Wi  Guihaia Jul. 2022, 42(7): 12041212 http ://www.guihaia-journal.com

DOI; 10.11931/ guihaia.gxzw202108019

R XEE R, KB, & TTRTIS 20 hm® B AR R AT RA AT )0 A S5 AR BRARIEATSY (1], JOVEAEY, 2022, B
42(7) . 1204-1212. cHY A
GONG YN, LIU ZF, SHUI KC, et al. Spatial distribution and habitat characteristic of Pinus kwangtungensis in the Guangdong [=]5-
Nanling 20 hm® forest dynamics plot [ J]. Guihaia, 2022, 42(7): 1204-1212.

I"& IS 20 hm® # i E F 5T
TE S mEEEFIERR

BET, AELR, AME, K OB, RKF,
IS, A K B

(1AM ERY AR XAEH)E, R #H€ 512727; 2. | RE BB sh it ir,
IHRBSYRI S ERAHE S SR E, TARAE AR SR A LR E,
T 5102605 3. MM AESEHEARAR, TTM 510520 )

W E. 1B FLES (Pinus kwangmngensis)%DI3 FElF A R A AR PR, DR PR AR AL R AR 38 5 8
HAEBEZ P FPREZ IR, O T AR AR R U AA DR BLIR 23 8] Z0 A S ) A R AR AL IR AE ) R e 0
R A SRAAY XS T 20 hm* 7R WE I RE b, SRR L N B AE = 1 em AR AR 9 647 W00, 00 o+ 98
MY 35 ZFp IR BE R F |, R TR G431 T 00 o 8 1) % T R 3 A0 23 ] 5048 JR) (L function) J7 3 0 AT AR 9 25 1]
I3 B ST FE W I IA R ( Zero-inflated Poisson , ZIP ) [8] I A5 5 | ¥ 52 i A 20 A B RS (R 1, 25 R %
B . (1) 46 TLAT MR R A5 3L, B B (“bell-shaped” ) , /N Z% (0 S Bl it 450 /0, Al RE o7 32 PR ok B 1
TR M S B e v EL R BE B L 3 AL, 2 BURCR R AR SRR e, (2) RS R AT g R E s, A
TR B B, LA A s S T2 B el BB ) AN A B SR R S 880, (3) ZIP Y45 IR R | AR RS T AT AN 43
AR X IR0 B 1), IR A FUR SO & f B, A LT & A 2R IR R X 2 B AR s e (1 %)
N) , Z B ik W Z R 42 B TEAR GO R A S B A A S B RLE & 5 o SR O OC
Fo LI R  AFRE AR GLEE Y S R AR AT B0 Bl P 5 0 i P R 0 AR N AR R IR
T IEFR S ACEI A BT, IR0 A TP R R AR AR 5 2 oT 4 ST 48 T 4E e AT A I AR AR A
KHEWR HEREHAEAS, BHSr A, WA, AR, SRR

FES RS 0948.1 SCERARIRAD: A XEHS . 1000-3142(2022)07-1204-09

Spatial distribution and habitat characteristic of
Pinus kwangtungensis in the Guangdong
Nanling 20 hm® forest dynamics plot

WFs HHA: 2021-10-16

BEEWA: A ERY ARG XA TR H (YT20205G010) ;) 44 BB & & % 3 (2020GDASYL-20200103098,

2020GDASYL-20200103095) ; ) % 44 %} 2% b B 47 & & % 1 (2018GDASCX-0107) [ Supported by Ecological Protection Engineering

Program of Guangdong Nanling National Nature Reserve ( YT2020SGO010) ; Project of Science and Technology Development of Guangdong

Academy of Sciences ( 2020GDASYL-20200103098, 2020GDASYL-20200103095 ) ; Special Project of Science and Technology

Development of Guangdong Academy of Sciences (2018GDASCX-0107) ],

E—1ER: RET(1974-) , MR TRIN, FZMAEH [ R KB BAEY Z RS, (E-mail) gyn1974@ 126.com,
CEEESE W B IR R O BEE 4 2%, (E-mail ) shenyong@ giz.gd.cn,



