saddle -0.68+£0.71" —-0.43+0.59% 0.31+0.40% -0.13+0.36"
I Ridge -1.19+0.81% -0.46+0.29" -0.87+0.45% -0.78+0.20°
BRI B) SR 25 00 R IR AL ¥4 Valley -0.2440.73% 0.20+0.6975 1.04£1.00" 0.6440.85"®
Nearest taxon index (NTI) fiK4 Lowslope  —0.18+0.66% —0.0440.82°% 0.3640.90" 0.1640.93*°
3% High slope —-0.15+1.04"° 0.77+1.17 0.98+0.70 0.53+0.5748
=i Gully —0.64+1.44" 0.24+0.78"% 1.0040.57" 0.39+0.95"®
#i Saddle -1.25+1.09" -0.72+0.68% 0.71+0.82* —0.35+0.94°
I Ridge —0.4941.38*" 0.90+0.76" 1.43+0.78" 0.93+0.64*
Wi 2 AL BRI Ab (a5 2 IKIE Valley -0.31+0.73% 0.64+0.85% 0.6340.66"% 0.2540.53%¢
zébf‘ffce weighted nearest i3 Low slope -0.674£0.73% 0.1640.93%% 0.5240.34"% —0.0340.625¢
taxon index (AW-NTI) i3 High slope -0.364+0.84%" 0.53+0.57%% 0.924+0.417% 0.5140.40"®
#vA Gully -0.83+£1.00" 0.3940.95% 0.9040.58% 0.24+0.89%¢
#i Saddle -1.04+0.57% —0.35+0.94% 0.07£0.79% -0.41+0.71°
I Ridge —0.564+1.19*" 0.93+0.64" 1.14+0.55" 0.92+0.62*

HUH G B RS S B RN AR 35 5 SR S — R VR (K52 NG FRER R AR GO A R AR 58 R i . R M K-F 9P = 0.05. I T3ET
DBH=1 cmi T A AMMARER QAR R /MR, 5 IBAEAE BARSRITAKE F 5 A R g #h AT 2 E L

The up case alphabets after the values represent effects of habitat heterogeneity on phylogenetic indices at a DBH size class. The low case alphabets
indicate effects of DBH size classes on the indices in a habitat type. Significant test at the level of P = 0.05. Multi-comparison between DBH=1 cm

and the other three DBH size classes are ignored because of autocorrelation.

WARAAEY A SR T R K E RKBL, M.
INE G G R RAE LT A AR S s i T
RGR B REE2C), X752 R Fh 2 FE )
S JE (AW-NTI) A BT 9855 (0 AR R AR A b i e 2
(K2D). ZEENTIFAW-NTISRE, UGS Hly b
TN AR T V& 7E IR KPR T B SR A IR 4
FRZE A, B — 2 S (B an ot sl & 43 30) vl R B A A
ST 2 (A TR ARG AT SR ) T SR A
BrIFR . Ak, BEIE R AMERR B R
IEYM RGRE Z R R AR
REMZER, MRELFEE FIFELE & PR %
KR

4 +1ig
41 MFMEEMNSBENRGEE SHEMEREZ
Rt

MPDHIMNT D £ S HARAEAL RS FE HINR AN
NTIUE vz 8 TRt AR 25 RGBT A B 0T 7824
i (Castro et al, 2014; Chamberlain et al, 2014), Jt
TE I FRARTE VR o 4% 52 75 Bk (Webb, 2000; Pool et al,
2014; Yang et al, 2014; Erickson et al, 2014). {H/&,
VIAEWT 78 2 2k T W) A e e 0 b I 5 75 SR v SRR
% RGRE 2R, MBS A TR T YR 2 N
BUE FE VK R 40K B 4514 (Feng et al, 2015) . AL
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T T AT L b R AR AN R AR e BRI VR AL T RL B
PR 3 AT AT AN R4 K B 2 IR RN
520 (s il B BTG RE ) o 2 SRR ILAE X T
AW-MPD, K% [E¥#h % 45 B I MPD fis #35 &%
WEfh T RAKE M. REYFHINMERE
/NMERRFEER MG INH R . BEERHIIKR,
KPR ZE IR WSS, P B BTG o . [FIFEH, 7E
KA R L H AW-NT B AFFE A A INAL T HO 2
HRGERE 2RISR . LR BN
R AR B, ASEIRR R 2 R 22 e W, LN
WHERBZEE R, FEAE 40 T INnT (S (Lasky et
al, 2014). A TR AN 2 BN R4t K
B2 TR RR, 1 inFeng®%(2015)FI F 2L+ £ B n
B INRIMINT R E R 7R AR B V% RGEK B 46
M. [HF—RIZE, £, PRERE L, M2
JE AL A5 75 5 MINTDATNRI ) S0 #1588/, 3% 7]
Ae T XN REEEIE R 5K F H ik
7] T FH 27 2 ¢ F B NS 326 %) 47) o 5 42 T e L 1)
Z ¥ RN, Yang&E(2013)7E PU AU 4520 ha K
Hh (R BIF F 4 RS A — 2.

Ak, IEH V2 RAKE ZFEVERRPREA S
FHRIE I, HRX AR R 2 B> 5 AR 1 45
PR AR E L L. #la, F78
19824 47 Hi Y Rao’s T %1 (Rao, 1982) 5 AW-MPD
THEITESTE A, AR T LA RGK
B R AR R I (D RSk B R N0), H
KR RS B2 SR, IR A St 45 77 AR
(Swenson, 2014). F4b, & — LT YFh R BE
BUEA (1 Bz S0 ) 8 % (T A 2 RS0 K 6 IR B 5 FE)
MRGEKE 2T B4 o B 4l Helmus 55
(2007)$2 1 T R G K B VAP AL 7 5 2 (phylogenetic
species variability, PSV). R4k B YR 2 TR
(phylogenetic species evenness, PSE)LA K R K H
YiFh % £ $5 41 (phylogenetic species richness, PSR).
{HRIX TR e SR RS K B W% T 5MPD
A AW-MPD 17 1£ B # I #: 5 % & (Vellend et al,
2011).

4.2 RIFIRHHLIMMEEE R R L EHEN

UG 471 1L HE T AR 20 mx20 mAE 77 REREVE
HBAAEANFARERE FILFHERGKE KB
(NRI<0), HmH., MERERGEKEKRS
U R & s W AR v A R E X PSR R

(1RG0 K B ¥ JR A (Yang et al, 2013) . {H A&, 7EH.
AN INEE A= Rk s A U T =T 2
KA PR EAE—I(NTI>0), £ K12
JXRE T T AR SR 2t 5 M0 6 1 9 P 3R 4 41 R
(NTI<0). RIMH 2, BEEBEARARED IR TIY
K, BEEMEBER T RAKE K, X 5Swenson
S5 (2012) 7 H S PN Fy AR I FE 4 12— B

B Ffe, REAE T TR EA REK
F 4 & AL AR 57 1% (Donoghue, 2008; Cooper et al,
2010), Rl RS K G B G AT A e+ A=
B 38 1 2 A A AL (Swenson, 2013).  [7] B 4 %5 5 il
2 Bl A A TR T A S e A7) B A T O B L
(Kraft et al, 2007). 052 Ui 7E 5 Fe A UE U4 47 1L 1
AR, BRI AR, Tl o AN E] 55 4 T3
U, FEGEK I Z YR R R FERAEIK, B
MG H RGK B KBRS LSS, VM
GBI RN B, REGER B A SRS 1S
R 2 AL B ST RE ) 5N o A sE g Dy o T H
flppdh, HAFERM S X RAKRKERE. XAhE
SETER T 1% DU RL, 7o F R BRSSO
& BT 35 R % FE RN el A K R R R 2
— o SRUEIE T 1L Hh R AR A RS0 K B A AL OR
SFHIETRHE PN RERN ARG RKERES
(phylogenetic signal)i#E47 465 .

BEAR, JRUEIEHHS LU AREEVE RA R B 21
PEEANFRIRAERRE FMHAZR. ARAA,
1£20 mx20 mif 5 N, AEA1E H (biotic interaction)
RIMERE RA KB R EZEREE(Zhu et al,
2015). {HFRATHIT T8 A IAE - IAH X 205 00 1L AR
55, PR g (habitat filtering) T gt 2 5 BEI& 14
o FONTER P Z AN T, A EE R
fih AR 3B WD i B TR Gop e T A AR A
AL, BT R FA RS, fEX PR KR
RIEAMUA T DL g M A k. (B2, FH5R
o IR I I S BOR G A IR Y PP R A — il
T X PRI — i I AE R REE (100 mx100 mE
FEHOR) H AA U] AR5 57 5 Ik B (Kraft et al,
2007; Andersen et al, 2014).

43 BESRE

% SCF) FH 4 U 0 A 1 b R AR K RE Hb P 3B
1 hatfth MG R E A 1R PR KT 1Y
RGKEW, BESHAERHhFAE T TN MR TE A
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M RGKE Gkt . (R BHEAAAE 2 AN E SR
WE BRI E . 7R R AL T R4 EE),
IR TR A 2 R G0 R B W I H BT 2 b R B RRIX
Sy iie, H eI B AL 2 X B i 2 Fh AT X
SRR T X R G K B M (Losos, 1994), {HIX %R
R RIE R AR B B (MNTD) A H bRl
FREL(NTI)H7 R — 52 MR 22 o R E A R SR 0604 A Hb
RAFEYI MK R GR B RO TR € B AR
RAREB LM EE, [EEPRNE, R
KFEHARAFEYIDNAN T H 7T & 58, #ENT5
VERCRY B, IXK45 Jim 2L it 91 B8 e IR S kit o

A3 Y 3P AR B AT AN 2 3 22 S A (7
SE, 2015)HHTHEE ARG B &, BARFTIE
FE AL FE I UE IR 60 halli] 5 e WA 1 o (10 248 K358 43
TrEAR MWW Fh (> 90%), 1H H T 1 AL AH X BN,
IR SAEARFTAE EH PR % « FI 60 halfl e M e
I A A oy A B s A 7] 5 TR RUE 48 7R BT
[RGB &0 [ SR 2 S, R [R] I 2 7= A= 5
ZHELAX P MR GFN 2 K. MhAh, RIS Tty
Ly Rt TR AR A AR AR i 42 KN NI e ks
NG, 3% 2 — PiokE me A A A A 8 A AR X
TR A A Ao 21 SRR AN A B TP s 45 e e
BT (9] T 5 3 ) B A 42 5 4 ) R 1 o Ak g
Z/NF5 emik15 cm. A BEVIE IR R L2
AR 2l R BEVE RGUR B 2 K1 45/ R F8 20
RN, SRT VR RAKR B 452 A Bh SR E K AR
KRR LLIRNITT o

st RGP A AL i R 0 K M IR A AL A
IHE, BT, AL ITAGENLR. B
Fakart L RKeAEEN T RAREMNAMERE
HEFRERLEH .
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MisR1 IBRIRIEIC AT LIRS/ hati i AR B REFENTEANEYER. BFIRTYMERNMERREFEE,
ORTAEE. RTHNEEAPG IHERRFE—H. MR 1 cem<DBH<5 cm; FELHK: 5 cm<DBH<15cm; A12%%: DBH
=15cm.

Appendix 1 A checklist of trees and shrubs at different size classes in the three 1 ha plots of the Jianfengling tropical montane rain-
forest on Hainan Island. Number of 1 in a size class means species exists at this corresponding size class scale, whereas 0 means
species can not be found in that size class. Family names are consistent with those in APG III taxonomic system. Size classes:
Small, 1 cm<<DBH<5 cm; Middle, 5cm<DBH<15 cm; Large, DBH=15 cm.
http://www.biodiversity-science.net/fileup/PDF/2016054-1.pdf
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Appendix 1 A checklist of trees and shrubs at different size classes in the three 1 ha plots of the Jianfengling tropical montane rain-
forest on Hainan Island. Number of 1 in a size class means species exists at this corresponding size class scale, whereas 0 means
species can not be found in that size class. Family names are consistent with those in APG III taxonomic system. Size classes:

Small, 1 cm<<DBH<5 cm; Middle, 5cm<DBH<15 cm; Large, DBH=15 cm.
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Scientific name

thChh 44
Chinese species
name

LIV EEEA
Chinese family
name

RTHA

Family name

124% Size classes

TS

Small Middle Large

Acer laurinum Hasskarl

Acronychia pedunculata (Linnaeus) Miquel
Adinandra hainanensis Hayata

Aidia canthioides (Champion ex Bentham) Masamune
Allomorphia balansae Cogniaux

Alseodaphne hainanensis Merrill

Alsophila podophylla (Hook.) Cop.

Alstonia rostrata C. E. C. Fischer

Altingia obovata Merrill & Chun

Antidesma maclurei Merrill

Antidesma montanum Blume

Apodytes dimidiata E. Meyer ex Arnott

Aquilaria sinensis (Loureiro) Sprengel
Archidendron clypearia (Jack) I. C. Nielsen
Archidendron lucidum (Bentham) I. C. Nielsen
Archidendron utile (Chun & F. C. How) I. C. Nielsen
Ardisia densilepidotula Merrill

Ardisia quinquegona Blume

Ardisia virens Kurz

Artocarpus styracifolius Pierre

Beilschmiedia glauca S. K. Lee & L. F. Lau
Beilschmiedia intermedia C. K. Allen
Beilschmiedia laevis C. K. Allen

Beilschmiedia tsangii Merrill

Beilschmiedia tungfangensis S. K. Lee & L. F. Lau
Blastus cochinchinensis Loureiro

Breynia rostrata Merrill

Bridelia balansae Tutcher

Calophyllum membranaceum Gardner & Champion
Camellia caudata Wallich

Canarium album (Loureiro) Raeuschel

Canthium simile Merrill & Chun

Carallia brachiata (Loureiro) Merrill

Carpinus londoniana var. lanceolata (Handel-Mazzetti) P. C. Li in P. C.

Li & S. H. Cheng
Castanopsis carlesii (Hemsley) Hayata
Castanopsis fabri Hance

Castanopsis fissa (Champion ex Bentham) Rehder & E. H. Wilson
Castanopsis hystrix J. D. Hooker & Thomson ex A. de Candolle
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Rutaceae
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Lauraceae
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Calophyllaceae
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Scientific name Chinese species Chinese family ~ Family name N o x
name name Small Middle Large

Castanopsis jianfenglingensis Duanmu IR Vg U 7o H5} Fagaceae 1 1 1
Castanopsis ledongensis C. C. Huang & Y. T. Chang SRR o HR} Fagaceae 1 1 1
Castanopsis tonkinensis Seemen AN FViE G Fagaceae 1 1 1
Chassalia curviflora (Wallich) Thwaites LETE H R Rubiaceae 1 0 0
Chassalia longifolia (Hook.f.) K.M.Wong R LR H R Rubiaceae 1 0 0
Chionanthus ramiflorus Roxburgh i RIDiN ) KR Oleaceae 1 1 1
Cinnamomum burmannii (Nees & T. Nees) Blume Vi FaFt Lauraceae 1 1 1
Cinnamomum parthenoxylon (Jack) Meisner o Rk} Lauraceae 1 1 1
Cinnamomum rigidissimum Hung T. Chang YR Rk} Lauraceae 1 1 1
Cinnamomum subavenium Miquel gigis R Lauraceae 1 1 1
Clerodendrum kwangtungense Handel-Mazzetti I N JETERL Lamiaceae 1 1 0
Cleyera obscurinervia (Merrill & Chun) Hung T. Chang Raik4rik bt hHIAF} Pentaphylacaceae 1 1 1
Cryptocarya chinensis (Hance) Hemsley B 7kt FER} Lauraceae 1 1 1
Cryptocarya chingii W. C. Cheng sk 7 FaFt Lauraceae 1 1 1
Cyclobalanopsis blakei (Skan) Schottky BT X 7o 3 FE} Fagaceae 1 1 1
Cyclobalanopsis edithiae (Skan) Schottky EREHNX 7o H5} Fagaceae 1 1 1
Cyclobalanopsis fleuryi (Hickel & A. Camus) Chun ex Q. F. Zheng IREET X Fo R Fagaceae 1 1 1
Cyclobalanopsis hui (Chun) Chunex Y. C. Hsu & H. W. Jen HAHM G Fagaceae 1 1 1
Cyclobalanopsis neglecta Schottky THE X G Fagaceae 1 0 1
Cyclobalanopsis patelliformis (Chun) Y. C. Hsu & H. W. Jen AT X 7o 3B Fagaceae 1 1 1
Cyclobalanopsis phanera (Chun) Y. C. Hsu & H. W. Jen SE X 7o 3B Fagaceae 1 1 1
Dacrycarpus imbricatus (Blume) de Laubenfels var. patulus de

Laubenfels X ER TSR Podocarpaceae 1 1 1
Dacrydium pectinatum de Laubenfels Fiti s8¢ B Podocarpaceae 1 0 1
Daphniphyllum calycinum Bentham -HH ZAkAF} Daphniphyllaceae 1 0 0
Daphniphyllum paxianum K. Rosenthal KR R ZAEAE Daphniphyllaceae 1 1 1
Dasymaschalon rostratum Merrill & Chun 5 S SRR AL A Annonaceae 1 1 0
Decaspermum montanum Ridley WIS TR ARG IRAL Myrtaceae 1 1 1
Dendropanax hainanensis (Merrill & Chun) Chun NS FumE Araliaceae 1 1 1
Dillenia turbinata Finet & Gagnepain KAC A S TR SRR Dilleniaceae 1 1 1
Diospyros eriantha Champion ex Bentham R i} Ebenaceae 1 1 0
Diospyros morrisiana Hance B A it Ebenaceae 1 1 1
Diospyros potingensis Merrill & Chun PR Al Fi} Ebenaceae 0 1 0
Diospyros susarticulata Lecomte Tk A A FiiiFt Ebenaceae 1 1 1
Dysoxylum hongkongense (Tutcher) Merrill RISV Bt Meliaceae 1 1 0
Ehretia longiflora Champion ex Bentham KIEJE TR HRER Boraginaceae 0 1 0
Elaeocarpus dubius A. Candolle ok g% FEHER Elaeocarpaceae 1 1 1
Elaeocarpus howii Merrill & Chun B EAL FLER Elaeocarpaceae 1 1 1
Elaeocarpus nitentifolius Merrill & Chun HEE FEER Elaeocarpaceae 1 1 0
Elaeocarpus poilanei Gagnepain VAL 5 FLoER Elaeocarpaceae 1 1 1
Elaeocarpus sylvestris (Loureiro) Poiret g FLoER} Elaeocarpaceae 1 1 1
Endospermum chinense Bentham B A KEEE Euphorbiaceae 1 1 1
Engelhardia roxburghiana Wallich Hid HABKEL Juglandaceae 1 1 1
Engelhardia spicata Leschenault ex Blume =Mt HABKEL Juglandaceae 1 1 1
Engelhardia unijuga Chun ex P. Y. Chen P HABKEL Juglandaceae 1 1 1
Eriobotrya deflexa (Hemsley) Nakai BIEHT R Rosaceae 1 1 0
Euonymus laxiflorus Champion ex Bentham Bide Lo PR Celastraceae 1 0 0
Eurya nitida Korthals 4145 4 hHIAF} Pentaphylacaceae 1 0 0
Ficus altissima Blume e ZF Moraceae 1 1 0
Ficus formosana Maximowicz [T FH Moraceae 1 1 0
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Scientific name Chinese species Chinese family ~ Family name N o x
name name Small Middle Large
Ficus heterophylla Linnaeus f. g 5} Moraceae 1 0 0
Ficus hirta Vahl HH I B Moraceae 1 0 0
Ficus tuphapensis Drake PR R Moraceae 1 1 0
Ficus vasculosa Wallich ex Miquel IR ZF Moraceae 1 1 1
Garcinia multiflora Champion ex Bentham NS TR Clusiaceae 1 1 1
Garcinia oblongifolia Champion ex Bentham VR LLAT T TR Clusiaceae 1 1 1
Gardenia hainanensis Merrill T R Rubiaceae 1 1 1
Gironniera subaequalis Planchon H KIREH Cannabaceae 1 1 1
Glochidion coccineum (Buchanan-Hamilton) Miiller Argoviensis AHET R Bk} Phyllanthaceae 1 1 1
Glycosmis cochinchinensis (Loureiro) Pierre LA =HE Rutaceae 1 1 1
Glycosmis ovoidea Pierre B AU =HE Rutaceae 1 0 0
Gomphandra tetrandra (Wallich) Sleumer ez A AR Icacinaceae 1 1 0
Hancea hookeriana Seemann HH 5T A KAt Euphorbiaceae 1 1 1
Hedyotis cathayana W. C. Ko HpAEE R PR Rubiaceae 1 0 0
Helicia cochinchinensis Loureiro ANFLJERR R AR F Proteaceae 1 1 0
Helicia hainanensis Hayata R LR AR R AR FY Proteaceae 1 1 0
Helicia longipetiolata Merrill & Chun KA LR AR LR AR F Proteaceae 1 1 0
Heliciopsis lobata (Merrill) Sleumer THER L R Proteaceae 1 1 0
Heynea trijuga Roxburgh Ty Rk Meliaceae 1 1 0
Homalium paniculiflorum How & Ko PRV N BE Salicaceae 1 1 0
Ilex cochinchinensis (Loureiro) Loesener R AT AR Aguifoliaceae 1 1 1
llex crenata Thunberg w45 ES=ps Aquifoliaceae 0 1 0
llex ficoidea Hemsley M 455 ES=ps Aquifoliaceae 1 1 1
Ilex goshiensis Hayata BRAHE ZHE} Aquifoliaceae 1 1 1
Illex kobuskiana S. Y. Hu Mk AE ZHE Aquifoliaceae 1 1 1
Ilex kwangtungensis Merrill JTHRAE AHR Aquifoliaceae 1 0 0
llex nuculicava S. Y. Hu HEAH AHR Aquifoliaceae 0 0 1
llex pubescens Hooker & Arnott EAH AR Aguifoliaceae 1 1 1
Ilex subficoidea S. Y. Hu PR A AR Aguifoliaceae 1 1 1
Illicium ternstroemioides A. C. Smith B R\ FkTE Schisandraceae 1 1 0
Ixora nienkui Merrill & Chun Y EARAE PR Rubiaceae 1 0 0
Lasianthus chevalieri Pitard KA FHHR} Rubiaceae 1 1 0
Lasianthus curtisii King & Gamble JTHRA A R} Rubiaceae 1 1 0
Lasianthus hirsutus (Roxburgh) Merrill X5 PR AR P ER} Rubiaceae 1 0 0
Lasianthus lancifolius J. D. Hooker E3CiLIPN P ER} Rubiaceae 1 0 0
Lasianthus rhinocerotis Blume B PEER} Rubiaceae 1 0 0
Lasianthus trichophlebus Hemsley R A H R Rubiaceae 1 1 0
Licuala hainanensis A. J. Henderson 15 F A FEAEEL Arecaceae 1 0 0
Lindera kwangtungensis (H. Liu) C. K. Allen T~ 2R AR Faft Lauraceae 1 1 1
Lindera nacusua (D. Don) Merrill 2B L HAR vl Lauraceae 1 0 0
Lindera robusta (C. K. Allen) H. P. Tsui TRERE LLSH A Rk} Lauraceae 1 1 1
Lirianthe championii (Bentham) N. H. Xia & C. Y. Wu HUEAR ARZF Magnoliaceae 1 0 0
Lithocarpus amygdalifolius (Skan) Hayata U] G Fagaceae 1 1 1
Lithocarpus fenestratus (Roxburgh) Rehder Ve A 7o 3B Fagaceae 1 1 1
Lithocarpus fenzelianus A. Camus AR 7o 3B Fagaceae 1 1 1
Lithocarpus hancei (Benth.) Rehd. st 75 o] 7o B Fagaceae 0 0 1
Lithocarpus handelianus A. Camus e 7o R Fagaceae 1 1 1
Lithocarpus howii Chun LG o] o8} Fagaceae 1 0 1
Lithocarpus longipedicellatus (Hickel & A. Camus) A. Camus LEST 7t 8} Fagaceae 1 1 1
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Lithocarpus pseudovestitus A. Camus EEE T 7o H5} Fagaceae 1 1 1
Litsea baviensis Lecomte KEARET FER} Lauraceae 1 1 1
Litsea elongata (Nees) J. D. Hooker wmPPAZET R Lauraceae 1 1 1
Litsea variabilis Hemsl. TR R FER} Lauraceae 1 0 0
Litsea verticillata Hance AR T FER} Lauraceae 1 1 1
Livistona saribus (Loureiro) Merrill ex Chevalier K 2% KRR Arecaceae 1 1 1
Machilus chinensis (Bentham) Hemsley RESEY FaFt Lauraceae 1 0 1
Machilus cicatricosa S. K. Lee Z5 A vl Lauraceae 1 1 1
Machilus monticola S. K. Lee SR T A vl Lauraceae 1 1 1
Machilus robusta W. W. Smith HHHE A FER} Lauraceae 1 0 0
Maclurodendron oligophlebium (Merrill) T. G. Hartley ey =HE Rutaceae 1 1 1
Madhuca hainanensis Chun & How R IR B} Sapotaceae 1 1 1
Manglietia fordiana var. hainanensis (Dandy) N. H. Xia R AE A=A Magnoliaceae 1 1 1
Melastoma penicillatum Naud. LRI ST By PR Melastomataceae 1 0 0
Melicope chunii (Merrill) T. G. Hartley MR N =ER Rutaceae 1 1 0
Meliosma angustifolia Merrill B AR TH AR Sabiaceae 1 1 1
Meliosma rigida Siebold & Zuccarini EPT 5 R R Sabiaceae 1 1 0
Meliosma squamulata Hance I FE AR T KU Sabiaceae 1 0 0
Memecylon ligustrifolium Champion ex Bentham FAVN B R Melastomataceae 1 1 0
Michelia balansae (Aug. Candolle) Dandy RS A=A Magnoliaceae 1 1 1
Michelia mediocris Dandy SR A=A Magnoliaceae 1 1 1
Microcos chungii (Merrill) Chun AR HRZERL Malvaceae 1 1 1
Neolitsea cambodiana Lecomte BHmAZT AR Lauraceae 1 1 0
Neolitsea ellipsoidea C. K. Allen HEREAEZT R Lauraceae 1 1 1
Neolitsea oblongifolia Merrill & Chun KEMHAZT HE Lauraceae 1 1 1
Neolitsea ovatifolia Yen C. Yang & P. H. Huang R EZ T R Lauraceae 1 1 0
Neolitsea pulchella (Meisner) Merrill EMAZT R Lauraceae 1 1 1
Nephelium topengii (Merrill) H. S. Lo T T ETF Sapindaceae 1 1 1
Olea brachiata (Loureiro) Merrill TEAR R ARRE Oleaceae 1 1 1
Olea tsoongii (Merrill) P. S. Green ZERARM KRR Oleaceae 1 1 1
Ormosia balansae Drake Kfa s TR Fabaceae 1 1 1
Ormosia fordiana Oliver Ji[eE/ 34N X Fabaceae 1 1 1
Ormosia semicastrata Hance WFEAY X Fabaceae 1 1 1
Ormosia xylocarpa Chun ex Merrill & L. Chen KL G 2R Fabaceae 1 1 1
Osmanthus didymopetalus P. S. Green KA R N Oleaceae 1 1 1
Osmanthus marginatus (Champion ex Bentham) Hemsley BILARR ARRE Oleaceae 1 1 0
Parakmeria lotungensis (Chun & C. H. Tsoong) Y. W. Law SRR A S R 22 R Magnoliaceae 1 1 1
Pentaphylax euryoides Gardner & Champion FEIA FHAIAE Pentaphylacaceae 1 1 1
Pertusadina metcalfii (Merrill ex H. L. Li) Y. F. Deng & C. M. Hu METS L EA/N PR Rubiaceae 1 1 1
Photinia prunifolia (Hooker & Arnott) Lindley B A TR Rosaceae 1 1 1
Pinanga baviensis Beccari AR 1 AR AR R Arecaceae 1 1 0
Pittosporum perryanum Gowda S5 LR AR AR AEF Pittosporaceae 1 1 0
Platea latifolia Blume il - 1 AR Icacinaceae 1 0 0
Platea parvifolia Merrill & Chun RITH M AR Icacinaceae 1 1 1
Podocarpus neriifolius D. Don in Lambert HH# B Podocarpaceae 1 1 1
Polyalthia laui Merrill R T Bk Annonaceae 1 1 0
Polyosma cambodiana Gagnepain EZ- N B B Escalloniaceae 1 1 1
Polyspora hainanensis (Hung T. Chang) C. X. Ye ex B. M. Bartholo-
mew & T. L. Ming NSNS S e} Theaceae

-
= e
N

Pouteria annamensis (Pierre) Baehni i LR} Sapotaceae
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Prismatomeris tetrandra (Roxburgh) K. Schumann VRS =L PEERL Rubiaceae 1 1 0
Psychotria asiatica Linnaeus JUE PEER} Rubiaceae 1 1 1
Psychotria straminea Hutchinson KLY PEER} Rubiaceae 1 0 0
Psydrax dicocca Gaertner (&K= R Rubiaceae 1 1 1
Pygeum topengii Merrill RERA R Rosaceae 1 1 1
Pyrenaria jonquieriana Pierre ex Lanessan subsp. multisepala (Merrill

& Chun) S. X. Yang ZERH ITp S Theaceae 1 1 1
Reevesia lancifolia H. L. Li SR E LR Malvaceae 1 0 1
Reevesia thyrsoidea Lindley PIRE LR Malvaceae 1 1 1
Rhaphiolepis ferruginea F. P. Metcalf FHEAPEA R Rosaceae 1 1 0
Rhodamnia dumetorum var. hainanensis Merrill & L. M. Perry R BURA Be& iR Ft Myrtaceae 1 0 0
Saprosma crassipes H. S. Lo JEA A PR Rubiaceae 1 0 0
Saprosma merrillii H. S. Lo B YA PR Rubiaceae 1 0 0
Sarcosperma laurinum (Bentham) J. D. Hooker e e Sapotaceae 1 1 1
Schefflera heptaphylla (Linnaeus) Frodin 3 58 Fhngk Avraliaceae 1 1 1
Schima superba Gardner & Champion At e} Theaceae 1 1 1
Schima wallichii (Candolle) Korthals AV N ) e} Theaceae 1 0 1
Scleropyrum wallichianum (Wight & Arnott) Arnott Tt % AR Santalaceae 1 1 0
Sloanea sinensis (Hance) Hemsley X - FLoeft Elaeocarpaceae 1 1 1
Sterculia lanceolata Cavanilles (&2 HZER Malvaceae 1 0 0
Symplocos adenophylla Wallich ex G. Don Mt A AR Symplocaceae 1 1 1
Symplocos anomala Brand Al KN LA Symplocaceae 1 1 1
Symplocos congesta Bentham A LWL LA Symplocaceae 1 1 1
Symplocos glauca (Thunberg) Koidzumi FEEHR LA} Symplocaceae 1 1 1
Symplocos hainanensis Merrill & Chun ex H. L. Li R LA L} Symplocaceae 1 1 0
Symplocos lancifolia Siebold & Zuccarini S L LR} Symplocaceae 1 1 1
Symplocos poilanei Guillaumin MAE LR LR} Symplocaceae 1 1 1
Symplocos pseudobarberina Gontscharow 2l WLt Symplocaceae 1 1 1
Symplocos sumuntia Buchanan-Hamilton ex D. Don Ll LR} Symplocaceae 0 1 0
Symplocos viridissima Brand S LR AR Symplocaceae 1 1 1
Symplocos wikstroemiifolia Hayata R LR AR Symplocaceae 1 1 0
Syzygium acuminatissimum (Blume) Candolle ik B iR At Myrtaceae 1 1 1
Syzygium araiocladum Merrill & L. M. Perry 2R Bk B & iR At Myrtaceae 1 1 1
Syzygium buxifolium Hooker & Arnott i Be &R Ft Myrtaceae 1 1 1
Syzygium championii (Bentham) Merrill & L. M. Perry Tk Be& iR Ft Myrtaceae 1 1 1
Syzygium claviflorum (Roxburgh) Wallich ex Steudel HE AL Bk B iRt Myrtaceae 1 0 0
Syzygium globiflorum (Craib) P. Chantanaranothai & J. Parnell 2k Bk & IR Myrtaceae 1 1 1
Syzygium hancei Merrill & L. M. Perry AR B & IR ARk Myrtaceae 1 1 1
Syzygium jienfunicum Hung T. Chang & R. H. Miao RUETHHE e iR At Myrtaceae 1 1 0
Syzygium tephrodes (Hance) Merrill & L. M. Perry J5 Bk B & dR At Myrtaceae 1 1 0
Tabernaemontana bufalina Loureiro RN IR JATBE Apocynaceae 1 0 0
Tarenna lancilimba W. C. Chen Pesrmt g OA PR Rubiaceae 1 1 0
Tarennoidea wallichii (J. D. Hooker) Tirvengadum & Sastre W% R Rubiaceae 1 1 0
Ternstroemia gymnanthera (Wight & Arnott) Beddome JE R TUBIARE Pentaphylaceae 1 1 0
Tetradium glabrifolium (Champion ex Bentham) T. G. Hartley PR S ZHE Rutaceae 0 1 0
Toxicodendron vernicifluum (Stokes) F. A. Barkley B BRI Anacardiaceae 1 1 1
Triadica cochinchinensis Loureiro TR ic| Kkt Euphorbiaceae 0 0 1
Turpinia montana (Blume) Kurz e A Ak Staphyleaceae 1 1 0
Viburnum punctatum Buchanan-Hamilton ex D. Don file TXE 35 hutgEfEF} Adoxaceae 1 1 1
Wikstroemia nutans Champion ex Bentham YHFSEAE S Thymelaeaceae 1 0 0
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Xanthophyllum hainanense Hu lugi) i E R Polygalaceae 1 1 1

Zanthoxylum avicennae (Lamarck) Candolle B TR =HE Rutaceae 1 1 0
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Distribution of species abundance of evergreen and deciduous woody
plants in the evergreen broad-leaved forests at Tiantong, Zhejiang

Xiaofeng Fang>?®, Qingsong Yang"®, Heming Liu*®, Zunping Ma*3, Shu Dong*?, Ye Cao®®, Mingjiao Yu-
an™®, Xiyang Fei'?, Xiaoying Sun*?, Xihua Wang"*"
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Abstract: Species abundance distribution (SAD) delineates abundance of all species sampled within a com-
munity. As one major stepping stone in understanding the community, the generation mechanisms of SAD
have attracted much attention. Evergreen and deciduous plants are two types of species with distinct pheno-
logical traits and growth strategies. They widely coexist in evergreen broad-leaved forests (EBLFs). Com-
pared to deciduous plants, evergreen species have slightly lower species richness but substantially higher
abundance and basal area in the 20 ha EBLF plot at Tiantong. This study independently analyzing their SAD
characteristics provided a new perspective on the understanding of species diversity maintenance in EBLFs.
Therefore, in order to compare SADs and determine reasons for differences, an empirical cumulative distri-
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bution function (ECDF) was utilized to describe the SADs of evergreen and deciduous trees in Tiantong plot.
A Kolmogorov-Smirnov test (K-S test) was employed to detect the significance of these differences. Addi-
tionally, three types of models, including statistic model (log-normal model and log-series model), niche
model (broken-stick model and niche preemption model) and neutral theory model (metacommunity ze-
ro-sum multinomial distribution model and Volkov model), were used to fit the SAD of each lifeform. The
K-S test and AIC values were applied to test the goodness of fit for each model. We found that the differences
in SAD between the two life forms were not significant based on the results of the K-S test. Among the three
types of models, the neutral theory model was the best fitting model, and the niche model was the poorest fit.
Thus we conclude that evergreen and deciduous trees had similar SAD patterns, although they differed in
species richness and abundance. However, the model fitting results were found to be a necessary but insuffi-
cient condition in understanding the maintenance mechanism of biodiversity. Hence we may only preliminar-
ily conclude that neutral processes had a major effect on the generation of biodiversity patterns of both ever-
green and deciduous trees, whereas the possible contributions made by other processes, such as niche differ-
entiations, could not be excluded and measured by this method.

Key words: empirical cumulative distribution function; model fitting; neutral theory model; niche model;
purely statistical model; species abundance distribution
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ERONIR M ZER, (2) 1 F W E YN 2 oA %
H 2 PR R TR BRI A S 2 R T R & BT ANIAL

RS e R H20 hatk 43 i HAORE D Y 4k
SRR A 2 FE 43 A M 20 2R AT LLEL, DA IR
BT A2 S MR T 6 H A AR AL
T2 EHIEHATIE, B A b g 5
- 22 B o A 6 JR 8 I B AR S 2 i 72 I I e ()
R ORIR NI AR B H 2k R AR P AR 2 BEE
YERFHLI PR AL LA o

1 MR5RE

1.1 fARXEBR

Bt SCAE HA T Wi R 38 [ AR AR A Il P, B S
TUETTX28 kmo X35 A S A5 Ay B 1 By 22 X
WA, BERAEZW, LFEATHROAKEME
FES, 1995; Wang et al, 2007). AR¥E T i 17 #04N [X <,
FUG L, AR N16.2°C, HFH A
5% H il B ELPET H (PR E28.1°C) fIL H ((F3%)
L E4.2°C) . XN EKENL374.7 mm, £
FAEh TR I5-8 H (R7K B M EA£ K, 1995).

