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Abstract: Analyzing the community characteristics of tropical monsoon forests with different
succession is aiming to provide scientific basis for assessing their community assembly
mechanisms and forest structure optimization. In this study, we investigated four different plant
communities named A, B, C, and D, respectively, in a typical monsoon forest of E” huangzhang in
Yangchun, Guangdong Province, in attempt to analyze their species composition, biodiversity and
spatial structure, determine their maturity levels’ differences, predict succession directions, and
make suggestions for optimization. The result were as follows: (1) The forest layers of the four

communities were single. Small diameter at breast height (DBH) class trees and lower-layer trees
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dominated these communities, owning 1~3 obvious dominant species. (2) Their Shannon-Wiener
index ranged from 2.72 to 3.74, the Simpson index from 0.90 to 0.97, and the Pielou evenness
index from 0.74 to 0.89, suggesting that their diversity characteristics were significant differences.
(3) Their dominance ranged from 0.49 to 0.51, uniform angle from 0.56 to 0.61, mingling from
0.54 to 0.83, stand spatial structure index from 60.57 to 71.44, spatial structure distance from
53.15 to 68.53. (4) The analysis of community characteristics, diversity characteristics and spatial
structural characteristics indicating that the maturity levels in all community ranked D > A > C >
B. The study reveals that all four communities are currently in the pre- or mid-term succession
stages and the development space of DBH and tree height is large. The four communities were in
the moderate growth state. All trees showed a slight aggregated distribution, and the tree species
were moderately, strongly or very strongly mingling. Besides, there was a distance in spatial
structure between the four communities and ideal stand With the development of maturity levels,
the four communities will continue to succession with intolerant tree species as the main dominant
tree species, and gradually and preliminarily have the typical vegetation characteristics of the
district forest climax community. With the development of maturity levels, the four communities’
biodiversity and mingling will increase, the spatial structure will be optimized and the stability
will be enhanced. In the future, E’ huangzhang tropical monsoon forests should be more regulated
and protected , while the ecology of vegetation and biodiversity conservation in the area should be

widely monitored and studied in depth.
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structure
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Fig.1 Tree’s species-area curve of the four communities in monsoon forest
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Table 1 The stem density, average DBH and percent of each diameter class of the four
communities in monsoon forest

FEYE Community A B C D
MFRE No. of stems (stems) 767 1387 780 857
THa4% Average DBH (cm) 4.66+0.15a 3.68+0.09b 4.48+0.13a  5.50£0.21a
¥R# % [ Density (stems-hm2) 6392 11558 6 500 7142

2~10 cm B RE G HE

4 1 . .
Percent of 2-10 cm diameter class (%) 90.48 9510 9385 8390
12~20 cm 2R E G H
. 4.4 . 12.
Percent of 12-20 cm diameter class (%) 8.87 ’ >-38 o0
- R E
22-34 om SRR I 0.65 0.43 0.7 3.50

Percent of 22-34 cm diameter class (%)

E: F—AT P ARNG FRACR AR Z 0 £ 573 B2 .

Note: Different lowercase letters indicate the significant difference among plots in the same row.
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Fig.2 Tree DBH distribution of the four communities in monsoon forest
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Table 2 Stem height distribution of different communities in monsoon forest

MJZE Layer
s TJE# Lower FHZEM Middle L ZEHk Upper N
i o ot Rt o
Co- Py tef P S S O Eufi]  Average
No. of No. of No. of )
mm-  Average perce-  Average perce-  Average perce- height
i stems stems stems
unity  height ntage  height ntage  height ntage (m)
(stems (stems (stems
(m) (%) (m) (%) (m) (%)
) ) )
A 4.834 672 87.61 11.48 93 12.13 16.00 2 0.26 5.675a
B 4.47 1288 92.86 11.03 99 7.14 0.00 0 0.00 4.934¢
C 4.78 745 95.51 11.07 35 4.49 0.00 0 0.00 5.063b
D 4.85 713 83.20 11.75 129 15.05 17.63 15 1.75 6.113a

E: FBIRARNE T RACRA RS Z R E7 5.

Notes: Different lowercase letters indicate the significant difference among plots in the same column.
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MR, BREmBSE (R 3) .
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Table 3 Number of family, genus and species of different communities in monsoon forest

V% Community

% & Number
A B C D
£ Number of family 32 35 36 38
J&# Number of genus 49 53 57 68
Fh%L Number of species 57 59 69 99
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K, J5 6 MOLHAM A EEEESGE . AR b, B ERBIARE SN T B, SRR
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Ko AR b, N, B, REELE, B N TR, RIEEFRKR N UL, C BET,
FEHESENA R, T E R, AR, B Wr LT SRt 350 24 H ik
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VLAY, D #EEF, AL JHSHRT . SRR ok, ARTESE —AY; L AR-LFR R S B
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H#N T AL,
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Table 4 Importance value of dominant species of different communities in monsoon forest

