5556 % 45 10 ] R NI B 2 Vol. 56, No. 10
20204 10 f SCIENTIA  SILVAE  SINICAE 0c..2020

doi: 10. 11707/j.1001-7488. 20201001

A B S TP AN PR X R I AT g ) AR
BEVE W FR Z R AR X
Z R BB Dz oo p s AHER

(L MR RS Mok 541004; 2. J7PHIIRE R L2 HE SN LS ST R AT E LR E  FER 541006
3. At be rh ERABGR A A SR SR ST S R RS )N 510650;
4. hEREBE ORI AES L T 510650)

@ B (EMY SO AEES Tk R R X v SR 5k i AR v 0k 22 BE R B ARG VR T S i
LA 7 ) LR SRR BRI R 0 Z AR MR LR SRR [ ] UKL 20 hm? g S0 BT 6 4
W P PRRE 5 1) 71 333 Hk 195 FfRe 49y 24 18] A1 45 JE0 O R Al SR HTMERA « T 5E 1 23 (] e T H RS0 v L R 48 LB b
ZHETEAERROLN] o R E BRI AN BY L S 50 PR YA A A6 8L 24 S5t Thomas 4520 15 JBT 1 Thomas 45811 73 51 46 46 Bl AL
Ao B PR A S T LA B B R A A 35 S B A Y K P X R — TG R ( SAR) 9. [455R ] K
ZRORP AR 25 18] R L SRR A s A= B 22 R M U v ) A 35 55 5 IRV % b P B9 v A 37 IR 1, 8 65 g o
ZREPEIP AR Sy A B R R 23 () R SR R TR DL 45 SR WY AT L T A 35 S PR A BB ) A S AR L
RIS VRIS SAR B f# RS 47 Cox S REAS LN b 0 417 1o i B0 45 SR T, A2 358 S oA 47 S BIR o 450 00 1 LA
oIS R A F R PR LU0 T 3 R AR T B Rl EE A9, 43. 75 % R Rl R N A2 2 A G B A SR R,
PR W R Y L) R B A B R T (31, 12%) s THTHIR (25,1399 o (45181 AE8E 5 mrE Ay f i
IR HEFFIZ I DY I ZAE PR B S Jy, A B AT o ) LR SR ARV b A 8 S B R A R T
YHCBRBNE I o ZEBE— 2518 7 Sl 380 L1 7 S RS RRARAE v (9 A PR RS ALR] A7 0o 22 R S A0 AL WF 58 A [R) b 21 76 A
[ ]UBE L A9V HIBIL A A0 T iR -

KER:  ABTREME YRRE: MR R YR 2R dERFPL

hE4s5yES: S718.5 ERPRIZAD: A XEHS: 1001-7488(2020) 10-0001-10

Relative Effects of Habitat Heterogeneity and Dispersal Limitation on Species
Diversity Maintenance in South Subtropical Evergreen Broad-l.eaved Forest

Li Lin'"?  Wei Shiguang® Ma Jiangming” Ye Wanhui®* Lian Juyu’*

( 1. Guilin University of Electronic Technology — Guilin 541004; 2. Key Laboratory of Ecology of Rare and Endangered Species and
Environmental Protection ( Guangxi Normal University) , Ministry of Education Guilin 541004; 3. Key Laboratory of Vegetation
Restoration and Management of South China Botanical Garden of Degraded Ecosystems, Chinese Academy of Sciences Guangzhou 510650;
4. Center of Plant Ecology, Core Botanical Gardens, Chinese Academy of Sciences Guangzhou 510650)

Abstract: [Objective 1Quantitative analyses of the relative effects of habitat heterogeneity and dispersal limitation on
species diversity of subtropical evergreen broaddeaved forest community in south China were conducted to provide a
theoretical basis for further revealing the mechanism of diversity maintenance in the southern subtropical evergreen
broad-eaved forest community in Dinghu Mountain. [Method ] Based on the information on spatial distribution of 71 333
plants and 195 species in a 20 hm® plot of the southern subtropical evergreen broaddeaved forest community of Dinghu
Mountain, we systematically compared the mechanism of species diversity maintenance with an accurate and reliable
spatial statistical simulation method. Four different models including homogeneous Poisson model, heterogeneous Poisson
model, homogeneous Thomas model and heterogeneous Thomas model were used to test spatial processes of habitat