7 FRIE A TTARMIE 20 hm? AEHBAE R TUEF AN A 18] 00 A1 5 AR SRR AE TS 1205

GONG Yuening', LIU Zhifa', SHUI Kunchun', ZHANG Qiang’,
WU Linfang’, GUO Tenghui’, QUAN Qing’, SHEN Yong"

( 1. Guangdong Nanling National Nature Reserve, Shaoguan 512727, Guangdong, China; 2. Guangdong Key Laboratory of Animal
Conservation and Resource Utilization, Guangdong Public Laboratory of Wild Animal Conservation and Utilization, Institute
of Zoology, Guangdong Academy of Sciences, Guangzhou 510260, China; 3. Guangzhou Linfang
Ecological Technology Co., Lid., Guangzhou 510520, China )

Abstract: Understanding the ecological processes that affect species distribution patterns is fundamental to the
conservation and restoration of rare and endangered species. Pinus kwangtungensis is an endemic and Class-1I protected
plant in China. However, environmental change and human disturbance result in habitat damage and population
decline. In order to understand current situation of its population, spatial distribution pattern and habitat characteristics,
and to guide the conservation and restoration of this species, we established a 20 hm” forest dynamics plot in the Nanling
National Nature Reserve, Guangdong Province. All woody plants with diameter at breast height =1 e¢m were monitored ,
and multiple environmental factors, including soil and topography, were measured. We used a size-class analysis to
predict population trends, the spatial point pattern analysis (L function) to reveal spatial distribution of individuals, and
established a Zero-Inflated Poisson (ZIP) regression model to explore the important environmental factors that affect
individual distribution. The results were as follows: (1) size-class distribution was “bell-shaped” , the number of small
size-class individuals was low, indicating that population regeneration was limited. P. kwangtungensis preferred the
slopes and ridges with high altitude and steep terrain, showing a strong habitat specialization. (2) Spatial point pattern
analysis (L function) presented that spatial distribution was significantly aggregated compared with null models, which

might cause by dispersal limitation and habitat heterogeneity. (3) The ZIP regression model showed that high soil

ammonium nitrogen, available potassium and low organic matter content associated with the occurrence of P.

kwangtungensis (from 0 to 1), and the abundance (from 1 to N) was positively correlated with altitude, species

diversity, and mean DBH, but negatively correlated with tree height, ammonium nitrogen, total phosphorus, and total

potassium. The results indicate that the unstable size-class structure and intraspecific competition caused by spatial

aggregation will accelerate the decline of the population, we suggest that the habitats with low soil nutrients at high

elevations should be conserved preferentially, and reduce anthropogenic disturbance to maintain the original habitats.
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B FLET S ( Pinus kwangtungensis ) SN R
Fix, J& ¥ Bl ( Pinaceae ) #8 J& ( Pinus) # 4% I% K,
2021 A o H s AR B AR AR 44 IR A R AT R
S E AR Y R E IR AR
VO BN | R A b X A o0 A (TR HESE,2016) . 12
AR ik N e B TR AR AR DR A B e i ) AR R
TSRS T T AR F 08 R K A SRR IX N A
bt B (112° 56’ 8"—113°4'18" E, 24° 30’ 28"—
24°48'9" N) ,Z XI5 i 291 300 hm® HEpg L
JEAE MR (TR B S, 2006) o AR RS FUERAS B ETAL TR
fERAS (IR B AE,2006) |, IR 2% 420 F 0 BF 52 5 T4
P R4 A B X, BAT, &R R e o
SEW M Rh ] 56 22 (T B4 2000)  BEVSHRAE (£
TR IE 2R A BT, 1989 ol R Bl AE L 1993 ok e 4
2016) FPREILIR (FIEMRAE, 1996) Az UARAE (B