HEvE s FRR AR FERT 22 X 2 I
Commun- ) Relative Relative Relative Importance
. Species )
itiy frequency prominence abundance value
HIEAR Sinosideroxylon
A 7.04 21.06 5.11 33.21
wightianum
558 Heptapleurum
A 4.56 15.98 4.26 24.8
heptaphyllum
A RIEFEIR Camellia cuspidata 13.69 3.36 5.11 22.16
A HBEF M Hancea hookeriana 8.74 3.2 426 16.19
INER Microdesmis
A 5.74 1.58 4.26 11.57
caseariifolia
BEKREAR Homalium
A 4.43 3.67 34 11.51
phanerophlebium
A HEIR Gironniera subaequalis 3.26 4.21 34 10.87
A B Ardisia quinquegona 5.35 1.1 426 10.7
SR IAR Macaranga
A 3.52 3.37 2.98 9.87
sampsonii

A WHEARZE T Litsea variabilis 2.74 2.71 4.26 9.71



HIEM Sinosideroxylon
wightianum
S ftea chinensis
RIEFEF Camellia cuspidata
§8 528 Heptapleurum
heptaphyllum
BRI Machilus foonchewii
/N Microdesmis
caseariifolia
Ve FF LT Garcinia
oblongifolia
Wi Engelhardia
roxburghiana
B Ardisia quinquegona
V1M Carallia brachiata
$8 528 Heptapleurum
heptaphyllum
/N Microdesmis
caseariifolia
BRI Machilus foonchewii
Ve FF LT Garcinia
oblongifolia
SR AR Macaranga
sampsonii
YHEMLTE Elaeocarpus
nitentifolius
44 Eurya nitida
HIEM Sinosideroxylon
wightianum
FHEE A Hancea hookeriana
WHEARZET Litsea variabilis
Wi Engelhardia
roxburghiana
SH A Lithocarpus corneus
B &R Lithocarpus glaucus
LBk Syzygium
rehderianum
AAaf Schima superba
LIAR Madhuca pasquieri
HIEM Sinosideroxylon
wightianum
YHENTE Elaeocarpus
nitentifolius

HEW Gironniera subaequalis

9.52

10.24
19.11

9.59

9.44

9.44

3.53

0.65

3.75
1.37

8.08

12.56

9.62

6.03

7.56

3.97

4.49

2.95

2.69
3.46

1.75

4.9
4.67

6.18

2.1
2.68

5.48

3.73

2.22

25.04

19.42
5.66

12.45

3.5

3.14

5.6

8.59

0.95
0.59

23.11

3.48

3.8

7.7

6.64

2.67

2.58

35

3.88
1.5

15.44

8.63
10.44

1.24

6.28
4.07

0.41

0.59

3.96

531

4.87
5.31

531

4.87

4.42

3.98

0.44

3.1
4.87

4.71

4.71

431

235

431

3.14

2.75

2.35
3.92

1.98

4.14
234

4.5

1.98
3.06

3.78

4.14

1.8

39.87

34.53
30.07

27.35

17.82

17.01

13.12

9.68

7.79
6.83

35.89

19.18

18.12

18.04

16.56

10.96

10.2

9.19

8.93
8.89

19.17

17.67
17.45

11.93

10.37
9.82

9.67

8.47

7.98



$8 528 Heptapleurum
1.63 3.88 2.16 7.68
heptaphyllum
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AT, ASEFEVE ) Shannon-Wiener #5538 B~ D>C>A>B, Simpson 8 5R I A
D>A>C>B, Pielou ¥JSIEIRHHRD N D>A>C>B, H A 5 C 13 MR BT,
AT, D BRI EUR 2 B8RSR R, BRI ERINN) s A BERYIR R D
BECE AT IR FEFESE = C BHVE B S — A7, (HEE M SRR T A B
YA > BRI E B BEE (RS .

RS FWMAFRK S R

Table 5 o diversity of different communities in monsoon forest

RevE Wi L AR -AEITEHL AR SO o
Community Species richiness Shannon-Wiener index  Simpson index Pielou evenness index
A 57 3.14£0.21b 0.94+0.02a 0.87+0.03a
B 59 2.72+0.11¢ 0.90+0.02b 0.74£0.03¢
C 69 3.21£0.03b 0.94+0.01a 0.84+0.03b
D 99 3.74+0.05a 0.97+0.00a 0.89+0.01a

E: FWFIHEARNE FRACRA RS Z A7 B

Notes: Different lowercase letters indicate the significant difference among plots in the same column.

2.4 R AMRAS [FIREVE 1R 23 [A) G5 A RFAE FL AR

18 JEL UG W PR 4 R AR 20 B i 4 /N BRSO, B 4 A vh & 2 IR S5 A 4T
AP AR RN ZE FEAN R, PR3 B B b i B A ROIRAS o4 FHRE IS MR~ 3 M R R K T 0.5,
VEHIRE WA ks SRR BUR CR AR I 5, B D BEVE SRAERE B e fIR . 4 FhRFVR HOAR 2>
FENRAZ AW B2 R, D BRI R RAS, HABHERI v h . IR AT, Ui W]
D HER RN IR AR e, FIRP SRR E LR AR, BRI A RE S B lf o AR AR FSSI K& FSSD
SRR, AE ) BRAE AR > G5 AL B I EAR | D BT R, MR IKIREREVE AL C. B (3R
6)