12 #HHMMELISEE

RE 20 ha'h 2 i it AR 30 25 I DU RE M 22 Bl T
20104, o7 T AR AR 4 [l 19 1% 0 X 380(29°48.817" N,
121°47.116' E). FEhN BB AR B, KE
R, TR o T B S AR (1 ER A A6
2011; ARk E%, 2015). FEAFEHIZARFEES500 m,
A6 55400 m, HUEHCNE A (MR FASE, 2011).

FEHB PN A 42 (DBH) = 1 cmA AR 15
SSTE M, PR A= AR, ARl
ATTHERE O P R AR AR (7 R 55, 2011) . 7E20104F 1
A, il R BIRA 1520, FIE51RI06)E, &
7194,6058k (177 IR AA S, 2011).

1.3 #ipERSEHM

AT IR 1524 A 2 rp, L HE T 79RE I 573
Pl SRR A (M RAA S, 2011) . BARE SR RPAE
YIRS BT A S I& R, (HEAE 2 E(8,6371
BR)« i 5 B T AH (42,9057 cm?) i B248(79.9) /7 T
H B BN E < LR/hali 6
BRI SLAS5M, ook 1A 37 R (B IR a4,
2011).

AR Z VR &, 5 AR 7K AT
XtE, 7% Ff(Shannon-Wienerdg % 3.250; Simpson
fe%: 0.936)ZLHH = T £&Fh (Shannon-Wiener & 44
2.906; SimpsonE%: 0.903) (kK FHHE), (HIFHk
PR 4] 9500120 m x 20 mIFIRE Ty FRIEAT X L,
EHETT P H S (1) 22 A5 1 D) 22 255 b oy T 9 P e
(Wilcoxfi 4, P < 0.001).

14 YIMZEIHEERR

W7 v AT DA B B R s )P I 22 B 40 A
WHEET, RRIEFEEG3M, Sl BEITE
% (histogram plot). 2 554K /3 i (rank abundance
distribution, RAD) LA J 52 A1 Z2 56 3 A7 K £ (empirical
cumulative distribution function, ECDF) (McGill,
2010). i H B 7 BNER RPN 2 Lo S, 7524
YRR EGIAT 4, SR AN R 43 20 77 s 52
B BT 2RI L RO & I f#BE (Gray et al, 2006).
RAD H1Whittaker (1965)#2 i, {F B xihE R Z &
(RS, yil— O B G 2 B 10715
WYIFh 22 BE 5y AT by TR RE, AR SRAFAE PR 7 T 1) )
A, BPEEAT H A FE I AR AE R HE DL AN R [ RAD
] A 5 EL#8E (McGill, 2010). 1 T-ECDF % 7 iRk
RAD I b ik £, 0 H: 2 58 18 1R 1 47 307 7% 1)
SAD[] % 7 (Matthews & Whittaker, 2015), X152
B T ABFRKPIHESRE(MCGIll, 2010). A SCHISRH
ECDFkE /R 4k Sk MM I 2 FE A kg =, I
) FH K-St 56 (Kolmogorov-Smirnov test)xf i & () %
e REAT UL
15 1RBVADIEEE

AR FF T 6FEE RN Sk 5 7 MK ) b
Z FERBAR AT, a0 WEOESER ., X4
AT AR . A S AL A o5 A (niche
preemption model) . & & #f & T Al £ 1 AL Y
(metacommunity zero-sum multinomial distribution
model, MZD model) EA & Volkov #& % (Volkov
model). A FT2MER AAig iR, FiE 24 A
ABAAER, a2 E T R e ER R R
151 ZhEZGiHER

(DX BUESHERL . fz 5. HiPreston (1948)#4 3 5]
N B PAf 22 2 o3 A A 98 24 b o AR R BOARE VR
WAIFRNMEBT T & IR AT, RIS HOES 2
Mo EREEVNMIRI 2 FEC/EA, WA
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ogip) + log(d) ® . 7] ' . y -1 ‘

Aj=e O 5 g ) ) .s(u)=7_[_,;”l|(\)(|-7) dy 5
R, W% IR EASS A R 2, OHTE pali— gl

A iz T T (n)s” 51 ©)

()X B RS AL o X B K oAt B I A
TEk = OFf FRIRFER B L, 1B JE A MAAFTE
Kb (Fisher et al, 1943; XIJ%A%E, 1995), AR H5 A5
T, BEE N Z AR S IR IR

S(n)=u—"

I (2)

A, af CGREFR M Z R, BT YR FEEE
I (McGill, 2010); X HH %0 < X < 1), Hif
IR /INE R (TR S, 2015).
152 HEBMRE

(L)W AR AR A o AR — R A SRS
PR B NI — SRR, B BNSE, AR
RAEBMHS IR 5 (MacArthur, 1957; FR4E
FESE, 2011) . AR B SRR 1) 2 S o FH 5w 4 g
JI¥ARAL, HAEREVE R B B (FR AR5, 2011,
TRONAE, 2015). # LAIR S BEIE A PR ()M A S 4,
MR B P 2 FEAR RN

S i=21,2,3...,9) 3)
Q)AL R, BRI E AR LG 5
FEVR SOk, Fh2 5 B R k(a-k) 4y, Fh3
PR SE 5 4 T kK2, R, EERA
GEVR TG vk 4k B2 4E RF 5 — AN W FR ) A A7 (Motonura,
1932; RS, 2011; FKOIAE, 2015). AR i
AR 2 FEATT RN N

A=A, (1-k)" i=1,23..,9) (4)

153 IR R

(V) EHEE T MZ IR 2B E HE—
FE UM 2 FE o Aok B T 1 25 B I BE AL
45 (Alonso & McKane, 2004). A sR AL HE T A
ZH BURE s NI IMARE Q) AR A A= ) 2 FEPE TR 2L
(fundamental biodiversity number, 6), XJ#u2 %05 4
At A2 AR 1) — AR5 (Hubbell, 2001), K bk i#5 &
LA SR AR R AL RIS A, AR NE
— U RN 2 BN BI RS T Rk

(2) VolkovBL A . iR LE A EVR IR A0 Fh 22 5
A, AT B AR R T 2 WU R N 1 ik
% Z % (immigration rate, m) (Volkov et al, 2003),
e I R BRI B A B VR 2 R 808 VR 1)
TR R (K4S, 2015). MRAEAEIAY, R
V& N 2 B2 Ini A ST 2o A

S g I'{y) y Din+y)  T{J-n+y-y) . _ﬂ &
S=0 T T+ /A r+y) o) “p( ” ]‘{ (7)
I'(z =fmr lerds
(Zy= L e ()
_ m(J-1)
1-m (9)

A, pRIRITH B R V& BN 2 (Volkov et
al, 2003; 7K44E, 2015).
1.6 IRBIUES MR

I AT K-SR 6 0] 155 2 P40 R R AT 50
iE. K-St e —FaES a0 7%, eisd &
PN BEAS 2256 43 A1 2 % (empirical  distribution func-
tion) 2 7] () 2 25 (SE i D) Sk HIk — & & A7 7E
BIESE o N T BN I ZAS I 7 T R T 4
1) B, R 591 3% T T 3 T bootstrap A5 UL 7 5 A K-S
646 (Sekhon, 2008), bootstrap )X v1,000% . 24P
< 0.05f, R IZIA LI

A B, FRATT I I At A 2. v U (Akaike in-
formation criterion, AIC)K LRI & IS .
AICHIE A7E T I 5 R A5 Y T 52 00 M 1 DB,
HE T AR L0 . — M, AICEUE RN, £
B G BRI A

B ¥ Ab B T FE 48 % T R-3.2.0 (R Core
Team, 2012). A, R A4l F sadsfifF 60 52 BY;
%= T-bootstrap ] K-St 5 ] F Matching 24 £, 58 ik o

2 #R

21 BREEMYMNZES S

HI R 3 P9 2 55 T R B R AR 56 20 A T
FN(E1), PIFEECDFE I —E RS, &
SAME LR RESE H, VR R A BT xR
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Table 1 Goodness-of-fit test of six models for the species-abundance distribution of evergreen and deciduous woody plants

A 3RS Life form 17 Model

AIC D P

WY
Evergreen species

S REZSHER Log-normal model

SRR BB Log-series model

WA Broken-stick model

LIS AR Niche preemption model

HEREEMZ AR Metacommunity zero-sum multinominal distribution model

VolkoviEZ! Volkov model

FHUEZBEA Log-normal model

FHE AR Log-series model

WrHEAF R Broken-stick model

ARG AR Niche preemption model

AR
Deciduous species

BEBKEMZ HAMAEA Metacommunity zero-sum multinominal distribution model

Volkovi&Z! Volkov model

1,047.339 0.096 0.875
1,038.469 0.164  0.257
515,693.701 0.425 <0.001
1,184.975 0.137  0.458
1,038.246 0.164  0.244
1,037.823 0.082 0.938
821.012 0.089 0.878
813.648 0.089 0.862
54244512 0316 <0.001
895.503 0.152  0.296
813.426 0.089  0.857
812.326 0.051  0.999

AIC: FRitbfE BHEN; D: K-S I geit & .
AIC, Akaike information criterion; D, Statistic of K-S test.

1.00 =

e
Deciduous species
.. B
" Evergreen species
2 075=
1=
§
k)
S
3 050+
R
m
H
25 -
] 0.2
e
= o
1 1 I I | T
1079 1074 103 1072 107! 10°

ZBEH 4 H % of abundance (log scale)

Ell XZE20 haB @AM MEEMAE 2 571 RR
KUENHERY . ELSEENAEETMSIMABUEL.
Fig. 1 The empirical cumulative distribution function of ev-
ergreen and deciduous woody plants in Tiantong 20 ha ever-
green broad-leaved forest plot. The dashed and solid lines are
fitted by local polynomial regression (LOESS).

T S A R EL ], H 85 A K-S e 45 SRR,
PARAETE B I ECDF 2 [A] 3F 6 i # 2 R (D = 0.210,
P =0.142).
22 BEREEMIMZESHHLNLE

PR K-SAG 6 485 S, i 26 A L A 2R v 17 AT A A
TUAMP < 0.001), HARS/MERUN & 4% 5 ¥ -4 Fh 1)
YIFh—22 BE AT B 2R LA T 2 (R L) . AN,

25 FHAICAE W7, 1545 AU X F 99 2 A= 1% B 4 ol
Z oA AR HET — 2, KU Volkov A
B> 5T 5 VR A0 22 TS 20 > o B R B5URE 20> %o 4
IEBBRS A BN AR (K1), TikextT
SRR SRR RN, X AR £ B S A A
SRR IA AT AN AL 2 8] ¥ 2 AR HE H /N (AICE 2
A 2 B koM 1.322) (R1). HE—B45 4 E2F )
PLA S RAT 1, A B S B (B S HUIL 2R 2)
DA K AN G2 A5 7 8 R 0% e o Hh UL A S R
VIRI RN 22 BE A0 AT, 1 A AR TR (40 R )
BON— M. PP S H08 BoR, BT
LRI, VEDFN A A R FR HORNIT
¥ 2 H(K2).
3 g

TR X R B 4 i I RORE b P i Sk 5 VR )
Tl W0 Fh 22 B o A7 b SR 04T X LL AN 23 #T, FRATT R
Pl EREEHL N )5 G5 VR AR LE )RR 22 R E A
B 7 T #AF E S [ R B 2 S (M BR A 2
2011), {H\WFP 2 550 A0 () £ B2 R B (K1), P&
AT 2 X, T EL I B e 0l A AR [ g v
WHIRL(RL, E2). bl HEsn, R XY e
R G R R R A SRR Z R OK, B
T FHE BV AR T R A A i
Al RE A

REFEHL A TN A b, A R L
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s 4R Neutral Model KRR Niche Model iR Statistic Model
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MFh & R 4% Species rank in abundance

e WA __ONEEAME  _ SHSEmN
Model Broken-stick model Log-normal model Log-series model
AR SRR . = Volkovif#l - HAWETNEZHAME
Niche preemption model Volkov model MZD model

E2 XE20 haBLEAMMEBARRSETIMBIMLELHREENE. WUERZLRERT.

Fig. 2 The species—abundance distribution and model fitting for evergreen and deciduous woody plants in Tiantong 20 ha evergreen
broad-leaved forest plot. Observed values are shown as open circles. MZD model, metacommunity zero-sum multinomial distribu-
tion model.

R2 PHERBNANBERSEHTIMNNIMZESHEYR

Table 2 Parameters of two neutral models in fitting the species—abundance distribution of evergreen and deciduous woody plants

AE A AR T 2 U Volkovigi
Life form Metacommunity zero-sum multinomial distribution model Volkov model
BEAZ PR BEAZ PR TR
Fundamental biodiversity number (6) Fundamental biodiversity number (6) Immigration rate (m)
HEEYIFh Evergreen species 7.872 11.163 0.023

V&R Deciduous species 12.118 14.119 0.248
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1246.8%, 111 W Zr A e B R Fb R G B 3L A A
H124.7%. VLANPETE R 2 7 A &+ 3
SR DRI, ST EE KRR 22 0 b B Y
KYFEIA B MUY 2 BEor AT, SR 17 RATTP
FAERI . BHARF, YR AR E R B EL
JEE 53 A EIEALAR [R]85 T AN L o i, SR gmAS
(2015) 7EXTH& [ Ll fid] - £LAA AR 25 hafi] s e A 1
MY Z B AT T ORI, BAREEAE T AR
1k, FEHB AR RO Z R A AN B
BRZESR, HRAFEZETEARZYIN 2 B34 (AR
RO & &5 TAZ AL, £ — @R E BRI [E 2
T L ASKE V) B Ve AT RE A B R 2 FEVEZE KR
KL . McEwanFIMuller (2011)7E R 57 35 H 4 L # 6
T ARRAR T AR 22 RV 1 2R 15 AR AN R A3
[F] — FRAREE V& N B ASAE 1) 2 4 1A% R JF R Bl 2=
TR B AR fE3RAE T @H . 6 HAIBH),
AR J 55 00 i KA 50 3 2t B AE W 4 A 1) B 48
R, WRNEARMEDBER 2R R
FERNE) ) FESE)EA R 2= A 3 B3 22 % o Al
WU X P A5 L AT R A EH T A IR KR B TR Y B,
TR W) () BB O 4 T L R KA 40 B (maximum
species packing), M Ifi {15 B A 4 B AR TE AR A
B RAAZEAE, 204 A6 AT 4E AL (McEwan
& Muller, 2011). K FFEHE P FIRRPR Ay LA 5 43t
WE AR, DRI TC 18 R AR 2 b 4 A0 I 35 1) )
T, 3 38 LB O A7 AE T I N ) A
() o A= 3% R4 P 1 A A R B AR 55 D7 TR AT RE S ©
SRR RS T, P DARDS P & AR SR 2l 2R EFR AR S T
A B 22 7, WA — 8 RO A 4k R LT 26 24
NG

Ak, AEEFMNEE R, BRAEARAES
FEPECINAMA RN IR 058 A& 125 1R I,
A B2 B S A o) (Ui 25 52 0 A7 ) V5 A2 IR R IR
PEWEHE 35 (Matthews et al, 2014; Matthews & Whit-
taker, 2015). 1411, MagurranfiHenderson (2003) %
I, TV BEAR WM 2 2 o3 AT kg SR A2 e rp R R
(persistent species) 5% 0 Fii(core species)-5 L2 Ff
(occasional species) % [ 73 A £ S AR . Frid+e A
Tt (BAZ 0 M) R 484 22 2 A vy FLAE X3 N KA
FEIPFR, T2 b AN — g FE B K A I 23 th
o OH H £ B — B8k (Magurran &  Henderson,
2003). MagurranfiHenderson (2003)¥ 7t e [E it 55

AT DX A B ) R S e AR S L R
J&, SFEATRAR 2 B ATHEAT T b, AR EOR,
AU R IR HOEZAS 70 A, 110 Je 2 ) 2 30 e 0 $ %
B A VR AL AR AT X R oy, ST H
TP —FH R, X RPIFR 2 B A 2R
LN — R A7 25 (negative skew) (IR o AR ASHIE 5T
R S 5 VR I DRl B M 2 BE A A AT T T
oy, ABAEPIRIAETE BRI AR, 0 SR A7 CE M A 1) 22
7, R RAE M 2 BT Z 0 . NZEH E
&, W EAFh RG220 MR 2 B ORI B b 3
M2 E190.5%; & A RT26 6L R 2 R 2
A & 275 AU 2 FE 900, 3K 15 I 4
AELE /DB A E R b AR BRI s L. A
i, HR#EMagurranf1Henderson (2003) 15 7 4518,
ER AT TN M T IR & % eI, BT AR
Z FE A AR LB S, A ST R i 2415 B
Z0k, T4 P Y Fh 22 2 o3 A ik R 22 e AN W .
Mg, A EIRUE I v IRoX — in) @, W75 EAES 5
(BT 0 Hhoxs 9 b A2 3 B 9 R 0 M AT BE R B0
X153 5534 o

A A A AR R T (1) D AR ASE 2R T vl i K-S 5
AR G AU A AR R B K-Sk IS, (AR
P HAICAE AT &N, & B4 & R A BT 53 4 JLAN R
BN —M . 3 EMWAE(2012) 18 H CCAHET 1 7 7%
GIHT T R B S i I PRORE M Y SR TR A 3
FKHTE R 7 (R BEE. HR D) Z MR R .
A AT R 0 TR R - R e A R 79 o A ol 2L AR S 1)
19.2% (HEMAMT% (xRN XK RS
MR IX —4E R b, SIS IEABEIR I iR —
HEBAMZES KR, NE—ERE F R T
AL FEE R . HeAh, T B AR B VR A,
TCR YRR 2H B 7 H B U ) S O RS E, Fh
[F) 5% 4 S5 AR A A BRAE A R AN WL B (1 2R %%, 2012;
kY4, 2015), T ELIR)— D BE R A R (o Sk ek
AR ) (1) 5 P b 2 TR AE AR s 2] M 22 B A
/N (Siepielski et al, 2010; Matthews & Whittaker,
2014), X#A W e BEARES AT RAER 5%
YT 22 BE A% R T SO R Hh e

FEDRE b, R A r P B VAR 35 i 6% Al o R
B S i AR SR AT I OR A MY M 2 R
SAHATIOG, XU AAE T AR AE, i
TAEMEYF Z B AT RER TR K. &
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BHEFRY, A RS YRS 5 H AR 2 R A
HHER IR R R Z R R, e AgR — M
SEAE SR AN i 2L, TEPIE Z RAEE R — N
3k Y (OB B (Fisher & Mehta, 2014) . &3, 1T
VR BV T 8 7 AR A 4 b 3 A rh M g )
HESEAR” (niche-neutrality continuum) 3k 3] 5 &
MR E, Blan, R RV AT R A R i A
M EE T E S, BANEE R AR S5
1L 475 (Bar-Massada et al, 2014; Matthews &
Whittaker, 2014). i, FATHENASALEFEAH
PRI FE A W B T5 1) P 25 B R B2 ()4 H T g 2
PRI, B2 A AL FE G B2 T B, T RE
HE N R A i o e e A 48 5

FEXT TR 22 BE 43 A (40L& O J7 T, < R
FUH 8 H B B rh P P AR R AR B SR TN AR T
RO EARE . Flhn, IR KR
FEWNFh 22 FEE R 04006 J7 T AT AR R I (R A
&%, 2011; [E1¥k%E%E, 2012; Cheng et al, 2012; Fisher &
Mehta, 2014), i H I Y0 F0 2 F 1H 5m AE i& h
BV P 2 B o A A R A A AL B AL 4F
(Chisholm & Pacala, 2010). R4 ik i A A —rh
PEIE SR ME A P4 S0, X S 2598 BV AN AT 1)
T S et 2 B e o0 R & T BRI RR s, (W]
e I B A A AL FE AN P R AR AR BEVE WO £ Ay
A Je FE JS R R Xt B R AR AR AR

i 4k 5 Va MR AE A S A R s MR
HAEKRIENFE S, Otk L aEEZ
T AN A o AN, FRACT S &, V&R
(] Eb i T AR (specific leaf area, SLA)AEARRK, HI
o 7K 43 DA S 0B 76 2 1) Bt B = (Bai et al,
2015). — I &, AR TAFE AR
IR (A S AT R I RS ) T REA A A
AH 52 i B (Cornwell & Ackerly, 2010; J5 4%,
2014). PRIt JEFAVER R B A H 4 5%
YRR, R I 2 22 A A R A AU S AR A
7], fH 2 3RATT75 RE AL M N AR A 1) A T 8 PR B
A5 AT BT BIAN A (1 45

AR, KRR AR
XTI £, R HG E R SR S A TR SpTL ) R 2 A7
7E—E I R BR 1 (Alonso et al, 2008; 5KUit4%, 2015).
MR Z B RS, SE R REEE BT A
AR Z FEPE R AL, SR 7RI i 72

e AR — MR E R 2 25 (McGill et al, 2007).
S, 2L A R BIARE LA TR — 23
P, AR AT RS, B A Al L TRk £ T
IR PRI A S5 R, HER S RUE RS & 1A
A2 (Volkov et al, 2003; Magurran, 2005). [/,
FET AT, TR BV N AL R 5 4
ke, oI R SR ATV I b 2 R A R 1
TE AT et B8 9 B AR A, T e AR T AR AR
AU (A SO FESE) ok, 7R E LS —
ROV T AW 7L 22 2 () DR a3k AT 58 R
AR (ke gi55, 2015).
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Detecting density dependence on tree survival in a deciduous broad-
leaved forest in Baotianman National Nature Reserve

Xiaojing Liu', Siyuan Ren? Luxin Li% Yongzhong Ye? Zhiliang Yuan?, Ting Wang®"

1 Baotianman National Nature Reserve Administrative Bureau, Neixiang, Henan 474350

2 Henan Agricultural University, Zhengzhou 450002

Abstract: It has been found that density dependence plays a crucial role in determination of species distribu-
tion and coexistence, and the effect of negative density dependence also plays an important part among phy-
logenetically related species. Based on two census datasets in 2009 and 2014 of the 1-ha deciduous broad-
leaved forest plot in Baotianman National Nature Reserve, generalized linear mixed models (GLMMs) were
used to examine the density dependence on individual survival of the top 11 species (with high important
value) at different neighborhood scales and different DBH sizes (1 cm < DBH<< 5c¢m,5cm < DBH <
10 cm, DBH = 10 cm). The results showed that (1) mean annual mortality and recruitment rate of indi-
viduals (DBH = 1 cm) were 5.85% and 0.27%, respectively; (2) survival rate of 5 tree species was nega-
tively correlated with abundance or neighbor conspecific basal area; (3) density dependence and phylogenetic
diversity exerted significant effects on survival of small individuals (at 5 m neighborhood scale), whereas no
significant influence on medium trees. With increasing tree size, phylogenetic diversity exerted important ef-
fect on large individuals at 7.5 m and 10 m neighborhood scales. In conclusion, density dependence and phy-
logenetic diversity play different roles on tree survival at different life stages and neighborhood scales in the
deciduous broad-leaved forest in Baotianman National Nature Reserve.
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BRI (%) B T R0 B 34T s 5 )RR AR B VR 45 1 Bl A
A5 Ak, 1) L ELPK 2 (Lewis et al, 2004). HHRIFR NN, ¥~
BUBR 1 (Hubbell, 2001). FRE5$%(Harms et al, 2001;
John et al, 2007). &4+(Tilman, 1994). #&Fh T
(White & Pickett, 1985)%5 % #k bR b AN (1 58
By BT AL IS REA —E . BRI
BNA B AT R Fh A A ) 2 5 P 4R R ML
% 5 H % (Kembel & Hubbell, 2006), £ <4f i3k
TEAL ] A2 FE 7 A2 75 52 Wt 9 1) 22 %2 ) @ 2 — (Bagchi
et al, 2014). X TWMILFEM — A HEEZHE R L
Janzen-Connellfiz 35, 1B Ut W\ 4 [R]Ff jfg 28 AN 45 R
BT, FL L R I A R [ A A ) T
1, ORI P 5 45 [ o 10 4 2 T HH A ARG 1 B 3
HRAAETEZR, M T B EFh A R B AR K, 615 A0
BA AL U 5 SRAR R BA [R] 8 e Ad ) o 1) A7
ZPE i (Connell, 1970; Janzen,1970), 1 fie 24 Fo
AL =P 2R

Hubbell (1980)i# i 1400 iH 78 K R, /D EFhfE
INRBE A% BRI 2R A, ABASRE F % R ) 2 Bt
P RMON T 2AFEEm M Z R . AR ST
h, FEYIHE MBI B, B R Bl W AR R 2
S B R PP AR AT 15 W 2R BF (K (Peters, 2003; Pigot &
Leather, 2008), [] % B il 20 30 B2 5| AL (I FE T 1] g
S REFERRMRBEVE D Z L — A E LG (He &
Duncan, 2000; Peters, 2003). Harms&5(2000) £ 3 ll
FRUE B T AP Z SR B, FE 2 R
WK B S 4l P AR IR 2 eV . FE4IE A B
B B, <0844 %5 R i) 24 2808 56 A AT Be 4 n) T R
HLOEEE. RS e B R e AR A
T21 & 4E (Bagcehi et al, 2010), 3G 7 K% LR
Jir AR S A ) A 5 o) 2 ik A2 A B (Liu et al,
2012; Bagchi et al, 2014) . fAEY AP 2 (M 471 7F
A EMRR, BT BUE S B
FLHE O RE T RCPE B8 1) 2 1% J5 (Matos et al, 1999).

AR, AT R I Sl R 2 8] A7 AE %
FERI LI R . FHORBIEFER T, 5 i B A 75 2R
PR GX RBUE W Fh, HEAE T AR BE B (— M P A
YR A) 25 2% 5% R Bz 1) 38 m, M b w8 4 1)

JUHR 4> 5.2 R & (Gilbert & Webb, 2007). —L4HF 5T
RIIAE R AR A AT 2 Fhot B AR AR AR TS B ORI
M (Metz et al, 2010; Liu et al, 2012), {H[E & P
A, IX PR R Z T PR . H TR 2 B AR AR i il
R | 29 500 R AR 2 H) HT B 4 (Gonzalez
et al, 2010; Uriarte et al, 2010). Zhu%§(2015) 4 5%
8, 7EBCI (Barro Colorado Island)ffh b4k 4
KGRI, FHAMRAAE 152 230 5% FE il 291
AL

BIF S4B 380 P 0 b 6 AN A AR KB B H AR AN A Y
SO, AT BT T RRARAREE T b A i R R A
HAEH R YR 2 FEVER 520 o A3 A PRkt H
B A AR KR 2 e I RN, & e e 4 1k
EHIE G . FR2ERIE RIS X H AL TR
) L E R R P X, Rh R, RTA IS4
FhILLERLH OB LD o 20094 AT 7 E R =2 4
321 haig i FE AR e A T S RCE O A, 2014
T T REE. ACdE X R E TR,
ANFERGRAE BB R A 1, T X4k
PR VR B AR 53 A1 AN [R) RUBE 41533k P ) i A4 25 o
LRI 22 %5 L ) 20060 AR AEVE B2, DR X Y
Tt 880 56 AN (] A A B SHAN A AT TR S el 1) 22 S,
T T A 55 0K 8V W A W PR 9 3 2 A i S A7
B o

1 MR5REE

11 fARXEHIR

TR 2 E KK AR IRY X (33°20'12"-33°35'43"
N, 111°46'55"-112°03'32" E)f. T r & FE BHTH N 2
B, i Ab BRI AT ) A6 RGOtV X, AR AR E
5 F IR 89%, MM LA RRVR AR V& i AR Ay
T, AR LIRRZE (Quercus spp.)« HEAH (Acer spp.)
2. REHEMi(Carpinus spp.)2& LA K iikA (Pinus tabu-
liformis) M4 L #4 (Pinus armandii) 3= (5K & 844,
2010), & H B HL AT DA B PRAT B 58 B 1 AR AR A T
AR AEASIX, 2 TR R 46 B R AR e AR AR
BN SELF X o % X 8 2= W KRGS A%, DYZE
OrH, HEHIRE15.1°C, 4K E885.6 mm, £
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Table 1 Summary data of two census in a 1-ha deciduous broad-leaved forest plot in Baotianman National Nature Reserve in 2009

and 2014

122 DBH size YR

M FETH(FET-H) B 51 R)

Number of species Number of individuals Number of mortality Number of recruitment

2009 2014 2009 2014 (mortality rate, %)  (recruitment rate, %)
/NMEZ% Small DBH size (1cm < DBH < 5cm) 54 46 1,538 1,091 482 (31.34) 35 (2.28)
F1%4% Medium DBH size (5cm < DBH<10cm) 39 35 600 523 197 (32.83) 120 (20.0)
K422 Large DBH size (DBH = 10 cm) 22 24 417 381 68 (16.31) 32 (7.68)
Mt Total (DBH = 1cm) 58 53 2,555 1,995 747 (29.24) 187

K 991.6 mm, AHXTIEE 68%. A7 EEA 1L A
ARERS S . IRy I HAR R (L S AR A
Al s+ 3 2%, +3 pH H4) 6.5.
1.2 WRFE
121 BAEEHE

Z{EBCI 50 ha#vify w AR b 2 & IR R R IS
(Condit, 1995), T-20094-1E % K 2 [H K H IR
X #F451,350 mALEE . —4~100 m x 100 mifRARIK
AL PRI A I ARRE R Ak OCKs BE I 23 25120 m
x 20 miSFETT, BEANREDT 273 16415 m x 5
miR/METT o BB SRAEJT N T A 4% (DBH)
= 1 cmiIRAEYI TS PR Bt ARARAN
ARRGLEE, FHFT2014F 72 A . FIH ERBHIR
A TR, R AR IR R S 3 A
F MM B, 23 8/MMEg @0 cm < DBH < 5
cm). F1424% (5 cm < DBH < 10 cm)fl k424 (DBH
= 10 cm). Goit R A A R AR I AN R DA K
ERPCTRAELIE IR (RL) . Hrp, SR
NFET S H20094F AN AHL/5, 43538 571 2 792009
A Ja AN A B /20094 A KRS
122 EEWEN

H4 20094 7 VK FE b 1 2590 5% 2 58 N Bl K%
FAH R IR E A5 2 51\ 2 W 5T ki Phylomatic 2 4,
iz i FER20120829 /4 2 W Fl R GE I 2B o LA
BRI/ K RS (APGII, Bremer et al, 2009) A
B, FANDFG E B R R A R R
% 4R 4D 45 ¥ (Webb & Donoghue, 2005), & H
Phylocom#/4:(Webb et al, 2008)1 [¥JBLADJIH &,
B 1 BCE A B AT 8 A R A R 5 AR AR
ol PEPL A1 RIS 2 SR BE, 15 203 R
(Webb et al, 2008) ([&l1), i F)H i & 5 &40 Mt
b Al 2 %% B 1) 249 06 AN 7] A K I AN AV 1

AR
123 Sitoth

7 AR ] H T4 B AN [ A A A R 1 A
75 -5 0 A5 [ o R e A A EE L [ ol R S o AT A
WA ¢ &R (Zhu et al, 2015) . A< SC3% HURE H A
HEE AR AT LA KRR B N8, THE B BRAS
425 my 7.5 my 10 mA R AR AR L IR s
TSI LA 2009 F1 2014 4F 15 {0 25 1Y) H AR A A 2 15
i N B (FIEIC N, JETE N0), [FIFpER4A
MAE (conspecific number, CON). [&] Fh &5 44 iy w3 Wy
[ A (conspecific basal area, CONBA). Ffh&5AA
1A% (heterospecific number, HET). S5 #4144 i v ir
il F(heterospecific basal area, HETBA)%{E A H4Z
o AREGE AL S MEAE N B AR AME, A
TETH I Z A .

Platycarya_strobliacea

Bepua_iumuferd

MIMEIE R X R

Fig. 1 Phylogenetic relationship among woody species in a
1-ha deciduous broad-leaved forest plot in Baotianman Na-
tional Nature Reserve
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1) FH e [ A B R IR A AT T R A TR A A
7 (generalized linear mixed models, GLMMs)i& 141
B HF A FT 1AL R B A RS A 20 8 A [R] Fp
BRE M L RO R OC RAZ AR A AE (RS IE
T)RIRZNA o SR FH RIS P Q004 AN AR K00 169 v B T
FUE B ) [ e 082, PR 38— IO 2 i A2t H
FRAMARAE T B0 B 2% (Piao et al, 2013), HtiZikE
P AT X B e AR R R I [ 5 RN, AR
Tfont B ARAAAT I B 5 M A AR (R AT AR R o g
FH 458 35k 5 Bk Fi8 25 (neighborhood  relatedness index,
NRI) 5 H A5 R AR 38 P 3T 2 Fhoo 14~ 1 2 A7 1
20 (Metz et al, 2010), ZNRIHRFFESF-35 3 5 0E
= B PR A A A M S AR B R R
BORAE, THE A B AR MABEA S R EE B
SERME bR ZE

NRI = -1 x (Xo=Xe) / Xsa 1)
o, X PN RS K B R, XA PIIHE &
SR B, Xa A PFEINE RGUK B IR SR iEZE .

FEf R ARIBAMA S BRI RS0 B B RT3
FZHEFe%(average phylodiversity, APd) A1 x NRI .

I T SCER VR A B AL v DA v B A 1 A2 77
JL%:

yij~binomial (pi;) (2)

In(-In(1-p;)) = (sizejj + CON;; + HET;; + HET-
BAj; + CONBAj; + NRl;jfixed part + (B)random part  (3)
A, size s —IRIHE R 42, CON. CONBA.,
HET. HETBA. size/E AL & XN, BIy¥fh
JHET7 O 5 A AR B LA, . Forh, Py 34
TR At S8 VR AR ) A7 0 RS (FF i 18 8, BETEE M0),
VERZAR T (g AR &, % BT A i SR R A
IThREAL

FIAIC (Akaike’s information criterion) A& 74 3
TR, B FAICE R/, Ui BB A FE
BRI, G0 R AICHH 5 e P05 Y B AICE AH 22
AINTF2, MR B AN 22 7O 1 3% (Burnham &
Anderson, 2002). ¥ H {44 L (likelihood ratio test)
IO REHL N AR B TS B . GLMMSIEALR FHRECEE
Imed 31463, 58 .o

2 R

2.1 BEERENAS
2009-20144FE 154 (0], FEHLNDBH = 1 cmif)

WAl 1 29F:445 Jm 58 k21> 31 28F1 40 )& 53%, FET- A
RECNTAT, BTG NMEGARECNIEAN (L) MR
AR BRI FE TR =, 7 7 48241197, BE
T3 53 ) N31.34%F132.83%, 4 51 K 435 N2.28%
F1120.0%, K A% G AN A 4 B T 2 R0 1 02 26 49 0l Ny
16.31%717.68%. sl fAKE, ANFEEHMEIIFET 3
o T 01, JUHR MR MR S AR T A
BARHIIE R, SRS (7] 7= A B m AT
(29.24%) FIEAIR I3 53 3.(1.37%) . FEIL N A R Fp
PIBET AR LA, RIPE T 2w R B F 5 1 &
()W) P E A g F 1L (Clerodendrum  tricho-
tomum). ZEkiE(Sorbaria sorbifolia). 3%7% 7 (Rosa
bella). NIE & 4 (Lonicera hispida). & Hk(Cornus
walteri) 14z A (Sambucus williamsii) 55651 .