ANFRIBR L2, 1992 5 a4 58 A B /-F-, 1993 ) Jox
SRS R N (B ZRHLAE 2021 ) SETJT T, R,
BT A AR ) 1) PR AP R R HL A3 (8] o A1 A% R
MNTTR 72 HE A Vi 45 M 8 i 9 2E 255 3 72 (Boyden
et al., 2005) , Jf B H AR 55 R AE , X T 16 5 AH R
AR OR3P 05 58, LA B 5¢ 38 AT o £ 4 5 s B AT
HEAAE AR SR, HET R OR WA B X R
FLEHATT R B9 1 41

73 [8) $5 4% J5 43 BT ( spatial point pattern analysis)
BN = I 5 1 v 25 M I AL A A A 28T B,
BRI 8 A B EEAEH (de la Cruz et
al., 2008), Lt &0, =5 ] 5 £ fi& ii ( the spatial
segregation hypothesis) A A P 1) 5 £ 5 BORp [1] 1
B g, DN B8 4 2 R A A N B MR Z 1]
AN 2 A AE R [B)AS [6) A 4 22 ), 2 Al add 500
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TRy 2 e Y IR 0 e SR 2 —
(Volis, 2019; Caissy et al., 2020) , BEfi# ¥ #4315
5 IR DR 1 IR T ) 2 A 2500 DR P 4 il 22 G
T % (Austin, 2002 ; Pliscoff et al., 2014) , & A #f
FEUERA AR A Y A8 TR T 36 155 4 UK 4y L b
5 DL E IR T, iy B 2 R bE AR IR AR
(= IO =R 7 7/R S RTINS NN T S U S R £
AN [F) PR B 2 0 ( Guisan & Thuiller, 2005 ; Elith &
Graham, 2009 ; Chuine, 2010) , 543454 A [A] (1)
W, 5 5 AR YRl SCIE DT 2 52
e 22 01 W A R B S AR ) A N, W
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e T AR 0 42 94 4 A e s mES i B R e
G (2) SRS FLEH AR EL A AR 04 23 8] 53 A A%
Jai 5 (3) WIS PR35 DR - X A B LT A A S R B i A3
A B BRI

U AR

1.1 B i SR

JUARE W E KK H SRR X AL T 112°30"—
113°04’ E ., 24°37'—24°57" N, f£ ¥ X 1 f K
58 368.4 hm* i T/ RA KXW FLIFE R
FH UL B34 P T AT B B N o e WA TS, TR AR
1902 m, N RAE S — w12 XU T AR
RIS AR 17.7 C oK BB e
(3—8 HAMIZE) , AE P & 1 705 mm, 4F
SESIHHRREE by 84% , A IS PRI X BR PR B T LAl
ORI T s S 7 N o T S I RS N A
TR ASHR A I MR L T 02 K S A e 2 78, g 04 1)
JokAE A Wy Ak Dy s b 5L A A AT, RO T R
A I ) R R T, 3 AR R T BT R Y
RVEHZ — I A TR E 16 A=) 2 FE A
HiIX Z — (FEEEE 2018)
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1.2 AR FGiE
1.2.120 hm> s AR % AR E

R IREP X 20 hm> BEHL T 2020 4F 1R B4,
2021 4F 5 5% A RE b AL AE M iR S R
ForestGEO ( https : //forestgeo. si.edu ) ZE AR i W5
FARBAL, FF 1 £ 15 2 ZALFE AL Uy 1 | R
2 RS AL B E R RRIC LA R B AR BRI, S,
Sl ASORE ff 0 7 0 O | 6 0 A b 1S B O R AT
WA AL 15 B, A5 FE AR b 2 B 500 A~ 35 T RS

20 m x 20 m AYBEEAAE Ty BTG I o RS AE T Y b
B, A FEMEIK (elevation) Y [m] 3% BE 45 B S RE T
Itk —4 M 16 A5 m x 5 m B/METT . R
Jei , 6 A A6 FE Hb E AT AR AR g, A 4R X A A
20 m x 20 m FEJ7 DU AR A BEETT K A bR,
X5 m x5 mB/NES UM PVC B TRRIC
S REHE Y T AT M2 =1 em BOARAHY) (& 5040 i
FFEEARPRIC, bRic P9 28 L35 A A EE R, e, i
TRV L6 D & M2 B iR, 48 20
L IISTEr St NALY e