K6 TEIMAS RV 25 18] 45 A R AL

Table 6 Spatial structure of different communities in monsoon forest

i A ) 1K o NI 7 i £ AN 7 w1 7 7ol 1 2 4K (= N 0 e L ET 3R

Comm- /ML Average % Average ¥ Average 4 Forest spatial Forest spatial
unity dominance uniform angle Mingling structure structure distance
A 0.49 0.58 0.63 64.65 61.94
B 0.50 0.59 0.54 60.57 68.53
C 0.51 0.61 0.64 62.89 63.12
D 0.50 0.56 0.83 71.44 53.15

2.5 N MA RIS IR AR 2R 15 LA

AR A, AT TR RV SEACRFAE . AR VR AR AN 23 [R) S5 A R A HE A4 2L A EL N D
>A>C>B (R7) , HEILAYOAFE—EHZE BT, D BE AL R, REKKZ A C.
B.

KT ZEWMAFREVE AR b HEA

Table 7 Maturity levels indices’ rank of different communities in monsoon forest

4 Rank

B4 Index
1 2 3 4




F-HIf4% Average DBH D A C B
KR ARA L Percentage of trees in middle and large

. D A C B
diameter class
P34 Average height D A C B
Fh_E JE A LE A Percentage of trees in middle and upper
D A B C
layer
YiFh=F & & Species richness D C B A
Shannon-Wiener $5%{ Shannon-Wiener index D C A B
Simpson $5%% Simpson index D A C B
Pielou ¥J %] FZ 48 %1 Pielou evenness index D A C B
FHIRACE Average mingling D C A B
M4y 23 A 45 R FE BS Forest spatial structure distance D A C B
M4y (8] 25 M) F6 3L Forest spatial structure index D A C B

3 ik
3.1 9 a2 R ARl 2 ) 45 R REAIE BE R A AR 1L

W7 A — 5 B B BN R A R A BRI AR A 50, B T 78 00 1 IR REVR B R R B
RTINS 7 M) ABFFH, 4 FERE AT I RT e R, MEEANR—, TEKR
S /NERAR BT AR, PR IR 2 T3 RN EE U I 4 R IR AR AR ROKR
JEzsiE] GBS, 2022) 5 JeBebd P Wk B EFAm AR AR A . RGBS BRKRBIAR .
LRI R o = o o S N =Y TS T i D /AR AW S 7 1 =
BUN, MARRIEN K, R D KRS s, AHIE AR BIA M S B B s A B — P 3
P Ah B TRAR R TR B By (BRI, 1999) o KUk, JEHAPY 4 FhIEE R4 4k 22 ABH A Fh o 25
— H EZARAR X — AT

H#lE AR, #eir ZEARE G B B R AR (85, 2009) o AW, 18
BROAE AR B B R, AT 3 PR RhE EME T, LR N R AR, BARARIE
A EBEHA S =, HH B AREMIE 2, AR e K T B v W T AR /N, X
HWEHBRBEEWMBRER (FRem%, 2019) , X5HAE A BFEF IR AL BEE Rk
FERR S, A BFIEF C BEEIT IR VA B R AR A0, Qi m 2R AN RS 358 1f D BEV& 3
A1 B EE A B RS, DASHI T 1 R 7 H5a R IR B R AR MR R LU AR, T KA
AMREON 5 = S HUAL, PR RREE A, BEREE IS A S I A R B
R GREEWISE, 2022) .

PO TR Z 0 A T A R R P R S AE B A R E I X3 (X%, 2009) o BFFL
FKU, A ELWEEMMAR (B2HE%, 2021) , FERBEEPRARSEEESELE
YOEPEER . BEE B AT, BRE MK S (ML, 2013) , LI ER & H A5 (E
SRR, M. SRR IR AR (RS, 2019) o ARBFRH,
TER BT AR B BEVE AR, SEmHERME . BRUR). ROELE. IR IAT PRI E . SR R
NI R R REVE . GBS, WR LI FRIBEERC SE F R R B, B BEVE VD L #
WRNMEPRIE . A BEE S, WA TRUEHEABN OGN . ZeR. BEREFEIEN
MR SAAR Tl s e T R PRI VE YA A A BRI, AREL T A BEIE LA RN K o B R A
BEE N (B B%E, 2021) DRI R I 7K 2 3 gk b 1 AN TR K Wb A 1) A A7 =5 1)
(Punchi-Manage et al., 2013) . B LGN, D FEVE b 5 EE iR KN RGT BN AR
DLFR AL 32 SRS, SR AR AR oo ] AR SR AT . Fs B AR LA R . A AR
FRIAS 25 L (O3 0 S W T B R A RN, B AR IRAS BICkE , BER RN R L R ARk
i LR AR B MR AE AR — P U AR AR R (B SR, 2021 .