association and seed dispersal, allowing us to evaluate the potential contribution of habitat heterogeneity and dispersal
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limitation to the formation of spatial patterns of tree species, and the combined effects on species-area relation ( SAR) of
species diversity pattern. [Result ] Most populations displayed a clustered spatial distribution, and both the habitat
heterogeneity from the habitat diversity hypothesis and the dispersal limitation from the community neutral theory produced
significant effects on species diversity pattern. The simulation of spatial point pattern model revealed that the combined
effects of habitat heterogeneity and dispersal limitation provided a better explanation of the SAR compared with their
separate effects. At the same time, the simulation of distribution process of species with Cox process showed that the
proportion of species affected jointly by habitat heterogeneity and dispersal limitation was higher than that affected
separately by them in the same community. The effect of habitat heterogeneity ( 31.12%) was higher than that of dispersal
limitation ( 25. 13%) , however, 43.75% of the detected species were significantly affected by both processes.
[Conclusion ]Both habitat heterogeneity and dispersal limitation were the main driving forces to maintain species diversity
in the study area, none of them can be ignored. In terms of separate effects, the habitat heterogeneity was stronger than the
dispersal limitation in south subtropical forest community in Dinghu Mountain. In order to further reveal the mechanism of

diversity maintenance, further specific studies are needed on the mechanism and contribution of different species groups at

different scales.
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Fig.2 Spatial distribution pattern of C. chinensis for four models and its actual spatial distribution pattern
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Fig.5 Spatial distribution pattern of Evodia lepta for four models and its actual spatial distribution pattern

FELBR %I Dispersal limitation
/ \\
25.13%
Yoo 43.75% Y
AN “

s 4
|

3112%
N ) /
BB R Habitat heterogeneity
P16 S LU b A7 R ) R A 358 S O P A o) B
Fig.6 Relative importance of dispersal limitation and

habitat heterogeneity in Dinghu Mountain plot

PEAERFBLE 0 — DA T B

S AEVFZ R T, AR S SO R
BIR i 4 2 [R] 2 3 sl A7 7E Y - Comita 55 (1 2007)
TR E SR R I T R A AR B S B
KR AYIEBE; Bl 5 A B L A1 Barro Colorado Island
( BCI) #fHb Y AH DGR I, 0 UESE 1 A= 58 55 o 1 A g™
BRI )Xo ot — T AR 2 (R TR A ) B A Y e
P4 ( Shen et al., 2009) ; 4K1M & V5 HYEAL AT R T 2%
MRS WEIURE H AT R B, AR S5 PR AN IR
i A4 52 B A PN BRARR: 55 B b 2 ) At J=y RO I AT
HEE L ( Lin et al., 2011) 5 12 il AR BRORE 3L Y
RIS S I 7 ESTTa ERA N (VA3 O N BV

RN AE SR B EE IR s A i ) 28 01, el g™
U E 2S8R T A A A B ( X =45, 2014) .
I, A0 080 LR b 8 I S8 AP IR T 2 85 S B P R T
rh SRR A R 1 7 28 B P 4 2 S e AR AR
TR R RS (RIS SR 1 = A, 3 B AE F 1) BT kAT
INTEREAVER - 78 LA 55 5 B v Ay i B il vy o
AR RS, S5h 90 1L e 2 B AR I h AR AL Ak
(IS5 M) M2 mans T4 R . X LK [F] £
FE LR, SE Rl 7R 1 A B8 S Bt RN R )
B VE T BT 5 Wb Z e i i F R

S REVR AN A B8 S oM A R i A B AR
SR 2SI (LR FR, 2010) , 40 BCT A — % 1)
BK A 1 T i BE 3% 9 R 2 B Ve 09 o3 R e 1 o
79.2% 3t H 1L A M v B 3K S A T BT R LG
82. 5% , WG &5 T — 3 164 1 FI 70 S50 1L R 1
M TTRR L) 43. 8%« AN 2 AEIR 5 Bk i 2 P K
BRI R FH AR 2352 1) 25 ] RUBERION RN A A 5 A )
R RO o ARG R 40 B R R AR AR R
JE R FRZE I, N8 2 A 55 5 Jo P N B PR ) 1)
MR, 1002 35 BCA AR 0% B 0 A A B I A2 4k
( Lin et al., 2011; Shen et al., 2013) ., ke 54
A I R AR 5 4 A 1 A X TR L A2 BV T Rk
KB BB, T AN 9K B ) 2 B RER B S