HR A PR 0 R 25 B8 45 2R H 3 AS [F) 47 Fob i 2
FE(FK2). 20094 HEH N HEE FT3AL(IV = 10)

72 FERSBERFBEAFRIFRXL halzh (@A AiE EEE
BI201L 4 A0 ZE 1K, (2009-20144F)

Table 2 Importance value (IV) dynamics of top 20 species
between 2009 and 2014 in a 1-ha deciduous broad-leaved forest
plot in Baotianman National Nature Reserve

yfh ETE HEE IV
Species Latin name 2009 2014
sy Quercus aliena 20.46  21.65
IKAGTAERK Sorbus alnifolia 16.69  19.17
=% Lindera obtusiloba 11.26  7.59
HIE Acer davidii 9.62 10.88
LSE ) Styrax japonicus 4.94 5.72
EEBE Cerasus tomentosa 3.49 3.53
pz) Forsythia suspensa 2.49 2.75
FiE Symplocos paniculata 242 1.88
Tr Euonymus alatus 242 241
ZI&AZE T Litsea tsinlingensis 2.38
TCT N Acer truncatum 2.24 2.70
T4t Carpinus cordata 1.75 2.00
i} is%2 Philadelphus incanus 1.59 1.35
BEA Meliosma veitchioru 1.52 1.74
Moksz ) Meliosma cuneifolia 1.44 1.59
I B vt Maackia hupehensi 1.55
e 3% Viburnum betulifolium 1.32 1.59
JUHELE Dendrobenthamia japonica var. 1.25 1.55
chinensis
B Tilia japonica 1.06
At Styrax hemsleyanus 1.02
LAR=Y Bothrocaryum controversum 0.94
ot Tilia oliveri 0.92
HAth Others 10.12  9.03
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) % Fh 9 i Bk (Quercus aliena) . 7K 461 7€ 4k (Sorbus
alnifolia) 1 =l % 2 (Lindera obtusiloba), &% {E 7y
W1°420.46. 16.69F111.26; ifj20144F 5 B 41 {i 37 )
BB HER KL AR 75 P (Acer davidii), =%
B4 31 421.65, 19.174110.88, 540, =245
HEE PR 2, H111.26F4%47.59; 1 K A 46 AR R
TR ) E AR T R R, 4 il EH 16.69F19.621
hn#)19.174110.88. & — L) Fh i1 E 542 (Styrax
hemsleyanus). %] & #(Bothrocaryum controversum)
Ak (Tilia oliveri) i) = EL(E MG AL, BAF[A] U AL
DR N B A FT 2000 1 B Rl . SR, AT L
YiRh RS KBS0 T S SR B RIS, 201441 RE
H LAE H B R 2067 2 B, G0 ZR U K 22 1 (Litsea
tsinlingensis). 4% % (Maackia hupehensis) F14& < 1
(Tilia japonica) .
2.2 SRRGTHR

DARE: o =5 48 I 44 w0 167 I P A AR A7
RE WA, FAT ARSI R N3 K3
ATRLE Y, R R Fh &R AR AR (CON) R 13, 7K A4
WA MALEEIRS S RE E5CONIEMHR, =
ML 257E7.5 mAI10 mUE B S5CONIER &, B3¢
#i(Styrax japonicus). EFEHk(Cerasus tomentosa).
T4 A (Carpinus cordata) f1iZ A (Meliosma veitchi-
orum) 7 HI7E7.5 mFI10 mE L5 CONFAHIG. Xf
[F] b 2 < i v W T AR (CONBA) 1 55, AR T MAAF:
WIRASAES mA7.5 mUZ E5CONBAIEMSR, /K
WA B =S 25 . BFoR AT A
(Symplocos paniculata) 7t % JU B I 5 CONBA 1 AH
X, JEEM(Acer truncatum)FEMEHIEL0 mRLJE L
5 CONBA# A

PP AR AR B (HET) 70 B B, MR A~ 4
FIEIRASAES mM7.5 mRUEZ ESHETIEM S, K
e TC TN =HE S 2578 & RUZ B SHET /il
;O A AR I i T TR (HETBA) T &, BRI
ARSI RS E & R E 2 5 HETBA UM 5%,
I AERKAE & R B SHETBAIEA G, BF ]
765 mfE L SHETBAIEAHDE, RIGAKZETIES m
7.5 mRE ESHETBAIEAK, BEATEL0 miLfE
L 5HETBAIEAZ: .,
2.3 {BEBARMARMNTEEFNENMMGFE
=RpA)

AT BRI A] 73 e (L) FE AR,

K3 FREERFBARIFRXL haigHiaM A FREIR
ETHSME S HEER

Table 3 Result of neighborhood analysis for different scales
with different species in a 1-ha deciduous broad-leaved forest
plot in Baotianman National Nature Reserve

il 4 24 A4 B
Species Parameter Neighbourhood distance
5m 75m 10m
AR CON 0 0 0
Quercus aliena HET + + 0
CONBA +++ + 0
HETBA - - -
IK MLk CON +++ +++ +++
Sorbus alnifolia  HET S ___ ___
CONBA - - -
HETBA +++ +++ +++
EVENR CON 0 0 0
Acer davidii HET 0 0 0
CONBA - - -
HETBA 0 0 0
X A 21 CON 0 + +
Lindera obtusiloba HET - _ _
CONBA -— - -
HETBA 0 0 0
A CON - e -
Styrax japonicus  HET 0 0
CONBA - - -
HETBA + 0 0
TG T CON 0 0 0
Acer truncatum HET -— - -
CONBA 0 - -
HETBA 0 0 0
Bk CON — - -
Cerasus tomentosa HET 0 0 0
CONBA 0 0 -
HETBA 0 0 0
=kt CON 0 0 0
Symplocos pani-  HET 0 0 0
culata CONBA _ __ _
HETBA 0 0 0
RIEAKZET CON 0 0 0
Litsea tsinlingensis HET 0 0 0
CONBA 0 0 0
HETBA ++ + 0
Tt CON 0 - --
Carpinus cordata HET 0 0 0
CONBA 0 0 0
HETBA 0 0 0
BEA CON -— - -
Meliosma veitchi- HET 0 0 0
orum CONBA 0 0 0
HETBA 0 0 +

CON. CONBA. HET. HETBAZ AIZ /R [P SR A AKL, 7] F04R
A v T TEIRR S5 A &0 A R R S P AT (A i v T TRT R . OFROR TG
WEAMRME, +. ++. +++53HIFIRAEP < 0.05. P <0.01. P <0.001
KV ERFHIEMR, - —— —— = HFRRIEP <0.05. P<0.01, P<
0.001/KF k- SB35 FAH ¢,

CON, CONBA, HET and HETBA indicate conspecific number, con-
specific basal area, heterospecific number and heterospecific basal area,
respecitively. 0 indicates non-significant relationships between survival
and these variables. +, ++, +++ indicate significant positive correlations at
P <0.05, P <0.01, P <0.001, respectively. —, — —, —— — indicate negative
similar correlations at P < 0.05, P <0.01, P < 0.001 level, respectively.
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VR FET T TR NBENLEN, (2)38 HAE
FHRRAY 8 SEAME R (g Ltk b, A B AR AR N
SE RN o I LR R B AICAE, i 3% H AN [F]
REETFARZRM R (RL). WKAT T LLE
H, ANMERAELEIN REE E AR AY 38 95 B
VEFIARERS, rRAR R0 KR AR AE3AN R 5%
AR H g T A AL

TEAF R R A FEAE R WAL G52 3] T
[ Ah AN A5 E (M (2) e 765 mRLBE R /MR A
A B2 3] (1) [R) o 670 6 P 16 240 RS IR S i B Y 2, B
JUBE B30, SR80S 52 B AR, 7E7.5 mAI10 m
FE R R AR 9 52 31 [5) b 4% B o) 249 280 5% i (1
2-CON). %] 7h i ey W 1 ARLE A [R) ROBE /N2 2% (P
3A1-3) F1 K43 2% (F13C1-3) Mk () A7 3 #5 22 IL HA 471
RUSE; SRR AR BEAEAN [F) ROBERT NG (1 47
TR A 3 I IE RN, o iR AR A KR A
FIFEIE R B AR HEE T, KA AT I B 5
7E7.5 mA110 mAL B R IA R B3 (K2-HET). FFhfi
W FAES mPRBE N X /IME AN BTG R IR
W 4 35 1 TE 2508 (EIBAL), o 4% 2% (E13B1-3) Al Kk
1B (F3C1-3) MAAFiG R I — 2 I v, 1H
XN HAEE, 5 mRE N NMEF MG %
EIPS2 SEX SRR N RN IR &

F4 FRIRETARI X&MR SR (GLMMS)BIAICIE

KEBEFZMALETS mAI10 mifgRE EZmg xR
I )4 5 () i) bl A 4 2 (FEI2-NR)
3 wie
31 BEHEEHES

AT 5K IE I TE I ARL hatf H e R 2 1
BT, RS EFEHLFDBH =1 emfAMA4E
BIBET- % My5.85%, 38 1% N0.27%. 5520094 i &
HARARLE, 20144 ARt RIS R T BN, &
RBE3NMRAE R R T FEHL EEE T
F2001 2 5. AHOCHIE EREHL A AT 45 R, 24
FEHLA A — & F/MASET- %, WBCIFE L HDBH > 1
cm ¥ MATE 1982-1995 4 [A] ) A= 3 FE T2 K S42.64%,
A 3R N 2.87%, LK 4 I Pasoh £ Hh 71 1986-1996
SF ) f) 4 H4 B0 TS KON 1.46%, Fb B2 R N 1.65%
(Condit et al, 1999), it H LI #£1#12002-2007 4 [H] {1
TERIFOT 5N 2.02%, Fh 71 N6.65% (RS,
2011). LLECASFEIE EREHL A S v LR Y, B R 2
FEHE/NA(DBH >1 cm) HI4E 50 T 2 (5.85%) 58 i,
T3 54 %(0.27%) 5% .

5L R3S, 51 E K 2 R
HE T 2R ARG AN 02 2R 1 — A 0] B S (R 2 B b Py %
PEABET L E IR AR TR WFAME K ESE

Table 4 AIC values of different GLMMs (generalized linear mixed models) at three scales (r) in a 1-ha deciduous broad-leaved

forest plot in Baotianman National Nature Reserve

BRI Model type

444 B Neighbourhood distance

5m 75m 10m
/N Small # Me- K Large /) Small  # Me- K Large /M Small ' Medium X Large
dium dium

FLARKEA  d+n+h+(Sp+20S)random 1,484.06 355.5304 380.3177 1,483.798 355.0877 372.4036 1,484.64  359.2236  373.3339
r?’l?)scigl d+c+b+(sp+20S)random 1,480.921 355.6752 378.72 1,482.687 355.3472 371.565 1,479.719 355.676 371.266
d+n+h+c+b+(sp+20S)random 1,483.84 359.2017 381.6294 1,485.789 358.0195 370.1479 1,483.541 357.485 369.087
d+n+h+c+b+i+(sp+208)random  1,485.83  356.6697  379.306 1,487.509 356.979 372.125 1,485.34  357.0264 370.084

ZHAER  d*(n+h) +(sp+20S)random 1,484.249 359.3985 3825019  1,485.738 358.9014 374.9681 1,486.79  358.066 375.3167
T%t%:action d*(n+h+i) +(sp+20S)random 1,488.12 359.3586 384.9341 1,489.323 362.611 378.8982 1,489.957 361.7479  378.8444
model d*(c+b) +(sp+20S)random 1,475.82 358.6642 378.6484 1,479.193 357.8086 375.5305 1,481.48 359.2018  374.0463
d*(c+b+i) +(sp+20S)random 1,479.6  358.9814 380.8261 1,473.86 361.5722 379.2916 1,481.13 363.1487  377.7625
d*(n+h+c+b) +(sp+20S)rangom  1,480.32 366.2005 383.7345 1,475.386  365.396 377.4086 1,479.243 375.7429  375.7429
d*(n+h+c+b+i) +(sp+20S)random 1,474.3  366.2815 386.4617 1,474.083 369.1937 381.3527 1,480.58 368.7947  379.6699

c: CONBA, [FIFREIMA N = WiTnAR; b: HETBA, 7 Fh4l 4 i s i T AR

; d: JFR(DBH); h: HET, SFRRARAAMARL it NRI, AB3kSCHABEG n:

CON, [FIFh&R AR sp ARl 4, 20s 9FETT 5o /s oy KRR/ MER(L cm < DBH<5cm). H444¢(5cm < DBH <10 cm)flk

Z%(DBH = 10 cm).

¢, CONBA, conspecific basal area; b, HETBA, heterospecific basal area; d, diameter at breast height (DBH); h, HET, heterospecific number; i, NRI,
neighborhood relatedness index; n, CON, conspecific number; sp, Species name; 20s, No. of sample plot. Small, medium and large indicate small
DBH class (1 cm < DBH <5 cm), medium DBH class (5cm < DBH < 10 c¢cm), and large DBH class (DBH = 10 cm), respectively.
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Fig. 2 Neighbourhood effects of conspecific neighburs (CON), heterospecific neighburs (HET) and neighborhood relatedness index

(NRI) on individual survival

small. medium. large/3 & R~/MMegi(l cm < DBH<5cm). H4&%(5cm < DBH <10 cm)fIKf2Z¢(DBH = 10cm);5m. 7.5m. 10m
A3 BIAARIARIB R B, o RIRAHRANRZE (P > 0.05),0 w4 HIFRI/REP < 0.05. P < 0.01/KF - RFEAHRK.

Small, medium and large indicate small DBH class (1 cm < DBH < 5 cm), medium DBH class (5 cm < DBH < 10 cm) and large DBH class
(DBH = 10 cm), respectively. The 5 m, 7.5 m and 10 m indicate different neighbourhood scales. o, e, m indicate correlations at P > 0.05, P < 0.05

and P < 0.01 level, respectively.

TOE FENEHERSE T R e ERIRE . BT 58
A B ZERRFE A DR, SRR MG & A2 5
i L3 5 3 — AN R N o 780 B AR AT 1A
AMEBEAT SRR 3 AT I, R B AL R S AN R AN LE
AN E R B (A7 5 IR AS 5 [ 40 A 1 vy T A
EAAHIE, T B8 B2 [F R AR 8] A7 7E 2R3 5 o
VIRh AR KE T BORIE . K Al 395, (BT
YRR LEAS [R5 B2 R0 75 SR AN R, AR AN 4
Folo 3 3 {2 0 5 e AR ELRE A, 4R REE R K T 5e 4
I A3 Ao (] P AH B2 2 A R o [RIFR AN A R )
BERFR SRAHIR], WOk B[] 2 7 AR 0 A 55 44
32 [RIMEBEHNFINLEREERANMEEEN
Al

K 2 H) o S A7 AL 1) D T A R 25 SR 3 B R
[ ot A A7 L S ot A o 42 ot £ 355 52 1D B K (Volkov
et al, 2005). L) X AR A (GLMMs)%t #H
TE T 1L P AR AT AT AR 0, RN
TR B P& W AR R A AE [R) R A R 1) 25 R i 24 2%
N, GNEFSRA. Bk TESMAMIEALET.S mAI10

mRBE AR I [F) b A4 85 BE ) 20808 . X A
Hbu ) AR P o A AT AR IR AL S A B i R B, 7
5 MR T /NEGR AR T 5 25 ) [ R AR 25
IR0, T HCARAR 2 AR RS T 2% R o) 240 2887 AS
. IR, A YRR B A B,
X — AR T ] 55 5 32 BRI SRR I S84 o

Bell %5 (2006) F 7T & 30, OF [T B GL 51 ke T
At 7 KA ) Sebastiana longicuspis%h i (1) i AL T2
2, IX AT BEAR RN B R SR Ok RO ) R 2= (R
BF = AR R, RT3 B ) 240 B8Rt 2 ) SR 5 Ok R
T )RR = A= B0 (Gilbert & Webb, 2007). Webb%s
(2006) K ILTEBCIFE L, 3 28 % 5 1) 20 5% %)) 1 11
FET- AT 5200, ZhuZE (2015) % BCIAE AN [A] A4 K B
BB ARHI LRI, 1 R R L0 2 A 3 IR
BRBE, X BAER AR B SN . ARFFLH, 7ES m
JBE R /NMERAMEAEIE 5 T PP A A% B2 2 i FINRI
RN B B IERN, X 0] GE S i R S AR )
Pl MAEEAE AR SE PR, A AT RE &R
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Fig. 3 Neighbourhood effects of individual trees with different DBH size and different scales on survival

A. B. COHIER/PMEH(Lecm < DBH<5cm). T4 (5cm < DBH < 10 cm)fl k424%(10 cm < DBH), ##1. 2. 34>
HFERE M. 7.5m. 10 MBI . o WA T3, o AL mAHIFIRIEP <0.05. P<0.01, P <0.001/KF I REHHK.
A, B and C mean different size with small (1 cm < DBH < 5 cm), medium (5 cm < DBH < 10 cm) and large (DBH = 10 cm)
DBH, respectively. The number 1, 2, 3 indicate different neighbourhood scales of 5 m, 7.5 m and 10 m. o mean no significance cor-
relation (P > 0.05), and . A . m indicate different significant correlations at p-vale as 0.05, 0.01 and 0.001, respectively.

AN RS AR AN A 1 52 1 () A 7 Bl i AR £
RO PR 5 W 2 B A Aot A 2 R AL AN R 5 44

171 S5 o 0 e D T A0 JFG A 0 ) 52 W T LA AR Ao ]
SeFAERT. R BT U R RGN, SRR TR MR



%6 1

RIBREHEE: R B E S E IRORY X I ] i b s P2 ) 240 28X B AR A 3 B 52 647

FAARAEE RAL55, A FRE R A 447
2 &M TR A KR 2, JETME R AL
b, ARG FE 20N LU AR 25 . FET.5
MAN10 mILEE N RARZAMRTE I 52 1 525 B 2110
SO PO 2, S A A P X A3 R 2 1
B A IERUN o BEH N A A B B R REILR
YIRS R RBUE R RNRER — RETH
BEAFAE & 1 BE A 2 RO

T X A N U e 1 BT AR B, =
R 2 T I ] W PR /NG AR TR A A [R) R o R 1 24
RUNLREM, RAR A RAF 52 1% 28 5 P 20N 5Y
Wi {HHFH4h 1 (DBH < 1 cm) &5, 4
W FER T FE e rp i 2 A 25 MR AR (L om
< DBH < 5cm)ffif 5 &M 45 R &R A
SeE. DR, ST E R AN [F) W A A AN [ A
B BUEAT RSP, 2 A PRI — ) LY B g A,
B FE AR MR Ao i B ) 240 20080 AN A ¥ 3 A5 E AL
I 2053 -
SE 308k

Bagchi R, Gallery RE, Gripenberg S, Gurr SJ, Narayan L, Ad-
dis CE, Freckleton RP, Lewis OT (2014) Pathogens and in-
sect herbivores drive rainforest plant diversity and composi-
tion. Nature, 506, 85-88.

Bagchi R, Press MC, Scholes JD (2010) Evolutionary history
and distance dependence control survival of dipterocarp
seedlings. Ecology Letters, 13, 51-59.

Bell T, Freckleton RP, Lewis OT (2006) Plant pathogens drive
density-dependent seedling mortality in a tropical tree.
Ecology Letters, 9, 569-574.

Bremer B, Bremer K, Chase M, Fay M, Reveal J, Soltis D,
Soltis P, Stevens P (2009) An update of the Angiosperm
Phylogeny Group classification for the orders and families
of flowering plants: APG Ill. Botanical Journal of the Lin-
nean Society, 161, 105-121.

Burnham KP, Anderson DR (2002) Model selection and mul-
timodel inference: a practical information-theoretic ap-
proach. Journal of Wildlife Management, 67, 606.

Condit R (1995) Research in large, long-term tropical forest
plots. Trends in Ecology & Evolution, 10, 18-22.

Condit R, Ashton PS, Manokaran N, LaFrankie JV, Hubbell SP,
Foster RB (1999) Dynamics of the forest communities at
Pasoh and Barro Colorado: comparing two 50-ha plots. Phi-
losophical Transactions of the Royal Society of London Se-
ries B: Biological Sciences, 354, 1739-1748.

Connell JH (1970) On the role of natural enemies in preventing
competitive exclusion in some marine animals and in forest
trees. Center Ag Publishing & Documentation Wageningen,
298, 298-312.

Gilbert GS, Webb CO (2007) Phylogenetic signal in plant
pathogen-host range. Proceedings of the National Academy
of Sciences, USA, 104, 4979-4983.

Gonzalez MA, Roger Al, Courtois EA, Jabot F, Norden N,
Paine CET, Baraloto C, Thébaud C, Chave Jrm (2010) Shifts
in species and phylogenetic diversity between sapling and
tree communities indicate negative density dependence in a
lowland rain forest. Journal of Ecology, 98, 137-146.

Harms KE, Wright SJ, Calderon O, Hernandez A, Herre EA
(2000) Pervasive density-dependent recruitment enhances
seedling diversity in a tropical forest. Nature, 404, 493-495.

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.

He FL, Duncan RP (2000) Density-dependent effects on tree
survival in an old-growth Douglas fir forest. Journal of
Ecology, 88, 676-688.

Hubbell SP (1980) Seed predation and the coexistence of tree
species in tropical forests. Oikos, 35, 214-229.

Hubbell SP (2001) The Unified Neutral Theory of Biodiversity
and Biogeography (Mol. 32). Princeton University Press,
Princeton.

Janzen DH (1970) Herbivores and the number of tree species in
tropical forests. The American Naturalist, 104, 501-528.

John R, Dalling JW, Harms KE, Yavitt JB, Stallard RF, Mira-
bello M, Hubbell SP, Valencia R, Navarrete H, Vallejo M
(2007) Soil nutrients influence spatial distributions of tropi-
cal tree species. Proceedings of the National Academy of
Sciences, USA, 104, 864-869.

Kembel SW, Hubbell SP (2006) The phylogenetic structure of a
neotropical forest tree community. Ecology, 87, S86-S99.
Lewis SL, Phillips OL, Sheil D, Vinceti B, Baker TR, Brown S,

Graham AW, Higuchi N, Hilbert DW, Laurance WF, Lejoly
J, Malhi Y, Monteagudo A, Vargas PN, Sonke B, Supardi N,
Terborgh JW, Martinez RV (2004) Tropical forest tree mor-
tality, recruitment and turnover rates: calculation, interpreta-
tion and comparison when census intervals vary. Journal of

Ecology, 92, 929-944.

Liu XB, Liang M, Etienne RS, Wang Y, Staehelin C, Yu SX
(2012) Experimental evidence for a phylogenetic Jan-
zen-Connell effect in a subtropical forest. Ecology Letters,
15, 111-118.

Matos DMS, Freckleton RP, Watkinson AR (1999) The role of
density dependence in the population dynamics of a tropical
palm. Ecology, 80, 2635-2650.

Metz MR, Sousa WP, Valencia R (2010) Widespread den-
sity-dependent seedling mortality promotes species coexis-
tence in a highly diverse Amazonian rain forest. Ecology,
91, 3675-3685.

Peters HA (2003) Neighbour-regulated mortality: the influence
of positive and negative density dependence on tree popula-
tions in species-rich tropical forests. Ecology Letters, 6,
757-765.

Piao TF, Comita LS, Jin GZ, Kim JH (2013) Density depend-
ence across multiple life stages in a temperate old-growth



648 /A

Biodiversity Science

524 %

forest of Northeast China. Oecologia, 172, 207-217.

Pigot AL, Leather SR (2008) Invertebrate predators drive dis-
tance-dependent patterns of seedling mortality in a temper-
ate tree Acer pseudoplatanus. Oikos, 117, 521-530.

Tilman D (1994) Competition and biodiversity in spatially
structured habitats. Ecology, 75, 2-16.

Uriarte M, Swenson NG, Chazdon RL, Comita LS, Kress WJ,
Erickson D, Forero-Montafia J, Zimmerman JK, Thompson
J (2010) Trait similarity, shared ancestry and the structure of
neighbourhood interactions in a subtropical wet forest:
im-plications for community assembly. Ecology Letters, 13,
1503-1514.

Volkov I, Banavar JR, He F, Hubbell SP, Maritan A (2005)
Density dependence explains tree species abundance and
diversity in tropical forests. Nature, 438, 658-661.

Wang YH, Mi XC, Chen SW, Li MH,Yu MJ (2011) Regenera-
tion dynamics of major tree species during 2002-2007 in a
subtropical evergreen broad-leaved forest in Gutianshan Na-
tional Nature Reserve in East China. Biodiversity Science,
19, 178-189. (in Chinese with English abstract) [/,
KR, BRAESC, 44, TH (2011) o HH ol 4R
AR 2 R F2002-20074F 8] SE T s &, VI ZREE, 19,
178-189.]

Webb CO, Ackerly DD, Kembel SW (2008) Phylocom: soft-
ware for the analysis of phylogenetic community structure
and trait evolution. Bioinformatics, 24, 2098-2100.

Webb CO, Donoghue MJ (2005) Phylomatic: tree assembly for
applied phylogenetics. Molecular Ecology Notes, 5, 181-
183.

Webb CO, Gilbert GS, Donoghue MJ (2006) Phylodiver-
sity-dependent seedling mortality, size structure, and disease
in a Bornean rain forest. Ecology, 87, S123-S131.

White PS, Pickett ST (1985) Natural disturbance and patch
dynamics: an introduction. in: The Ecology of Natural Dis-
turbance and Patch Dynamics (eds Pickett ST, White PS),
pp. 3-13. Academic Press, London.

Zhang ZM, Zhu XL, Ye YZ, Liu XJ, Yao S, Mei SX (2010)
Studies on fine root biomass of the Quercus communities in
Baotianman National Nature Reserve. Journal of Henan Ag-
ricultural University, 44, 210-216.(in Chinese with English
abstract) [Tk&48, A2ER, HKE, XIBEE:, DA, M
77(2010) 5K 8 HARORA DXHRIS B 3 4R A1 & 0 T
F. AR K F R, 44, 210-216.]

Zhu Y, Comita LS, Hubbell SP, Ma KP (2015) Conspecific and
phylogenetic density-dependent survival differs across life
stages in a tropical forest. Journal of Ecology, 103, 957-966.

(GifEgmZ: KR FTEHTR: BFER)



LW REME 2016, 24 (6): 649-657 doi: 10.17520/biods.2015290
Biodiversity Science http: //lwww.biodiversity-science.net

* BT -

ETH KRR E BRI PRI FZE Y |
A EZ St EAT

W ApiEET MU MObR EES AR
(T KT 7611 T R R 50305, 78 330045)

WE: E17(Phyllostachys edulis) [ 483 ¥ A= i 2 AR TR ISR R, AROKHBFE MR T % SRR AR AR S ThRE, (R
R H Y gl SR AR TR 2540 5 AR W 2 AR M RS I S RO AT e o ARSOCR B s B ARIE, fEVT R X L E
FR AR XIBBY 3K, IR E BT, TRV 5 SR AR, LT T8 Tk Al 5 BRI
FUARALYE . BEVE S MR Z REMEFR B HE . R OB SEERANKRTRZE. EREFELZEN
Bray-CurtistH A FE AR /N, 43591°40.003. 0.046/410.030. (2)FENTHMITEE L5 R >R, &/F12-14 mX 8] ) £ %
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Effects of the expansion of Phyllostachys edulis on species composition,
structure and diversity of the secondary evergreen broad-leaved forests

Ming Ouyang, Qingpei Yang", Xin Chen, Guangyao Yang, Jianmin Shi, Xiangmin Fang

Jiangxi Provincial Key Laboratory for Bamboo Germplasm Resources and Utilization, Jiangxi Agricultural University,
Nanchang 330045

Abstract: The expansion of Phyllostachys edulis into the adjacent secondary evergreen broad-leaved forest
(EBF) is obvious and greatly affects its ecological function. Little research has examined its effects on com-
munity structure and biodiversity. We comparatively analyzed the characteristics of species compaosition,
community structure and diversity before and after the expansion of P. edulis forest (PEF), P.
edulis—broad-leaved mixed forest (PBMF) and EBF along a gradient of P. edulis expansion in the Jinggang-
shan National Nature Reserve in Jiangxi Province using a space for time substitution method. Results indi-
cated that: (1) The Bray-Curtis similarity index values of the tree layer, shrub layer and herb layer between
PEF and EBF were 0.003, 0.046 and 0.030, respectively. (2) The PEF vertical structure showed a “>” type
and the abundance percentage was 33.3% in 12-14 m interval, its diameter at breast height (DBH) class
structure concentrated distribution in 5-10 cm interval, whose percentage was as high as 90.0%; while the
EBF vertical structure showed a “L” type and the abundance percentages was 54.3% in 2-4 m interval, its
DBH class distribution range was relatively wide, the average percentage of four larger diameter grades was
10.3%. (3) The Shannon-Wiener index value in the tree layer declined from 2.56 in EBF to 0.06 in PEF, with
a reduction of 98%. In the shrub layer, the index value dropped from 2.58 to 2.03, declining 21%. We suggest
that the expansion of P. edulis simplified the community composition and structure of the secondary ever-
green broad-leaved forest and reduced species diversity, which can cause adverse impacts on forest ecosys-
tem functioning.

AR H #: 2015-10-25; #2352 H #i: 2016-04-19
FEE: K A RRHFIE 4 (31260120 Al 3146077)FIVLTH4S 4 2R} 2% 42 (20122BAB204019)
" J@IREH Author for correspondence. E-mail: Qingpeiyang@126.com
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Key words: Phyllostachys edulis expansion; evergreen broad-leaved forest; bamboo and broad-leaved forest
interface; species diversity; ecosystem function; natural reserve

TP kg RMFRES KRR F
AR Ak TF 35 8 52 B AR 75 5 K 19 KLV (Lima et al,
2012; #iE 54, 2015). F [E B 77 (Phyllostachys
edulis) PR X £212400 Fihabl |, H 24Kt
#(Jiang, 2007). BATEIREREA TR ACKRECE AT
B, T TR HL X, k= aTik20 m, 5
1EAT520 em, B A ETEE TP & B e RE
R (PR e (BB A RN IEF, 1996) . SR BATIE N E
BT, R E AR WA 2 5 K R
ks EEAER, BE N —RNR IR R A A
Y, B SR AEY R Y RIS T E R (A M
SR, 2013). VFZ T RIN, BATIEASWT W 2R ff
WK, BlR T2 SIS (Isagi & Torii,
1997; TINEEEE, 2006; =K, 2008). SAT, K
HRBmMETANE, MM T BT ki s
AR

W L R RO ST Ay b DX b AR B, £E
SAERERE T, EEARS BRI,
1980). Lk R FE R 2 FE . BEVR EMR I,
FEPRTAE S BRFRIKIFAI R R 7K T SRR 58 0 & 77 T
R¥EEEEEHCRKES, 2013). A1, BT 7%K
X% X S i) P bR (1 71 B B A L AR S T e T B,
BATY K T A 2 A1 R8N I 52 ) T (B P
#%, 2010; Fukushima et al, 2015; Shinohara & Otsuki,
2015). H iAW ml N EIEEAPE BT VR
IKSCHRFIE < FEY) 2 A AN A2 25 S WA o 45 7 T b 4T
TG (A MREE, 2013; RIKIEEE, 2015; i
BE4F, 2015), HICTBATY KX SR R AR 75
TESZMR AR S N PP AT EARANGE o PR =
[F) &5 A6 A 22 R AR A U SR AR AT, L) ke A6 AR
MIAEZS R Gi3hfE(Chapin 111 et al, 2000; Huang et
al, 2003). #R1M, HARFKA T UL ERHEIRE 222N
VAR R RS, UGS R R AR AR R R RS
i o6eis /' FH B 5% (Hejda et al, 2009) .

Rk, AR SCR I AL, FEVL I XL E
F P B IR PRP X 3 5 L Y 1R BT I i % i AR
SRR, X R AT T, IR i
TEBIMRS AT RRVR A MRRN IR A SR AR TR AR )Z
FEREFEAR ZFI B RS F RN TR 2 B

PESERFIE, DL P B T4 5K % o5 2 i Ak
MRS RIS % .
1 &
11 HAREXER

YLV XLl B R ) 3 SRR P7 1X(26°13'-26°52"
N, 113°59'-114°18' E)4H & T-19814, 20004F- it Ny
E R AR X, FEELRY X G AR
WA RS RG LI EM 2R . Z R X AL
F R BRI HIX, S8 W By 2 XS (5K 4k T
45 2014) . ZH YRS B, KRR, PSR
14.2°C, fHF¥SRIR23.9°C (TH), W s iR
36.7°C; & H F¥ARE34T (LH), ik
110 C; 4V ¥ f# K & 1,889.8 mm; i $k
202-2,120.4 m. TIELLILH AN, )RR
MEES0-80 cm, HBEAS . AEVR. TR (B 5 2L E,
2003; TK4k-F-25, 2014). %X M VAR A A H 4R i
MK, FER R BTEAEX . R XS LR,
TRIAM NFERARA B IR TR, S50 5 S R Ak OR
TAUB IR AER, BRRP X &G, KL
BRI T i, A SR AR AL T ) R 46
PRIE )3 B B B, (HL RNt DR T 52 403 BT B AR
SR E TR, TR T KRR R AR A BT AR
12 HigE

20144F8H, fEIRY X AL RIS AL I BAT )
AR SR RE AR SR B ST, A EE20 m, K
90 m, MRABFEERHEIR IR 73 BT TTRERAS
MRANFE AR FAFEIE R E L1120 m x 20 migFE )y
FH T TR A Z A0 ot 0, 5 5 b Ry 0T £ 46 o7 B 1 2
A5 m x 5 mTFE T F T HEARZ R R, 7EREH
OFMAHKESDNL m x 1 migEETT T 5K Y
WA . B R = S9850-950 m, R bk Ay IEAE K
SRR SRR AR, TR E A 3 BN 2 A
(Machilus thunbergii), #ki$40-504F, ff:A 3= 22
4 22 ik A (Daphniphyllum macropodum) . 7 #% -
(Alniphyllum fortunei)&:. FFAJZEE17.0 m, 1y
Hf1£15.8 cm, % £1,000#%/ha, HEHEE0.85. 17 REiE
RE MR BT [ R R 5K 6-7 4 5 R, TT ARSI E
EboA8:1, BT EZ115 m, % Z414,2008k/ha. &
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Yy AR 23304 i B AR 7K B B 2k, B EE 2
6,200%%/ha, “F-#4I01%£8.0 cm, P34 E12.5 m.
13 PFEFE

TeARZE: A cm, ixZWF . R, &
FEMZ A, AR WE Mt NT5 cmfARAE
V), BRETARMLRFIER, idxMa . iR, &
FERZ REAE, RIARS:: 1054, s,
131 EEEYThE RN E

HEE: IV = (HXS 2 BEHAHRE +AE X 2
JE+AEX i L) 4 1)

TR AR ALL I ) Bray-Curtis$5 ¥ (Bray & Curtis,
1957; 14, 1995):

Cn = 2jN/(aN + bN) 2

N =imin(jNa+ij) @)

i=1

o, aNAFEHARI IR H, DN REHIB 14 Fh 4
H, jNAEEHA(GNa) FIEE HEB(ND) FE A A A A4 %
HE N2 .
1.3.2 EHESMNE

I A BT AR Z AR E BT 1
PRI BE 442 mifg2h ) BRI 43 LA, 43 iH 5
AHNERZ T 5B ZERE o, SflE sy
i

BRI W BT TR )2 P R AR IR T A2
5 eI 4LIAEE 2 B8ANH, 4 Bt EA AN AL i
WZ P B2 BN E S, ShaR .
1.3.3  4FR S (5 o P A0 K B, 1994)

VM EEE R=S 4)
YIFh=E s FE ) MargaleffE % p_ :% (5)
n
Simpsonds % DS=SN(N7_1) (6)
> ni(ni—1)
i=1
S
Shannon-Wienerfg 4 H'=2Pi|n Pi (7)
i1
Pielousy 51 EHE 4 E - Iis ®)
n
S
HEAAR AR D= P 9)
i=1

X, SHMIRELH, NAFTADIRII AN RS AN, n;
TP EANREL, PONEE TR NS s A4
SN EL -

1.4 HIELIE

K FH B IR R O 22 99 B (One-Way  ANOVA) Al i
/N3 72 SV (LSD) LU %% 2 FEMEFR BUFE BAT AR
7 FRINE A PRI S 23t ] i AR ) 1) 22 e R M . 9 il il
1T SPSS 19.0A10rigin 9.03 47 44k 43 Hr Fn 22 1.

2 #R

2.1 FEFYKITYIFPLE AL FNE E FHERY S M

FHER L], 3/NFEVR B LA BE AT ST AR 22 ) st
Ko BT 5KATG, BEELATEASSIARHE L
T, A5 5 B 38 06,233 714,466 7% ;17 At B
FRST AL 225 T %, BRA7 AR 11,7678k /ha,
B 715 94.6% . 1t FHBATH 7k o B2 v 3 o g A~
AR W2 R T80 I R A Rk AL, 3 BV S
SEAREG YRG0

HH 20T A1, 3/NFE I b 2E il AN E 2 R AR Y
ZRIE . MTIRARERU, BTAREILAMETT
1) B BLAE 5 1A87.02; 7T R VR A AR B A 35 Fh A 2 B
Ty, HEEHIL57.28, fEAFIZ A A2 A (Cunning-
hamia lanceolata) f1 5 FE Mg (Acer davidii) i) 2 E{f 43
721151, 9.98F13.83; i ki i AR H ZL A AL,
HEAON30.22, RN EZAIEZA,
HVEML. T AZE T (Litsea elongata) F13Z kA%
XTHERZETNE, BT HEMII BT, EE
{HiA51.24, FHAEM T EA . VMR HEIY
& 1% (Dendrobenthamia hongkongensis)&s; 17 FEREAE
MREI YD Bh o3 A 52350 50, B BB AT A7 1R 40 i) A2 JEE A
¥ B9 (Rhododendron latoucheae) . jHi %% (Camellia
oleifera). ZLAANIEFHEVY RRAE,; 54 i Ak b R A7 A
RORS 548, HEEE ~19.86, HAhY M B EE ST
KREF . WMBEMARE. &5, BT TREERL
AR 8 3 ] P PR 1) S A R AT S5 R P 93 0 9 2 =
(Selaginella uncinata) 1 % 4 (Ophiopogon japoni-
cus)~ EJ# (Microsorum punctatum). 7%HE A& L E
(Phyllagathis cavaleriei). ¥i#AEATH KA LE T
W Sk A AR B R ZEL R, T ELE S T R E RV
HH R HBA o

EH R 3TT RN, A [F) F % 8] 0 AR B 28 0 22 il
Ko GRS TREVR A3 2 UK ) Bray-Curtis
FHALLPE i 35 Bl 20.219-0.463, 1 5 B AT AR AHA
P R B BI7E0.003-0.046. 5 B S AR5 77
TRASHREE YR BSEAERL, T 5 BATARZE R BOR .
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R1L ENYKIDRE B REATREE S AR AR 0 (Fk/ha)

Table 1 Effect of the expansion of Phyllostachys edulis on stem number in the secondary evergreen broad-leaved forest (ind./ha)

3Kk B FEVE 1Y BT FEAt b LA KL SUSLARHL
Expansion phase Community type Density of bamboo stand Stem number of other trees Total stem number
AU Early stage H SRR EBF 1,867 1,867

FF 3] Middle stage TTRERAS MR PBMF 3,667 1,017 4,684

Jal Later stage EHk PEF 6,233 100 6,333
TR E AR A 6,233 -1,767 4,466

EBF, Evergreen broad-leaved forest; PBMF, Phyllostachys edulis—broad-leaved mixed forest; PEF, Phyllostachys edulis forest. The triangle shows
that the value of later stage minus that of early stage.