TR, PFhaE AR B AT AR . B0, Tk AR5 (2021) WA KRIBES
HEE T, TAARZERYMEE B Shannon-Wiener 541 Simpson 841 Pielou ¥ 5] 45



AR ZE BT K . Howard & Lee (2003) F1 Chazdon (2008) Y AN—LEH Y+ E & 2 EHE
W RSN, AR Ik B A 5 AR AR . A FUR 4 FhZE RIS AR 20
30~40 4, HARLL T B AP OHEY B, BEVR IR T b B 2 I AR A AL DURE Fe o R I R
W, VIR ZREEIEAR BT GERZERES, 2021) , HDH AT 4 FPEETE A0 AL TP fh 2 5 1 b 8 B
BEATT TR B, FF G ZAEVEREE S AR R . SR, A BRI AEBEAEAE /N AR, B
MEBR, PN CIREFIIK > 78 2, (R ERR P BH AR T )y v B0 AR ) AR g AR K CRIBEAR AN /5
#, 2001) , KUt A BEVE A =T C BETE . AR, BRI —ERE L TR T %)
HIAEAE 0], PRAK T A BERWIRNF & B ¥ S RERE . bAh, VFESE (201D BFFLAR
tH, Shannon-Wiener fi§ % Lt Simpson #& £ Xt #) # £ & & 5 &8, 10 Simpson 5§ % Lt
Shannon-Wiener 5 500400351 51 FE U, [RIMG C B¥9% 1 Shannon-Wiener 5405 A BEV& =11
FAMFREEL A BEVARAR T C BEE RS MM+ & .

3G JEL Vi TS 2= M AR 4 P 00 22 R HR 0T B T DR 43 AR X 43 R bR (25 PROVE S
2007; FHLLAESE, 20185 FEFEWESE, 20200 o BEFERM, A RKERIEERE RN 2 0
PR 32 BER M LR 1, AN R A A B DX 8 ) 32 B IR AN PR 7 AN (], a3 ] 7 g 0 o 2 2
AR FE AR E Mt s, PR 2R e i 2 A2 [ /K (Zhang etal., 2016) o |7 AR FIRAK 1L %
i 3 ] P AR A S IR B BT AR T S LA R U DA AR e ) U d, R 2 et iR L IA
5.0 A b GEIIEASE, 1998) 5 1S LIS Ry 2= MY AR H AT R ) R PR T &, A1 by =2 1) b o
SER NS E B ISR N VE 2 L3R L T RIS 2608 (ERESE, 2003) , XATHE
ST G JEIE PR TT ZR R AR 4 PRS2 FEIE R B A IR R 22—
3.2 6 LU = Y AR (] 45 KRR I s 24 AR A

GG S TR A, A TR RS RGEBIE, s ARma it
PE R . FEVR TR AS BE AR 7 2 ) 245 60 B TG oA AR o O B R o AT 9 rh B o PR B3 o,
TIRA BRI N, X5 Bt K2 H0t s R — 8 ABWEE, 20160 o Xfik, BITHSE
(2019) VNTEEE I FE A, iy N B T X0 AR 35808 S AR FH 5 (R S 800 7 BB A Y 5
G, AETIRABRIIGOL T, TERe 7RSS IR B BRI AR, 1T ER 55 A R R M4 H b,
TEREVE NI T i A o AT RGP R AR, i M MCE AR B AR B, B 5 327K o it
N2 PER RS (Lundholm & Larson, 2003) . [RIHE 2 B (R4 5y, 1Y JELIRE 25 [ AR RE
P B2 K 43 GHUR A B AT REANJE T A 5 4, AR ASEAN R 7K 23 ) FH SREmE (R A AR B LAGZ i K
srEEdge (XHRTE, 2016) , MRS T HEIRAE . — IR, RIS FRES HORAR
P ) R T 2R e T MRORTE B B T 2 S B R W SRR 0 AT, 7 5 Bl i 25 3047 1T B 3
wF, BB AR BB B Ak R kR (BEER, 2007) o ABFFTH 4 Fha=m ke
AR ZERN, YRBMEREN A, MR KIS, JFEn I Aw A M R 2
TCH AT TR IR G A WISE, 2022) o GG HGHY 2% MY MROBR 43 25 (8] 25 44 18 BBl 35 1
AR B TR N, R AR e M 2 e 5E . 7R RGBS R, BEE AR Y IR B
UG, A EEMNAERN e EARE, dNFEE TSN, RAREN (S,
2013) , {H 5 BRAR M 2 (A S5 M AT A FE — 8 2200, BFE MR B B AR RS G2 ERAFSE, 20200,

Fih, AR D BEEYIA 2 AR AR R, JRACJE . FSSD M FSSIii &1 B #ivE, MR
FE S AL FR ARt T B BEVR, UL BN [F) BB 2[RI RE VR ) b 22 R4 DL R 2 ) 25 R AEAE I K
Z5, HEfF e GRIRS, 20215 MRS, 2022) » SAAREMH, 4P HEH
SR AR A AN A B AR 328 v T ML 28] 5 95 3340 0) B PR AR i I sl 3 BRABRR 43 GRS/ 1t 2014),
B T TOURKARS o B 32 BE A AR A, TR R/ B R A KT 0.25, SRR EMRK N EASZ
Be g, DU A A CENIZL, 2013) o XHFEPIR A8 20 o A sk, ER &I
BEFEHL AR ORFAESE, 2013) o B0 RUE 51N FME SR S B VR R A 134
REFPANT G, $E =R 2 BRI R R A B (R s B R E B (BRE&ESE, 2019) .
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S (1 R0 %o i Vi R R %) B R T LA B R S, SR T AR U AE O BE R R 43 T
FEH )45 FAFERIBRIE, N — 2B RARYE &5 b5 B2V 5l NS, [F)I) B0 8 78 73 2% JE A 58
DRl g 4R S5 R ) ), 3G 43 R AR, 33— D R VR AR S FE it o 1)
E R