1.2.2 23K N E Fe 4 S B ForestGEO
FRMAE: b, 1 18 SR A B R I 6 % [ 5 oS0 B HL
ST IR R SR AR, A TS % R - IR BE (0 &5
) 5 0 M, 0 U8 R b R 43 K 238 1~ 30 m
30 mP PRA B A THL A A BRI A 76 B SR A
9 N N £ I o I 2 I s S e | e R o
BEALER 1 ATy, I ETRIZ T 2.4 12 m &b
BEDLEC A R R A S B R L3 PVC
AR dw 5, BRI 700 A4 4 HER AR S IREL
B RAEE 0~ 15 em B FRJZE 5 W@ HoK &
it (water, %) .pH fH A HLBT(OM, g - kg') 2 Hf
(TK,g « kg") B (AK, mg - kg™) 2B (TP,
g+ kg!) AW (AP, mg - kg') 2 A (TN, g -

ke ) AE A A (ANL, mg - ke') Fl4% 24 & (AN2,
mg - kg ) SF AL PET, H IR M T S AR R
HEMMRZE WL R, 20 m x 20 m £
A, R, SR A 8 v B A A {E ( ordinary
krige ) i 5 15 43 S 63X 10 A 4 38 PR 7 i 47 47 1
(Shen et al., 2019a) , 75 I 1 B N &1 20 m x
20 m FEJT Y AR AU

1.2.3 AMFEFEAF L5000 D20 m x 20 m FET
Ry B R A A O A B S R R DT B A
FH® B (S) . Z 1% 45 £k ( Shannon-Weiner index,
H') ,MEBY BB (density) T2 Mg 42 ( DBH) FIf#
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= (‘height ), DL K J 5 W7 17 X ( basal area, BA)
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WA 20 hm® A 1 A 378 5 R0 A 000 A0 B | X A e P 1 AR
B TLE AR BEBUIR AT 40 07, AL TH A AR B
AMERRAN AR AR R A 1) 43 A A S A

==

H.G o

1.3.2 =0 546 oAt T AR AL bR, R H]
Ripley’ s K A% ( Ripley’ s K function) 43 T 4E 5§ 1.
BFRA R 23 [6] 43 A k% )55 ( Ripley, 1977) . Ripley’s K
BRIEL Y 5 SR R A4 R — i B B N Y P 24
B E R KRR EOT AR R T AT A 25 1] 23 A Y
WEINAEL , -5 Bl AL B 7 A= B o3 A5 4% Jai 2R 47 % LE
(de la Cruz et al., 2008) . Ripley’ s K pREHE H ¥4
oy L B (L function) o FHETTEUITE

K(r)

IT

X K(r) RS N (r = 100 m) 4
R LA AR A A 8 LAY [) A 44 0 B a5 B
PLASE RY (B AEL 9 999 ¥k ) AE J 1Y 4% Jmy AH L 855
IT =,

SEBRAY L function Q05 ) 1 25 62308 £, U BH
YRR J A A )T I B A 30 4 ) K R i W)
il iy 359 5] 43 A1, A A 8 283 R U Ol BE AL 3 A
(Shen et al., 2013) , Ripley’s K BRECRH R iEH
(4.1.0) “spatstat” {2 SZHY
1.3.3 £ ZATAN § B 5 R0 B F 09 B Ak A A
AR Sy T ARSI A ) B PR R AR AR W PR B
S A TLET A 0 A 545 (0 2 1), L &gy
ke SISEZN QI RO g A QIER /Ay gt
( Zero-inflated Poisson, ZIP) (21 HEE 2008 ; #X it
4%,2020) ,

4500 4~ 20 m x 20 m HEJ5 R BAAL, R B4R
FTLETAAIRE DT v Sy O, B4 R AL BN I RE Ty
J NCAERECR ), ZIP LA R RIBS (4.1.0)
“pscl” AL H 1) “ zeroinfl” PRECR AT, HARKY A
k.

zeroinfl ( y ~ ele+H' +height+ DBH +S+density +ba
+water+pH+AN1+AN2+AP+AK+TN+TP+TK+OM |
ele+H’ +height+DBH+S+water+pH+AN1+AN2+AP +
AK+TN+TP+TK+OM, dist=“Poisson” ) ,

e SRFRAT | A R AR B 4y R S A

L(r) =

-r.