R2 EMTRKIRERFEAMREIEYMERSEZERZM
Table 2 Effects of the expansion of Phyllostachys edulis on main species composition and importance value in the secondary ever-
green broad-leaved forest

JZI Layer

V% Community

PyFf Species

(A Importance value

PRE

Tree

HERE
Shrub

TR
Herb

EHTH Phyllostachys edulis forest

T REIRACHR

Phyllostachys edulis—broad-leaved mixed forest

AR AR

Evergreen broad-leaved forest

BT
Phyllostachys edulis forest

Py RENRAEAR

Phyllostachys edulis—broad-leaved mixed forest

4 R I A
Evergreen broad-leaved forest

BT
Phyllostachys edulis forest

A7 R TR A PR
Phyllostachys edulis—broad-leaved mixed forest

AR AR

Evergreen broad-leaved forest

F4T Phyllostachys edulis
27K Cunninghamia lanceolata

#IFARZT Litsea elongata

B4 Phyllostachys edulis
ZIf#% Machilus thunbergii
2K Cunninghamia lanceolata
FHVEMWE Acer davidii

ZIf#% Machilus thunbergii

2K Cunninghamia lanceolata
¥ Alniphyllum fortunei

FFHE Acer davidii

HFFARZET Litsea elongata
AZiEAC Daphniphyllum macropodum

B4 Phyllostachys edulis

¥ Alniphyllum fortunei

FHVEMWE Acer davidii

F VU HESE Dendrobenthamia hongkongensis

JE fi#1E% Rhododendron latoucheae

%% Camellia oleifera

ZIf#% Machilus thunbergii

FUEVUIEIE Dendrobenthamia hongkongensis

fEfALAS Rhododendron latoucheae
WP ARZT Litsea elongata

iM%t Camellia oleifera

ZIf# Machilus thunbergii

2 H Selaginella uncinata
4 Ophiopogon japonicus
% Microsorum punctatum

SEJ% Microsorum punctatum

R =% Selaginella uncinata
HWEAREE % Phyllagathis cavaleriei
B REME Phyllagathis cavaleriei
AT Lophatherum gracile

ZLEL Carex tristachya

87.02
8.73
2.37

57.28
11.51
9.98
3.83

30.22
14.06
8.33
7.65
4.22
3.23

51.24
8.98
6.43
5.64

15.21
8.44
7.99
7.27

19.86
8.84
7.92
7.42

19.99
15.39
8.54

28.54
8.53
6.58

25.83
11.13
10.79
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AL, BT oK AR T S R AR R A R 4 S B
BRI
22 ENMT KX EEEES
221 XMEEREELSWEMN

LR AL, 3P A E R, B
VIRRE ST, AT RETR AR < B, 170 R AR
ML 2. Hh BRI P B R BT
8-10. 10-12. 12-14F114-16 mIX ], ZJEH 4 by
510.7%-. 22.6%-. 33.3%#111.5%; 77 1A HRIK)
ViR BT R B A (24 4-6. 12-14. 14-16116-18
miX[a], 2% 575t oh20.3%. 13.6%. 15.2%.
17.8%F115.7%, 3 582.6%; ‘&M (M0 va:

fE£2-4 mH14-6 m X [8] /) H 7 b 43 ) 1k 53.4% F
24.2%, Ty _FJZTAN X TR i BE 23 A0 E 4 B 22 AN
K, F¥IN2.9%. LB M) SR EE ARy K R
i, 2 FEEFE R 2 I GOREES, R A
ghifyp—, FEEPELI2-14m.
222 XMEERREKLEMWHNEMN

B 20 1, 3P AR RSB AE, £
PrAREL™ R, A7 R VR A AR A S il bR D) 22 450
B, LR BRI RE R EE P F5-10 cmAl
10-15 cmiX[a], % B A 75 b7 1)i590.0%418.4%;
V1 FERAS R I R AR 2% 32 B0 A 7E5-10. 10-15.
15-20/120-25 cm[X &, ¥ 7t 859.1%.

®3 INMEEETTAR. EARBMEREHBray-CurtistB it REELER

Table 3 Comparison of Bray-Curtis similarity coefficient between three community types in tree, shrub and herb layers.

ZR Layer FEV% Community

PrRERASHR PBMF  EAT4k Phyllostachys edulis forest

FARE Tree  HZERHMHR Evergreen broad-leaved forest 0.219 0.003
TriEEZE MR Phyllostachys edulis-broad-leaved mixed forest (PBMF) 0.626
WEARJZ Shrub  HZERM Ak Evergreen broad-leaved forest 0.383 0.046
PriEIRAS AR Phyllostachys edulis—broad-leaved mixed forest 0.202
FARJE Herb  H 4k #k Evergreen broad-leaved forest 0.463 0.030
TriEVRZE MR Phyllostachys edulis-broad-leaved mixed forest 0.319
22 22 s 22 ——
20 €174k PEF 20 1 i i 22 #k PBMF 20 W EERR AR EBF
~ 18 =18 ~ 18
E : g £ 16 E 16
210 2 10 2 10
= 6 = 6 = 6
® 4 T g ' g4
2 2 2
U 1 L] 1 n L ] L ] 1 0 I L ] I ] 1
40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60

% FE 11 41t The ratio of abundance (%)

Ell EMKIOREEREAMHKEEEEEROFEN. —MEELB IR

Fig. 1 Effect of the expansion of Phyllostachys edulis on vertical structure in the secondary evergreen broad-leaved forest. The

three community types see Table 1.

g'® E47# PEF <'7  frimiessik PBMF g'® 4 H EBF
s 8 754 g 8 754 3 8 754
RS & = &S
= | el | = =
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8 »n s » 5
o 254 o 254 o 254
5 g 5
o I ~
0- 0- 0-

5 10 15202530 3540 45
Hg 4+ DBH (cm)

5 10 1520 2530 35 40 45
fiig ¥ DBH (cm)

5 10 15202530 3540 45
& 4% DBH (em)

E2 EMTRINRERZEAMMEERREMNEIE., =MEEARI R
Fig. 2 Effect of the expansion of Phyllostachys edulis on diameter at breast height (DBH) class structure in the secondary evergreen

broad-leaved forest. The three community types see Table 1.
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28.8%. 2.8%7114.6%, 3 795.4%; i ZkEE H KA
Mg Ao E#) -, 5-10, 10-15. 15-20. 20-25.
25-307130-35 cmIX 1] (1) 2 & 7 73 Lt 43 5l 544.7%
10.5%. 11.4%. 11.4%. 11.4%#17.0%, % H1496.5%.
Ut B BT AE [F) AR FE AR sk I AR R, RARZ
MEE E SRR D, SERE ARG E,
B AT /MRS (W15-10 cm) X [H] .
2.3 EMI RIS AR
231 MNFKRBEHIFM

HER AT RN, AFRBEE AR Z 5 2 FEvETE
BE RO BRI, HREM 2RI 4REL
BITE BT A S AR, AT RRVRAS AR, SR AR
i, HABTTRE 2 R Ta B0 B 2 /N T kv
(P < 0.05), H:r1Shannon-Wienerf& %k i ¥ 4 i
MRFR2.56 1% 2 BATHRA0.06, FEIEIL98%; i AL
AEEFREN Y BATIRSAT i TR AR>S H SR BE AR, H.
Z)REP <0.05). UHAREE BTY K, W4k
IR TR A2 IRl R SRR D . PR o A 2 5
FEAS, BEDBATY 5K 2 BRAK 1% S i i AR TR AR = 1)
Vi Z A
232 XEKRERFN

FH 5] K1, Wb 2 AP HE R/ SRR V& 1) R B
=8 H Wk s FEAE H SR AR s, AT
TR MR, BITMREAR, HFE RS BT
#Z 53 EP < 0.05); Simpsonf&EFK I T RE AL
> FE > BATHR, HZEFEZFP < 0.05); Mar-

galeffg ¥, Shannon-Wienerfg 4. Pielout’) =] fE fiE
SMAERBAAINFEE R ERARE, #H
Shannon-Wiener & % i i - #K 11 2.58 B 2= BT HR 1)
2.03, FEIE21%. X UtHIEAT A ARy sk #E v,
FEARJZ PR 28 2l sy, maFh o Aits 2
AR K. ;T 2, BT Kk—ERE FRIKT
FENRZ IR Z e
233 MNEXRBHFN

HH 6 AT SN, ANV 8] B2 AN 2 1) ) A 22 R 1
TR E A . PR E E fiMargalef = & &
TeBORA T BEZ, RICNBATFIAT IR AR
B3 & TR W AR (P < 0.05); fi Simpson
Shannon-Wiener. Pielou) &) & AL 2500 35 B Ha 5 e
SMHEVR T ZE RN YU BAT R B S i AR R
AR, B R YR ECGZETIE N, A A )
SJEHEARAZ . BB 5K —E A B3N 7 EA
J= R A 22 R
3 iR
31 EMI KX EFEYIFLE R AR

W 2E RSS2 ) R Vi 4 R RN AR ) 22 T )
fih, 2 SRS R AR AR (Tilman et
al, 1997). Bray-Curtis+5 4 e vH iff 7 5 9 7] (1) P ol
Mz, W] DU B IR B AR A I B AR
FRRE (S 5e-F45, 1995). FEv IR A M2 H AR
B ART, Bray-Curtisth B sk K, BEVK (A

F4 BT RKIREBRAEAMMT AR SN (FHEARER)

Table 4 Effect of the expansion of Phyllostachys edulis on species diversity of tree layer in the secondary evergreen broad-leaved

forest (mean + SE)

P2 R E Margaleffs % SimpsoniE %L Shannon-Wienerf& %t Pielouts 1% AR
Community  Species richness Margalef index Simpson index Shannon-Wiener index  Pielou eveness Ecological dominance
PEF 3.00 + 1.41° 0.38 +0.26° 1.03 +0.00° 0.06 + 0.03° 0.08 + 0.07° 0.97 + 0.00°
PBMF 11.50 + 4.95® 2.12 +0.98% 1.62+0.21° 0.93 +0.25° 0.39 +0.03° 0.63 +0.08°
EBF 20.00 £ 4.24° 4.70 £1.08% 10.72 £ 0.74° 2.56 £0.12* 0.86 +0.02* 0.11+0.01°

ZRE R NRL, RSP AR T RRREREEP <0.05).

The three community types see Table 1. Different letters in the same column mean significant differences at P < 0.05.

RS EMYKRIORE BREERBO# MR (THEAHRER)
Table 5 Effect of the expansion of Phyllostachys edulis on species diversity of shrub layer in the secondary evergreen broad-leaved

forest (mean + SE)

P YikhEE Margaleffg % Simpsonf& % Shannon-Wienerfi % Pielou}s) > & LRSI
Community Species richness ~ Margalef index  Simpson index Shannon-Wiener index Pielou eveness Ecological dominance
PEF 15.50 + 6.36° 3.66 + 1.66% 4.65+1.93° 2.01+047% 0.74 £ 0.06% 0.25 +0.09*
PBMF 27.50 + 4.95% 6.13 +0.66% 17.13 £ 1.31° 2.95+0.12% 0.89 +£0.01% 0.07 £0.01*
EBF 33.50 £ 3.54° 6.42 +£0.16% 11.07 £2.00° 2.58 +£0.33* 0.74 £0.12* 0.10 +£0.02*

ZRE R NRL, RSP AR T RRREREEP <0.05).

The three community types see Table 1. Different letters in the same column mean significant differences at P < 0.05.
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Table 6 Effect of the expansion of Phyllostachys edulis on species diversity of herb layer in the secondary evergreen broad-leaved

forest

BHIE LUPLE =i Margalefg %1 SimpsoniE %L Shannon-Wienerg % Pielousy =] & SR
Community  Species richness Margalef index Simpson index Shannon-Wiener index Pielou eveness Ecological dominance
PEF 31.00° 6.32° 15.00% 2.95° 0.86° 0.07%

PBMF 28.00° 5.40° 16.48° 2.95% 0.89° 0.07®

EBF 18.00° 3.93° 13.77° 2.64° 0.91* 0.08

AR NARL. RSP AR T RR R ER B EP <0.05).

The three community types see Table 1. Different letters in the same column mean significant differences at P < 0.05.

VI AR E R = . AEERH, BT S RS
WEHARTE AR Z . HEARJE FIHLA JZ 1) Bray-CurtistH A4
PEFR IR /N(FB), VLI BATAR L & Sk i AR
YR K o BT AT ] PR o 1S R A B
P, Frp R P 20 ) B B (R 5K AT 9 30.22
B2/ N0.00, X5 VF 2 FE RART. W ie
S5 (2010) B T R I, BATH TR AL H Lk R AR AE A A
FUk D304 FP; R A (2013) 18 B ATH 5K I
BN 8 AL W R I, Bk B A R R v
T, H At R A oAb SRR R R D, 40 (2014)
W KB, 22 554% (Castanopsis fargesii). 75 ##(C.
sclerophylla) F1 75 A% - 4 [ 44 52 B AT 5K 52 i 1R
Ko BATY 5K TR T H 3t R PR e
Pl K .

BRI P BN S FRAES R 6
M B Ok R A, HVFZWE R, BEE YAk
RANEED D 225 AR IS T R, 3
ARG A 2 PE(Lavorel & Garnier, 2002), JtH:
ST R ARV B BB, 2 e HL AR P DL AR A7
RIS, BB D ReHE ¥ %% 2% (Hooper et al,
2005), MmN LR REMAN. &5 D)6e
(Ellison et al, 2005). [Eitt, EAT [ RE AR 5K 3 5%
LT AT, 2 AR A b 5 Me) &5 ¢ ] P AR 1)
ERDIREENE, WREEY R, BIRFR . Bk
VI [ SRR . A 5 RINR T I AR AR A
SIS, MR R T ik A S 5 2
3.2 EMY KBRS RIS

KT, BT TRITD T RE RS ) S
Z, SEMEREES W —, SEXEEPE
12-14 mX[E](E1); RIS T REFAEEE,
SERE AL LA, F B T5-10 cm (E]2),

@ R (2014) RUBEARBRUS:BATH K IV 78 5. A2 018 L,
ARRS:, #A.

X 51T NI AT 5 55 55 (2015) N A, 7119
sk o R AR VR 45 4, JLHO mRT R, H
S RN B O B, AT 1A AR AR AR Th Bk
JG, SERARE G4 . A sid, §kE
BT I SEAT FE A FE AR Fob 1) SR H b 5 62:1, &
YV m 1222 m, P42 87.95 cm, S57T
9K S5 BRI B TR A5 A e —

WAL, ARG or Ak ] UL R B RS 25, —
W INE AR YERT B, BORAR G 7 i i 1A
(BLHESE, 2008). BATH TRATRATHAAE HTHE IR,
INEAE AT TR, S0 T PRI RS A1),
SRFAM ARV 2P RIS T4l . BARYIEA
PRREXI I 2, P R s JIF-IBOR, (HREYILE )i
By O AM IR AR A [R5 L BE D55, AET R AEER
1B EHEAE ST B AMAE D, 5 B
IR(FKSOKESE, 2004). Wi4EPE i T(Fargesia nitida) B it
AR T IRIT A4 (Abies faxoniana) FhEERIEERS 454, [H]
I P A T 4 R AR K BRI T
SRFEAMARIREVA 2540, PHAS T REVE IE R T .

Hhb, Bk HA IR 45 A E 785 (R 23 1A
SRS AL, PIFRZ R RS dE R PR it T 5
fii4= 1% (Pommerening, 2002), A F T @AY 54
Y. AV SHERRER KR, W RHEES ARG A
(= RO (Peet, 1992). [HIth, BEVE LML 200
TV SRR Y-S BRI A DL GE
H PR -, 2705 AR AR AR S RGN E
W RERIMBIAME BRI, XTIk
1 D SR R AR A S D) BRR A I B SR A
3.3 EMI KR SR

VR F & A 2 FE G R T 1 S A ) KT
NZ IR I 5N R ) s, R 4E R AR

@ Z% (2007) EME E AR CRE DX i L5 B AR £ 95 5777 (Fargesia
nitida) X} URIT74 12 (Abies faxoniana) %)) v & J& (s, AL 2440103, 7
MK, HK.
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AR RGN A P47 <8 (Chapin 11 et al, 2000;
Cardinale et al, 2012). ¥)Fh L £ YR =E & FE A
AL AL, VMR EREE, 2R
AT 35, Wk 22 A M BB v (i SC R A, 2006), F
rf1Shannon-Wienerfg £ /2 )2 F T vF 4 okl 2 FE 1
I — A BB bR (1 50 AR B, 1994; FKk
ERRt, 2002) ABFICRIN, BEE BT K, v
A JZ B Shannon-Wiener 48 %5 i & £ i H- Ak 1 2.56 [%
ZETHRII0.06, PRI =A98%,; HEAJE 1 H12.58F4%
%2.03, [%IE21% (FRAFES), XL R 520
FAART « PS5 (2010) BRI BATH KIS KB, o2
1) Shannon-Wiener & i tH & &3 i i #A 1 1) 2.68 1% 42
ETARAI0.49, BEIR82%, HEAJZE 2,598 %22.07,
FEME20%. MRAE (G55 (2014)HF F g i, BATY 7K S
HUH 43 i H MK TE A JZ 1) Shannon-Wiener 45 % 112.35
F%°50.00, FA#IEIA100%. LA &5 05368, BT
5K 7B U B TR R R IR 2 AR, X BRI
ETE I FEGT . AU S ER A AR AR
R TP EAEYM I R A IR T AR ZH
b i R, B D A A TR AR S A (B0 S AR
2015). [Altk, BATY IKREFAC 1 SR EE AR e 2
FEVE, XAR VT RE X IR BT kL5, ™ E
W SR AR AR S T e R AL ARE

B2 BTN A T SRR AR TR, S B R
A A PP 2RI R RS TP 2E 4
WE R RGRe, ZRHEERFRGRE, B4
BV 5k 5B VE AR 0 X AR AE S R G
e S A A A5 1E B RE G SR, A etk — DT
Fo
SEHEL
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FEEE: Wb R T AR T B AR T AR, )RR AR T B0 o (K0 b A B (A s A b R 5 Lol
2R3 DAEE i S 2R UA AR X R ZR AR (Quercus wutaishanica) Ry 40 % 5, MR HEAREE A /N R AT HE T, TR
FiAT 5 DR RN D B 2 R0 3, JERREER — IR (22 BR) R, 24T 51 IR R R B R (0%
FEVERIBZ FEVE) 784k, B e B AT R 5 Dot 40P = & B A SR AR X DR . 5 SRR I (1) W—FiA 7 31 5 3
Vo S PR R B R O R S 2 20 R 5 PR e R K il R, TR A~ R B A SR A AR S L T R
MR, BEAPRUERIE PR EOE KN, (2) o FEMEAEE W Fh 74 o 20 B ECR i 2k, mfese-
LA A R IR EON K R (3) 5o FEMERNAN I, BZ FRIEAE S W—FT Bl 3 41 v B R () 1\ S i A1 S
BETTRR, R R AT~ R S e P RS SURIBEAR . AT UG, R RN 3 SRR S R R R E AR,
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The relative contributions of rare and common species to the patterns of
species richness in plant communities

Shixiong Wang?, Liang Zhao'", Na Li', Hua Guo?, Xiaoan Wang?, Renyan Duan®"

1 School of Biological and Food Engineering, Suzhou University, Suzhou, Anhui 234000

2 College of Life Sciences, Shaanxi Normal University, Xi’an 710119

3 School of Life Sciences, Anging Normal University, Anging, Anhui 246011

Abstract: Understanding how overall patterns of spatial variation in species richness are affected by species
distributional is one of the key questions in species diversity research. In the present study, we investigated
the relative contributions of common and rare species to overall plant species richness in the Liaodong oak
(Quercus wutaishanica) forest, which is located in the Ziwu Mountains of Loess Plateau, northwestern
China. Based on species frequency distribution, we developed rank sequences of the most common to the
most rare and the most rare to the most common species. We then correlated the rank sequences with cumu-
lative species distributions. Our results showed that common species had a higher correlation with the cumu-
lative species distribution in comparison with rare species. Moreover, common species had stronger effects
on species o diversity and species B diversity as compared with rare species. Although the number of rare
species was greater than that of common species, the overall species richness pattern was better predicted by
common species than rare species. Therefore, common species were confirmed to be good indicators of spe-
cies richness pattern and need to be protected priority.
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Vb 22 FEVERE R S T UL — B2 A AR
A FVEMIHE A (Lennon et al, 2004; Freestone &
Inouye, 2006; Kraft et al, 2011). 1R Z W 7K BH, HiE
VI 2 BRI R T BN T A 25 1 2, b
PRI 05 396 Ay FH At 1) 6 1 R VR A e AR AR DA
BEL ] Sy it (1) Bt ATL 2 3 V& A4 22 1 7% (Hubbell, 2001;
Freestone & Inouye, 2006; 77 2%, 2009), i&H i
TRE P IR, A0S 5] 1 ) R A 2H B AN ()
ARG E WY B Tl 2 1% DA R AS [5) 1) F A R R
DLF AL RS AR XS 5THR %S (Lennon et al, 2004; Sizling
et al, 2009; Pool et al, 2014). v, &M FhAIH
DURh TP b 22 AR MRS SR A TR B S %, (EAR
Ji L 4+ 1% (Gaston, 2008). 1XSEASF 5T 3 BER A AH G M
Gy prid, BRIV I A e 2 B M (B0 DA T Ak
— N, ARE BT E M EE RS
FEVE YD Tl =55 8] AH 5C 58 25010 A2 A0 R B2 Ok ) 46 i
A Bl MO VR SR Bl TS R B AE X
DY

BT MK RZBGEMIRZ W TR, B nek 2Bk
W DO A G R B S AR, TS DB B
TRt AH OC R ER 2 AR XD, R B WL g+
& A% 5 (Lennon et al, 2004; Pearman & Weber,
2007; Heegaard et al, 2013), XfLF-5 AT A
BART JE . — RO A, PR s s s R 2 K&
I ARG B A B MO R (22 B2 ) BRI A il ik,
T A2 2> H0o A Ya B HLAFh A FE (22 BE) K i)
UL e sE (Berg & Tjernberg, 1996). Kltt, WAk
JE F= & ERE SR )& AT R i — e, AR, X
R E B (v 2 FE ) B R SR T N a2 B
PEAIRE 7 (8] (0 B 22 1 M 1 b i 20 34 [F) 2H 1 (Gering et
al, 2003). fHZ, 1RZELUNAT FEAE P FEIE
KPS T BEREEACE O T . S, BE
FEPE W IR 2 A8 RGP 2 4 P 4E R 10 3 2%
7 (Beck et al, 2012), il & FENT LA 2 FE A& R
IR 5| RS AT RS B A . B A PR WA o 22
TE R B 22 15 43X 1 P 5 20 ER) AEDRE BT iR 1) R/ IMT
— AR ARG 7] 7

B b R R E AR B X I, % X E
%, WHRAZ . HTKEREULLNAFE T
HAEBRGIELA TR WHPRE, Bk, ik
X BUAESRENIKE SHEER YF (TR
JCMIHEB B 22, 2004), TR 2 PRI E 5 IR 2

ZXASRAWE SEENEEREM. Fit, £
T AT YR 2 FE VR R L B R
PRI SE R Lo A FE DOZIX I TR B 78 3 AR bR
(Quercus wutaishanica) Mk At TS, AR HE A
FEE 7 51 38 5 08— VAN N (B 25 ) A b s D0 R 1) 7
X, R I 5| R S AR P 2 A1 S )
(uZ FEPERIBZ FEIE) AL AR BE, DLRE B A P AN
i WA Bk = BEAS R A DTRR, B ARSI
D0 Py 22 A5 1 A Ry ok E AR 0 A B s S )
&AM, LRRRAA PN IR o 22 FE AR 2 A
T PR b S 2 RE T D R 1 22 S

1 WRBE

1.1 BIEXRIR

TN 7 W A 2 TR0 A7 A T 5 42 1 st I
B B A AR SR XL ZRARAR N BIE SR b 34T Bl AL
AR A . AR A A TN v BB A st b R R 43
TRAJZE (R FE> 3 m). FEAZ (51 1-3 m)FE A 2
(< 1 m) =250l E . L ES ML, 1
FEAMFEHB Y B 51N20 m x 20 mAkE 7 R A TR oA 2 A
Y, FATRARIZFET 43 B E 54 m x 4 mAIs A
1 mx 1 mi/NREDT T EAR S I A JZ A . LI
B TIRARZEETT254, BERE B AR )ZRETT %125
Ao TERIZFBEHIRARYFAEL, FEARZEHBEAF
FD> BT AR ML LH i, T HE A 2 B B A )
W, EEFER S TEARFBEAR RGN . WL FEFAHE
TIIRIRR R SREE. BE. W TR AN
TS BOE SR, FIRHC RS AR . IR
BERE . il 3 A DL RO TREEAR P B SE IR SRR
1.2 Stk

Hs A o R i LA ) SCAR S T Wt 7 R E A
FLH M, —BARIE R R A Ta B K E X, % R
FIUSE (Curnutt et al, 1994; ZEFHi4E 2010)., {H 2
WX BEIE P AT B0 28, WTRES S EUR
[l AR PR ATV, X AR T2 8]
ML N T W TR RhoR1 R LA R = B
FEXS TR, A 7R AT SR e S I A 1
WP, 2 RS b AR B v B Bl s B R B0
YRR CHER (Lennon et al, 2004; Heegaard et al,
2013), SR JEARYE 7 508 — 0 (B 2 Br) W, JEid
EC A I (B 25 BR) 5 B 51 RS 1) 2 FE AR AR
FEE KA S AP ) Fh = FEAS R (AR X DTk o
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121 ®HAMMERLMNEEZSAYHESTEN
FE X Sk

167792 DAAR ¢ R BRI FEFR AR, B8R N Bk
FEBRARA Bl (BUE WA TE S— AN R, RJE
BB R YM R E S ERER YA E B AE G
FRAI AR AR SR R) 2 5 5 A A P sl DL A ox 7
SRR E BRI DR . o, BV AR T LK,
BEANFETT AR E R i B T8 A Fh = & B, n A
FEJ5 AT DARE MR N ETE NI, IR B2 F 4 Fil
FEAS SR 77 A Bt R SR AN DT R R
BRI T R DA B 8 P AN B 9 18] (1) A 58 R B/ FFad it
FH G 22 00 A8 A0 T 42 P55 5 B A o R 5 Lol ) AR T
DTk, X SR AL R R 2 4 575 (Lennon et al,
2004).
122 H%BEMIERMTMESE RS HIHET

T AN N B 2 Bk Ak B R JS B S 1R P
F & R (o2 AR 2 FEIE) () B AR R i
T ORI DRG0 22 RE VAR SR IR AR DTk . G
o, o AR REN SR TR E R
. TR ATaERAR, ST a2 Pk
AR ASTR], ooz A2 T B33 B o A P R AL
Tt} o2 BEPEAS S5 (AT DT AR o

[FIREHE, A PR WA A R 2 A 2 5
VR SR EE R . B, YR N (e R)
T Ji BETE S o M AR b AR 2 P AR AT LR
VIR =E & FEAE S A DT A AR AR . B FE T
WE AT U R R I S o 1k, IR R R S
JE () BB K> (Beck et al, 2012). e TR LML
s TR Z, (HE2, RS HpLHEMEREN
K/INE AR T o2 FF 1 1) 48 4k (Anderson et al,
2011). fFltm, PRANEETT [A] )L Bl B o 2 A 1
(Y38 0 3G 00, BB 2 A 1 Bl o 22 5% P 14D 38 T ik
/N, [ JRSR(Chase et al, 2011). Kk, i FHK
B FEPEFREUA e A AL R A R A E WA — & 1
BRI o

R Vellend =5 (2007) (1 77 7%, AHIE 5851 N —Fil
FTRRKIBZ TG E Bre, IR BB FEHL T
HeBR T AFERE T Al a2 FEMEZE 5, W LARBRBZ A
PER B S L  Hah RO R a0 R BRIV Bn MR
TR, Hd, FEIXEINIR, FETYE AR
e THE AT I SERR A R, SRS IR

“ DX 3P e E AL A GNPk 4 il T T x Ay 7
AT, TFEARETT I ILA YR . B
129,999k, LLIX9,999 /K H & i A A 3 Wy Fh L
= SEBRILAT DM ER) LA B Bre ABLAE 9 AE 7 X FIRE 7
YIE I FLSE B AEVERE & o n AR5 R A [E) T B Bre
ZAEPERE R )~ 24 RO iz V& 1B 2 FE % (Vellend
etal, 2007). JHh, B HURE S 70 Hh P A R 5 1 1
AN, Tl A A A a2 B BT AR AR AS T
VIRPBRE RN e BT Bre BB KA T o2 FEIE K
/IN(Raup & Crick, 1979; Chase et al, 2011), [Kltn]
A 200 B4 A7 A LA B 25 R 1A% R A RE R

Al
2 #R

Ir. H#E. EZREFTA T DR B1914M R,
Hp, TR KBEWF294, EEREYMTA, HAZ
VIR0 . T HER A R Z, TR, HEL B
JEHSTE R T B A s () 0 P E 4 AT A% SR (L) o G
AR S 2[R 5 3% E RS 030% L
FLAJZ I WA 4Hn- 2 % (Carex duriuscula) Fl48
st (Aster tataricus), FEAJZ I WA N+ S5 4%
(Spiraea pubescens). %<2k Hk(Acer ginnala) . 7K
#i] -1~ (Cotoneaster multiflorus) f13L AR ER4I B, FrA
JZ W5 WUR ORI R AR B LA (Crataegus kan-
suensis) Fl 4% 26 4% o
21 HEMMIERMEEE S AYMEZTENE
XF oAk

To 10 A& W A —H Wb 7 51 38 2 o WA B
5, BEEDIFINNTE B Wi B TR 5 B SR
F 5 FEIAR DRI I T G 0 o AR, W W-FRA F T
B 55 BT SR R IR G R A -
WFRFF B A S R, BN [EA R 5] A DG R 4L
F 3 I AR B I B R R (BI2) . T AR, R A -
W DL R B3 2 5 WM R E 51, SR i IE S5 R
oA IR 1D 2 R AR AN 3R BLTE 5 UL 328 5 N 1)
BB, 31X — B B B AR T LR ) A
B DL RRR 2, AH DG R ECSURI 3G 0 i) DX St koK o
[FIRE, FA TR RS AE A -5 WA 51 BRI
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Fig. 2 Contribution of rare and common species to overall pattern in species richness. Subsets of species were assembled by rank-
ing species by number of sampling plots occupied, starting with either the most common species or the rarest species. Successively
rarer (or more common) species were added one by one to form nested subsets, until all species within a taxon were included in the
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Fig. 3 Contribution of rare and common species to a diversity pattern in species richness. Subsets of species were assembled by
ranking species by number of sampling plots occupied, starting with either the most common species or the rarest species. Succes-
sively rarer (or more common) species were added one by one to form nested subsets, until all species within a taxon were included
in the last subset. Contributions of rare and common species to  diversity as measured by the change of variation in community
composition between full and partial assemblage which was induced by the addition or removal of species.
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Fig. 4 Contribution of rare and common species to B diversity pattern in species richness. Subsets of species were assembled by
ranking species by number of sampling plots occupied, starting with either the most common species or the rarest species. Succes-
sively rarer (or more common) species were added one by one to form nested subsets, until all species within a taxon were included
in the last subset. Contributions of rare and common species to 8 diversity as measured by the change of variation in community
composition between full and partial assemblage which was induced by the addition or removal of species.
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Effect of flowering time on floral sexual durations and phenotypic gender
in dichogamous Aconitum gymnandrum
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Abstract: The flowering time plays an important role in the mating opportunities of male and female func-
tions and final reproductive success in plants. The mating environment hypothesis predicts that the differ-
ences of flowering time in protandrous species can change individual’s phenotypic gender and the mating en-
vironment within a population, finally affect the optimal allocation of resources to sexual functions. To de-
termine the effect of flowering time on sexual durations and phenotypic gender in protandrous plants, we re-
corded the male and female phase durations of all flowers in protandrous Aconitum gymnandrum (Ranuncu-
laceae), and examined the relationships of flowering phenology and floral sexual durations and phenotypic
gender. The results showed that the late flowers (top) had longer male duration versus female duration com-
pared to early those (basal) within a inflorescence, showing temporally male-biased allocation. The relatively
temporal allocations to both sexual durations also presented a similar trend among plants with different flow-
ering time. Relatively longer male duration vs. female duration in the later flowers or late-flowering indi-
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viduals, showed temporally male-biased allocation. Furthermore, individual’s variation in flowering time af-
fected floral sex ratio within population and the dynamics of phenotypic gender of individuals. It showed a
shift from male-biased to female-biased gender during flowering season in A. gymnandrum population, be-
cause most of the individuals had only male-phase flowers at the beginning of flowering stage and only fe-
male-phase flowers at the end. Therefore, mean phenotypic gender of individuals shifted from femaleness to
maleness with flowering time. Our results support the mating environment hypothesis, i.e. male-biased floral
sexual ratio (mating environment) early in protandrous A. gymnandrum population leads to female-biased
phenotypic gender of individuals flowered early and thus female-biased temporal sex allocation in
early-flowering individuals and early flowers within inflorescences in comparison with the late-flowering in-

dividuals and late flowers.

Key words: Aconitum gymnandrum; flowering time; phenotypic gender; dichogamous; sexual durations
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Fig. 1 Relationships between flower position and male and
female phase duration (mean + SE) in Aconitum gymnandrum
(n=94)
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effect of the flowering date per flower on single-flower lifespan; (B) The relationship between the flowering date and the male

[female duration per flower.
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Fig. 3 The relationship between the first flowering date of individuals and the mean single-flower lifespan, and the mean male
/female phase duration in Aconitum gymnandrum (n = 104). (A) The effect of the first flowering date of individuals on the mean of
single-flower lifespan; (B) The relationship between the first flowering date and the mean male/female duration per plant.

(3B).
2.3 EYMRIESS YR

TS BE T H 19 H U FFAE, T HIFFIK
(RAEHR R R HAAE, M A 50 i it e 1 SR A
WAL B T FIE m U, T AEFF ARG, FlRE py DAE
PESHREIAMITE N L (FAA) . T 58 85 1 Sk (R 1 5
AR, BRI AL 10 1 ) LU AR TR A6 2R R
DhReSAE 2 T HEMEDhReATE, DRI 7 - R eI
F RV B A (0 (B4B) . B, FFIER I (G

KIABH R R L) FFAERS,  Hh Rt A A A 12 a1 b
D ME R, DS ATT R 2R R ) i M )5 R T 3,
TFAERE AR (0 B4B H B R AR 99) T4t 7 A e 4
FEIS, R eh A AEAE MEVE DR, P DA Ak
T UR I R ME R M AE R, SR AL e
TAFANRLERTITAEIS, FREAR LA 531 A 35 7
A, PR AN AR R AR B 2B T ANA
RIZh A AL (EIAB) o HI e P AL ) AN 0 1)
WELE IR 18] L AR AL, 6 ] LU AR [R] B M 2R A



A MR R L) R 5 1 S T AR T X Ak Ty e 301 R 2 H M 531 F) S 669

%6
200 e
A O HeftdE
Male-phase flowers
HEHETE
Female-phase flowers
s 150 =
z
=]
=
T
S
b
2
£ 100 -
=
z
=
® \% 3
™ 50
RN
R
FEEREE
AR
AR
0 : : '
19 23 27 31 4 & 12 16 20 24 28 1 5
7H July 8H August 9H September
JFAER 1] Flowering date
121 B
L loF
L
=
o 08
2
(=9
206
=]
=
2
w04 i
= —- ffitk1
=2k Plantl
: .
= e HFR99
® o0k Plant99
— RAMES
o2 F Phenotypic gender
1 1 1 L 1 1 1 1 | 1 1 ]
19 23 27 31 4 8 12 16 20 24 28
7H July 8H August

JFAERS 8] Flowering date

0.7
y=-0.013x +3.225

00 %° R?=0.423
P <0.001
(=]

0.6

05F o o
0.4}
03

0.2

T H 244 5 Mean phenotypic gender

15 :_'IU 2’5 !ll} -'; ‘JI Ijl Il‘f 2{1
7H July 8H August
HIHFAERT 1] First flowering date

El4 EHROFLENE. (A)BELETRERRRYTEE B REFF L6 )
B, (B)MEFRYREME R (FHME L AREIR) FIHERRL (K
FEZk). 1EHR99 (FREEZk) 7 AIREFF LR EIAITL,; (C)/ MK
THRFFIEETE(FFD) 5 R BRI Z BRI X &R .