4 g

CROREVEIEANTAL . ZAEMERFEAN 2 8] S RAE 2T 15 1 4 RS s HR4 8 D>A
>C>Bo KGR R SIS — O, RO S 7RI R, H AT 4
FACREVE AL T80 AT PP 0], AR A e A R 2 (R AOK, BV B AL T R R A ROIRAS, AMA
W RRMEE AT, WRCRIUDY T . oRE BR R IRAS . B I N, 4 FRiEvk Al 4k
S VAR E R b 11 9 2 AL R HEAT VS, IR0 R 2512 DSty i A TR 9 1) i A i
RFAE . AR O IE I, TR RN 2 R S v, R ARSI A ES A pEAL
R 58 R SR A BT B o ARRPINAZ X IS0 55 15 PR A7, RIS IR0t 127 3 X AR e A 2 2 A AR
Y FEPEORY RTINS R AT FT

e PEN

BU WS, 2013. The relationships between biodiversity and ecosystem functioning in natural tropical
forests of Hainan Island, China [D]. Beijing: Chinese Academy of Forestry: 77. [ b 3( 2%, 2013. i
B BT RN Z R 5 AR S RGDRER RMAT D], dbnt: EMVEAI R R 77

CHAI ZZ, 2016. Quantitative evaluation and R programming of forest spatial structure based on the

relationship of neighborhood trees [D]. Yangling: Northwest A & F University: 92-101. [$452FL, 2016.

BT HARA R R M BN & R 1B S WAESLID]. k. PEIbRMBHE K%

92-101.]

CHAZDON RL, 2008. Chance and determinism in tropical forest succession [M]//Carson WP,
Schnitze SA. Tropical Forest Community Ecology. Oxford: Wiley-Blackwell: 384-408.

CHEN JL, FANG X, GU X, et al., 2019. Composition, structure, and floristic characteristics of two
forest communities in the central-subtropical China [J]. Sci Silvae Sin, 55(2): 159-172. [Mf &%, 7
W, S50, 25,2019, FE BT 2 Fh AR AR VR 4 5 0 B X R AFAE[T]. ARk REE, 55(2): 159-172.]

DIXON P, 2003. VEGAN, a package of R functions for community ecology [J]. J Veg Sci, 14(6):
927-930.

DONG LB, LIU ZG, MAY, et al., 2013. A new composite index of stand spatial structure for
natural forest [J]. J Beijing For Univ, 35(1): 16-22. [E R 3, XIJEWI, W, 55, 2013. KA
PRAR G 2% () G5 A 27 S PR BT FE [0, ABBUMRAL R 222440, 35(1): 16-22.]

DU JX, LIU C, YIN CM, et al., 2020. Characteristics of the Castanopsis hainanensis +
Oratoxylum cochinchinense community in Mt. Mihouling Nature Reserve, Hainan, China [J].
Plant Sci J, 38(5): 609-617. [#L5<t, XiiE], EREE 5%, 2020. R BREIE 5 AR ORI X i
FAHE+ B AR ARBEVRRHE I 7T (0], AR 224, 38(5): 609-617.]

FANG JY, WANG XP, SHEN ZH, et al., 2009. Methods and protocols for plant community
inventory [J]. Biodivers Sci, 17(6): 533-548. [Ji#§ =, T3, LER, &, 2009. HAE
KIEEM EENE . FTIEAEARMVED). M2 FEE, 17(6): 533-548.]

HAN ZM, LIY, WANG X, et al., 2021. Effects of biodiversity on biomass of Pinus massoniana
plantation under different succession degrees [J]. J Zhejiang A F Univ, 38(2): 246-252. [5#HF X,
YR, ERE, &, 20210 ARNEBEE T SR AN TAREY) 2 R A Y& ). W
TR 2224, 38(2): 246-252.]

HOWARD LF, LEE TD, 2003. Temporal patterns of vascular plant diversity in southeastern New
Hampshire forests [J]. For Ecol Manage, 185(1): 5-20.

HUI GY, 2013. Studies on the application of stand spatial structure parameters based on the
relationship of neighborhood trees [J]. J Beijing For Univ, 35(4): 1-9. [HKI%&, 2013. T4
BRI R B 2 A GRS HUS AT FE[T]. AB UMLK 22554, 35(4): 1-9.]



HUI GY, GADOW KYV, 2003. Quantitative analysis of forest spatial structure [M]. Beijing: China
Science and Technology Press: 10-30. [ NI &, GADOW KV, 2003. #7045 14 S 77
ProsiiM]. dbst: s ERFEEOR H R 1-33.]

HUI GY, HU YB, XU H, 2007. Structure-based forest management [M]. Beijing: China Forestry
Publishing House: 140-160. [ZERI&, #HHE, 1R7IFE, 2007. Gitfb ke g M) dbat:
B AR H R FE: 140-160.]