5510 4] OMREE EBSRT

PRI B X e IV A ¢ N I AR 7 0 o 2 R R AR XA 9

DiRe T ( XM F45, 2014) .
5 inb

557 Thomas BIRIZEA T A 58 5 o Pk A 15 PR
VR R AR 0L 0% b — T A i 2 A 42 0T A b SE PR
SAR, BIA 22t/ o XL, A= B8 5 o vE A 1 PR
AR LRI X W Tl Z AR ) IR B S,
B—AmT,

X AN ) S A b s (] A i s Jmy R AUL A e R
B: 59J5 Thomas F AU UL ) 2 [8] 43 A 2o 2 de W 5
YIFIANMARSEBR A AR AS o AEBE ST A 1R 6 A9
KR AV FEOGT T8 LLRE i 40 b 22 1) B ik L A7) s
TOHER TR ), HAR S SR PR R T L
BRI« At —2 48 7 S 1L g S s ARV
[ ZRETELERFAILG , 75 22— 25 A0 AL 5% R W) Fh i
FEANTR R L (A R ML, OF 0 4k 45 Fh AL 9 1
ERVIR

Z £ X #

BR, FLEWE, 81 P 1998 S IR MR 2RSS, &Y
ZFEPE.6(2) 0 116-121.

( Huang Z L., Kong G H, Wei P. 1998. Plant species diversity dynamics
in Dinghu Mountain forests. Chinese biodiversity, 6( 2): 116-121.
[ in Chinese ]

BISWE. 2013, V6 B I P (K MR R 20 W S5 A% )R 3l . dese: o
[ Molb A2 BF 5 B 195 237 38 3.

(Huang Y F. 2013. Study on dynamics of tree species composition and
spatial pattern in the tropical lowland rainforest on Hainan Island,
China. Beijing: PhD thesis of Chinese Academy of Forestry. [ in
Chinese J)

XN, BEAIC, RTEL 2014, BRI T LR P i F
PIBAA SIS, BRAER, 59(24) @ 2359-2366.

(Liu H F, Xue D Y, Sang W G. 2014. Species diffusion and niche
differentiation of the warm temperate deciduous broad-eaved forest
in its functional development process. Science China Press, 59
(24) : 2359-2366. [ in Chinese J)

XUGEHR , thro . 2015, M) DI REMEIR AT L 2t g, o [ B2 2k A Bl
2%, 45(4) : 325-339.

(Liu X J, Ma K P. 2015. Plant functional traits—concepts, applications
and future directions. Scientia Sinica Vitae, 45(4) : 325-339. [ in
Chinese ])

TEEAR. 2010. AR5 S Bk A 8RS Bl A BR bRk i 2
FEVEAERFAOAE AL BN BB L2 g 3.

(Shen G C. 2010. The effects of habitat heterogeneity and dispersal
limitation on species diversity in subtropical and tropical forests.
Hangzhou: PhD thesis of Zhejiang University. [ in Chinese J)

TR, R, BEAERL, 45 2008. S LLIRE R R bk 20
AWM BEERAERE Y. R A 2R, 32(2) « 274-286.

(Ye W H,Cao H L,Huang Z L,et al. 2008. Community structure of a 20

hm? lower subtropical evergreen broadleaved forest plot in Ding Hu

Shan, China. Chinese Journal of Plant Ecology, 32(2) : 274-286.
[ in Chinese J)

JRHER, sk EE. 2006, HEVE £ S
30(5) : 868-877.

(Zhou S R, Zhang D Y. 2006. Neutral theory in community ecology.
Journal of Plant Ecology, 30(5) : 868—877. [ in Chinese )

AL e 2000, UL ME BT 4t A I bR R 1R 249 5 MRS b
ot T ERR 2 B T T8

(Zhu Y. 2009. Density dependence is prevalent in Gutianshan in a

R ARSI

subtropical forest. Beijing: PhD thesis of Institute of Botany,
Chinese Academy of Sciences. [ in Chinese J)

Comita L S, Condit R, Hubbell S P. 2007. Developmental changes in
habitat associations of tropical trees. Journal of Ecology, 95( 3):
482-492.