Fig. 4 Flowering dynamics for Aconitum gymnandrum plants.
(A) The variation of flower numbers of male and female phase
duration with the flowering date; (B) The change in phenotypic
gender (mean+SE) in population, plant 1 (long dashed line) and
plant 99 (short dashed line) with flowering date; (C) The relation-
ship between first flowering date and mean phenotypic gender.
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Global distribution, entry routes, mechanisms and consequences of inva-
sive freshwater fish

Shan Li?, Jiakuan Chen?, Xiaoming Wang""

1 Natural History Research Center, Shanghai Natural History Museum, Branch of Shanghai Science & Technology Mu-
seum, Shanghai 200041

2 Key Laboratory for Biodiversity Science and Ecological Engineering, Ministry of Education, Fudan University,
Shanghai 200438

Abstract: Biological invasion is now considered one of the three major environmental issues worldwide.
Freshwater fish invasion becomes more serious with globalization of the world economy. We reviewed the
current status of global freshwater fish invasions and discussed the definitions, distributions, introduction
pathways, mechanisms, ecological and economic impacts, and risk assessments of freshwater fish invasions.
Non-native fish are mainly introduced through food aquaculture (51%), as ornamental fish (21%), or for
sport fishing (12%) and fisheries (7%). The number of introduced fish has reached 624 species, doubled the
number found thirty years ago. Successful invasions may bring many negative ecological consequences, such
as predation, hybridization, structure and function alteration of local freshwater ecosystems, as well as dis-
eases transmission. However, it also brings positive biological and economic values. The number of fish in-
vasion studies has increased eight times over the last 20 years, with studies mainly focusing on biology and
the biological impact of invasive fish species. Risk assessments of freshwater fish invasions were studied
over the last 10 years, and fish invasiveness screening models have been applied in countries of five conti-

Weki H #: 2015-12-29; £25Z H: 2016-05-11
BEEIH o E L5 R 4 T LR B)(2016M590367)
" J@IREH Author for correspondence. E-mail: xmwang@ecnu.edu.cn



%6 1

WSS BOKRNAZRR I A . NZ@AR HLf 55 R 673

nents. The number of non-native freshwater fish in China totaled 439. However, research papers on freshwa-
ter fish invasions in China was only 3.7% of the global total, and these researches were mainly on the distri-
bution and biology of invasive fish species, and very few studies included risk assessments. Therefore, we
suggest investigating the history, distribution, and mechanisms of invasive species at the national level,
evaluating both the positive and negative effects of freshwater fish invasions, and also reinforcing studies of

risk assessments in China.

Key words: freshwater fish invasion; food aquaculture; ornamental fish; risk assessment
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ARSLLER T A BRIR K 8 RN AR I BULR RO HF 72
R, WFEERNRIE LA NRIEEFINL
il PR R A AR S B R LA K TR e S
TR A e, R T AR E 1 RN R 1
FIT o

1 BRNRHEXKEST

11 BENERHENX
fRNRRIBARE T NRTHRAT* E
BAEDAKIEAR S, HHEE AR KT, YEdefh
BREML AR BT AT B IR & AR B A L F 4R
F, B AR R FD AR B (1) Kl 43 16 A7 7E R HE (Davis
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ﬁ@

B2 2010-20154F & & ER K & N R SCHR 8 K B 55 Ui (B 4B &R T Web of Science, #(1EF2015410815H)
Fig. 2 Fields and number of global studies in freshwater invasion during 2010-2015 (data acquired from Web of Science, by 2015.10.15)

& Thompson, 2000; Copp et al, 2005a; Gozlan et al,
2010). HRIGATEGHILRE X, P RLE S AITE )
— KRR BBAN A RNRERE, AR FHE
Xk, FFAEmI, AR [F AN E KA E K & ]
N AR B RIERE, [RIFE ARG el & A AhE] 55
Fro IR FRRALIRAE MO A SR, MR RN
f2(Gozlan et al, 2010). [k, tHFHRRIHH
(International Union for Conservation of Nature,
IUCN)FI (AEHZHEE A Z)) (Convention on Bio-
logical Diversity, CBD)M & N Fp i FE T H 4R
M AN RAT B BER E o
12 £IRIRELHHH

ERAM R B IEIL624 %0, LUNN R} A R A 2
NF:(Gozlan et al, 2008). LT 51 N\ Hh A ) 70 K Al
Z N KRB FRFER) i, 22 Fhbig 0 2
B3 By EE K AR 2R 2, KSR 2R D .
Ferhdg oy, W, FE3E. AEMR SR R E R
Z: WIMANR SR 2 1 [ 57 B EE (228F) . v
(1997H) . BREE (149%) 55, B R IMHMR A RE L (1
FA G (235F0) . BAILE (L775). UG T (149F)
S, ARINAI R A8 2R B B A 22 FHAL (1987 ) 1R
K (189F#). 1# 7Kk FLYN(180FH) %% (fishbase.org). Pk

Ak, AERAM SR 2 1 B S0 A KR (254
Fil) B2 35 [E] (224 F) (fishbase.org) . KK 5 [E b3k #7125
(IHCRE AR D o BT A sk o SORTIA 2 )
(122 5, DL Eguit 3o ol Be H AN RE 58 4 I 4% [ Ak
SKRADFP IR, QI i) f 28  H K 24 72 W 4 10
%, BRI AN SR A e it 5 B (957 F) 1 5 RR (705
Fi)AH 24 (Gozlan et al, 2008) (Fishbase.org). K, %
E g i A 50 E

2 BENREZMIF

21 BENERIELZ

ERF K AR T 73 LT =H (1)K
Rl AR NIR; () KFEN RN, Q)F—E
FAFIKRZ NG
211 KFEEHEENR

b & [ By lA] 57 5 A8 i 0 H 25 IR AL R E (1K
J&, KB B iy f 2R N AR R i, HLR7E 51 N
YL B, AR RD A Hh A 2 R G T E
Fo IR SRR 5 L RAEF I E, S8 7 M
RNBRIRTE, HRH R . (1)RHE]L
ESHPNCHE X (0 YN R AL E TN S
IPFN, T 19t 20509 AR M A = 51N B 22 K s b
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ARG N EAR St FERRM I AR R T A6 3E,
s AE LA EIHGEIE B T B AR BT IR, I
HA B0 B A Bl izt i R (Krupka et al, 1989).
19120 Jim WHRK 1 45 i (Salmo  trutta) #% 51 A b3, i
BT 36 [ FAds U AR e Mo ) T B BRI AS
t b, wniE-LAEES (Petromyzon marinus). = BEJR
W diF 2 (Proterorhinus marmoratus) A1 22 [1 3 UiF ;%
(Neogobius melanostomus) %t & 55 16 #rml, HH A AAE
e KA NABSE T X, s TR % AR 5 Ff
B, B UM 1A HB AN N 0 SR AR A (Mills et
al, 1993). (2)JLSEBIBRIMAINIR . KE K AIE
191428 J5 T 2 DR AR B AR 4 ) 75 SR A R IR
13BN WM o 5] ) MG S5 51 3 1R S8 PN AT A
(Salvelinus fontinalis). #Tfi#(Oncorhynchus mykiss).
= P (Ameiurus nebulosus). /N1 i (Micropterus
dolomieu). KM Hffi(M. salmoides); 7P %8 AL &
Sl R0 B N EET L K67 (Acipenser
ruthenus). 7% [ fif(Coregonus clupeaformis); &
IR 51 3k 528 AR AL G AR, 3851 3E T R AR (Ameiurus
melas). B s X2 £ (Ictalurus punctatus) f1ZE M) 41 i
fik:(Salvelinus namaycush); ¥:E . JL[E . FHHEF M
[ 5|3t 7 3¢ 1 A BH £ (Lepomis gibbosus) (Copp et al,
2002; Povz & Sumer, 2005). (3)# 3 2K AINAR «
“f g PR G 9 1) 4 ot A P 1 o DA R SR 5
FIPGPES, EERMEE . BRSEER, AR
PREDE S, I AT IR K KIS, & T A
Hiu 1) fG 3 (Caiola & Sostoa, 2005).
212 KFEAHEENER
NEIESNANGE R T RFG RN, i
BT KPS A AS [F) 7K &R B ) S NAR o (1) BRI K Fii Y
AR . 20t 2edmtLLJE, o [E (1) %L f (Ctenoph-
aryngodon idella). fi#(Hypophthalmichthys molitrix).
% (H. nobilis) 55 iR}t 24 5| i3k 2RO % 5 JE .|
SRS 5K, iR T BRI £ (Carassius auratus)
FhEEH 1) R B& (Scott, 1977; Mikschi, 2002; Navodaru
et al, 2002). ZZf#fh (Pseudorasbora parva) 20142
6O ARBH ALt | i S5 R} £ SR 1) 5| BT 2 2 1
J& .(Banarescu, 1964), [ifi f5 Vi3 i 2 B 5 H,
WIBHLF], B RS E % (Bianco, 1988). [ T AL
1252 Ab, B A (Perccottus glenii). 1R g ff 2%
Ay R} #2128 9 AE 1T 304F ML U [ 2 N AR 2] 1 R
% [H(Bogutskaya & Naseka, 2002). (2) K- [ i) )

ANAZ o SR T 2R B B A BRO R P S £ (Silurus
glanis). =BEJEMIERE . B IUHTURGE . T HEHTR 5T
(Neogobius fluviatilis). =4 & il Z 4R j& (Ponticola
gorlap). #RMEUFSE(Babka gymnotrachelus)fl AR
fiyi(Sander lucioperca), Bl AR VR E . &KH],
F AT /R 1 (Bianco, 1998; Copp et al, 2003;
Maitland, 2004). F iR pg i H T 5% 8 1) 22 AL 1 B
P (Kovae & Siryova, 2005) . FH 1) i #& 1
(Grabowska, 2005) LA J %F %5 4= £ W 11 & b
(Ondrackova et al, 2005), | iz AMZ IR &EH, A
SN TR A ) A0 AR AT I BN RO N AR B A8 T
(1) 6 fh 2 —(Naseka et al, 2005). (3.3 % [E [ I
2o FE I A B 58 51 2E 7K 7= IR0 an A, an%
P2 e 55, O R 1 A Y Y (03 A2 7 777K
R)I KA NAZ (B Fu 7R, 2000) .
213 E—ERATEKZREHNR

— LG R SO R, KRR 2, AR B
WELEHE 2 SRR, BT E8. e, PRI S
BRI, g ol ik B E — E K ARK R, A
2o G052 AT T E M 22 7R T I 55 B M A
(Gymnocephalus cernua) 4L (Rutilus rutilus)Fi
P BRI 5 N %7K % (Davies et al, 2004); £ T 0
(Hucho hucho) J5 7= - >4 2 263, e BUR AR
PR RS FLRTBCR A [ A R KK IR, & AR
(Copp et al, 2005a). J&i 747 3 Bl V& 5 L ik v ) 1)
fieg £ PRI 44 75 SR A 51 dE BN EE K, B AR
K& HIX (Crossman, 1991). F [E ERI7K 7= 9558 75 R
AT T REAF X I 0 1) 51 5, a0 DA VTR 5]
HE, BT AT T a8 s 0 1 9] 6 (Perca fluvi-
atilis); A" Z=. TP WIEG. WIALSEH I ANBI S
PR . AR 1 (Neosalanx taihuensis) M j&
e Al A 34 ISR 1 2R (HE fu 7R, 2000).
22 BENRER

H5HEMAMEGENRIEHEAE, BRNERE
& HA R 5 Bl el A = 51 M ) 0 A N B
COARE RS R, 383 2l /K™ 77 FE (51%) -
F O (21%) « KR TR 5 (12%) « IV 4 95518
(7%) %5 2 FPig 2 K Ih N 12 (Gozlan et al, 2010), 5%t
A SRR O™ A, HE ST R
7 R ) K 4 (Gurevitch & Padilla, 2004; Gozlan
et al, 2008),

(L)/K72FR5E o AMRFR T HARIEN . =77 tH A
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XIS BRI, B 9 N B & HAE K2 77
FA SR, FRBE IS R R IR AN IR TR,
% Ak RPN e A e T X AN AR T 20 Giit R,
K IR B S Ak R B B O, PR KK
F= 7R B HE A ET A E K R R E (60.5%) Bl FE
(9.9%). FE(5.4%) EEEJE T .(5.4%) dfindi [
(4.0%), M L8 [F 5K 1 R 0 5 & A Tt LAl
H, 435108199, 228, 149, 107. 132, Ll L¥dfE
[E 23R 1 7K™ FRE N Ak 2R NAR ) 3 B4R
Z—(Ff=x1).

QM E U o BRPNFNIE AR 22 B 5K B AR
e AEN . FE3E T 2B e W Tt SR TR
YRR i IR, E TR ISR A M R A
"\ 12 (Keller & Lodge, 2007), nfili(Carassius au-
ratus auratus). JEMEN A, G5

(3)/k K 4. Cambray (2003)#5H, FEHITFHR
e FEAE RN SR B ZFEE T R F 2
SRRl 22—, A A RO &% [ A 2 Ik A8 2 g
25012 Bx TG, fid | fif f S AN SR R SR R X th R AT B
B R GINRGH, I B O 2 AR IR &
(Gozlan et al, 2008) . FIH ¥ FH 238 it RN,
B0 5% 7K 2= SR} 8 R T B B4 £ (Esox lucius)
44 F) £ 1H (Caffrey et al, 2008).

(@) AfB s . R H7IE s AR
KRR WAN, Hh BRI K A BRIK
FITAERMEE N BRG] IR N
(Bax et al, 2001). EXPHNA KLI125% 17Kk 7K KA
A 3 s A A ZKGEE N 4 b K 8 R AR
(Gollasch, 2007). & [E Fi KWIHLIX 2 7 EANZY)
T i 25 WM X 22—, e v g - 68 AT % #2192 3
Ik R A A AR A N 380 T A e X 3 T T BR
3 HEl N 4% (Wonham et al, 2000).

(5) HiAth o FB 7 WAt 51 ik A A M4 25 R G
R AR A A, 5] s A R L | A
TRIIESE,; VR 8 4 A6 58 51 3k ) K AR AR A A
Z%(Ciruna et al, 2004), FR[E 2 N2k 5 R IAERAE
S BURHEFE R 2 DA OG o R Ta) A S 3 L TR0t 1)
FEREZ —, RZHREIAKHAL, RARMNK™
7 37 B B £ T 3 ) S A, LR el I K80 AT TR
Ao X RGBT TECAE A AN TV ) TR A,
Hr R Z e MR 2 R, A o 4 25 41
b o TR 22t K AR AR A PRI A IR, DRtk

A 0 R (AR TG S AT B AR S AT E . 5
b, 20t Z8504EA LAk, FEBURF IR T Pk &
T () G BE RO, 4% H B AT 4y AR RS TR0 A AR
FEPETSCAL” . o, “AEFSTICR I B AR N K
M E PR ZE4E, 2012); “AE P TR0 I B AR N
S I IPARCIRTIM SN liw i i s o O R S s
FEHFE. B, 6F. 8, 65, 6 6. 68, 1905
FRHH WA, BN IE B 2R NAR I A B (5 4
5 A 55, 2008).

Zi BTk, mERNRKE H ARG B
FEiE
2.3 BEWINNRHIHLE
231 ANREENEVFHE

D REINE R~ S N2 NS Sl A
(ArbaClauskas et al, 2013). £ 7%i& v P (Reid &
Orlova, 2002; Giery et al, 2015). ‘%# /7 (Grabowska,
2005) 1354+ /7 (MacNeil & Prenter, 2000). (1) $5i&
7o GINHUBEF ARG A — 58 Je N M e A AR 5,
H BT NAR () f0 M A AT R T 4 B0 & AR A7 0 AR
5o tneriscm R TR T 0 SRR AR AR, A SR
B2 [ i £, (Gambusia holbrooki) 7T BAZE40C f 4
Be A7, WA LAFEOC A B Bk 4, 8w LLTE ™
T R B KA S AR A B PR 55 A2 17 (Rees, 1945
Staub et al, 2004). (2)FKALE N NZYIFP A HY
WRPLE R AH [R) B PR 85 He 77 IR m] 2 30 HH AN [
RAGERNLE, W AR e it AT 7R [R] — A5 7
RIS F B AESU AR, AT E S BE HOx
SR A 2H{E 5 (Giery et al, 2015). (3)%FH
1o NG IRMEIETE T, BRI~ op &,
WAk R D e . PR RO R L B R A AR T T
(Grabowska, 2005). (4)7% 4+ /1. ArbaClauskas %5
(20133l i [ & M R BIAL 2238 N 7 5 0 25 d A
STVEARDG, T4k 2708 B ik 1) #0245 % B 5 1) 5%
H, MR R AAXIRE S . NRIFIENAR
) TE G AR, AN RR A B S S AR
SHb, T3 BOA o A £ TR T £ (Bergstrom &
Mensinger, 2009).
232 N{RHbBI4E ASHHE

1 I ANAR 5 AR ) AR 2 AR A AR
B TFHREEY R R BRMBIINREERATE
ARG ARSEE AT X, B
B (1) b XG5 TR T X AF A 4R 42 B Bl A
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AL AR BEAR, AR K5 ) N (Reid & Orlova,
2002) o SRINNAZ I f RATAT I AN T A AR S R AR
A7 (Pettitt-Wade & Heath, 2015). A A2 Fh A1 A3 fih
B A] BETEAE S ALY 2 AN4E E (dimensions of niche) &
A A, HHIllSE (2015) 18 5 [7) A7 3= 1) 70 A 3 AN
=PI T ORI — 4R R S A S
24 FKE&ENFREESIK

WEE A FRKEKT R EK, I
AR AILA39F, w122 H67RI256 )%, 1%%
L 2 Gt B EE (R T AR R, 2002; Ma
et al, 2003; Xu H et al, 2012; Xu HG et al, 2006,
2012; 7375, 2009). Ak £ K00 H Ak
& H (169%). JIg#EE H (65%). f4E H (614F). #HjE
H@9M), C&fie N1k MK 3 5
(Xiong et al, 2015).

20004 2 Hf, 7K™ RN E B RNAZ ) T2 2
JER (718, 78.02%), ARG )iz A fE K
FEFRTEE ORI, AR R TV AR
=S, R R 2 AN e B F HE i (Tilapia
nilotica), ¥ A1 X fill F1 Py #h 63 £ (B Wy 63
Acipenser gueldenstaedti, P§1HF]IVEFA. baerii,
8 Huso huso, #LW)fidPolyodon spathula). 20004F
PUJE, W E L R T3 75 3R 5 5]k SR i i 2K a8
R 3 ] 2N AR I B — K DR (347, 79.04%)
(Xiong et al, 2015) . (K HAH7 R 22503478, BUR Bl
R F O IE BARHEHOR SR, BR 7 a5 HraE .
THE. WEHSEDHHX, W AT C A4 E
R HuX, JoI R R B TN Ry, &6
G305 TR TR RN -

P NE N S 5] 1 22 5 2 T EOR IR T e 36
P(156F, 35.54%). 7 J(LOLFH, 23.01%). (94
P, 21.41%) 01635 9 (52F, 11.85%)(Xiong et al,
2015). HoA, MAEDH. ERE. RESHX SEH T £
PR AR, &Rk T AR E T K RINR, 5%
AP AT zilli). BF P M RS 4E &
(Sarotherodon galilaeus)%; UL fi#F-19594F i & % 5
HRPEACT7, I AE P E AL RIR IR K K IR B
H SR FhfE; 9% [H 41 71 (Sciaenops ocellata) J& 43 7 -
e BN gy I YRS RN Ve SR = G 2 ANESIE
HEZ AN IR, EMANR BT, 2002). BRT
MESN GG, BN A EIK R 8 5] A
AN BT, A3 O A 3R A DY R R

1 (Mylopharyngodon piceus). i, fif, fif, 20120
Q0LFARTE A [ HE HU4R R £ 25 . 4Rl (Carassius
gibelio). {574 (Spinibarbus sinesis)Zs (1 fo 4,
2000).

B AR KR 2 KK R R = A
R RV KV T R BORAT | 1A R .
IRFH % . H20tH 460K, = d/a N
ARy TV IR WAESEHL S N AR FH34F, nf
RTE AR AR, Rt 2 A A, AR pg B )Y
RGN B = A s R KA e, HE
VIR0 [E] SE 4, 8RR T AR PP R TR SRR,
7 7 #il (Xenocypris yunnanensis). A3k f# (Cyprinus
pellegrini). /i 1 (Schizothorax spp.) %5 (2= 3k T Al i
#%, 2002; % B 5E, 2007). MR ST W 5]\ 2 184
i T T VT B LB 5 0T R R W £ (Aspiorhynchus
laticeps) () K 44 (2= 4k F A figE %, 2002)

3 BENEHFE

31 &M

AR £ 8 — FOR A AR 2 R G0 R AN Hi R = AR
PLFAS I fi & (Brown & Moyle, 1991;
Mclintosh & Townsend, 1995; Kitchell et al, 1997;
Yonekura et al, 2007). Ff[H] 3% 4+ (Gurevitch et al,
1992; Simon et al, 2004; Zimmerman & \ondracek,
2006). #%=Z(Scribner et al, 2000; Costedoat et al,
2005; D’Amato et al, 2007). #i S Hufil A (Brown &
Moyle, 1991, 1997; Kitchell et al, 1997; McDowall,
2006) 19797 4% #%& (Gaughan, 2001; Gozlan et al, 2005,
2006)% .

(L. NMZREERE IR, A
KER /N R R, PRS2 .
F= i JE 1 (Ptychocheilus grandis)id % 35 [ 0/ 4
gy FhEEE ) T % (Brown & Moyle, 1991); JE¥
2y (Lates niloticus) 7t JE I Victorial I A\ 12 T
FIAS Hi T £ B 1 K B ek 2D (Kitchel | et al, 1997). —
o3 AN b f8 R PRRE NS B, OO T A AR
IV, TR E R T AR

()MpTRITESr o BR T X £ 40 X 45 K R0 Dy R 1 el g
PLAR, ANAR T 358 2 53 804 25 A7 332 3T 14 4 4 ()
(interspecific) 156 4+ . b andb 35 F1 I Hh X B AN
RUP SR (BRSSO iR pR ) X A6 38 /N A
7K B2 (darter) FTBHE (loach) 25 Jes A f 2 Fih 48 1%
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T EE R, T B T B S R] HL R 5 ) R Y
(niche plasticity)7E A\ 2 76 [ FIFE B2 bk I 2 B S5y
IR 5% (Pettitt-Wade & Heath, 2015). Caiolaf1Sostoa
(2005) FI Wt 7532 BHEE [G & it N AR G EE R B )5
5t A B R B /N B 2R (BRI A
Aphanius iberus, 753t i Valencia hispanica) i 5+
WS AN &Y, W T A BRI RCE T, i
T AR R Bt i, FEANE R 2 A
HKH OGP e 4y a0, 3 R A M AR R R T T R
(Goodsell & Kats, 1999). AHITY)FN7E [H]— NZ L FE
AT BEXT AR A A AN [R50 . anBlanchet 5
(2007 )3d 1o S 56 % R B AP ST 7T 1 SR PN AL e i A
TS0 A b (R g B0 P A S i, 3 BRI B AT Ao
DR B S B 1 A T, T S I A1 AR IR0 X B
Ry 35 s A A B A K R A7 THT 520

)N Fh 5 A TR 25 o NP5 A<t (1)
HZNE NI J1 ) —Fh, 2T MR gL
ZREVER) R % (Allendorf et al, 2004; D’Amato et al,
2007). b2 R M ) 2 55 60 F0 68 (Carpio carpio) <38
T80T R ) £ AR A Hb R Fh B AL &R FF (Smartt,
2007). A BRI IR TEA — & B2 R IKmM 2
FE, Wb NREE B — FoOK &K M
(Chondrostoma nasus) F174: & A< H 5 171 @1l % 1 #.(C.
toxostoma) 2 it JLH4F ) 4 58 A TE % 1 A A
B, R WAER—KKERFTIEAMHELE
(Costedoat et al, 2005) .

(MW SR . N R Fh e il i U AR A
RV SEAF, 7K A= R ) B i S R R AL
B, MAER RS EK YIS R0 0 (Brown &
Moyle, 1991; Power, 1992; McDowall, 2006) . il f} 1
ENRIEEI S A 2 EK, NPT FEES
IR, GnKAEREYD . R AE AN B
MEZNYD AP B B B 0ak b, 4Rk . A &=
VTS5 Z M BEA 2 S A AR AR, SRR ERT
PTUE (Khan et al, 2003; Koehn, 2004; Miller & Crowl,
2006) . -F- G £ I 7E 3 AR AR S S 1 A
ABRGIR, RN EESECT 77 9P S
PR35 2 AbL ) A< 1 b BH 3] £ (lotichthys phlegethontis)
FhEERCE R T M (Ayala et al, 2007) . 15 2 H K155 1) 4
AR T HARE AR IR -

G)RWAE R RIK ™ 758 75 3K 51 1 () SR Fhid
2 S EPE AL #E (Blanc, 1997; Gozlan et al, 2006,

2008). HIRFNE A IR AA R BAR, K50 1% 25 A Hh
Fh, 1A HBP A AR A A B AR P, KT
FRUIR AR G T 3504 b P B B 45 % (Gaughan, 2001;
Gozlan et al, 2005). 41z il T-201H 226045404 51
AND Iy Je E I BB A RO X, A 7 1) [
14 Sphaerothecum destruens Xt A< Hh 4 Fil /)N 75 A fa
(Leucaspius delineates)it i fis 5, T i%FF7E 4
RIS Bl Y W /G (Gozlan et al, 2005, 2008). £ L%
9 Ko 4 b R A b AR 2 PR B A B G248 1) S e A 2
G R, DRI A R 2 B A0SR i s i e g 2 4613k
AR TC. Blhn, MR 5+ 56 76 BT A 51 N Hb =
A R I K AR R R ROR, nif 3
AR N 5 NHB R 2 A 2 PR B () 1) . 75
o1, 274 T #E A () 6% & (Ergasilus spp.) B 125 5 3
By N D], o) A b A o it A8 fe 56

3.2 #HEKFF

TERFENAR P Forty SR () AL 25 5 el R R, Ao
LRI 2. X Rl — NSRRI 4
ERIPPAY B A B2 AN [R145 31 58 A A S 285 5

(1) 20 . Pimentel 25 (2005) i iF 5 45 B 22
B, 36 &34 AR 1 2808 il I B4 B 4 2k b4
fe.3670, HrAie AaFE NZYIM VG B 2% F e As Hh
PR ORI B . L5 eI Rl fa, AR B
A M 25 0 2 O™ G, B A TR EEA
I AE 3% K ) 42,000 /5 3£ 76 /£ 4 (Lovell & Stone,
2006). T KAV ZE T4 (the Great Lakes Fishery
Commission, GLFC) x| i fi fh i 50 15 21 4% i) — &
PGS T XSG ER ST RE, F 2 HRR RO R A P B
o, 5 8B KWk 2 5 Bk (Adair &
Sullivan, 2014). XK NRYIF— EIE K HARE
FARAE S IR MEAR R, FE VR AR K.

(2) IETHI 20 o AR 28 AN SE ARG B 7 AR
(AR faFE A AL AP, 22 7 H R
A7 R 0 1B TH 28 55 3082, T NAR A2 o 2 A3 1) K PR 4%
R B AT AT JYiR B4 D) RE(Gozlan et al,
2008) ., 140 = SC 7 51 B R R 1) P & i SR R
(1130%, H.z5%1+ 3 NRHE 7ok bl 2 (lizuka &
Katz, 2015). 3&[E&E4F i A A 1 280 Sk 1 S 4 U &
690123 70, X5 e s s fa, Jh3E Kb
X AE 22 W i 940123670, HARHE 775,000 LAk
M2 (FAO).

PL_E R 3R B DR A 2 4 5 T SR PR AR 1 .2 5
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FHASBEIRE G, FRATTL 0 IE S5 9 7 T VB TE RV A
RGBT R, FHRA BV A RN
() 751 (Gozlan et al, 2008).

4 BRNRHEIRFTR

41 Efr&ENRHERFT
411 ANREBEHMEFIERER

TH: 55 B Dy 7 M A R0 A A RN AR AE
WHIZEYIANAR, MO TR Z BUR MEARBUR LK, JF
HE T HHIRIESE . it 5 B AR ORP BB AP R AR
fh % X 4 (the Invasive Species Specialist Group,
ISSG) L ' i S RiEAEM NI F L, A 1784 K3k
[FZE 1) CEMZREEAZ)) I & EEE 5] A4
SRAf, IR P AR B B AL R, KR 2007 4F
T B K= IR I AR A SRR ) 51 BRI, AL
T BRI K= A SR A b RV 3 A F5000 1 £ (European
Non-native Species in Aquaculture Risk Analysis
Scheme, ENSARS)J I AR X:; 56 E T-19904F
T L Ah R A TR 4% ) 7% 2 (the - Nonindi-
genous Aquatic Nuisance Prevention and Control Act)
PR i A28 S MO AR SRR ) e, — HORILHED)
LR —E 2RSS aEH, WEmHAEH
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DR O, ) e 4 3R A4 1) /87 38 R0 930 7 AL ) S 8 B
(Gozlan et al, 2008, 2010). 3 N2 HITEM & H 4%
BEWR, o EEAEWRBEN N W, R2
P14 & B/ B4k 3 # (Stohlgren et al, 2006). T 4F
KBEAE 2 MEA DT TR R, NRIVEMTEG
ARG AT E PLEX SR MNAR AT T %
WA R A0 5 % (Copp et al, 2005a, b, 2009). H.
A BRI 9T 5 25 Kolar £ Lodge(2002) #2 H i 43 2 [
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Wik REEEHIE T MR AP A A RFE, X TR
MR EIAZ A S 0. B ENRE R CRNAE
T3 Bedt AT 0 M, I AR SR AR AS [F] B BA [F)
AE R ) 2R G T Ah ok 8 2K AT RETE BN S 3 9
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Onikura et al, 2011; Almeida et al, 2013; Lawson et al,
2013; Vilizzi & Copp, 2013), i% T EBEEAE ML
PR AT B 2R N AR5 3, 456 R, 1@
XSRS . AL RR . R, B Ay e
J153 BT A S NAZ Il FUE, A8 TR )
RN 515 1 B E AR #E(Copp et al, 2005a, b). HT
AR AN X S . PR R], FISKRR ZEAE %
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Tarkan et al, 2014).
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IRBE R334 45 2003 4F f120104F 56 J5 K AT T N2 Fh
TEE S BURLE RAERE R RN R 1 0 SR i)
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o SR E R NAZ ) B s AT O S A
X5 ARV AH SR AE PR, 40 B AE K 5L (Spartina
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F i (Hyphantria cunea) 5 (#5545, 2012), A\fzfa
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RAE 20034 0 NAZ 1 286 N R B H%, BURAHZ T
2 [V MR R, (R RFRE R IR A L 1T
VNG, S NRYDP I E I IRA
g, PR AR T B4 SR W TR St T .
bR 1 ERA R AN, AR R R [ B IR R
2RI Je B B AR N IR B U7 KA WA
i, e [ R e BRVLK P B 7T B Bf ) 5 KR R xS
HATER, DS 7 RIFISRIGROR, B iAW
FAt R K3R48 2508 % e T (Ma et al, 2014). 2%
T AR RN 27 245 i R A Y, X R 1) 5%
Wi DAl A 15 56 3

NAZ R P 2 Gt g B 2 8 BEANFBT AN
. FEXT7IH, ECAHHIKH: WEEN )= &
X (2007) A B AEK BN A2 KBS PN e S 1 1)
Hu X AR AN AR RS PR R e T7 ik T AR
(2006) 45 & A RMIFP RS . SlHtikAe. EVAES
FRHELL S SE FR R Z R, 2 T ET3NE IR
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L7 FR E R ISR B RS VP R R B
25(2006) #L T KAE S AR PG B AR, A
TR 5| GRS R AL R A A RS K
W, VIBHIE T KA SR RN AR XU DA
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X 38 P 1 N R ARV TR T, B 2 B FOIR R I IE
Mo RN IR R FCIR D, AU 5 8%
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EHANSRYIFR . XMWY T RN AN G B
AL EAES, BHAE IR TE . S
EZ A ININEE

5 RE

BEE S RTIRIE, AN REFESmA
KINEL Y A4 (Davis, 2010). BEAERE 54
AV 2H 21 (FAO) 75 2014 4F (1) 4l 75 Hr 48 th: A Bkl ™=
IR 504EHF) 17565, ARENEMIEEK
HH3.2%, FHHIRE Rt B K R FR A
B AERIRIE R AI60%, A2 4Bk 5 Bk 1)
2 (FAO, 2014). PRI A7K ;= FRHE IR K RN B
I E B IR AR (51%), R b P ] T8I I 7 21 vk K f 2R
NAR RS o SR 1T [ 7E 3% 7K F. 28 NAR 7 THI R 52 3
BREAN 5 2 BKI3.7%, JF B 5Bk b, R Mo
BRIk NIRRT 6, P E
AR T ISR B NAR BIAIE T, e A G AR,
BlREpifa N . FRATERBRIET O L, &5
&b E A8 SR IR SRR, S Ak 2 NI
T HE LR LA

() JF i 4 G R 0 A RS R 2l S B e, aK
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LA B SRRSO BT R R 2, R AN R R
TALIR SN, TR ER A SR R L (C)FE
VR A 7 R B S SRR NAR R 58 S, AT
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FIIRAUE IR AR 5 (d) BRI I 58 AW B b Dy ob
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PF LR ST S K A B R AT R A, X 2 G Rk
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FCXSRANIRY, it — DR A B AR .

QIR T RNAR PRS0 . XA 7870
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T2 EVR PR DB 703, A 56 O R0 A AE AR AL
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TR FE DR T, 35 o R A K1 A e £ 2 N AR WL
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Appendix 1 Farmed food fish production by top 15 producers in 2012 (data acquired from FAO)

[E % Producer

255 R Finfish (t)

DA Bl £ SR AE S

Inland aquaculture share in

I S ASE

Number of non-native

:ﬁlﬁd aquaculture ﬁaﬂr(iculture world total (percentage) fish
F1[E China 23,341,134 1,028,399 60.5 199
ENEE India 3,812,420 84,164 9.9 228
HFS Viet Nam 2,091,200 51,000 5.4 149
ENEEJEVE IV Indonesia 2,097,407 582,077 5.4 107
iz E Bangladesh 1,525,672 63,220 4.0 132
kA Norway 85 1,319,033 0.0 35
ZZ[H Thailand 380,986 19,994 1.0 101
BF| Chile 59,527 758,587 0.2 64
%K Egypt 1,016,629 2.6 190
4ifg Myanmar 822,589 1,868 21 18
e 52 Philippines 310,042 361,722 0.8 127
E7 Brazil 611,343 1.6 235
HA Japan 33,957 250,472 0.1 51
Wi [E Republic of Korea 14,099 76,307 0.0 47
£[E United States of America 185,598 21,169 05 224
AT EZK A1 Top 15 subtotal 36,302,688 4,618,012 94.1
A FHABEZ Rest of the world 2,296,562 933,893 5.9
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Progress in the researches on the Economics of Ecosystems and Biodiver-
sity (TEEB)

Leshan Du, Junsheng Li, Gaohui Liu, Fengchun Zhang, Jing Xu, Lile Hu"
Research Center for Biodiversity, Chinese Research Academy of Environmental Sciences, Beijing 100012

Abstract: The Economics of Ecosystems and Biodiversity (TEEB), which provides new insight and ap-
proaches for biodiversity conservation and sustainable use, is an integrated approach to assess, demonstrate,
and apply policy for biodiversity and ecosystem value. TEEB was firstly proposed in 2007, and has been
supported by United Nations Environment Programme (UNEP) since 2008. Ecosystem services include sup-
ply services, regulating services, cultural services, and habitat services based on the TEEB framework. The
value evaluation methods generally include the direct market value method, revealed preference method and
stated preference method. We also summarized the measures to mainstream biodiversity at the global, re-
gional, national and local levels. Presently, more than 30 countries have undertaken studies on TEEB and
have produced positive impacts on policy-making and further application of TEEB. For example, at the
country level, it can be used to green economy, sustainable development and corporate green management. At
the international level, it can support the implementation of the Convention of Biological Diversity and other
relevant international action. For the future, this paper suggested TEEB’s focuses: (1) At the international
level, it is needed to enhance cross-sector and inter-regional cooperation in biodiversity and promote findings
at the science-policy interface; (2) In China, it is needed to build TEEB methodology from the sub-levels
(ecosystem, species and gene) and sub-scales (national, provincial and local), and explore the application of
TEEB concepts in local development assessment, cadre performance appraisal, paying utilization of natural
resources, ecological compensation and other policies in order to promote regional equity and sustainable use
of natural resources.
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W) 2 1 A N S 2 D AR A7 A R e 1 2
fii(Marton-Lefévre, 2010). {HITHEHK, HiEHALIR .
WhEG gy NFEad B2 A AT SR Fb AR 55 3K
Joiy, {45 2E ) 2 KPR IEAE LART BT R A 1 FE 32 2R,
Fop s Z W R R Y 2 FEE W WA TF
B 5 (Balmford et al, 2002). X RG 54M%
FEMEZ 55 (The Economics of Ecosystems and Bio-
diversity, TEEB)#¢) vz I\ 2@ il A ) 2 1k ok
(1747 FBt(MacDonald & Corson, 2012). TEEB%f
G VAR AT MBERSUR I ER, fEHRAE
MZ RS NEARAE R RIEEAL B, PPN AES RSt
RSN Z R RE, AEYZ PRI E
AL 0 BOR . VA A E R SZ ¥ (Ring et al,
2010). H20084F 5 3 LAk, TEEBMHF 2] | B4 H
FHOCHLRG (0 S FE A0 E B pb 2> (e .. TEEBAE A —
MG FX G TR AR R, SR EEGE, O
BBk R 22 1 B X BT A . AR N RSE AT EA B R
PSR ER R C T 20485 B8 1
TEEBE ZFAT). AVEAIN4 T TEEBHIHE T AL
R O TR R, DUHIE A AKX TEEB
X=X ER R BN S AR, 5] R
WRHHIRIE .