JARAMILLO C, OCHOA D, CONTRERAS L, et al., 2010. Effects of rapid global warming at the
Paleocene-Eocene boundary on neotropical vegetation [J]. Science, 330(6006): 957-961.

JERNVALL J, FORTELIUS M, 2004. Maintenance of trophic structure in fossil mammal
communities: Site occupancy and taxon resilience [J]. Amer Nat, 164(5): 614-624.

LI QH, ZHU H, WANG H, et al., 2007. A community ecology study on deciduous monsoon forest
of lower reaches of Luozha River in Yunxian county [J]. Acta Bot Yunnan, 29(6): 687-693. [
R, KM, B, 5E, 2007 =B B LI TS MR RREE A S O] s FE
Y IT, 29(6): 687-693.]

LIAN JY, CHEN C, HUANG ZL, et al., 2015. Community composition and stand age in a
subtropical forest, southern China [J]. Biodivers Sci, 23(2): 174-182. [ZxJ& a1, Frhl, HER,
5, 2015, ST L R T FAHY B Sk I ARAN [ R E VR RFIE K ELAL D). ZEMD 2 REIE, 23(2):
174-182.]

LIANG XD, YE WH, 2001. Advances in study on forest gaps [J]. J Trop Subtrop Bot, 9(4):
355-364. [RIRA, M, 2001, MEHIFRERE (ZRR) [1]. R ARG EY7HR, 9(4):
355-364.]

LIAO CX, 2007. The study of stand spatial structure for Mongolian pine plantation [D]. Haerbin:
Northeast Forestry University: 7-10. [ B, 2007. #&1Fa N AR A1 254 OB 5T[D]. IR
i RAbMRL R 7-10.]

LIU J, MA KM, QU LY, 2016. Species composition and community structure of dominant
mangrove forests in Zhanjiang Mangrove National Nature Reserve, Guangdong Province [J].
Eco Sci, 35(3): 1-7. [XI&, S5el], Hiskmt, 2016, |7 ZRELLLR AR E K % B AR ORH X AR
PTARFE V& VDM S SRR D] AR, 35(3): 1-7.]

LIU WD,ZANG RG, DING Y, 2009. Community features of two types of typical tropical
monsoon forests in Bawangling Nature Reserve, Hainan Island [J]. Acta Ecol Sin, 29(7):
3465-3476. [XI 348, Wi E, T 5, 2009. #EFEg 5 PR LR G 2 IR R AR D).
HEASER, 29(7): 3465-3476.]

LIU ZQ, YU XX, JIA GD, et al., 2016. Water use characteristics of Platycladus orientalis and
Quercus variabilis in Beijing mountain area [J]. Sci Silvae Sin, 52(9): 22-30. [XI| H 5%, & HTHE,
STE MR, 2%, 2016. AbHCL XA AR B AREIK 70 R FAFAE]. Mok RE:, 52(9): 22-30.]

Lundholm JT, Larson DW, 2003. Temporal variability in water supply controls seedling diversity
in limestone pavement microcosms [J]. J Ecol, 91(6): 966-975.

LUO XY, MO LJ, TANG GD, et al., 2008. The community characteristics of China's endangered
and endemic species Camellia changii [J]. J Fujian For Sci Technol, 35(4):63-68. [ %, 5
B, K, 4, 2008. o EREA WGP A RS AL LR B RHERI A B A ]. AR AR
B, 35(4): 63-68.]

LV AQ, LI DH, YANG XB, et al., 2021. Plant community diversity and inter-specific relationship
of coastal rain forest, semi-deciduous monsoon forest to deciduous monsoon forest in coastal
hills of Sanya City, Hainan Province [J]. Guihaia, 41(3):384-395. [ B %3, &R, /¥,



S, 2021, ¥R =ML RIAR, 29 H 2= RAR 2107 2= AR R VDR 7 22 B0 M (R R &5
WEFC[I. T VaRES), 41(3): 384-395.]

MA HJ, LI RX, YUAN FY, et al., 2013. Stability of Platycladus orientalis mixed forest
communities at different successional stages [J]. Chin J Ecol, 32(3): 558-562. [ it &, Z=HiiEs,
R, B, 2013, A BARHRESSHRBEE R E )], A&, 32(3): 558-562.]

MAGURRAN AE, 1988. Ecological diversity and its measurement [M]. New Jersey: Princeton
University Press: 101-153.

MAO YX, ZHANG HD, WANG RZ, et al., 2019. Spatial structure characteristics of the main
treespecies in a mixed broadleaved Korean pine (Pinus koraiensis) forest in a mountainous area
of eastern Liaoning Province, China [J]. Chin J Appl Ecol, 30(9): 2933-2940. [‘EJT#7, iKE AR,
TR, &, 2019, JLZR L X JUAG R H 20 PR 32 SR b2 [R) S A A A D). N AR 2SI
30(9): 2933-2940.]