Condit R. 1998. Tropical forest census plots: methods and results from
Barro Colorado Island, Panama and a comparison with other plots.
Berlin: Springer-Verlag.

Connell J H. 1978. Diversity in tropical rain forest and coral reefs.
Science, 199(4335) : 1302-1310.

Etienne R S, Alonso D. 2007. Neutral community theory: how
stochasticity and dispersaldimitation can explain species coexistence.
Journal of Statistical Physics, 128( 1) : 485-510.

Harms K, Condit R, Hubbell S P,et al. 2001. Habitat associations of
trees and shrubs in a 50-ha neotropical forest plot. Journal of
Ecology, 89 (6): 947-959.

He F, Zhang D Y, Lin K. 2012. Coexistence of nearly neutral species.
Journal of Plant Ecology, 5( 1) : 72-81.

Hooper D U, Adair E C, Cardinale B J, et al. 2012. A global synthesis
reveals biodiversity loss as a major driver of ecosystem change.
Nature,, 486( 7401) : 105-108.

Hubbell S P, Foster R B, O’ Brien S T, et al. 1999. Light-gap
disturbances, recruitment limitation, and tree diversity in a
neotropical forest. Science, 283 ( 5401) : 554-557.

John R, Dalling ] W, Harms K E, et al. 2007. Soil nutrients influence
spatial distributions of tropical tree species. Proceedings of the
National Academy of Sciences, 104( 3) : 864-869.

Levin S A. 1992. The problem of pattern and scale in ecology. Ecology,
73(6) : 1943-1967.

Lin Y C, Chang L W, Yang K C, et al. 2011. Point patterns of tree
distribution determined by habitat heterogeneity and dispersal
limitation. Oecologia, 165( 1) : 175-184.

Mgller J, Waagepetersen R P. 2004. Statistical inference and simulation
for spatial point processes. New York: Chapman and Hall/CRC
Press.

Rosindell J, Hubbell S P, He F, et al. 2012. The case for ecological
neutral theory. Trends in Ecology & Evolution, 27 (4) : 203-208.

Shen G, He F, Waagepetersen R, et al. 2013. Quantifying effects of
habitat heterogeneity and other clustering processes on spatial
distributions of tree species. Ecology, 94( 11) : 2436-2443.

Shen G, Yu M, Hu X S, et al. 2009. Species — area relationships
explained by the joint effects of dispersal limitation and habitat
heterogeneity. Ecology, 90( 11) : 3033-3041.

Valencia R, Foster R B, Villa G, et al. 2004. Tree species distributions



10 Mol

B 56 &

and local habitat variation in the Amazon: large forest plot in eastern
Ecuador. Journal of Ecology, 92 (2) : 214-229.

Verheyen K, Hermy M. 2001. The relative importance of dispersal
limitation of vascular plants in secondary forest succession in Muizen
Forest, Belgium. Journal of Ecology, 89 (5): 829-840.

Waagepetersen R, Guan Y. 2009. Two-step estimation for inhomogeneous
spatial point processes. Journal of the Royal Statistical Society,
71(3) : 685-702.

Whittaker R H. 1965.
communities. Science, 147 ( 3655) : 250-260.

Wiegand T, Gunatilleke S, Gunatilleke N, et al. 2007a. Analyzing the

Dominance and diversity in land plant

spatial structure of a Sri Lankan tree species with multiple scales of
clustering. Ecology, 88( 12) : 3088-3102.
Wiegand T, Gunatilleke S, Gunatilleke N. 2007h. Species associations in

a heterogeneous Sri Lankan Dipterocarp forest. The American

Naturalist, 170(4) : E77-E95.
Wiegand T, Maria Uriarte, Kraft N J B, et al. 2016. Spatially explicit
metrics of species diversity, functional diversity, and phylogenetic

diversity: insights into plant community assembly processes. Annual

Review of Ecology Evolution & Systematics, 48( 1) : 1-23.
Wilson J B. 1990. Mechanisms of species coexistence: twelve
explanations for Hutchinson’ s ‘paradox of the plankton’: evidence

from New Zealand plant communities. New Zealand Journal of
Ecology, 13(1): 17-42.

Zhang Q G, Godfray A B C J. 2009. Quantifying the relative importance
of niches and neutrality for coexistence in a model microbial system.

Functional Ecology, 23(6) : 1139-1147.

(FTAEZE  THW)