1 TEEB#L&

AR RGBS M SR LG M AS
5 R A SCE R g, (R R R A M
R BL(ZE 4%, 2008). 20122 704EARY], Bk
MTAESRENS R EM &, 45t Holdren Al
Ehrlich (1974). Ehrlich#IEhrlich (1992) 14 & i i
W% . Daily (1997)42 A& RF MBS e
RER RG SAERE PTG iR NRA A
H AR IR B AF B % F” . Costanza:(1997) A& &
Gurr i MR 55 R om NS R GRS T BB
HIHRIF A . B, De Groot5:(2002) 81} T
EERAUGESESRRA MRS Z [ RR,
HR AR RG MRS DhRe & N B RS J 4 ik
T PR A R S5, AT e N B 42 B [ 42
WEMEE . 2L G, BeE E IR MR .
FERTRIE . AT SN DL CEMZ A

2. (BREHEPHATEMA L) OCTREER
KA ISR P [ B B BB A 2 IR A RS
(THEESRZRAFAEIRED (The Millennium
Ecosystem Assessment, MA). MAIANAEZS R 58Ik %%
e NEMNAER R S35 IR A8 A (United  Nations,
2005). XLEHPATEEBIIHR HBE | HILHAL

20074F, 7E4E E 3 KH HIFG8+5 (J\H &M
[F) < Jee v Rl R 40 A0 1 2 O PR S K 2 LR H
“TFRE IR Z R R AT 2" . 20084,
A 5] 0 R R B xRS T TEEBAT BB, Ik
75 B0 1A B 0 5 K 2 (AT e FRUNEP) [ SRR AN
E pRt £ R, 1% /2 4k2001-2005EMAJE, &
] 2H 2R SIC it (1) ) — BT 0 AR 2SS RGN AE ) 2 R
FIE MR . HATTEEBHECES EAEMME 5,
FH A S BT I = AR AT 2K Pavan Sukhdev4ii & .
TEEB/r A = BeAE T+ H A BL, FHREARH TR
S T, ) R LR R H
BSOS S L 2SN S IS A 4
(http://www.teebweb.org). TEEBHH 433 1 [H prt:
W22 53R, B ZE 72> (European Union,
EU). {8 E BRI H IR ORI S % 22 4> (Federal
Ministry for the Environment, Nature Conservation
and Nuclear Safety). Je[EIREE, £ 5 FRATF 55
(Department for Environment, Food & Rural Affairs).
5 SR 4547 1B B (International Union for Conser-
vation of Nature, IUCN). Fi it [H fr K& J& & 1F &
(Swedish International Development Agency)Z515°4
TEEBIIA1EIKFE S X RFE

TEEB ek H br &l i &5 FBONED 2 F
PEAH R BUR 1 ) PR AL B AR IS AN AR S RF . Ak
HAndE: $ETF A dh 20 AW 2 A6 A (8 I 50
FE R AW 2 FEVERI AR 38 5 G0 IR 25 A VP A 10 5 32
H5TH;, WREEMZ S ES RERS I EN
AR AERAME . BIR BT A H e An A &
MT RS, @daktTFB, Mty revtm
TR, T3 2 R 2R . TEEB
IR 353328 )NRAED Z FEENE, R
MZ RN NRARHER B IR SS; ()i EM 2 FF
PENE (B P IE M EANE), wrESRSA
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RV Z BEVE (B (BRI, A2 R E
ZNN DX IR SR AR MBSO, 34

2 TEEBELHEMKEEMRAR

21 ERMER

TEEBMIE RS K&, M [a] b gk s R34k
B 56 —B B (2007-20084F), JETEEBE P FIIRZ T
Bt. 200845 - UNEP KA ( TEEBH R ) 72
X B E R (UNEP TEEB Office, 2010).
TEEBZ —Fr B e 7 &t Fx AV 2 B M AT
UNGE

5 B Bt (2009-20104F), A& TEEBH 1B A1 75 ¥2:
TE R B o B S R T 5B i% 0 B3, /il I (TEEB
WA BFIA Y . T B SR [ B e 5 35 1)
TEEB). CEFtth 75 FIX S5k 5 & TEEB Y (1%t
ML TEEBY 1 (EM HARZLEF) (UNEP TEEB
Office, 2010), T-2010-425C 2| (EMZHAEALT)
BRI K4 . TEEBAE — W BUE BRE A7 VE
(CEINEERE 1Y 30

=P B(20114E £ %), RTEEBHE AN HIFY
Bl. FEOK: IMMTEEBL X MK E W, 4'E
TEEBZEBIRF Fidik &5 ; (RHTEEBHE ™ 542, |72
I B R A HESh A BRVE F I TEEB E %47 31,
PETH PR SRE N AR 2 R (PN
22 MRAR
221 ETRBHISA

S RGRSs DiRe o F 72 LM E VP AN IR R A,
BAER W BNME VA 2 R . IRt A e T,
S5 B VT 45 S0 o] R M s M. Ak
BRESREMESIEEEETZ AR H AR,
De Groot (1992)#& ¥ L7 KRGS ThRE 7 ek
WATIhRE . AR IhAE . AP ThREAIE B Th k.
Freeman (1993)$2th 1 —Fh 73 K71k NETF R4
BINJEME deRpEar R0, RAETIE RS, LA
Koy i BB MANAE GRS E P2 5 . Daily

FEMIFP ISR L A SRR R G SRR AR A AR VE 1Y
% . Costanza®5(1997) ¥ 2 3K R G R %5 Dise 7y
N AR RN BUshiAT . KA. K
s FHURTACREFURY) . LI TR
WL RV ER . FERY. AEVIBNIR . REMERT. B

FEL BRMRE IR RN SOERLTAN AL
A E (CFHEASRGIPAGIRSE ) RIEVEN R
MR, K ES RS TIEE D NARZE: 4R
25~ AT IRSS  SCAG RS A SRR 45 (United Nations,
2005). TEEBIEZIHIMA KK R, BESRY
M5 R RS AT IRSS . ST AR FAT 2 i
R 45 34 K K22 iR 45 (P 3% 1, 12 20 E Kumar,
2010).

222 ETFMEMNSERIFEGE

AL A R GE I I G5 A I8 4RI 4 A AR
TEATEAE FANE PR 43, S M B 48 B A
B A AN E AR RN E, FE8 A0 45 38
P E AR T BRI, M E AT LA
N EAFELE T 58 BIR A B3 HEFA R 7= i Bk
Rk, HREEAMMER T SAFER S T IHM
W, R EEEREMK, RHES RGN
PN L e N NP S N R R e (=i SN OE
fi%(Kumar, 2010; Z{& 4245, 2015).

AREB RGBS MEVEAE T EEA TG
W SoREmEFEE . BRA TR IFE325. Box 1
TEIR T & 7 iE Rk mi DL A B 7 i S5 (A 5 2
Z AR AR, FHARYE OF M SCRRB AL 51 46 T B 5
Bl o A7 0 B4 T 3T I 2 AR s R B R B s
W3, Al LA B AR AT s m by, SR B T
AELEI L A R GRS T EEE Tip i, X
Be 75y AT Be A AR K IR BR 1, Rom MR i mT AR
VT EARM IR R IR AT, SR ST IHA T
H o H R R R, xRS R GRS 10 B A (A
o R ZE,; Rl PR U152 VPl AR P A 1)
ME— 7575, BT IR &=k S5 AE A 2 A
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B> REE IR EIE M TT
223 ETFFEFRUHWEA

SRR Z RN IR 2 EROR, BT AL
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REE L, CESIMERT CEMZAEHAZD). (i
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Box 1 £SARGRSMEITRMEHI G EREME S FIR A S5 (f&2 B Barbier et al, 1997; Chee, 2004; de Groot et al, 2006;
Kumar, 2010; Z84 %, 2015)
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XA E KRB b, PR TAm T A2 R
S, Bt AR A 25 A ). (K
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ToH . BB A AR TR R A ) TR (Brrink,
2011; ®HFEARZE, 2015). 7ML 5 AIIX 4 )Z 1 L,
TEEBfE @ & # 5y . MR 5. B TH
W THETBEMZ M SEERAME N
N Hh 5 5% (Wittmer & Gundimeda, 2011).

3 TEEBXRHIMRKNH

31 RFIEAR

TEEBH HZI LK, A0 AEFILEHE
TR T . RGN, EEE R REEESR
GAEEE R 2 —, T201UERR T (EXR RS
£ B % # 25 )(National Ecosystem Assessment, NEA),
AR H TN TS RS A R AR
. BRANE, it PEAR T ARG M
ZU theth. BURRmESNARR R T —
Z5ER, MR R BRI N, HAENE K AR
15 9 Jiz 5 (Natural Environment White Paper) )&t

(UK, 2014). #EEZTEEBRIREE, 1R 5 iHE]
B RFWRSGS EEMZFEENAT R, B
i EE 5 ARLIARK R, FFEEES (BRE
FPEERFRE) (WS 5 AR (3
IRBE T AR CERT T LGRERE—Im
H5XEY A EEME, DIRIEE S BRI
H1, AR B 2 PRV ORT RS 5 ] R A 4 22 R 1A
FAT ] %€ (Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety, 2014). fij ==
HER AT FETEEBWT 7T E 52—, 201143k
HERILFEITETEEBHT I, IR A2 Rtk N6
ANSTIR T AOlk s HLIX | {2 R TR R &),
A MG R 2 A O 0 AR ) 2 RE I R AN, HEBNAE
WIZFEVEFTRAL(MEA, 2014). B4h, H&EFHI. 35
4L Ed, SR PR UK RGN E KB L4 T
& T THPEAL, OB H B [ K OR 2 )

FENEH, B EET-20124F 58 B T TEEBHT HH A,
FHH E K 0 70 B RUBAEIFIE . BRI S P9 Bt i 55 A
BRERMY, HERI I ES RS KA
W, HET N AT RS R R AR 2 B AR P R B
(Ministry of Environment and Forests, 2011). 1 [E¥f
85 AR 4 #8 T 2013 4F 1E AU JH 3 1 TEEB [H X #t 72,
20145F AR R =B L R g ] 1 b B A 2 R
5 RG RS ETFS (China-TEEB) T2 17 %) |
BEEIEH TR EMTEEBHIEE R, SE4EEY
ZRPEOME, TR RS EZ I TT, HESh A
ZRMENAES RG MG UE TR . BAET, E
TEEBZH & T Hi AR LK H, Wi T TEEBMEZ T &
(http://202.108.253.203/), 5kk 1+ ETEEBAH{E /7
Ve E) , B TSANTEEBRTEE, W5k
FE AR RG RS MBI YD) |, IR T 20
AR S B IRRTHES) . A4 BA. FERE.
AFHEEZFZ W CITE T AR RG RS (E A
IEST T

FEARDN, FARTTRE T — RABIOME AL 5 % 61
WA, WRBEVZHEEANEFEDZ LT
K J& % % (Department of Environmental Affairs,
2012). A4k, FIELLETE., HBRW. KL% E
FAWIE TP T A R GRS U (8 1 AS 2= 451 B
o

RS, BB TEEBT R 5T, ALIR
BERN L BRARORIP S AR R I B XK R IBUR, HAEM %
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FHSAES RS ERAENE TR — 0 Bl % 5 B K °F & (Intergovernmental  Sci-

HEEIZIRNR, RINRR 7 o R A PR 5
N4 55 %% . (Conservation International, 2014). %3 4b,
JEJRZIR. SPaaEr. . BAEERWIE 7H
KD RGBS B F
32 HEZFEZRMEFMTEIHHEA

TEEB 5 #1245 K& g % Y1 #H 5¢ (Braat & Groot,
2012), FERIIEG LT AT RFSER BRIk 2k
02275 15 303/ J5 1 (Hedden-Dunkhorst et al, 2015).
Ik A [ A BRI 2 A 2008 4R R H L s M St 4
FF(Inclusive Green Economy) N5 8K . mlilk Al 4
BRI LA T — N3 J1(UNEP Green Economy,
2014) . TEEBIE I X A= 4 R G0 55 (B AT VR4l
B RING T BRI RE, AL
BT AR A AR S, 1992 B A I S R EXR
S LI ZZWRE) By thE F3 A ]
Frel R BATSh TR, TEEBHFE W LA AR S R
GRS A EE MR TR, R SRR 26 A0 5%
25, Jy2Hn] RRSE R e NS R 1 E SR SCHE
R EBAAR R TRz AT, TEEB
W FERE T DL IR A2 RGE IR 55 kA2 it i A 14,
Gl AN AE R R R R AP AR 2 B AT LA
T E SR AR G RS, XA R T IR
PR P 4 (Kirkland, 2014)

VE RN Z FEME OR3P 1B % T A, TEEBH.#
I T EBR A X AT B . W [ BRI )i K
(CEMZREAY) STEEBE % ME, TEEBRTK
SCEMZ R A L)) B L J7 A R FE i,
ARMEPHE T T EE T H, (CEMZHEEAZ)
ZE) KA IR (COPLO) R AT I (A2 #E
VAR T %12011-2020) STEEBR RILAEY), &
IR R R0 H AR HAR2. 35 TEEBELFLAH K
(Hedden-Dunkhorst et al, 2015). TEEB 553 [ 4R %
MBI ORAT S, SRBRASRERERR
(System of Experimental Ecosystem Accounting,
SEEA) f1 & &% 5 5 4 & & 4t i 55 18 V7 1%
(Wealth Accounting and the Valuation of Ecosystem
Services, WAVES)# {JH¢; TEEBH 2 H 2\
WIF S A=) 22 REVE S5 B AR B3 7 A8 1 5K R Y
B, BN B AR BTIRIN B KR SR AR, 2 b
BATEHRIZEM . A, TEEBW L FrAEM 2 FEME 00
I RATSN, WY Z FEE S 4238 R GRS L

ence—Policy Platform on Biodiversity and Ecosystem
Services, IPBES) ) & g £ fit 1 & K i) 3 #F, XF
IPBESHESE T %28 F iAGIE 3 1) STt K DTk -

Fo AR TEEB SCHF BUAH G 1 [ brAT sh B G A4
2 FEME AR 547 )11 R (National Biodiversity Strat-
egy and Action Plan, NBSAP). /4= ERP¥Al /X 2%
(Sub-Global Assessment Network, SGAN). Kk 2 it
SR RG LIRS G 55 B TAE4(EVU Work-
ing Group on Mapping and Assessment of Ecosystems
and their Services, MAES). £t % 517 5 (UNEP
Green Economy Initiative, UNEP-GEI). ¢4 E I &
THRIE - BRI 73 I 5 35517 3 (UNDP-UNEP
Poverty- Environment Initiative, PEI). =42 k14
B 37 #7417 3 (The Biodiversity Finance Initiative,
BIOFIN). B k£ 554 (The Economics of Land
Degradation, ELD)%.

4 RREE

HiltEbr LR T KEEVMZRHENESR
GRS M AEVEAL TAE, (HHEA =R B 52 m,
FEAFEW R W w5k, BT HEAE. A
WA B AR SR 55, 3 B00P Ak 45 SR 1 ml {5 B AN
BUBEAS A IR, %A R 2 A DG T7 A g N 3k
K, BRZAMMVTE, TR RE S 45 FAR M
AT MR, fe)a, WAE W BURTE R, 7ER)
IS Je 25 1A () A] bk EAFEAR R, S8R S
R LT, PEAL 25 S DA FH T4 2

A JE TEEBHF FL 8 8 i Ry E LR JUAN 7 TH:

EEPR L, A2 TR EARR, SEESH
U R EAT LA X A1, HEMRAZLKE
BR, TR — B K2 B2 AR A TEEB
FRBHESR 507 EEMELE . fETEEBTH H T /E 2 %), N
FIZSAH T (BUR BHFRERT k. RAREE) 785
IINBER, RAEMATREE RS 58, NS
SEIR N BE e Bt . RN FE E KW T b, ekl
W SR N 2, TRIE VRS &5 R R S
.

S ERR Y, R URHRE . )Us =rA
SR T IR A A S I B, PR R AR
AL, XONTEEBII R BB T &6, Mgl T
M ER . FRIE ROZ A o R X L 2L, — 7 T
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* WEFE TR -

BT RIS SRR R L 4RI
Eopsl? A gld gk 2 gr ol

1 (h EB RS R ST s A &5 5 IRy AR 2 B 9B =, JEat 100101)
2 (P HEF R R, JE5 100049)
3 (LA R R S DU R EERE, VTIR4EIT. 212001)

T AL LR E ED (cytochrome b, Cyt b)F4% i [X (control region, CR) i BUE N THrid, #ITT
T T Hh X A (Meles sp.) B 2R Gt % & Hiu A FA 8 J8 40 s B 1] o F 5t 485 RS2 47 B RDEH I & 20 AR B 4518 - Cyt
bFICR F B 5 B % ) K 1,652 bp, 235 FFIFL5E S T 214N B Y o B S0 45 SR 3R B IR0 K RS 43 N AR PR A
R, BT R0 NFAF R RZEIEEMAREM. leucurus)Fl H AFIHEM. anakuma); FHTHSE R EIEER
PFREM. meles) FITE G LA HE(M. canescens). DL HriRg 1 584 204 [ 25 5C 2% JI # SCHRF 7 ) e X M s T 2 o
WEo oy ST IR L S5 R 5 i AR R AR R, 7R RIS S R E2.24 MaZi A7t or i, vamg WAIE(EL.27
MaZe A5 MR E 53t 15 H A S JE 0 S 3 0 8 1) 3 AL B 1) 550,99 Mae A5 o

KHEIR: SR, TR, dIfRtRD; BHIX, REARFT KRR

The taxonomic status of badgers in the Qinghai Lake area and evolu-
tionary history of Meles

Xiao Luo*?, Feng Li**, Jing Chen'?, Zhigang Jiang"**

1 Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Chinese Academy of Sciences, Bei-
jing 100101

J2 L?niversity of Chinese Academy of Sciences, Beijing 100049

3 The 4th Affiliated Hospital of Jiangsu University, Zhenjiang, Jiangsu 212001

Abstract: To investigate the phylogenetic status of badgers (Meles sp.) in the Qinghai Lake area and to esti-
mate the divergence time within Eurasian badgers, the cytochrome b gene and the partial control region (CR)
of mitochondrial DNA were examined as genetic markers. Our results indicated that Meles is divided into four
species. Twenty one haplotypes were identified in 23 combined sequences (1,652 bp) of Cyt b and CR se-
guences. Results showed that Eurasian badgers were clearly divided into two major lineages: one of Western
lineage, composed of badgers from Europe and Southwest Asia, and the other of Eastern lineage, composed of
badgers from North and East Asia (including Japan). Furthermore, the Bayesian tree and the haplotype network
indicated that the badgers in the Qinghai Lake area are Asian badgers (M. leucurus). The estimated divergence
time was consistent with palaeontological evidence. The first split between the Western lineage and Eastern
lineage occurred approximately 2.24 Ma. After the separation, the Southwest Asia clade split from Europe ap-
proximately 1.27 Ma and the Japan clade split from continental Asia approximately 0.99 Ma.

Key words: badger; Meles; Qinghai Lake area; cytochrome b; control region; phylogenetic relationship

KB s (Meles) 5 i TR A H RIRE, ZRIRIZhY) 04 A SEfi 2047 LER T~ B (Wozencraft, 2005). %
oA ) SRR, IUAERRE T2 A Tl Ab st RIET BRI AR AT AR, 7EME LR A L
FIARMAI B (1), AL 4e WA vada R Bttt m Va9 #3 Bk I (Neal & Cheeseman, 1996), £
W, MR, EEHEA ERR, REHAR, R R ORI A RS S A

WSk H #: 2016-01-03; 252 H ##: 2016-05-13
F4 I E . BHEERNE L 15 (2013F Y 110300) A1 [E 5% [ 48R} 3k 4 (31372175, 31070348)
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Fig. 1 Geographic distribution of Eurasian badger. The grey area shows the range of Eurasian badger, the black lines represent geo-
graphic boundaries of each phylogenetic group and the black triangle indicates our sampling locality.

W+ B (Kurten, 1968; Petter, 1971).

AN E M XA A 2 R, JORER 70 26—
FLRFHEFA TG R G, BRI I AR f JE
JEAE 1/ MM, meles (Corbet, 1978; Wozencraft,
1993; Nowak & Paradiso, 1999). Baryshnikov #/l
Potapova (1990)% T A Ui E&M 2R, KIS N
PN, R RN A2 78 e b XS M. meles,
MR B A H A S 5 2 M. anakuma.
Lynch (1994) k4 S & I KM ATEAS 2 57, A A
A HA A R HE M. anakuma, 1T H A A EEAR I
AM. meles. /K )&, Abramov(Abramov, 2001, 2002;
Abramov & Puzachenko, 2005, 2006)4R¥ [ 258 1
B TEA BIAS [FPR A 53 A BRI A RE(M. meles).
PIFEM. leucurus) 1 H A S (M. anakuma), A
= A 2 ik B 7 M2 K. AR,
AbramovHPuzachenko (2013)¥f ¥ V. Kk i 4 58 43 Ky
REBFIPG R, TR SR &5 ABAA
&) f933E4k 32 . MarmiZ(2006) 3 T2 ki R DN A 1l X
JF B 53 B AR BRI R il PRI 38 23 1 1 A4 % B
BRI IE . PERE WA RE . AR AR S B DA J H A
FRE . FT %I (Del Cerro et al, 2010)FISRY A
(Tashima et al, 2011a, b){I /AT 7MIESE T Bk 4t .
Del Cerro%(2010) LA X2 Abramov#liPuzachenko (2013)
& s 78 B b X 23 AT PR 0 R A0 R ST i Bk R
ZHHE(M. canescens Blanford, 1875). {H Fid &4tk

B FEIIAELFE  E S REREA

Pise b, FRELE R E BN A6, BREiE
A Ak, o E AR A 0 B o Al S (e i
1987) o AHIT 1472k BT W S5 b e DR AL Ak T 4
T A i ek, 7E 43 b X 2L I K 4 (5 A 1,
2011; #RA5%, 2012). REFRE iz AT+ E, H
A XHERAT A 2, HRZEPE PR e
%, 2000; Li et al, 2013)F47T N(# 445, 2010; 2504
FE LR, 2014) . £ RE TR I R G gL i rh, o8
T [ A 3R R Zhous (2015)i 52 1 1451
Jh T DX A0 R 1) 2 b Ak 5 TR 28 I I N Bl R R e
Hr#T, Koh%:(2014) % GenBank 4 2 H A [ 4 HE
(11325 Cyt bF FIINNSEMAIRE RS R B b eh .

TR Hh X N R A R 23 A X R IR,
R E T R DX AR 1 oy AL, ARBFRCREE T
PIREREAR, IEBLRARA R KD (Cyt b)FIE | X
(control region, CR)J¥ %I E N 4> ¥ #5id, M
GenBank 2 4# e v T 3 Ath Hb X A0 E (1 )7 51045 S
X W L X AR ) R AR B AT IR VY, If4h
A 43 A T SR S S & kAL s

1 RS

111 HARRE
A S8y T AT 45 b X R AE T 6 R g 4
SUREAR, BT FEA F oK R WARAT
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112 ZEDNARE. BRREY &

BUCREM A LA, % B TIANamp Genomic
DNA Kit (RHRA AR HA R A =) 15 B 45 52 B
DNA.

TR B b (Cyt b) K3 X (CR) 41
FBGEHATY . §HCyt bR A KuroseZ5(2000) 13 it
K151 #1Cb-M1 (5'-CTCACATGGAATCTAACCATG-
AC-3)#1Cb-MR1 (5-TCTTCCTTGAGTCTTAGGG-
AG-3"); ¥ 1 CR % FH Marmi £ (2006) ¥ it (11 51 ¥
MelCR1 (5'-AGCACCCAAAGCTGATATTCT-3') fll
MelCR6 (5'-CCATTGACTGAATTGCACCT-3").

PCRX N =& F 450 pb, H H DNAREHR5-10
pL, dNTP 1 pL (20 mmol/L), 10 x PCR loading buffer
5 ul, E/IA5I#54%2.5 ul (20 mmol/L), Tag DNA
FEHF1-2 U, KEddH,0 28-33 pl. PCR M 4414
A 95°C AR MES min; 95°CARE45 s, 52°CIE k30 s,
72°CIEAi45 s, FLI5AMEER; 72°CLEAHT min, 4°CH

®1 AMRPHLHIADNAFIIER

Table 1 The mitochondrial DNA sequences information in this study

1R
113 MRFIPHE

PCR™ )ik b 3¢ 145 28 Jk DR AT 7 v 0o 30 4700
F, WSSy 8ol vmERE . 7o) Pt A
DNASTARH [#]SeqMan# /4 (DNASTAR, Inc.)iEAT,
W7 25 RAENCBIEE FE h E A7 EUX, 1 e SR AR
A NRENE, 1 ClustalX 1.8 (Thompson et al,
2002)#EAT FE AN LT . M GenBank 4l 72 o R 417
MFEARKICyt bNICRIFHI(FRL), BT EbiikEE Ny
BRI, NN RSK B R IHERIE, #Cyt bl
CR/F %I 1£SequenceMatrix (Vaidya et al, 2011)+ it
1TPHE.
1.2 BUBRSH
121 BfEZHEM

{4 FHDnaSP v5.0 (Librado & Rozas, 2009)#t 1T
WAL Z AR, THE R R H MR 2 R
. FEFKimura’s two-parameter (K2P)# R i F

FLAER FEAATS FEAR G5 PREF= J7%1%5 Accession no.
Haplotype Sample code Sample no. Sampling locality Cytb Control region
H1 QH1 B1 H[E ¥ Qinghai, China KU361236 KU361238
H2 QH2 B2 H[E ¥ Qinghai, China KU361237  KU361239
H2 QH3 B3 H[E ¥ Qinghai, China KU361237  KU361239
H3 QH4 B4 W1 [E ¥ Qinghai, China - KU361239
H4 QH5 B5 H[E#HE Qinghai, China - KU361240
H4 QH6 B6 T E ¥ Qinghai, China - KU361240
H5 China - W EE T Heilongjiang, China KU052604  KU052604
H6 Sweden - i # Sweden AM711900 AM711900
H7 Mongolia 45Mo % Mongolia HQ711950  AJ563694
H8 Greece 80Cr FMETC AR5 Crete Island, Greece HQ711947  GU247573
HY Isragll 491s LI % lsrael HQ711946  AJ563686
H10 Israel2 48ls LA % Israel HQ711945  AJ563685
H11 Spain 35Sp VHEEF Spain HQ711943  AJ563676
H12 Russial ZIS33 %% W ok DU R #5[X. Transbaikalia, Russia AB049807  AB538995
H13 Russia2 Z1S36 B W 5| K ¥ Leningrad Province, Russia AB049808 AB538997
H14 Russia3 Z1S35 P W 5| ## Leningrad Province, Russia AB049809  AB538998
H15 Japanl K1 HA LM KB Oita, Kyushu, Japan AB049806  AB538971
H16 Japan2 K6 HA LM KB Oita, Kyushu, Japan AB049800  AB538971
H17 Japan3 K7 HA UM K43 B Oita, Kyushu, Japan AB049802  AB538971
H18 Japan4 K8 HAJLMNARRE Fukuoka, Kyushu, Japan AB049799  AB538971
H19 Japan5 YMG1 H A 11117 Yamaguchi, Honshu, Japan AB049795  AB538983
H20 Japan6 MR1 AAJLMNE T Iwate, Kyushu, Japan AB049791  AB538977
H21 Japan7 KPM-NF1002945 H A #%% 1| & Kanagawa, Honshu, Japan AB291075  AB291075
Arctonyx collaris YP6001 HM106329 HM106329
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MEGA 6.0% {4(Tamura et al, 2013)i1 5 Ffr Ay A Fift 5]
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DL ¥& JE (Arctonyx collaris) 1 & #b B, f&
MrBayes v3.2 (Ronquist & Huelsenbeck, 2003) 14
HAGKE W . 5 TR B 45 B A 7E Modeltest
v3.7 ¥ {4 (Posada & Crandall, 1998) i 47 {144, ik
$ 77 i A5 S & 1 | (Akaike Information Criterion) T
() I AR RN HKY +I+G AL, #4712 17°1,000 54X,
FFBHL,000 X HUAELIR, A& 7 (burn in)FT25%(1) 45 53
K H Network 4.6 (Bandelt et al, 1999) 9 [1]
Median-joining i A4 2 5 £ Y N 45 &
123 SR EHE

KHIBEAST v1.8%/4(Drummond & Rambaut,
2007; Drummond et al, 2012)f 5505 J& 7 B i 1),
B B 5 DU 40 A — B, 43 1 B ik % strict
clock, Btk £ 4k 26 2 fR A4 Rili(Mustela. nivalis)Fl
WH(M. erminea) 1) CRBJE 5 4 % 1.92%/(Ma - site)

0.02
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(Marmi et al, 2006), & H]Song4(2009)H i J5 2,
THE IS 7 B & #s % 592.02%/(Ma - site), 2
Fi2171,000 54X, £:1,000fCEUFELR . TETRACER
L6 I Sk, ESSKT-200 45 R rl 5. 455K
F TreeAnnotator £ /7 #E 47 8. 45, F &7 A1 10% K18
1Tk

2 #R

I PCRY™ 1Y 3145 75 b Hh X F RE 113/ Cyt b
27 HIFI64CRIF 4 v By, FF M GenBank 4 &
FELTMEARICyt bRICRA B, Jhit23/MEA, Bt
P 5 kAR L Rl 4 K 1,652 bp, HCyt b/F4 R
1,140 bp, CRIF41I4512 bp, 451,373 M5 Ar
(conserved sites). 275/ 7] A4/ 5 (variable sites). 175
A& 2945 BT A (parsim-informative sites), 4% T 2
Z £ 140.026 £ 0.003, g 214 AR,

BT 2 b A R DR ) 1 DL R e R B (B
2) 3 ZRABFIVEE AN RIS R, HPARH X RN A
Japanl |
Japan3
Japan2
Japan4
Japan3s

H A5
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Japan7
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IREB A R
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Y Ay
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Mongolia
Russial
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China -

ko N
M. meles PEHE Sy &
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Ve i A A
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B2 IRIBEAKEDNAMENIIMET R G R BN, HARBRRL HhQHI-6AFSMMXIE, R EHFATESHN

B R B L 2R 0 47 152 AT 8] (95% B {5 X 8])

Fig. 2 Phylogenetic tree of mitochondrial DNA obtained from Bayesian analysis. The sample codes correspond with those in Table
1, in which QH1-6 represent badgers of Qinghai Lake area. The numbers on the branch indicate Bayesian posterior probability and

estimated divergence time (with 95% HPD).
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Table 2 Genetic distances among different Eurasian badger groups

4 R S A WA H A A 3 MEH A
M. canescens M. meles M. anakuma M. leucurus
FRIfSE M. meles 0.034 +0.007
HAMHE M. anakuma 0.042 + 0.009 0.043 £ 0.008
EHNARE M. leucurus 0.040 + 0.008 0.041 +0.008 0.021 + 0.005
TR Hb X g0 S 0.038 £ 0.008 0.041 + 0.008 0.020 + 0.006 0.017 £ 0.004
Badger in the Qinghai Lake area
,,--nﬁo’_gj'}h? #Eo
“ meQ b"ol“" \ N . = NSO
: Wl omo ) HAKRE THE AR AL R B I, JRAT 1K 75 U V0 X 1)
S “{Mb/’”“mm“ NN — A BPh SR B (R2), 45 R R
T T i DX S JE 55 S Ak E () a8t A% R B dR i, O90.017
"""" e 5 A AR B AL PR B IR, T -5 BRI A 3 A e R
‘ @ o - ST A 1 3944 B TS T BEE, 0 9 54 X B8
1 PO 7y O — ,
‘\\\\“s C;I_')u T -Oniz ,’: M. a'em'll:"fl.\‘ AR IR
. 3 Ow 53 SIS ] () 41k B0 25 SEAE I 2 B E AR AT R A 2

L

)R
" M. meles

7Y FE AT A
,'1’1. canescens

N
\
\
)
"
(o
3

E3 BRIIAELRIAEFE 21N RERRWE X RE.. B
BHIAABEERXMERE) SREREERRL &
BRESRTREAREDR, BoXNSRERSIERMIEL. 3t
R4 T AR EIL

Fig. 3 The network based on 21 haplotypes of Eurasian badgers
mitochondrial DNA. H1-4 represent Qinghai badgers (in grey).
All haplotypes are displayed in Table 1. The black circles rep-
resent missing haplotypes. The sizes of the white circles in the
network represent the frequencies of each haplotype. Four
badger’s groups are circled by dotted line.