3% R I AR A B AR B Y
il e A B 2 5 T R B R R OR B, AR A B A
R

BART B  Je g sr A A A B e A
B 17 A FH0I 25 | P e AN ) 0 722 2 [ %) 20
o E AT BERL G e, LA R AR B E W (akaike
information criterion, AIC) Sk A o A U L A , AIC
/N WA B UL 5 15 B, A v 2 Y A BB
FRY % R “ MuMIn” A Y ¢ dredge ™ FlI
“model.sel” PRZUH 5 i ( Shen et al., 2019b)

WY 22 E A MR R E R, B AR AL SR ] O 22
Ji&2 4K IRl 43-#1 ( variance inflation factor analysis, VIF')
R, AR VIF /NT 10 WHEAH 2 8 k2 v 45
55,3 A 57 [A AR ( Ohlemuller et al., 2006) .

2 EREA

2.1 Bl% 20 hm’# i 4E 5

JTARR IS E KR BRI X 20 hm® Bibksh &
WA VR 1 008 ~ 1 254 m, JEAE R AN FR
REAER T o0 A0 DX, A 1 A AR AR SIS TR 32 2 50 T A4
s Sl N R S S SR A O L = S |
AN T 132 905 M= 1 em BYARAKDY) )8
T 63 BL 127 J® Y 229 D Fh, EHW I 2 R
( Lauraceae ), 5¢ 3} Bl ( Fagaceae ). & 7% F}
(Rosaceae) | 115 K F} ( Pentaphylacaceae ) . Ll ffL B}
(Symplocaceae ) | ¥t B #£ Bl ( Ericaceae ) fll & 3 B}
( Aquifoliaceae ) F ¥ Ff1 MMEB R B Z YR
YA ( Pentaphylax euryoides) ,25 %M 13 495 ; fx KA
A EE ( Castanopsis eyret) , 4E£14125.2 em,
22 EHEHMNERRZE S/

AR R TLATARTERE M N 3 A 1Y 22 B O 402, 248
AR KR SE B A2 3R 8] 17.5 em, H b K
AERRIARIEF] 70,1 em, 78 2453 A1 L ABh B AL ( bell-
shaped) (&1 1) , FRIR M MAR R I 2, RIR G
FNEH A AEEE JAT XS B A AR
PIREES 7.6 m, S EEME R 2~ 18 m, HAEFE
VA S 3 A DXy P T R S R N ) T 4R e HL
HJE LU A BE U B L 3 AL B (B 2) SR HR TR
REHb 0 VY e A o3 AT B R R R TR ISR H H H
BTG R b v FR (HOE i A ) WL Je oA,
FEZ5 ] b 5 B B B i SR A A A, D R R
R AR 0 AR S P (AR T 3T )
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Fig. 1 Size-class distribution of Pinus kwangtungensis

in the Nanling 20 hm’ forest dynamics plot
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Fig. 2 Spatial distribution of Pinus kwangtungensis
in the Nanling 20 hm’ forest dynamics plot

R L pRO0TH AR B B B9 23 (8] 3 A % )
— 2L BB B, A ] 3 A UL R (TR R ) i
5T 9 999 UK Rl ML B 7= Az 14 A0 i 2k ( HE 4R ) (1]
3) , I HLRfAE B AR O, 552 B i WL {5 Bl AL A
T4 22 S B 30 K, B 3 4 2R s AR R T e AR
TE23 () 73 A b 2Ry 2 35 5 R AR oA, BV B 4> 14
P[] Aol A% 14 50 J o v T BE LR B A 45251, B
It 5 P ) 1 R o o R R 5N A A W 5
2.3 B A EEEHE