PAN FG, LIN XP, GU HY, et al., 2021. Analysis on interspecific association of Paphiopedilum
purpuratum community in Ehuangzhang Provincial Nature Reserve of Yangchun in Guangdong
[J]. J Plant Resour Environ, 30(1): 52-60. [# /&6, tREH, WEM, 5, 2021. | KHEER
JELUEE A 2 15 ARAR AP DX GC e =2 BEV A () R 45 1% 20 B (0], R BV 5 M 24, 30(1):
52-60.]

PENG YH, ZENG J, SHEN WH, et al., 2020. Analysis of species composition and spatial
structure characteristics of evergreen broad-leaved forest in Jiuwan mountain [J]. J Centr S
Univ For Technol, 40(12): 17-25. [32 K4, S{#, WO, 5%, 2020. JUT 1L ZREE I ARY)
L e S 22 () G5 R R AL 0 A (7], R R MOl BHSOR 22 224, 40(12): 17-25.]

Punchi-Manage R, Getzin S, Wiegand T, et al., 2013. Effects of topography on structuring local
species assemblages in a Sri Lankan mixed dipterocarp forest [J]. J Ecol, 101(1): 149-160.

QI LH, ZHANG XD, ZHOU JX, et al., 2009. Community structures of Machilus pingii secondary
forestry after vegetation restoration on erosion yellow soil slope region in the middle subtropics
[J]. ] Huazhong Agric Univ, 28(2): 226-232. [ R, KEAR, HE&E, &, 2009. F 7 H#
AR P T I AR O E AR B REVE G AR IR ] e AR R AR, 28(2): 226-232.]

SHAO FL, YU XX, SONG SM, et al., 2011. Spatial structural characteristics of natural Populus
davidiana-Betula platphylla secondary forest [J]. Chin J Appl Ecol, 22(11): 2792-2798. [HE 75 TN »
RWE, RIEH, 55, 2011 RIRG-MER AR (B SRR D). B AR S 2A4R, 22(11):
2792-2798.]

SU HH, WANG H, CHEN ZJ, et al., 2018. The characteristics of species composition, structure
and diversity of tropical semi-deciduous forest in Jianfengling, Hainan Island [J]. For Environ
Sci, 34(6): 21-27. [J34148, T4, BRIEAN, 5, 2018. R SIS FAGHT 1 35 2= Y AR
Ml SEH S ZREPERHED]. MO SRR, 34(6): 21-27.]

TAN YB, SHEN WH, ZHENG W, et al., 2015. Species composition and community structure
characteristics of Castanopsis hystrix natural forest in Rongxian county, Guangxi province [J]. J
Centr S Univ For Technol, 35(5): 98-102. [{#—i, HISUME, B, 5%, 2015, ] G A B4
RIRMRAY P L B RETE S M RFAEL)]. PR MO RHEOR 725241, 35(5): 98-102.]

WANG DF, YE HG, CAO HL, 2004. A preliminary study on the vegetation of E’Huang Zhang
Nature Reserve in Yangchun city, Guangdong province [J]. For Environ Sci, 20(4): 27-31. [ £
ik, MR, EULEE 2004, T ZRBHARRG R 5 AR ORI KRBT B U], ARl 5
B, 20(4): 27-31.]

WANG DP, JI SY, CHEN FP, et al., 2003. A study on the species diversity and succession situation



of natural forest communities in Nanshan District, Shenzhen City [J]. Acta Ecol Sin, 23(7):
1415-1422. [VEBAE, BBAL, BRGME, 25, 2003. IRYIEG L X RIRFRMEETE 2 FE1E S B
BUIR[T]. AR, 23(7): 1415-1422.]

WANG FG, YE HG, XING FW, et al.,, 2004. Resources of the wild vascular plants in
E’huangzhang Natural Reserve [J]. Guihaia, 24(2): 102-106. [ R [E, M4, M, 55,
2004. #5EE 5 AR ORY X B A 4EE D) BRI T VEREY), 24(2): 102-106.]

WANG FG, YE HG, ZHAO NX, 2003. Studies on the spermatophytic flora of E’huangzhang
Nature Reserve in Yangchun of Guangdong Province [J]. Guihaia, 23(6): 495-504. [ £ % [E, It
2y, BRISE, 2003, JARBHARRG LR B 2R DRI XRD T X R WEFC]. TP, 23(6):
495-504.]

WANG TB, ZHU Q, HOU XW, et al., 2021. Community characteristics of Juniperus przewalskii
along annual precipitation gradients [J]. Arid Zone Res, 38(6): 1695-1703. [ EHE #, K=, &
e, 5, 2021. B&FADBEE RHE VR SRR K BB AR R [0]. TR, 38(6):
1695-1703.]

WANG ZM, GUO QJ, Al XR, et al., 2019. Structure characteristics of Pinus massoniana natural
secondary forest at different altitude of Enshi [J]. J SW For Univ, 39(1): 114-122. [[E &M,
A, SONIMR, 5F, 2019, BUREIHAS R S AR RARIRA MM 73 G5 M Rp AT 7E[)]. PH P
Mol K2R, 39(1): 114-122.]

XIANG Q, GUO QJ, Al XR, et al., 2022. Variations on stand spatial structure and species
diversity in different spatial scales [J]. For Res, 35(3): 151-160. [I[71€k, FfkKZ, LG, 5%,
2022. #RGy 7 ) ke S 22 AR B 2 ) RO AR R AR AT E (0], MR RHERIETE, 35(3):
151-160.]