FE A TEARD H A JE P A 7352, 100 P S A U A
375 R S0 SR Y e TS BE P AN 0 52, BRSO S
IR ) TA F100% . B Y X 45 [ (1 3) F) 45 g AT
ARG EWEEAR 2, BRI KRS A0 5 73 4 A1
XPSERIHEA SRR, J3 o0k 2 BR U A JE o SV P A B
VR A EAN AR . R G E R B T X 2%
KA, T XA R R AR 5 A B 2R 2

N, JOREFEMEAES.01 Ma (95% B 151X [a): 2.43—
3.62 Ma) kA= 73 B, T 2R 38 S 5 AT 351 5 2 1 43 B
I 7] 2 2.24 Ma (95% & {5 [X [7]: 1.85-2.70 Ma). EXHH
HRE 5 V4 RS A 1) A AL (A1 7E .27 Ma (95% B S
X []: 0.99-1.58 Ma), ME A% RN H A M0 5 1 704k
I [A] 7£0.99 Ma (95% & 15 [X [7]: 0.77-1.25 Ma). i
T H X A REQH2-6 11 73 AL i 7] S5 7~ 40.24 Ma (95%
B5IX[H]: 0.15-0.34 Ma).
3 g

1ERGR B A AR R 28 56 R -, 5
Hh DX (P SERE A HD 5 WA SE SR A — ik, JE H
[ )38 A% R B e, 1 WD U X i s T
AR, T8I oy T AL S T VR E T VT M XA
TEM Ty RMAr . seah, B Hrrh, JATEIE
T L X QHL g oAt J LA FE A LA 0K i gt A%
ZE5, ERGIAM T IARE—E, MNRETM
2% % 22 P v a] DLE S I A QHL i L A B £ 7Y
FHPE I, B 75 i Hh DX v] R IR T2 N i
A, BE R 2 R B0 Sk, AT AR 5 A
Hb DX PR AT DR A

ARV 2 I 5 2 W R e VR T Bt e
i [E it Melodon (Viret, 1950), 7R bttt %5 B
Bt A A9 B 2 BRI (Neal & Cheeseman, 1996). A
SN A R Ji 3 B 1) PR Aty B 2 SR ) R ) Ak U AT
HEAL 7 S AR — 5 FE T LR RIARDNARF B [ 4 i1 &
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B, JREREREES.01 Ma (2.43-3.62 Ma) &k Ak 73 15
% 5 KoepfliZ% (2008) £l Marmi £ (2004) ] fit; 55 45 5
FEAR—3 FRERAAFIE g AR Bz A
T Jb # (Madurell-Malapeira et al, 2011), 1447 UF3E
2 BRI A JEFTSIE H A E 1 L (R 26 7E 1.8 Madi 2
RAGY B, 1K 5 AR SOl SRR AR DR S R 1 40 B ]
(2.24 Ma) Bzt . V5 g A AN H AR A 5 52 Hh 23
B 51 40 0 5 R A R L I A R R AR
(Marmi et al, 2006), 7346 843 7°41.27 Ma (0.99-
1.58 Ma)#10.99 Ma (0.77-1.25 Ma), iftiFg W A2
PR Bl R E R ke BERE, i E A R A
EINAIRERY F AU 73 BRI K o 3 2 Hh B A 5T IA A
DRI B A 5 B R R 45 ), HEI 5 2R TR UK
) R E AP R ST R R R i S kel b O
JF(Frantz et al, 2014). {H H A HE ] §E 52 2K KUK
LUVSELEE N A N L A I b S R
(Marmi et al, 2006; Tashima et al, 2011a), A5 1E
TV T b X R B 1R 6 R AR VAT T R L) 93 3,
BT AHE FOAEARG R, JC 0 75 b b X 0 JE 1) R
Guor A TR 2 fERE, ROR TR R TR 2 1 b E
FEAG H AR I8 A5 25 EAT IR N AT

B Bt AR E MR e, A
EFIIERL TR TF, BRRAFLOER
A FhAML AEEEEL FAMKEL
VAR R M Fa B 23 N RAE GG B
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BHRFEE . A B B TR R RO, EESE A TR S, H R AN RN 2 A . R
A ER A BANSCEIR e TR, BEIRIGH IR BL A s, ks & Aah s B, . Sns 4k
HOERAEI [0 R A S, MR AN BT B AN e e £ . A s A ARy, I LAkmIERkmz SO 2 RAE AN 4 K
B4 A . A FH Android 2 BE i 15 % 2eBe0OruxMaps iR 1, 1T LR 22 Bl i g b PR 28V E i BT 2k ), 7 1AL P ok
RS MR E . S . FAKMIEkmz SCAEEAT . SRS AKX T H, w DASEI R A7 b3 B
UL RGN0 A 2 B B A MR A s 2R B VR RS FE I S USE, A7 A AN A T AR o e 4
KRR BN, M RS, BB SN AAHbER; OruxMaps

Geographic data management, refined route design and precise naviga-
tion in biodiversity field surveys

Bin Chen”
Shanghai Chenshan Botanical Garden, Shanghai 201602

Abstract: Field surveys are basic methods for biodiversity research and conservation. During field surveys,
geographic conditions are usually complex, knowledge about local geographical information, design of
routes for surveying, and the precision of field navigation directly influence the efficiency of fieldwork, and
even personal security. Using Google Earth, we can convert and edit various geographic data and overlay
these onto a 3 dimensional model of the Earth, to create a comprehensive geo-database. Then, we can choose
the location of plots and design the routes of field surveys. By using OruxMaps, which can be installed on an
Android mobile device, we can download and compile online maps into offline maps, find current locations,
auto-record track logs, display designed routes onto the maps and precisely navigate to target locations. By
using these tools interactively, we can easily manage the geographic data, design the routes in field survey
and precisely navigate in the field. Thus, we not only enhance the efficiency of fieldwork but also improve
personal safety during field surveys.

Key words: field survey; geographic data management; route design; navigation; Google Earth; OruxMaps
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T B8 P O 4 b X P 4 R TR I 4y HE R B m
KA, REREARLT M Ay HRRE A . A T8 i 2k (L HE AN BEA
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(Google Company, 2016b). J /' A LLK; ArcGIS .
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Fig. 1 The interface of Google Earth. (A) Map browser zone: to move or zoom in/out the map and control data items by mouse
operations; (B) Place mark data editor and ruler: to select and use by mouse clicks on icons; (C) Geo-data management area: right
click on “My places” to enter quick menu to create folders, save and manage user geo-data; (D) Google Earth data layer management
area: to choose and display data transferred from Google’s servers.
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Fig. 2 Adding place-marks onto satellite maps. (A) Mountains and provincial capitals of China; (B) Mountains and county names
of western Zhejiang Province; (C) The Gutian Mountain and nearby towns in Kaihua County, western Zhejiang Province.
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Fig. 3 The circles with radius of 1 km, 2 km, 3 km, 4 km, 5 km, 10 km, 20 km, 50 km and with center points in the 24 ha
Gutianshan Forest Plot. These are useful for regional biodiversity survey planning and route design.
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Fig. 6 The route design for the Tianmu Mountain field exercise of the Plant Taxonomy Training Course of Chinese Union of Bo-
tanical Garden on June 7th, 2015. The Fuyu Hotel is the start point, the three lines with different colors are three routes to different
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Fig.1 Camera trapping sites at Zhongtie-Jungong area of Sanjiangyuan National Nature Reserve
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AR AMEE HENTEEZE R, R, FIH
Kruska-Wallis HFa: 56 bt 52 AN [R5 BE (DL & 4
PR NG RIEIR) T A SR TR 2 7
43 HT7ESPSS 19.04H HET o

RS

BT ER2G ML, AH22KNFREE
O, SO A AL s LR R AR, M
37T AR BB A 2K, 6 M R R A

2



%6 1

A I AL & 7 il = VTR E X 5 B R OR Y X 8k — 22 T 70 X5 R R 711

22,984 HHLH, HL4132,4865K & KM fr, LR
(5] — WA e [R] —Hb i B2 IRy, RIS LI
6987k . I AR 4 € A A R4 6605k, F
v, B A E3305K, K F3309K; ANHE L E BIM
/NG VTR A 155K, Toik S E I A 235K .
MW F R AT LAE @22 H A A
BRI, ERPh % Ol T m(&l2).

FEHRER — 2Ty 4y KA, 207 f
PIIIFPEF AR, FBAHTEL. HA BRI H 1R, W
Wi 2R, SR E6R, EE HAM (1), Shar i
R H SO B A2 5 SRR IR 2 B B (Cervus elaphus)
(1055K). JEIN(Vulpes ferrilata) (625K). = D flEF
fii(Marmota himalayana)(515K). )i % (Lepus
oiostolus) (435K ) Fl1 T % (287K) o7 £ 43 A1 BT SAL Y B
AR UG T RE(224) IR(201) T BR(1571)-
- E e HE S (15 ) A e i A (12A4N) o £E D S B 1) B
B, [ RKIHE SR A S B AR
B2 [E SN2 R B A ) WA 60 (Catop-
uma temminckii). 133 (Martes foina). % =F(Pseudois
nayaur) fl D 4R % NCITESH FIHIH S 315,
I E A R (Canis lupus). $94 (Prionailurus
bengalensis). I B FIAREFAFH, Wk RINEA 55
FLAE LA, B RIAK B 20 IUCNZL 5 4 5% )
WIS PIA(EN), S F15EHE(Arctonyx collaris) 2
P 51 NI fE )R (NT) (JUCN, 2016). HE4FE Y
FER. UK. A5, DB, S, ¥, 5950
SRR = i S8 . TEHIER X RA R b, 13Ffh 2k

18
16 F yrmrm e
14 REELILIELE T

ok ho—--

10 f

PF# No. of species

(= S A )

1 11 21 31 41 51 61
#FEH Trap days

El2 FEAEIEC EN R & B S R IE K rhZk
Fig. 2 Curves of mammalian species captured by camera
traps with increased trap days

T d AL AR, RPEFIFN, [ AR

WAEAMEMFEHENTRAEREES
(*=221.85, df = 11, P = 0.000). ¥F4: A Hi HI& 5N
22 m i, ot 3 £E 06:00-08:00 A
20:00-22:00; K & HiGah R A 14w, 3 30 i
Al K, B2 7E10:00-16:00, 4R J5 i 556 % T
B (1&13).

H T A B A A B 2 A 2 A A LA B 0 ik ST
M B, BATRTER LK & I
TOEHE RN ER. EREW, FFREHI

(o
(=]
1

V% 2y ik i 4 4
Daily activity intensity index (%)
I
T

(I - =1 1 1 1 1 1 1SS o

(=]

QO 8 O N O 8 N O QDL
Pl I O I R Sl ol o4
S N Y
FFFFITFIFSF S
SOOI S ORI SRS
NEENEENGEN NSRS 5

(i) Time

— — — % Livestock
B4 B JS Wild ungulates

E3 MRXEHREMFEFHLRENBEEY
Fig. 3 Daily activity intensity index of livestock and wild
ungulates in the study area

(SRR EILHE £ 154
Daily activity intensity index (%)

D S K
QT ET TN L&
& & & YY
SOV T T I IV T TSNS
NN SN SHEENCHIEN BN N RN

fif ] Time

X & Without livestock
— — — HZE With livestock

PSSP PSP LPS P SLO®

B4 BRRELMBEATDEAENEERRES
Fig. 4 The daily activity intensity index of red deer when
with/without livestock in the same area
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524 %

S5EXBENN, SEHEDHTELEEERQ =
16.29, df = 11, P = 0.130), HRELFK & X, 7
14:00-16:005 & 3 A BLAAS /N s g, T /EA XK &
X3, BB RS SR HON 4 R AR (E4)

FEANFAGRE T, B AE SRR LR S &
F(4=0.498, df = 2, P = 0.780). % & 115 % MO}
(X & MBI, A SR EE N8.T76;, K&k
< 100, BPAE SRS N10.33; KE >
100}, BfAEERINHE% 1551 (f3%2).
3 g

KA AR — T XA R EBR KD
YRR AR GE o A EEEEAS =V IR R X A S 5
85 AE FA 2T (S SR AN 2= 3L, 2002), AIKATE
Ak — ZE T 43 DX A 5 3 1R T AR 2 W IR AR X e /D,
AR LA R 3N RIE A (1) SRR X R 2E
FEUR A ) 2 T 42X 31.8 5 km2 1 X I A1 T £ 11
WA, PE-ZE D))o X H g = VLY AR 4 X 184
SrIXZ—; (QLLAMENLBCE I 8k, AL E
B M IX AR, (3)A /ML 3 25U E 7R AR RN
KM, R A 4T 0 3 AR S 78 b /N L 25 2 (451
U HUE ARG U5 E s ) BB AR TS TE LR T
ENUEEL) P

AAEFL R BT AR R 2 E B i, o
53] B0 7E 6:00-8:004120:00-22:00, Xif Lt [F] 455 73+ 1 1)
7 7 (10:00-16:00) H & 2 154, KILH K391 H
TGS VTS I SE AR T, IR B AR A AL A4k T B
50 A B S AR W SRR RO A TR AR LR A %
— T, KM EAERAGBAR ST
Y. DB (EIREEMTREE, 1997). H¥(E
/KIS, 2006). PREF(DIIEARSE, 2014)5%, %5l iE
#HHIEH B HER G, 55—, FIEIEAER
KB B A B S B AE B A vk LS, I
AERAL T R IX P R P A B Bl TEER
BMAGIX, B AE14:00-16:00 H BRI /N HE B s
W, T {EA 5% & 43 A X 5 i 7F 14:00-16:00 )75 3l ¥
B 4 KRB AR, TMi14:00-16:001F /& K &G =
W, DRI, AT DAHEDT 5 RE A e S K B e g,
BT IRSNAE . BUCAS T G Hh 2 o5 B AR B RS

© W% (2013) ZTZL4k HBARPLEA B S ARG S W 5 5
FESRAEAT N, W26, despfolk ks, b

i B, B AR AT B R T X s B g, th
e HRIUPRAR B B 2 KSR SR 2 — o T (B AT
TERE, 7558 M5 A7 w3 2R BRI 4h
b, IEM T B A ER S KE AR B
WSEG R R, XBMEREEE 10X 'Y
RIS Bl f i i X, B A B 2R
FRIR L X 8K, 102K 8 A BRI (< 10) 1) XK,
AR B I, B A 25 St e DA X 2 X 3

ETHBR-FE Y Xk R, AR
N 525 2 FERI TR K JE B rTalb 1, IR Z0 4 H
WUREAT B A2 55 S B U 2 A0 0 B 52 e R
FB (Hl TN B, 2 A XA IR,
TCT N B 4R ORI X A B S B R 2 R DR K
FHoop A, 378 SR IX I T 1 B A
IR, SR E R AR, B ST B A B G
JRIIFEI, 9 SRR 2 FEPE ORI AN B SR A e
SCHFo

B BRI REREAREF R AR I/EAR
SR RLE TR I,

B 3CH
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Mt Supplementary Material
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Appendix 1 Mammalian species captured by infrared camera in Sanjiangyuan National Nature Reserve from June to September,
2015.

http://www.biodiversity-science.net/fileup/PDF/2016053-1.pdf

MisR2 AEMHCRE THESXMREER
Appendix 2 The capture rates of wild mammalian under different grazing intensities
http://www.biodiversity-science.net/fileup/PDF/2016053-2.pdf
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New combinations of Rosaceae, Urticaceae and Fagaceae from China

Yihua Tong, Nianhe Xia'

South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650

EHEAmU ChEAEDIFAR) F—EFE L
o3 W GE R R EREL B AR, AR el B
REER, X (FEMEYE) KFlora of Chinad—i
BRI S T R, G2 T BT E A
G, BAREWR

1 EEFl(Rosaceae)

T X ZE & (Prunus sll) BLFE T OBk B
(Amygdalus). 75 J&(Armeniaca). )& (Cerasus). 1
P2 )& (Lauro-cerasus) i 24* J& (Padus) & & X 12 J&
(Prunus s.s.) 562N &E . BIEII5T T R0 7S HF
U BB R, PR ERE. HEES
JEENHA R R KR, B HIKRIEA+E
4 (Potter et al, 2007; Chin et al, 2010, 2014; Shi et al,
2013). 1E) X ZFJEN, LG5 KRS TERIE
AREIRLFH X 7 % S8 B % )8, 45 e ik 7 N
P, LB = HERARZEEHN TIX— RN RER
REBRFZAEANFNELE, TRENL—EA RS —
(Kalkman, 1965; Bortiri et al, 2001, 2006). {HAH%fT
ke g IR, EEE. P EAE A
JEBEEZ A SR IR UL, A 2R SR A
JEME S, [KHFlora Europaea (Webb, 1978). Flora of
North America (Phipps, 2014)LA A% [H A 1R £ #bJ7 &
(PR E) (ATFEIRSE, 1985). (SR /MAEA )
(MR, 1989). (tmafa &) (7kkH, 1985). (I~
FAEYIE) (R, 2000). Flora of Hong Kong (Xia
& Deng, 2008) %5 E B AR X &8 . A% T Uit

WA 1 #: 2016-03-14; $25Z [ #: 2016-06-06
* JEIAE#E Author for correspondence. E-mail: nhxia@scib.ac.cn

HAVEGBT ChE A4 5 Rl T
XFBHIMEE, 8H TR0 FHEEFRE.
(1) Bk

Prunus armeniaca L. var. meixianensis (J. Y.
Zhang, T. Z. Li, X. J. Li & Y. He) Y. H. Tong & N.
H. Xia, comb. nov.

Basionym: Armeniaca vulgaris Lam. var.
meixianensis J. Y. Zhang, T. Z. Li, X. J. Li & Y. He,
Bull. Bot. Res., Harbin 9(3): 66, f. 3 (1989). Type:
China, Shaanxi Province, Meixian, alt. 700 m, 15 Jun.
1982, J. Y. Zhang et al. B21104 (holotype, Herbarium
of Liaoning Institute of Pomology).

(R E R (REE )

Prunus armeniaca L. var. xiongyueensis (T. Z.
Li, J. Y. Zhang, X. J. Li & Y. He) Y. H. Tong & N. H.
Xia, comb. nov.

Basionym: Armeniaca vulgaris Lam. var.
xiongyueensis T. Z. Li, J. Y. Zhang, X. J. Li & Y. He,
Bull. Bot. Res., Harbin 9(3): 65, f. 2 (1989). Type:
China, Liaoning Province, Xiongyue, alt. 22 m, 25
Jul. 1985, T. Z. Li et al. C21201 (holotype, Herbarium
of Liaoning Institute of Pomology).

QR)EMA

Prunus armeniaca L. var. zhidanensis (C. Z.
Qiao & Y. P. Zhu) Y. H. Tong & N. H. Xia, comb.
nov.

Basionym: Armeniaca zhidanensis C. Z. Qiao &
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Y. P. Zhu, Acta Phytotax. Sin. 31(2): 188 (1993).
—Armeniaca vulgaris Lam. var. zhidanensis (C. Z.
Qiao & Y. P. Zhu) L. T. Lu, Acta Phytotax. Sin.
38(3): 281 (2000). Type: China, Shaanxi Province,
Zhidan County, Taipingshan, C. Z. Qiao & Y. P. Zhu
890176 (holotype, Herbarium of the Second Military
Medical University).
(4 EAE
Prunus campanulata Maxim. var. wuyiensis (X.
R. Wang, X. G. Yi & C. P. Xie) Y. H. Tong & N. H.
Xia, comb. nov.
Basionym: Cerasus campanulata (Maxim.) A.
N. Vassiljeva var. wuyiensis X. R. Wang, X. G. Yi &
C. P. Xie, Acta Bot. Yunnan. 29(6): 616, f. 1 (2007).
Type: China, Fujian Province, Wuyishan, alt. 900 m,
on forests evergreen, 6 Mar. 2006, X. G. Yi 30604
(holotype, NF).
QL ey
Prunus cathayana (D. L. Fu, B. R. Li & J. Hong
Li) Y. H. Tong & N. H. Xia, comb. nov.
Basionym: Armeniaca cathayana D. L. Fu, B. R.
Li & J. Hong Li, Bull. Bot. Res., Harbin 30: 1 (2010).
Type: China, Hebei Province, Zhuolu County, 11 Jul.
2008, D. L. Fu 2008071101 (holotype, CAF).
(OFSug:zi <
Prunus dolichophylla (T. T. Yu & L. T. Lu) Y. H.
Tong & N. H. Xia, comb. nov.
Basionym: Lauro-cerasus dolichophylla T. T.
Yu & L. T. Lu, Bull. Bot. Res., Harbin 4(4): 50, f. 2
(1984). Type: China, Yunnan Province, Xichou
County, alt. 1,300-1,500 m, 24 Sep. 1947, K. M. Feng
11997 (holotype, PE barcode no. 00004582!).
(MFEBR(E 588k, K3uk)
Prunus ferganensis (Kostina & Rjabov) Y. Y.
Yao ex Y. H. Tong & N. H. Xia, comb. nov.
Basionym: Prunus persica (L.) Batsch subsp.
ferganensis Kostina & Rjabov, Trudy Prikl. Bot., Ser.
8, Polodovye Jagodnye Kul’t. 1: 323, f. 27 1l (1932).
—Persica ferganensis (Kostina & Rjabov) Kovalev &
Kostina, Trudy Prikl. Bot., Ser. 8, Polodovye Jagodnye
Kul’t. 4: 75 (1935). —Amygdalus ferganensis (Kostina
& Rjabov) T. T. Yu & L. T. Lu, Fl. Reipubl. Popularis

Sin. 38: 20 (1986). —Prunus ferganensis (Kostina &
Rjabov) Y. Y. Yao, Fl. Desert. Reipubl. Popul. Sin. 2:
158 (1987), nom. inval. Type: unknown.

Wk UL(1987) 78 K K Hi 2 & Prunus ferganensis
(Kostina & Rjabov) Y. Y. Yaolt} 4 5] iiF %4 Prunus
persica subsp. ferganensis Kostina & Rjabov[¥] Sk
WAL, A GHIE T 3T %4 R 55— 4H & Persica
ferganensis (Kostina & Rjabov) Kovalev & Kostinaft]
SCHRH AR . AR FE International Code of Nomenclature
for Algae, Fungi, and Plants (Melbourne Code)kiKk
41.5(9H9 5 (McNeill et al, 2012), k& 9E(1987)%H
TR IR, R A S NAERRKE.
(8)ESUEAZ

Prunus hefengensis (X. R. Wang & C. B. Shang)
Y. H. Tong & N. H. Xia, comb. nov.

Basionym: Cerasus hefengensis X. R. Wang &
C. B. Shang, Ann. Bot. Fennici 44: 151 (2007). Type:
China, Hubei Province, Hefeng County, alt.
800-1,000 m, roadside on edge of forest, 11 Apr.
1996, X. R. Wang 96069 (holotype, NF).

(9)HEFA
Prunus hongpingensis (T. T. Yu & C. L. Li) Y. H.
Tong & N. H. Xia, comb. nov.

Basionym: Armeniaca hongpingensis T. T. Yu
& C. L. Li, Acta Phytotax. Sin. 23(3): 209, pl. 1, f. 1
(1985). Type: China, Hubei Province, Hongping
County, alt. 1,800 m, 31 Jul. 1977, Shennongjia Ex-
ped. 34031 (holotype, HIB barcode no. 0096980!).
(10)BE H bk

Prunus kansuensis Rehder var. obtusinucleata
(Y.F.Qu, X.L.Chen & Y. S. Lian) Y. H. Tong & N.
H. Xia, comb. nov.

Basionym: Amygdalus kansuensis (Rehder)
Skeels var. obtusinucleata Y. F. Qu, X. L. Chen & Y.
S. Lian, Acta Bot. Boreal.-Occident. Sin., 29(6): 1281
(2009). Type: China, Gansu Province, Kangxian, alt.
1,500 m, 1 Aug. 2008, Y. S. Lian et al. 080024 (holo-
type, NWTC).

(11)Z=He s

Prunus limeixing (J. Y. Zhang & Z. M. Wang) Y.
H. Tong & N. H. Xia, comb. nov.

Basionym: Armeniaca limeixing J. Y. Zhang &
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Z. M. Wang, Acta Phytotax. Sin. 37(1): 107, f. 2
(1999). Type: China, Liaoning Province, Xiongyue,
in cultivation, 15 Aug. 1996, J. Y. Zhang et al. 96-2
(holotype, Herbarium of Liaoning Institute of Pomol-
ogy; isotype, PE barcode no. 017900271).

(12)Jc W2

Prunus padus L. var. asiatica (Kom.) Y. H.
Tong & N. H. Xia, comb. nov.

Basionym: Padus asiatica Kom., FI. URSS 10:
578 (1941). —Padus racemosa (Lam.) Gilib. var. asi-
atica (Kom.) T. T. Yu & T. C. Ku, FI. Reipubl. Popu-
laris Sin. 38: 98 (1986). —Padus avium var. asiatica
(Kom.) T. C. Ku & B. M. Barthol., Fl. China 9: 423
(2003). Type: unknown.

(13)FR 1L EF 2

Prunus serrulata Lindl. var. taishanensis (Yi
Zhang & C. D. Shi) Y. H. Tong & N. H. Xia, comb.
nov.

Basionym: Cerasus serrulata (Lindl.) Loudon
var. taishanensis Yi Zhang & C. D. Shi, Acta Phyto-
tax. Sin. 37(1): 87 (1999). Type: China, Shandong
Province, Tai’an City, Mt. Taishan, alt. 1,000 m, 29
May 1998, Y. Zhang & C. D. Shi 98001 (holotype,
Herbarium of Shandong Institute of Pomology; iso-
type, PE barcode no. 01438567!).

(14)ILiEA

Prunus sibirica L. var. pleniflora (J. Y. Zhang,
T.Z. Li, X. J. Li & Y. He) Y. H. Tong & N. H. Xia,
comb. nov.

Basionym: Armeniaca sibirica (L.) Lam. var.
pleniflora J. Y. Zhang, T. Z. Li, X. J. Li & Y. He,
Bull. Bot. Res., Harbin 9(3): 65, f. 1 (1989). Type:
China, Liaoning Province, Beipiao, Daheishan, alt.
800 m, 10 Apr. 1981, J. Y. Zhang et al. B10401 (hol-
otype, Herbarium of Liaoning Institute of Pomology).
(15)Ail =25 (&5 #5)

Prunus xianjuxing (J. Y. Zhang & X. Z. Wu) Y.
H. Tong & N. H. Xia, comb. nov.

Basionym: Armeniaca xianjuxing J. Y. Zhang &
X. Z. Wu, Bull. Bot. Res., Harbin 29(1): 1 (2009).
Type: China, Zhejiang Province, Xianju County,
Baita, Mt. Kuocangshan, alt. 50-500 m, 16 May 2008,

J. Y. Zhang et al. 2008-1 (holotype, Herbarium of
Liaoning Institute of Pomology).
(16)F %2

Prunus xueluoensis (C. H. Nan & X. R. Wang)
Y. H. Tong & N. H. Xia, comb. nov.

Basionym: Cerasus xueluoensis C. H. Nan & X.
R. Wang, Ann. Bot. Fennici 50: 79 (2013). Type:
China, Hubei Province, Enshi Tujia and Miao Au-
tonomous Prefecture, Xuan’en County, Xueluozhai
Mt., in alpine shrubbery beside road, alt. 1,430 m, 3
Apr. 2009, C. H. Nan 040301 (holotype, NF).

(17) %k ERA% (P AR )

Prunus yaoiana (W. L. Zheng) Y. H. Tong & N.
H. Xia, comb. nov.

Basionym: Cerasus yaoiana W. L. Zheng, Acta
Phytotax. Sin. 38(2): 195, pl. 1 (2000). Type: China,
Xizang Province, Nyingchi City, alt. 2,950 m, in for-
ests, 4 Jun. 1989, G. Yao et al. 1152 (holotype, Her-
barium of Xizang Institute of Plateau Ecology; iso-
types, PE barcode no. 01821794! & no. 01821795!).
(18)Brfn s

Prunus zhengheensis (J. Y. Zhang & M. N. Lu)
Y. H. Tong & N. H. Xia, comb. nov.

Basionym: Armeniaca zhengheensis J. Y. Zhang
& M. N. Lu, Acta Phytotax. Sin. 37(1): 105 (1999).
Type: China, Fujian Province, Zhenghe County,
Waitun, Mt. Chouling, alt. 780-940 m, 17 Jul. 1996,
J. Y. Zhang et al. 96-1 (holotype, Herbarium of
Liaoning Institute of Pomology; isotype, PE barcode
no. 01790028!).

2 EHM&H(Urticaceae)

W 2 3 (1982) k& 1 JE R % /K {E (Pilea verru-
cosa Hand.-Mazz.) ) 4 A V. Fif [ Jb ¥4 7K FE (P, ver-
rucosa Hand.-Mazz. subsp. fujianensis C. J. Chen)#!
B9 3 k4 7K 1€ (P. verrucosa Hand.-Mazz. subsp. sub-
triplinervia C. J. Chen). Chenfl1Monro (2003)¥ £F-41
% JKAE(P. gracilis Hand.-Mazz.) 3 A\ P. verrucosa
Hand.-Mazz., T H ¥[8 6 4 7K T8 A 58 ik 74 7K 18
ENZAZ P AR, FEGIUE T BAT B 546 S0k . AR 4
International Code of Nomenclature for Algae, Fungi,
and Plants (Melbourne Code) % #k 41.6 1] #i &
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(McNeill et al, 2012), ChenfliMonro (2003) TG & H &
M KRR T TSR 4 FR(name at new rank),
BPPilea verrucosa Hand.-Mazz. var. fujianensis (C. J.
Chen) C. J. Chen & Monro 1 Pilea verrucosa
Hand.-Mazz. var. subtriplinervia (C. J. Chen) C. J.
Chen & Monro. {H# J5Chen%(2007) A& 3ILP. verru-
cosa Hand.-Mazz.&P. verrucosa Killip (1925) 11 H
M 4, T & 8 % 4 40 ¥ /K 1e (P. gracilis
Hand.-Mazz.) A XA~ LA I IE 7 4 PR, ¥4P. verru-
cosa Hand.-Mazz. (1929) &b B N £F- 4074 /KAL I 5 44
I I SRR [ AAR A 7T, BAT TN R A A 44 Bk
SEONIEFR, $B252P. gracilis Hand.-Mazz. A 1E#fi 44 7%,
{H H T Chen%#(2007) A X} J5 e & R AEP. verrucosaZ.
TIPS AP BEAT A0 HE, IR w44 ST, FEUL
HH A
(19) ) dLv4 7K 18

Pilea gracilis Hand.-Mazz. subsp. fujianensis (C.
J. Chen) Y. H. Tong & N. H. Xia, comb. nov.

Basionym: Pilea verrucosa Hand.-Mazz. subsp.
fujianensis C. J. Chen, Bull. Bot. Res., Harbin 2(3): 55
(1982). —Pilea verrucosa Hand.-Mazz. var. fujianensis
(C. J. Chen) C. J. Chen & Monro, Fl. China 5: 101
(2003). Type: China, Fujian Province, Jianning
County, Wangpingdong, alt. 1,000 m, 3 Jun. 1978, Z.
Y. Li 10880 (holotype, PE barcode no. 00023976!).
(20) R H ik 4 7KTE

Pilea gracilis Hand.-Mazz. subsp. subtripliner-
via (C. J. Chen) Y. H. Tong & N. H. Xia, comb. nov.

Basionym: Pilea verrucosa Hand.-Mazz. subsp.
subtriplinervia C. J. Chen, Bull. Bot. Res., Harbin
2(3): 56 (1982). —Pilea verrucosa Hand.-Mazz. var.
subtriplinervia (C. J. Chen) C. J. Chen & Monro, Fl.
China 5: 101 (2003). Type: China, Hainan Province,
Changjiang County, Qicha Xiang, Qichaling, alt.
400-600 m, 27 Nov. 1956, S. H. Chen 11391 (holo-
type, IBSC barcode no. 0001393!).

3 &3} (Fagaceae)

7 X Bk J& (Quercus s.l) W L FH X )&
(Cyclobalanopsis) FIk AR J& (Quercus s.8.) o FilE K
ZHMRGFUETE R, T UERE 2 — N B AW
PRER, FXEMLRRLE, BEBRTHFNE

MR JE J& — N 3F 2 258 (Manos et al, 2001; Oh &
Manos, 2008; Hubert et al, 2014). Hubert%%(2014)it
XFUTAERTT XHFIR I RGE R B AT T s, K
AN [F) A1 S A 1 2 B 23 5 75 X 2RI R &
{BIX LRI TR ST SRR A 7r AL FE . A %5 T Ik,
TEgAT (b E AR ) I, ATRAT R
J HIME S8 LR 2 MAE T M s h AR 2 IR H &
By 7

(1) BN E X

Quercus changhualingensis (G. A. Fu & X. J.
Hong) N. H. Xia & Y. H. Tong, comb. nov.

Basionym: Cyclobalanopsis changhualingensis
G. A. Fu & X. J. Hong, Guihaia, 27(1): 29 (2007), as
‘changhuaglingensis’. Type: China, Hainan Province,
Changjiang County, Changhualing, alt. 180-220 m, 4
Oct. 2004, G. A. Fu 11283 (holotype, HFB).
FETHEN

Quercus yangianii (G. A. Fu) N. H. Xia & Y. H.
Tong, comb. nov.

Basionym: Cyclobalanopsis yangianii G. A. Fu,
Bull. Bot. Res., Harbin, 27(1): 1 (2007), as
‘yin-gianii’. Type: China, Hainan Province, Changji-
ang County, Changhualing, alt. 160-200 m, 5 Oct.
2004, G. A. Fu 11287 (holotype, HFB).

A I 32 (2007) 78 3C H BB 1 HE AR B Aoln ] 2
N T BB FE M F AR AR R A iR T 2%,
iz W LA DUTE 1 HF 5 20000 386 T 9 1E B PF VS 2
“yangian”, “yingian” & T El il f5 iR, #FEFIE, H
f 4 International Code of Nomenclature for Algae,
Fungi, and Plants (Melbourne Code)2#60.9f)#1 &
(McNeill et al, 2012), 7% FFAE 4L NI 1) 5 1]
A W AT AFAE B 7 S5 B 7 B R I,
WG I L PR - A A N SO IR R R, T AR

gt Rt EAFREAEHEREKAATR A
L EE IR REGEREL, Bz FEE
REGE, F BAF A 3694 et 358
T T AR AP KGR KAR A, A — Rt

S5 3CH

Bortiri E, Oh SH, Jiang JG, Baggett S, Granger A, Weeks C,
Buckingham M, Potter D, Parfitt DE (2001) Phylogeny and
systematics of Prunus (Rosaceae) as determined by se-
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quence analysis of ITS and the chloroplast trnL-trnF spacer
DNA. Systematic Botany, 26, 797-807.

Bortiri E, Heuvel BV, Potter D (2006) Phylogenetic analysis of
morphology in Prunus reveals extensive homoplasy. Plant
Systematics and Evolution, 259, 53-71.

Chen JR (1982) A monograph of Pilea (Urticaceae) in China.
Bulletin of Botanical Research, 2(3), 1-132. (in Chinese)
[MRZ 5 (1982) 1 [E = BREHA /KIL R AT 78, FEPIT T,
2(3), 1-132.]

Chen JR, Monro AK (2003) Pilea. In: Flora of China, Vol. 5
(eds Wu ZY, Raven PH), pp. 92-121. Science Press, Beijing
& Missouri Botanical Garden Press, St. Louis.

Chen JR, Monro AK, Chen L (2007) Name changes for Chi-
nese Pilea (Urticaceae). Novon, 17, 24-26.

Chen QH (1989) Prunoideae. In: Flora of Guizhou, Vol. 7 (ed.
Li YK), pp. 257-290. Sichuan Ethnic Publishing House,
Chengdu. (in Chinese) [Friftifs (1989) Z=WARlL .. Si/H
W EEELE), AR, pp. 257-290. VU)I Rk H
FiCkL, HCER.]

Chen WC (2000) Rosaceae. In: Flora of Guangdong, Vol. 4
(ed. Wu TL), pp. 167-242. Guangdong Science and Tech-
nology Press, Guangzhou. (in Chinese) [[#/3k (2000) 3%
WORE W TTAHRMEMECENAE), REA TS, pp. 167-
242, TTRBHE AL, T

Chin SW, Wen J, Johnson G, Potter D (2010) Merging Madde-
nia with the morphologically diverse Prunus (Rosaceae).
Botanical Journal of the Linnean Society, 164, 236-245.

Chin SW, Shaw J, Haberle R, Wen J, Potter D (2014) Diversi-
fication of almonds, peaches, plums and cherries— molecu-
lar systematics and biogeographic history of Prunus
(Rosaceae). Molecular Phylogenetics and Evolution, 76,
34-48.

Fu GA (2007) One new species of the Cyclobalanopsis (Fa-
gaceae) from Hainan Island. Bulletin of Botanical Research,
27, 1-2. (in Chinese) [fFH 3% (2007) iEre 5 X & (-}
Bh—Fkh. WAL, 27, 1-21]

Handel-Mazzetti HREv (1929) Symbolae Sinicae, part 7, An-
thophyta. Verlag von Julius Springer, Wien.

Hubert F, Grimm GW, Jousselin E, Berry V, Franc A, Kremer
A (2014) Multiple nuclear genes stabilize the phylogenetic
backbone of the genus Quercus. Systematics and Biodiver-
sity, 12, 1-19.

Kalkman C (1965) The Old World species of Prunus subg.
Lauro-cerasus including those formerly referred to Pygeum.
Blumea, 13, 1-115.

Killip EP (1925) Notes on Peruvian Urticaceae of the Marshall
Field exploration. Journal of the Washington Academy of
Sciences, 15, 48-56.

Manos PS, Zhou ZK, Cannon CH (2001) Systematics of Fa-
gaceae: phylogenetic tests of reproductive trait evolution.
International Journal of Plant Sciences, 162, 1361-1379.

McNeill J, Barrie FR, Buck WR, Demoulin V, Greuter W,
Hawksworth DL, Herendeen PS, Knapp S, Marhold K, Pra-
do J, Prud’homme van Reine WF, Smith GF, Wiersema JH,
Turland NJ (2012) International Code of Nomenclature for
Algae, Fungi, and Plants (Melbourne Code), Adopted by the
Eighteenth International Botanical Congress Melbourne,
Awustralia, July 2011. Regnum Vegetabile 154. Koeltz Scien-
tific Books, Kdnigstein.

Oh SH, Manos PS (2008) Phylogenetics and cupule evolution
in Fagaceae as inferred from nuclear CRABS CLAW se-
quences. Taxon, 57, 434-451.

Phippis JB (2014) Rosaceae. In: Flora of North America, North
of Mexico, Vol. 9 (ed. Flora of North America Editorial
Committee), pp. 18-662. Oxford University Press, New
York & Oxford.

Potter D, Eriksson T, Evans RC, Oh SH, Smedmark JEE,
Morgan DR, Kerr M, Robertson KR, Arsenault M, Dickin-
son TA, Campbell CS (2007) Phylogeny and classification
of Rosaceae. Plant Systematics and Evolution, 266, 5-43.

Shi S, Li JL, Sun JH, Yu J, Zhou SL (2013) Phylogeny and
classification of Prunus sensu lato (Rosaceae). Journal of
Integrative Plant Biology, 35, 1069-1079.

Webb DA (1978) Prunus. In: Flora Europaea, Vol. 2 (eds Tutin
TG, Heywood VH, Burges NA, Moore DM, Valentine DH,
Walters SM, Webb DA), pp. 77-80. Cambridge University
Press, London.

Xia NH, Deng YF (2008) Rosaceae. In: Flora of Hong Kong,
Vol. 2 (eds Hu QM, Wu DL), pp. 19-36. Agriculture, Fish-
eries and Conservation Department, Government of the
Hong Kong Special Administrative Region, Hong Kong.