R T I KA A (8] U= A5 180 ] LA 5 A ) Al
A= Y IR IR 1 X AR R LB RS O AT B S I, K
TEVAS [l DA TR 73 DAy 79 9 ol Al — 0 502 4 [l )
AR X 5 ] U, i & A R 1) 2 3 85 D 1 A ff 52

MBI L function (1952 BRI, I €4 k2 0 BEATLAS 7Y
PR AL AR ) L BRANT R T 1) i 2 0 R 2k 5 B
KPR R A 1 D AL LR SRR i A O )
SRR 5 R LY U S B AL 37

The solid line is the observed L(r) and the dashed lines represent
the simulations envelopes under the null models. Significant
associations occur at scales where the observed L(r) exceeds the
simulated envelopes. The observed positive departure of L(r) from
the envelopes indicates an aggregated distribution, and a negative
departure of L (r) from the envelopes indicates a regular
distribution, ~ within  the envelopes indicates a random

distribution.

El 3 FI% 20 hm’ FEHBAE RS FLET A 55 8] 1
¥ J51 37 (L function ) 455

Fig. 3 Results of the spatial point pattern analysis
(L function) for Pinus kwangtungensis in the

Nanling 20 hm® forest dynamics plot

M A TE FEF AR TC (N 0 B 1 At ) | 5 &
BRI AR IR 2 /0 A (N1 B N 93
B, N[ AR g 2 (] A 21 A R AT A A O ok 15
PR A (R 1), mILBALR AIC F/N, K
782.2 ; B (weight) F K, 24 0.349 (AL 0 F 1,
MR FR BRI G AR ) . i B A8 &1 VIF
EY/NTF 10(1.53~7.40) , H A i 2 [A] Z2 § S 2k pE
FREERAR

IS ) ) 2 R R, R T
R HE AR o 5B B A BRI X, 57
HERE TR 3 A 1 X B LE A AR R LR A o A
4 X 383 H LA A R Y B AS AL (ANT) R A
(AK) (HIHA P& 2 (OM) AR, MR A
Pyt R 1 B e I AN L A
FAXTEC RN B 285 ok F W4k | 5835 47 FAE P38
B FEIAEE LM ZE A, e
A BT A A3 A 00 DX, VA L A A A R
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R 1 E£YMEEWMIFMERFRI0ER AR
poi)- 0k =4 vR=2::2 SI=ENEIPEE = it)
Table 1 Parameters of the optimal Zero-inflated Poisson

regression model for the effects of environmental factors

on the distribution of Pinus kwangtungensis

A1) 41 43 R i B P1H
Regression component  Variable Coefficient P value
ZHSGEE R #EE Intercept 0.96 0.04

Binomial with logit link 0 oy Blevation -0.70 0.05
B AN1 0.89 0.04
A AK 0.81 0.03
Sk TP -0.24 0.70
MR TK -0.26 0.35
AHLE oM -4.28 <0.001
Wb s 0.07 0.91
EH 4% DBH 0.64 0.16
SR R Height 0.01 0.98
HEL /S S4Bl E] HE Intercept -0.94 <0.001
Poisson with log link 4 b6 Blevation 0.39 <0.001
AR ANL -0.51 <0.001
HRH AK 0.01 0.91
KB TP -0.58 0.004
MR TK -0.32 <0.001
AHHLT OM 0.07 0.71
YIREL S 0.53 <0.001
SE-Hy 1% DBH 0.53 <0.001
-4 25 Height -0.50 <0.001

e AR E XS W
Note; For definitions and abbreviations of variables, see research

methods.

% 5 1M 13T AT 25 H WA B2, 4 R LB AR AR 43
TR 2 1 X3, 3 3% 40 3, A B AR R L
BECTP) FUEER (TK) 2 54 B AT AN Y 2 2 52 (0
EMRACKR ., NEYAER FRE, £
BERAA A 32 253 A TE B U B AR 43 v dn ) Fel
ZHME(H? ) B BAF B4 ( DBH) BRI IX I
B2 F 55 5 AR 8% 1 55 B2 (height) #1522 8 25 (1)
AR R