XIE ZS, GU YK, CHEN BG, et al., 1998. Species diversity of the natural forest communities in
Nanling National Nature Reserve, Guangdong [J]. J S Chin Agric Univ, 19(3): 61-66. [i#f IE4E,
w, BRI, &F, 1998, Bl E K H RS IXARMAEE IR Z R 0 0], R
R 2B, 19(3): 61-66.]

XU Q, ZHANG F, XU ZQ, et al.,, 2011. Some characteristics of Simpson index and the
Shannon-Wiener index and their dilution effect [J]. Pratac Sci, 28(4): 527-531. [¥FHi&, 5K, ¥
HHiEE, 4§, 2011. Simpson FEZUF1 Shannon-Wiener #8047 T4HFE 170 BT SRR RN [J]. B
AR}, 28(4): 527-531.]

XU WX, WU JZ, LIN WS, et al.,, 2018. Study on the stand spatial structure of Korean pine and
broad-leaved mixed forests at different age groups and interactive mechanism among the
influencing factors [J]. J Centr S Univ For Technol, 38(10): 106-111. [F 355, R&H, ML
W, &, 2018, AN[AJTE B P BOAL R R MR AR TR S5 M BT E[T]. o B ARMERHOR 24
38(10): 106-111.]

YI HL, GUO YT, LIU L, et al., 2017. A comparative study on the community main morphological
characteristics of three lower subtropical monsoon evergreen broad-leaved forests [J]. Ecol Sci,
36(6): 137-146. [ Hilk, SBF4, XU, 45, 2017. 3 ANF L Hr 2= KU S i ARRE I 32
BPRIRFFE AR (3] AR ELY, 36(6): 137-146.]

YUAN XM, ZHU NH,.ZHOU GY, et al., 2022. Spatial structure of the 42-year-old Pinus elliottii -
Cinnamomum camphora mixed plantation in the karst area of western Hunan [J]. J Cent S Univ
For Technol, 42(4): 49-58. [ 2, K74, JILaE, 55, 2022. WIPEWEHREHLX 42 442
T FA-FERE N CIRAS AR (B S5 M B FE 0], R MO BHE K 2254k, 42(4): 49-58.]

ZELNIK I, CARNI A, 2013. Plant species diversity and composition of wet grasslands in relation



to environmental factors [J]. Biodiv Conserv, 22(10): 2179-2192.

ZHANG JC, CHEN L,GUO QS, et al., 1999. Research on the change trend of dominant tree
population distribution patterns during development process of climax forest communities [J].
Chin J Plant Ecol, 23(3): 256-268. [5KZX3, MR/, FBIRK, 2%, 1999. 3 ¥ TR BegR bk
VR AP AT (1R B E AT T[], AR, 23(3): 256-268.]

ZHANG JY, 2018. Characteristics of plant diversity and community structure in Daxing’anling
Forests and association analysis [D]. Changchun: Northeast Forestry University: 98. [7K & 5%,
2018. K422 ARMAE) 2 RE Mk L RIS S MIAFAE IR & X R0 A [D]. KA& : ZRAEMOL R
98.]

ZHANG MG, SLIK JW, MA KP, 2016. Using species distribution modeling to delineate the
botanical richness patterns and phytogeographical regions of China [J]. Sci Rep, 6: 22400.

ZHANG YH, DIAN YY, HUANG GT, et al., 2021. Effects of spatial structure on species diversity
in Pinus massoniana plantation of different succession stages [J]. Chin J Ecol, 40(8):
2357-2365. [R5, (MR 5, BB, 5, 2021, AENEE BB S R AA PRAR S 23 8] G5 7 )
YR Z RV RC D). AR E, 40(8): 2357-2365.]

ZHAO ZH, HUI GY, HU YB, et al., 2013. Application of structure-based forest management in
broadleaved Korean pine mixed forest [J]. For Res, 26(4): 467-472. [X+h 4, HNWIE, #HHEH,
S, 2013, SR RRIRE S T VA AL R I ZLRA MR AR BN FH D], MR RHETIE T, 26(4): 467-472.]

ZHENG XX, 2014. The forest research in Changbai mountain of China [M]. Beijing: China
Forestry Publishing House: 78-119. [#8/%t, 2014. KA Lh#&RMAF 7L [M]. Jbut: S E L
HRAE: 78-119.]

ZHOU ML, ZHANG Q, KANG XG, et al., 2016. Study on the stability of forest communities
based on the spatial structure index [J]. Plant Sci J, 34(5): 724-733. [JA&WE, K&, JUHNI,
S, 2016, F: T E) S5 R 4R HUK AN [F) R MO VE REE TERIE SU[0]. AR SRR, 34(5):
724-733.]

ZHU H, WANG H, LI BG, et al., 2015. Studies on the forest vegetation of Xishuangbanna [J].
Plant Sci J, 33(5): 641-726. 44, Tk, Z{r5, 55, 2015, VEXURANARAMAE LA FE[0]. 1E
YR}, 33(5): 641-726.]