Yao YY (1987) Rosaceae. In: Flora in Desertis Reipublicae
Populorum Sinarum, Vol. 2 (ed. Liu YX), pp. 92-168. Sci-
ence Press, Beijing. (in Chinese) [Zh&E ¥t (1987) 7kl
e T VBB (5 %), KIBELES, pp. 92168,
BReE i, Jba]

Yu TT, Lu LT, Ku TC (1985) Rosaceae. In: Flora Xizangica,
Vol. 2 (ed. Wu CY), pp. 539-701. Science Press, Beijing.
(in Chinese) [ATfEiR, FEFAEH, HHEZ (1985) %A%l
o PURRAE G (R %), RALHE g, pp. 539-701. £}
S, B

Zhang YT (1985) Rosaceae. In: Flora Fujianica, Vol. 2, pp.
263-337. Fujian Science and Technology Press, Fuzhou. (in
Chinese) [7k7KH (1985) # 7kl W: BEMMECGEE
%), pp. 263-337. FREERIFHHA AL, 48]
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New combinations and new synonyms in Lamiaceae from China

Chunlei Xiang®, Guoxiong Hu?, Hua Peng®*
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2 College of Life Sciences, Guizhou University, Guiyang 550025

JETER R HEE 6 RE, RARERENS
Frii i (Drew & Sytsma, 2012). ZEHEY 2R 2
o)A, 3:236J87,20043 Ffi(Harley et al, 2004), F [
A ZEHEYI96 /970 F1(Li & Hedge, 1994), NJE
FERI64 Z FEtE 0 2 —(Harley et al, 2004). i1 4F
Sk, FRATTNTE P JE TR A — L E BT TR
BAT KRG HETE, B2 AR 7 A R A 44 Ab 31
(Xiang & Peng, 2008; Xiang et al, 2008, 2009, 2010,
2013, 2014; Hu & Peng, 2015). ik, fE49w5 (HIE
VIR T) (G EIMH R, AR
A W EN — LS A FRAE R A B BT R 44

1 #HEE
(LA /NEF 2 R

Matsumurella chinense (Benth.) Bendiksby var.
robustum (C. Y. Wu) C. L. Xiang & H. Peng, comb.
nov.

Galeobdolon chinense (Benth.) C. Y. Wu var.
robustum C. Y. Wu, Acta Phytotax. Sin. 10(2): 158

(1965).

O, R KR, SR AER R, bbb
2642 (AU).
(IETE/NEF 2

Matsumurella chinense (Benth.) Bendiksby var.
subglabrum (C. Y. Wu) C. L. Xiang & H. Peng,

Wk H 3: 2016-01-20; £:%% H J: 2016-03-29

comb. nov.

Galeobdolon chinense (Benth.) C. Y. Wu var.
subglabrum C. Y. Wu, Acta Phytotax. Sin. 10(2): 158
(1965).

W, VPR E e, RERTEIATE, KR, T
Z(PE).

BOE )35 R G Fu A 3L W (Scheen et al,
2010; Bendiksby et al, 2011), /h B 2 jf )&
(Galeobdolon Adans.) A& —/NHAARIZREE, NIEAN
Matsumurella MakinoJ& . /2% Bendiksby4(2011)
Xof o R KR 3 M S I A AR R AT T i 44 Ab B,
B3R 1 Bk 2N M R A FR . T AR, TR
XFHBEAT TG . AN B, RN 2R
(Matsumurella chinense var. robustum)-5 J& 45 f i1 3
LEXOHAE T A MO, =860 cm, i
4-12 cm x 3-6 cm, £ H (AP RR LRSS,
7160-100 cm, M FK/NANEE R4 cm x 2.2 cm, fE4L
), i 7B /N 2 Bk (Matsumurella chinense var.
subglabrum) 5 JEARFR ¥ X 42T R2E Tt BB
FAE s L 2 BORE A (B A2 b B O [ 500 B 22 98
WA TR By, W PR, 2 B IR
PEAT) o

2 FhEA
L BE#ETEE

FEWH: EK QSRR 4:(31370229) A1 Hh [ T2 e 75 4F B8 (2 14E 2 A\ 7 1 H (2013253)

" J@IRE# Author for correspondence. E-mail: hpeng@mail.kib.ac.cn
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Clinopodium megalanthum (Diels) C. Y. Wu et
S. J. Hsuan ex H. W. Li, Acta Phytotax. Sin. 12(2):
220 (1974).

Calamintha chinensis Benth. var. megalantha
Diels, Notes Roy. Bot. Gard. Edinburgh 5(25): 233
(1912).

HE, = F: WL, #$k3,350 m; G. Forrest
2476 (E).

Clinopodium megalanthum f. leucanthum H. Y.
Su, Bull. Bot. Res., Harbin 20: 253 (2000), syn. nov.

HE, g KB i, #452,400 m, 19994
625H, ZRMiE 0018 (KHEL KA R).

~}4: 5 (Clinopodium megalanthum)t ¥ /) 7 )
2, B FEN 75 I MEAI A7 5% 72 (2000) 438 17
H = KB — AR R, 2 B R 3 (e 5 T
Do AHAEEFAMAE SRR T, RATR I A
e MEERMIR, ZARLERL, EHEH
. BEZEAGE, e AR SRR R4 .

()& E R LR
Elsholtzia ciliata (Thunb.) Hyl., Bot. Not. 1941:
129 (1941).
Sideritis ciliata Thunb., Syst. Veg. ed. 14. 523
(1784).

HA, BARP AT, KRER A ATE, C.P.
Thunberg 13375 (F 4 S; &40 BM, E).

Elsholtzia ciliata var. duplicatocrenata C. Y. Wu
& S. C. Huang, Acta Phytotax. Sin. 12(3): 345 (1974),
syn. nov.

HE, ZF: AR, #E4Kk2,600 m, SREEI ] A
P, ATHER 10414 (PE).

EEF AN, F 3 (Elsholtzia ciliata) 7] 73 4ii T A [A]
s, BB FEOR . RALH A 5 %) 55 (1974)
BRI EA 2 R AR R IR [ — 8, &
AR, SR, LiflHedge (1994)7EFlora of
ChinaH JF A WX — 2R, AL 5 IR AR Fh K
FlAth A2 b 1) 1) 2 A M SRl il B — AR 4, R
15 B AR (1) G RK T, HORE FE AL B 5 J5 A i S
o
QBEHEAEE

Elsholtzia stauntonii Benth., Labiat. Gen. Spec.
2: 161 (1833).
FEHLANTE, G. Staunton, 5 (BM).

Elsholtzia stauntonii f. albiflora H. W. Jen & Y.
J. Chang, J. Beijing Forest. Univ., 13(3): 2 (1991),
syn. nov.

HE, dbs kAl #4k800 m, 19884720
H, xl4kE 89957 (BJFC).

A58 A (1991) R H A t fisd, #iiR 71X —
BrAH B 46 K % (Elsholtzia stauntonii f. albi-
flora). SRIMAESEF AR A AT, BIAE [E—HE P
ERE MR, AR A AR, BoHH
AR EFZ T4 .

(4)BIRBRHE TS

Paraphlomis javanica (Blume) Prain var.
javanica, Ann. Roy. Bot. Gard. (Calcutta), 9(1): 59
(1901).

Leonurus javanicus Blume, Bijdr. FI. Ned. Ind.
14: 828 (1828).

BREAR AR ANTE, RS Z 4R 2B .

Paraphlomis javanica var. pteropoda D. Fang et
K. J. Yan, J. Trop. Subtrop. Bot. 17(1): 91 (2009), syn.
nov.

i, TP B, k420 m, 19774614 H,
A5 E 3-22054 (GXMI).

ECkE 75 (Paraphlomis javanica) e Bk 75 J& o 43
RN 2 TEARR R MEKRR— M. e
F1J7 &b (2009) Hi R T AR R RE 95 (Paraphlomis
javanica var. pteropoda)ix— g M, FEIA A
AP S o RS SR T 5 A AR AR DX 1) o Sk
B A LA E B X R AR E, %
ATl E] £ 73 2808 R BAT R, O RS T S fif
IR ANEEE PR A DA I 3 338 B (1 I K P,
HRORE AL B JER AR T ) 57 44
(5) B kAR HHBoRE 75

Paraphlomis javanica (Blume) Prain var. angus-
tifolia (C. Y. Wu) C. Y. Wu et H. W. Li ex C. L.
Xiang, E. D. Liu et H. Peng, Nordic J. Bot. 28: 668
(2010).

Paraphlomis rugosa (Benth.) Prain var. angusti-
folia C. Y. Wu, Acta Phytotax. Sin. 8(1): 38 (1959).

W, PN S L, 193948 H30H, Bk E
4920 (PE).

Paraphlomis javanica var. angustifolia f. al-
binervia D. Fang et K. J. Yan, J. Trop. Subtrop. Bot.
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17(1): 91 (2009), syn. nov.

e, R R, 197749 H24H, Kl BA
4-7-6 (IBK).

7 5 A6 A1 T 4i# (2009) A 9 ik 8k - fBORE 5
(Paraphlomis javanica var. angustifolia f. albinervia)
X AR R 2 A R AE T kO B B
H KA 22wy T o A HT i, ROk 95X —
YRl iz E N A B o)z TR el KA,
ZYIMT DA 73NN, H A& AR A [
RHEFIEAY T —J7H, Sk BEAERM T T
FRRHTRIAL R, 55— Ty K b R A2
—MEE R 73 AR, WK A B A B RS 75
MR ENZE,

O HAERBEAEZR

Salvia przewalskii E. Peter var. alba X. L. Huang
& H. W. Li, Acta Phytotax. Sin. 19(2): 245. (1981)

HilE, Zm: WYL, #$4k2,600-3,000 m, 19784
10H26H, KHEAATE 78102 (SHMMI).

Salvia przewalskii f. albiflora Y. H. Wu, J. Wu-
han Bot. Res. 23(3): 235 (2005), syn. nov.

i, DYl 3EYE, #FK3,500 m, 200448 H 1
H, %% 31010 (HNWP).

% K [ (2005) 4R 17 DY )15 50 B i H v R
REBEERY, WONHE BGOSR
BAE . SEhr b, fEIZRT, |52 MG
(1981) & KK T iZJEH—ANF &R, REEH T
iR 2 & (Salvia przewalskii var. alba), 3 E4RAEH
FeAERE N E . 2R AR AL R AR, X
X3 A B 2 A RRK, B PIA PRS2 bR b2 [F]
— WA, MK P R R A e AR A Dy B e H T
RERRX M R4,

(MG BB

Salvia tricuspis Franch., Bull. Soc. Philom. Paris
3:150 (1891) [, VUJII: 4THik (HEE), RN A
ANTE, J.A. Soulié 627 (K).

Salvia chuanxiensis Z. Y. Zhu, B. Q. Min & Q. L.
Wang, Bull. Bot. Res., Harbin 31(1): 1 (2011), syn.
nov.

HoE, PO %, #k2,260 m, XAHTE A E
¥ 1988 (EMA).

AR B, NIVE R 5 (Salvia tricuspis)5
ki 6 B R % (Salvia roborowskii) %5 3 (# 1F 4R 4%

2011), fHE AL E A5 mmiFRENSZ
XA Zidfrantbis, AT R EE K
BIRAE (Salvia tricuspis)fEJEAS ER AT . K
FEXHETNHREBEREZZF4, L H2E
6(2k8) Ak, 1M WMIRIE N — B A, 67
B2-4%48 . HAh, 8 RIRIEN AR FE A 7 4,
BAVE I TUAE 1R BT A 25 0% U b A 1 1 25
W, PR SN KBRS, 167 A
H2-45 i, BMAADIRARRRICT N6, HAE
HMENEAEKIZER., i, —FHEWESERF
AR, HAEHIR A b RORAE AR DY )1 5 %56
oA 53 A o WO BOR )1 78 BB S AR BN BT RIRATE )
T

SE 3k

Bendiksby M, Thorbek L, Scheen AC, Lindgvist C, Ryding O
(2011) An updated phylogeny and classification of La-
miaceae subfamily Lamioideae. Taxon, 60, 471-484.

Drew BT, Sytsma KJ (2012) Phylogenetics, biogeography, and
stamina evolution in the tribe Mentheae (Lamiaceae).
American Journal of Botany, 99, 933-953.

Harley RM, Atkins S, Budantsev AL, Cantino PD, Conn BJ,
Grayer R, Harley MM, de Kok R, Krestovskaja T, Morales
R, Paton AJ, Ryding O, Upson T (2004) Lamiaceae. In: The
Families and Genera of Vascular Plants (ed. Kubitzki K),
Vol. 7, pp. 167-275. Springer, Berlin.

Hu GX, Peng H (2015) Identity of Salvia weihaiensis (La-
miaceae) from China. Phytotaxa, 202, 298-300.

Huang XL, Li HW (1981) Notes on Salvia Linn. in China. Acta
Phytotaxonomica Sinica, 19, 245-249. (in Chinese) [ 75
=, BYIC (1981) MERR MR MYk
417, 19, 245-249.]

Li HW, Hedge IC (1994) Lamiaceae. In: Flora of China (eds
Wu CY, Raven PH), Vol. 17, pp. 50-299. Science Press,
Beijing & Missouri Botanical Garden Press, St. Louis.

Ren XW, Zhang YJ, Wang YQ, Li XY, Wang MZ, Zhao H,
Liu ZY (1991) A study on the plants of Mt. Songshan, Bei-
jing. Journal of Beijing Forestry University, 13, 1-6. (in
Chinese with English abstract) [fF22, K EH, T,
Fhi s, RSP, B, XIRE (1991) Abatis L7
WFFE. dEE Rk 22254k, 13, 1-6.]

Scheen AC, Bendiksby M, Ryding O, Mathiesen C, Albert VA,
Lindgvist C (2010) Molecular phylogenetics, character evo-
lution and suprageneric classification of Lamioideae (La-
miaceae). Annals of the Missouri Botanical Garden, 97,
191-219.

Su HY, Yang XX (2000) New form of Clinopodium megalan-
thum from Yunnan. Bulletin of Botanical Research, 20, 253.
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S (hEAEYIM AT B8 0
WEIRH AR, VEF RILSEHT R R T HRIK IS
¥ J& (Juncellus (Griseb.) C. B. Clarke)H i) — N2 Ff
——JR/KPFE (Juncellus serotinus (Rotth.) C. B.
Clarke var. capitatus D. Z. Ma) (5785 F0xi B 2%,
1988)J& T V5 & J& (Cyperus) i), Jowi k£ T AL
J& (Scirpus L) ) — A P ——rf [] J# % (Scirpus
xintermedius Tang & F. T. Wang) (& #EFIVE K %%,
1961), ifi Jx“International Code of Nomenclature for
Algae, Fungi, and Plants (Melbourne Code)” (McNeill
et al, 2012)#NIH.3.3, HAFRAGIL(LANIE3.1),
HZ 2 F & T 7K 2% (Schoenoplectus) 54, 5 F#r
LR ERLFNG.11) . AHICH Ay 22 AR SR TE 40 T

1 #HESE

RIS E
Cyperus serotinus Rottb. var. capitatus (D. Z. Ma)
S.R. Zhang & H. Y. Bi, comb. nov.

Basionym: Juncellus serotinus (Rotth.) C. B.
Clarke var. capitatus D. Z. Ma, Fl. Ningxia 2: 522

(1988). Type: China, Ningxia, Yinchuan,
Dongmenwai, Aug. 1963, D. Z. Ma s.n. (holotype,
NXAC).

AT oA T BRI, NIRERA, £ T
VISR SR
ok H #: 2016-04-21; 252 H #: 2016-06-25

FEIH K E R #5462 (30970178, 31570200)
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SR K L S5 4] E - 34 R ) B 2 (1988) K 3R
7E K7 & b, R 4 Dai %% (2010) F1 Goetghebeur
(1998), ZJE A% A BIVS g . Kt AR
ZHE IR

SOIR/K 5 5L (Cyperus serotinus Rottb. var. capi-
tatus (D. Z. Ma) S. R. Zhang & H. Y. Bi) 5 J5 A8 Ffi 7K
V5 EL(Cyperus serotinus Rottb. var. serotinus) X J
FET NI B IR ER TR, K3-5 mm, Fi4)2
mm, & HES TR A R T, L2 SR

2 AR

o [8) 7k (7 [ e )
Schoenoplectus xintermedius S. R. Zhang & H. Y.
Bi, nom. nov.

Replaced synonym: Scirpus xintermedius Tang
& F. T. Wang, Fl. Reipubl. Popularis Sin. 11: 34, 224
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Schoenoplectiella xintermedia Hayas., J. Jap.
Bot. 87(3): 183 (2012), syn. nov.

BAEM T o m A RN, BRI
., #FK%12,300 m. HAMEBRUEKZ(S. schoofii
(Beetle) Sojak), fH /N W R 1R 5 #H g
(Schoenoplectus juncoides (Roxb.) Palla)t A i .
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¥ Hayasaka (2012) & 3 [ Schoenoplectiella
xintermedia Hayas. AbFE N — T 74 .

Bugt: Aot BA S AL AT ST R A = AT R A
kT s TR LA B

S5 3H

Dai LK, Liang SY, Zhang SR, Tang YC, Koyama T, Tucker

GC, Simpson DA, Noltie HJ, Strong MT, Bruhl JJ, Wilson
KL, Muasya AM (2010) Cyperaceae. In: Flora of China,
Vol. 23 (eds Wu CY, Raven PH, Hong DY), pp. 164-461.
Science Press, Beijing & Missouri Botanical Garden Press,
St. Louis.

Goetghebeur P (1998) Cypearaceae. In: Families and Genera of
Vascular Plants, Vol. 4 (ed. Kubitzki K), pp. 141-190.
Springer, Berlin.

Hayasaka E (2012) Delineation of Schoenoplectiella Lye (Cy-
peraceae), a genus newly segregated from Schoenoplectus
(Rchb.) Palla. Journal of Japanese Botany, 87, 169-186.

Ma Dz, Liu HL (1988) Flora Ningxiaensis, Vol. 2. Ningxia
People’s Publishing House, Yinchuan. (in Chinese) [5{i
Wi, XHE (1988) TERMEMEGE ). TE AR
#, 4RI

McNeill J, Barrie FR, Buck WR, Demoulin V, Greuter W,
Hawksworth DL, Herendeen PS, Knapp S, Marhold K,
Prado J, Prud’Homme van Reine WF, Smith GF, Wiersema
JH, Turland NJ (2012) International Code of Nomenclature
for algae, fungi, and plants (Melbourne Code) adopted by
the Eighteenth International Botanical Congress Melbourne,
Awustralia, July 2011. Regnum Vegetabile 154. Koeltz Scien-
tific Books, Kdenigstein.

Shiels DR, Hurlbut DL, Lichtenwald SK, Monfils AK (2014)
Monophyly and phylogeny of Schoenoplectus and Schoeno-
plectiella (Cyperaceae): evidence from chloroplast and nu-
clear DNA sequences. Systematic Botany, 39, 132-144.

Tang T, Wang FT (1961) Flora Reipublicae Popularis Sinicae,
Vol. 11. Science Press, Beijing. (in Chinese) [J#ik, VL& %%
(1961) FEMEMECEE—B). Bt Jb5t]

(GifEgmZ: S SRR BEAER)



EWZ R 2016, 24 (B): 725-727
Biodiversity Science

doi: 10.17520/biods.2015370
http: //lwww.biodiversity-science.net

< BV H

XN PESFEYZHEAELEF LRHES

FEE

W 2

1 (R R B R R T AR AR ST RTBRAR T AR A AR 2 2 5 S s, Mt 210008)
2 (hERMEER RS, Jbat 100049)
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(FEESEMZREN) —XOgkE, NE
TN (R AR A0 — T R
b o E A B (CERIRASE, 2015). (5%
TV ZFEME) — SO T s i) b B = S5t 2
FEMEIE BUEEAT T g blr, S5t B R ENAEY
ZRPEE AT IR, fR RTINS 2
KEH, ZFh 2y, B ERAR T B, 67
I EE4. T b [ S A Y P R R S E
JP, BHFANSER T FERIISCIR TR, 7R A
.

RERZMHA D REBREENERZ —,
(B BEAERA b B 58 5 A 20 /D Tk LU N A . — D7 1,
R, EE BB RHEE AWK, U7,
PEBEE FH AT A ABAR B SRR A
WML, ORI BRI g 51T . A, B
— ¥ 7 —HA T A . 20134 H R A Flora of
China (FOC)% —%& 4t A 4 & 131,362+,
M BRI (P E &S 2R (ERRA S,
2015)4¢ it [ s S i A LA 35,1120, WRER &
B 3,045, 4 o [ 1) 4E A A 8 32,067 Fir,
BFOCH N 17058 . [E [ IF L, At S
DU 2%, Wn20104F R )« BTG A0 RN BT 44
S ) 10#132,364 7 4E 5 1 ) (Forzza et al, 2010), {H 2
#UEF20154F10H, X — 7 O & T H 534,114 5

Wk H J3: 2015-12-28; $:5% H Ji: 2016-04-26

(7 L B2 7 A8 9 35 Wk http://floradobrasil.jbrj.gov.
br/). A, Z2[R1% B S SR 5 B
HFHAE S %

KIALICK, RE (EYFY A Y525
SR R UE R EAE Y 2 R I — R R e R
= YA 3T R, DR R R S 34,
AR T B R PG 0(£94.5 ) FI PG (Z94 75), (HHEH
i BH SCHR H A (i VAR koK 2 R P 2 2H, 1989;
5K 9% 74, 2006; ZETERFITEAEAL, 2009); AT L%
B IR b B A3 T R, R Bl
JeE B85 3 (it XSURN By U, 1995; B ACHT AT 4R
1, 2002; A ME NI, 2011; W& R, 2012). &
BEANE ST S #AZe SRRy EE
Y Z FEPEAE S B R EE 3 (B it A, 2014; X4
Mg, 2015), % [ brAE Y 5 25 % £ (International
Association of Plant Taxonomy, IAPT) )M 3 )
Taxon7R it (Duan & Zhang, 2014; Zhang & Gilbert,
2015). [l A [ R R B T 5 b R S 34X
— WS H AR RRE [, AP RO 2 )R

{H 72 75 ERE N AR A I A2, REAFR SR I GE v AR
BV S S B A T S A B SRR VE ], R
Y. =AY (R A R IatE, O S s gE
EREAD) TR BN E YA (LT AN o 2R A
V), RETEMFERTEEE N A B T . LN

ST H B AR 22 AN 2 [ 5 T S0 % T H (Y626040108) 1L T A6 AT 258 2 R MoK I H (G162422)
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i, 56,108FHE A7) 42 Fi5 v SR A0 i A= M P (B0 365 5 B AL
YIAYEE YY), F1E11), 32,364F0 M i 4k E
VI(RIAERA S BRRANFFHEY), R1553%1). WA
RBIFERIE RS, W T2 20 sAN [ 1
HIAFE BT, AR Rk, TR
S5 I U B O R SR USRI AR AR, RO W B, Pl
HH—-BEATIEZN .

ErER A EEYME R ENER, K20
FEEBEM . 20104, EVE AR 1 R 0 B
Catdogo das Plantas e Fungos do Brasil (EX G184
I 44 5%, Forzza et al, 2010), 3% BP0 s 25444
33,8857 (& EEM VA AEE 1), YEEHEY)32,3647
(EFAZE. BRBAFFHEY), R1FE3F), NIRRT
2 PE AR P (S Ak I 1) 7 s (R 1 b 0 b
UMM ECE T E ). fEE RN HRARE, —
BB BRI, 1X— H Rt b < g i, H2
WA 258 hA 2 7E 0 iy b SEZI BER, i 1k 312015410
H, TV E S Y 4 5 B~ 35,638 Ff (http://flor-
adobrasil.jbrj.gov.br/). (TR EE 4% o

®1 ITMEMSHEMAENSSFEMSHEE LA

FBME A%, HEELT U5, 58— B
e, AEESIW 71T 2K E S S EY 2
FEMEREL R (R 158 3%1) . K1 BR T PR &R
T (VO EE &%) s, HAvrska T
Giam 5 (2010), 1M J5 # B9 %4 £ 22Kk H Pitman Al
Jorgensen (2002) /1%, Pitman#llJorgensen (2002)
ity S PRTA5CHE P i FH 1) SR 5 ) B B0 (L JE Gt
fRHEY), JERA R4 E YL 2 =5 EY), &
BN K DL SEBR A 44 3 1 RO BAT Ik (G 22
PE A A )

RIERIN 35, A EMMYM 2R,
ECT B, fr3105 =, mRRIEFOCE — &4t
it R E4EE Y 31,3625, 2R T
REAEE = R AFEE #EY), HESSEEY I
35, 1127 (K ki T EFFASE, 2015), [FIFE# L F)
20154F10H, L7445t O 4 58 935,638
(http://floradobrasil.jbrj.gov.br/), o [E C 8 g,
HBSAC T T, A8 —. Bk, Joib N4EE
Vit 2 = S 2 FEvE kU, B RS T

Table 1  Higher plant diversity and endemism in 17 megadiverse countries

P LR ve LUpiibe YLEEII AR REE R ME LG’
Country No. of plant No. of plant No. of vascular plant No. of endemic Ratio of Endemism
species? species? species® species® (%)®

4 Brazil 56,108 56,000 32,364 18,082 56
&L IE Colombia 38,110 25,000 24,500 10,500 43
& China 29,650 27,100 29,650 14,013 47
ENEJEVEIE Indonesia 29,375 29,375 29,375 13,750 47
SBVHE Mexico 25,036 24,000 25,036 11,250 45
FAE South Africa 23,420 23,420 20,407 13,265 65
Z[E United States 18,737 18,000 18,737 4,036 22
ZiW it Venezuela 18,212 15,350 15,820 2,964 19
& Peru 18,055 18,966 18,055 5,676 31
EIJE India 17,832 17,000 17,832 6,113 34
J&JRZ /R Ecuador 17,517 15,671 17,517 4,179 24
EFI4ETE Bolivia 17,367 17,367 - - -
WKFIIE Australia 15,638 15,638 15,638 14,182 91
IR PUIE Malaysia 15,250 15,000 15,250 3,600 24
AR I HT JLP IE Papua New Guinea 14,522 17,500 14,522 13,250 91
% Wit Russian Federation 11,400 17,500 _ _ _
Z=E Thailand 11,313 11,000 - - -
M5 Congo - - 11,004 1,100 10
ik i in Madagascar - - 9,753 7,250 74
JELETE Philippines - - 8,931 3,500 39

1, Giam et al, 2010; 2, Pitman & Jorgensen, 2002; 3, Forzza et al, 2010.
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T KR TR E T Y K, ST
FA Tl L. TP R K E SRR X
AT K X O B, S A ik5.8 77 ha,
W PRAT A R T AR PR SRR AR, 40l 2 B A BR IR
PR ARG ZE AR, A0V A IR R 3 &
(Hopea chinensis) #k . R IR ff (Horsfieldia
hainanensis)#k 45 o iX £62= [y Ak (Bhx 4 1) 7E #4900
mUL T VA S JL TR T L, BB %, RAFEL
SELF(RRAESE, 2014). [EIBS, fR47 X BA SRR
TR, MR . TR AR ERE A,
YA KIAK o R XA X AN DAAAHE . H
B0k M. M. WEESREE T, BHaE
(7L DX ARV Z23F, X AR BEUR BRI AR i

1 HESER

RAEL19764F, Ay 1 ol 28 W Ll X AR AR 77 ARV
A, BB N REUM B 5 K L X (19824F
RIEE N BRI X)) N I FE B 2 SRR, KR
R RIH KA IHKSR. KA KR FIRE
LA AT T WEE . SR1M, M 19804 14,
B AT 4 E S M1, #119834F, X8/MF i A

Wk H 3: 2016-03-03; £:5% H J: 2016-03-29

EEWH 2014 ST ICEE L 5 KA hF E R ER A A IR H
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FEE R R A REAGEAT O 2 B, R E AR
2B RBUN I SEIH 3 it D8 RIS BUR,
HAR AR S L i DR b (Mg Far 4%, 2015).

F 75 KL B AR IR X A04E (¥ 8% I T AE 3 52 BA
L AERS R A v A I ZOIEIRATIR 2, FLI9152
RIEGE)E, SAREFINE 1 & R R X BRI AR
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FBE . KEMIFAHEE3A 2 (B4 224 i 381,845
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97 L438 N, AT AE23.7%, 1@ XT
FHRMEATZR G 00, 23R T 4R XA E R
) AE PR AN R R [ 3 A A s R
2.1 IR
211 AO4AERK

1 FHARRA X I Dhe /0 X, %0 X P K R B
SRS RAT. Z X KR 2 R
e, Wik, KeRARE L BRI KA. HXK
PRy B R R, RN KGR —
. SIS IX P KRR AR A A, S
MR mik—. mik . mHEL BOR. B RKE
5. R (RL), R XN E L 5 2D
B, HrhERgE 5 AN DR EU50%, oA i
P X O AZEMWX . FREBERPHFE, &
HHFEHE 2, BRPKIASNFT T R A301
N, AE BN TT116.3%, K370 & BAK 5278 8 43
MR SRR AR T . TR, XS R R A 77
A TE R A DX AR S R 1) B A2 AR5 K
212 YWANRKR

R XA ERS, —FL BRI ADFEIRA
ik F 1,000 JC, 4F U N\ 7E 1,000-2,000 7T 2 [8] ) 5
40%, “EYNAE2,000-3,0007C 2 18] 1 A (55%, %A
RIS 3,000 7 Y J (72 2) o 5 7 4l T ) 393AC
NAKCEAREE, R IX—F DL R E RN R 54T
AR EEBUN (10,429 7T0) I /10 4 A, T B A
AR A I AT AR N RSN 1 1/5

213 ZHEHR

MR I, fRY X & R SCH b 51 30.3%,
ZHEREE N 4R 2 B R SR
(1A B FE AT S5 X 8 16 A 7= B AR R0 A 3 7 =R &
NLRE IR S e B AN R, B2 R AE IR
A S 7K AR A 14 v (0] BB R LSRR, 2007)
22 [EFEFEE
221 BUREM

R R R, BUFA T EBEAIR IS
EANIER SN N 8 W Nl el ik i) R N
S, AR AZ A I b X RN H — 5 ) AR 7 AR T
bR A FEANEEA . S A 5t U,
RAEGERA, BBUF A B TS 7%
R, HEATFMBOREE. ERiITIZEBR
(0 2 7= BRI AR i BEUR O 4 TR B IS, (HY
B S B FREFF R RS IR b, B
Bz PRI, 80 I EDE (ZE R AR £ 5%, 2013).
HAr, BRAYIELG . A5 RO AT+ B35 A W
PERIFRHERLE, X BT L HRME 30 F A 34F F 2 2
O - S S 767 S g U - T S B e B
JE BB B BUR . (B2, A A E 2R
T ORI, SR B RME R AEATI M LAk
FIFE BTN, QS T o A [ R B B R R e
FEAE S 80 2 RRR 0 GV E R . B IR FE
A PR AT A B RN, IREAETTIRA, 2%
B BT v AL ) [ R (LSRR, 2004) 6
222 FRIPRBRAFHRME
SEh IR I AR RT XA IR, R A s
SRR AL PR AR TS 2R, H AT RE S R AR S AR
PR BRI M IEE . HiTEXE)
St (PAS AERR T GRS, ZESRTE o5 A L N A I T A
HAER P, A FEBAE AT B SRR X B2 AR 1) 2 2

®1 'ATAAUBRRFRESBRIRERBA—ERENM: P A)

Table 1 Basic information of ecological migrants in Shiwandashan National Nature Reserve (Unit: household, person)

EEX FE JSYN=! A% T % Nationality R Age

Functional areas House-  Population Migrant Wtk Tt Bk 204 DT 20-402  40-60% 602 L |
holds workers Han Zhuang  Yao Under 20 20-40 40-60 Over 60

Minority Minority

%02 [X Core area 47 236 15 - 236 66 67 85 18

ZE X Buffer zone 180 923 119 30 207 686 313 270 245 95

528X Experimental zone 166 686 167 - 686 - 177 205 201 103

&1t Total 393 1,845 301 30 893 922 556 542 531 216




#e RS A2 BRI ST IRE R U+ Rl R4 X 731

R2 I'ATARLURFEAZSFESBRAOBARTREISEWN(TT/E) AR
Table 2 Population and number of ecological migrants with different annual income (RMB Yuan/year) in the villages of Shiwan-
dashan National Nature

K4 ISYNE| 205 LR 20-40% 40-60% 60% L) |

Village Population Under 20 years old 20-40 years old 40-60 years old Over 60 years old
/N <¥1,000 ¥1,000- /it <¥1,000 ¥1,000- ¥2,000- /~if <¥1,000 ¥1,000- ¥2,000- /pit <¥1,000
Total 2,000 Total 2,000 3,000 Total 2,000 3,000  Total

#3d Qukun 313 120 106 14 100 28 63 12 65 19 36 10 28 28

K% Migiang 816 240 194 46 234 61 165 8 259 78 166 15 83 83

Yi#& Poren 30 19 17 2 3 1 2 0 6 3 3 0 2 2

#h% Renpai 686 177 141 36 205 78 106 21 201 75 96 30 103 103

41t Total 1,845 556 458 98 542 168 333 41 531 175 301 55 216 216

3 I'ATARLURIPFEASFHESBRARZHERRAKERL: A)
Table 3 Number of ecological migrants with different educational levels in the villages in Shiwandashan National Nature (Unit:
person)

ES MAH PAEAVN 20-40% 40-60% 604 LA I
Village Popu- Under 20 years old 20-40 years old 40-60 years old Over 60 years old
lation e g gk b ME SCE N AR R OME SCE M A ME S0 AN NE
| PM JMI SM Subtotal | PS JM SM Subtotal | PS JM  Subtotal | PS  Subtotal
i Qukun 313 6 72 37 5 120 17 67 15 1 100 33 31 1 65 23 5 28
K5 Migiang 816 28 130 74 8 240 82 111 41 O 234 138 103 18 259 72 11 83
Yike Poren 30 2 10 7 1 19 2 1 0 0 3 3 3 0 6 2 0 2
FoM Renpai 686 18 83 69 7 177 16 118 63 8 205 41 127 33 201 77 26 103
&1t Total 1,845 53 295 187 21 556 117 297 119 9 542 215 264 52 531 174 42 216

I, llliteracy; PM, Primary school; JM, Junior middle school; SM, Senior middle school.

Hhy DX il 2 BE AR RS IRBUR, %A RIS
RPIRRIR M, B AT — 2 [E R @i TR
BB Rk, BREGEMAGAEHEMEE. T
Ab, K E SRR X AL X R I LA & I AR R
PR EAFARIE, —2e I & R R B AL X A SR
MG 75 B, B 2078 kol 1 68 HUAS 55 e 1 [ 4%
K, —HEGE ST AR R X, REMEEZMS
JI BEIE AR A 1
223 HEIMR

[FE N O EEORBREF M, 17l A2 DU
FEAE R FE R IX . BE R R A AH 2E 35 DL AR N
A, AT R T N TR E . BLdTE . SRE
BRI, B BHER AR FBE DR, TE = HAh
WA REAAN T TRE ). EBARAL A, AKAEHT
AR ETEARAGE TR E AT, BRI R
MBHIR R T AT 55, B %R B IR B
X R A RS B[] 380 JiR A M AT AR A A TS B
224 RBREAZ
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X, BR e 1L, EAWEHE IR 2851

BEUE AN A A7 2 18], DR B A BRI AE 5 R
PYE B, T AN R R T B A (B — AR M
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DA b, xfE DA AR [ e 1) SCAR A TRD, 4325238 B S04k
T3 30 0 NAE S AR S B AUECR, A2 T IR
(BRI T AN K E T B BAIX, FER R
SCAGIE RS AR, N R RAE I N M 22 JE 1)
Rl 2 (EE K, 2008). 7 H H B Sk #EH 2 1 5
TR EREREES, 7GRN RAEZ R
B, flfi1% 7R 22 1 B B 404E B WG H 25 I 78 k.
225 XHHEBE

TESCH AN SO K 19 1,457 60 K R, X
FABMA RIEER R, £9531.8%; ¥ LK
(1135860 A B, H L3 B R R I, 2 4540%; 1M
TERNEAZ B m K306 ), F 19068 &
B, 291563.3%. 1X 15 BB K ST K A R BK
Med 2R R, T ISR R SRR B2 R 2 A T/
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Al HE RIS SOk, TEIE LA R
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F B BUR B AR 58 77 A A& B 7y (B A, 2002)
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1AL, IR S A FE RSB, B RS R
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Sk a8 G oF JE 7 AR (CE SR ZE R0 AR, 2003) .
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AR, B2 51 AEBUR 4L ZURE ) [ R B AR R
PP IR B, TRANE KR RBUR A E
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FIEB RN R, Rl gt 72 TN ST
EH R s I, 8 [P 55 Hh == 52 A FL R 45 (JB 4R 3
&, 2010), PRI RESITH CKHA R iz
J&, BeE BITEB IR BRI R S8 23 (M R Jeig 7).
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