3 W54 n

SRR B AE AR LA R N T YR i, S 3
AR TR R PR RO U R B R R AR B R
T FARIEC AL UL, HL o3 A1 i T AR AR &L/ TUCN
IR LB fE (NT) 5850, I, SRR %P P i

FRRERRE | 43 A1 LA S ) FL 43 A1 7 20 55 TR 3% A
B2pad 8, XA A IR RN T8 5 SR 4T
BAPSERE X, A58 o KRBT Y 78 A Fn
W, VLR 25 22 B A BE IR T 3R T 42w e
Bz (8] 43 A b Jmy 7= e i AR S 2 B, iz W F i
PRIy AL T EE AR A
301 EEAHRHERREH-FEFIR

FRHE AR G0 0 A 45 4 J2 T e A M i) o 22
BAn. Hoan, AR R AR R R AP AR
WEERYF I Ry AR ] B 3E R A R R AR
1) ABR, SR e /0 A 5 BORP R 09 AR A5 2
PR« B (5 #E 45 2008 ; Shen et al., 2013)
XG53 A AT RE S AR ST R A IR (R 5
(Condit et al., 1998; Venter & Witkowski, 2010)
N R T N =N ea i TR W VN R o84 & U T | 221 NS
IFRE , NEH KRZER SR B E D  B
RSB I R RE A7 75 BT 2 12 1Y [R) L, — i AR
R T AR RIS, HEAh, AR IS 20 hm?
FEHILEY 600 > 1 m x 1 m A4 WAL 7 1 45
K ,2021 AF A A K WoR MR TCAR RS AL 4
BT, — 25 IE 52 T 2% Xk ) AR g A A
TE TR R ME 9 B 52, 75 3 3E — 20 o Wl AR e
PLB 1k R S iR |
32 NMERES TR Z SR

WS [0] 50 A5 SR, 46 B BT By 0 50 A S B4
5 (1) SR AL A A, FLAR 47 1 b % Sk g 4R 5 HL b Y
BN BEIS I LB RN LA e 2 8] A% Jmy 43 B i
— GRS, R R LR B I 43 A A SR Sk iR B SR 4E 4y
A1, HL Bl A BE RS 0% 1 R SR AR AN 1 0, W A R 4R
1A AE O FE P 2R AR AR F UL ( Manabe et
al., 2000; Mitsui & Kimura, 2000; Plotkin et al.,
2000) , 3 32 25 18] 5046 Jey 19 40 A7 1T LABIE 9% 7 A 14
JR A 5 2F e F2E (Janzen, 1970; Connell, 1971;He &
Duncan, 2000) , & R FIA 8L A= 4 22 B P 25 ] AR
AL FE AL (He et al., 2002; Wright, 2002 ; Wills et
al., 2006) . A MFTRIN R, ZR ST,
£ 45 A AL B B ((Pielou 1961) | A 58 5 T 14
(Harms et al., 2001) 2F{& 554+ (He et al., 2000)
FIHFR | ( Hubbell, 2011) 25, ¥ 0] DL B #
YIRS

X T HGH BRAR B A R B A5 B
PR PR T LA AN [) 4 b A 25 8] _E % B b 2 (R
R WD B TE G HE TR An R A s ] 2R 4R
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42 %

FR 3 AN B 5 R 1 4% B J7 2UAH OC (Seidler &
Plotkin, 2006) , i 2 2l 49 % 4 5 14 1) i L 2t
JRUE 8 S5 44 12 R 1) 49 Fofr 42 55 o 8 B JC Gl i 3 )
&R Y0 Fh L XUA% 1 35008 4% B 1 9 b 3R 4R R T
SR (Li et al., 2009) . AARHYIFR ) F T 32 AR EE
Ty AT 1, A /D B 0 538 5 5 28 B i 1A
KAeHh, Kt fEm U A Fh 1L 36 10 B 25 A FR
—J5 T A L sl A G Ay i A s B B
(Tilman, 1994 ; Chesson, 2000) ; %5 — J5 Ifi 5 2 H
F oy B 4 ], ELARNRE B4 /sz BIRR 1, A F T
FlHE AR 52 0 K JE
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