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Community structure and species diversity at different
vegetation successional stages in Northwest Guizhou
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Abstract: In this study, karst plant communities in Weining County of Guizhou Province was investigated by means of

space instead of time during vegetation succession in a karst mountain area of China. The species composition, life pat-
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tern, community structure and species diversity of vegetation communities were studied. The results were as follows: (1)

A total of 174 seed plants were recorded in this survey, belonging to 52 families and 117 genera. The dominant families

included Compositae, Rosaceae, Gramineae, Azaleaceae, Berberaceae, Labiataceae, Polygonaceae. (2) With the posi-

tive succession of vegetation, the species richness gradually increased, the community structure tended to be complex,

and the proportion of high-position bud plants gradually increased. (3) During the restoration of vegetation, the commu-

nity stratification gradually became obvious, and the proportion of large diameter plants increased. (4) The Shannon-

Wiener index (H) , Simpson index (D), evenness index (J) and Margalef index (D,,) of various levels of the commu-

nity increased gradually along restoration. The S@rensen index of plant communities between different succession stages

showed a trend of first increasing and then decreasing, while the Cody index showed a gradually increasing trend. In

summary, the plant community structure and species diversity of different successional stages in karst mountain areas are

different, and the group building species and key species have changed obviously. The study of community structure and

species diversity has important significance for the understanding of vegetation succession and ecological restoration in

karst mountainous areas.

Key words: Northwest Guizhou, vegetation succession, species composition, life pattern, community structure,

species diversity
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Fig. 1 Plant species composition at different
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Table 2 Life form of composition at different succession stages
A yE A Life form
B B
Succession stages 2 0L 2 A ) Mo FZERE) Hb T 2 A ) (SR L AR
Phaenerophyte Chamaephyte Hemicryptophyte Cryptophyte Annual
T A FHISEL Species 17 5 8 11 3
Shrub grassland 43k Percentage (%) 38.64 11.36 18.18 25 6.82
HEM FEL Species 30 2 15 13 10
Shrubland H /3 kb Percentage (%) 42.86 2.86 21.43 18.57 14.28
Bk TR Species 41 2 20 17 10
Coniferous forest B> kb Percentage (%) 45.56 2.22 22.22 18.89 11.11
P I R Ak FhAHL Species 56 3 17 21 11
Deciduous broad-leaved 43 Percentage( % ) 51.85 2.78 15.74 19.44 10.19
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Fig. 2 Number of woody plant of different canopy sizes

at different successional stages (xs.)
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different successional stages (xs.)

Bl Cody $8HCRBL H B W I (K 6) , 7%
I ] A PR Ik AR v 2Z 18] B9 Cody 45 %] 2
THERERZE R, ol W, B R A, )
TRV 18]y o 190 RS S R bR, A A TR 3 B B
W UL — S8 S R A 2 A B, A R i
Bl TR KRR BTN /NBE AR R R JE S
MR S RILX . s R T 5

3 W54

JRUE A F [ DY g S0 A s DX AR B Y AR TR
MR &3 S bR IR A — oL, (H2



8 S5 . HS VY b Hh DXAS 7] i 25 o B A 0 B v 435 440 55 O b 22 R M AR A 1035
X 3.5 1.2 ¢
° Dﬁ?k Arborous D FEK Shrub .EZK Herb Dﬁ?ﬁ Arborous D SEK Shrub IﬁZK Herb
B30} P
gél > _} g 1.0 }
W s 25F o T Be T
Eo - T Hz08t M
w220} e
Y
o o Mo 0.6
T20f go0d4r
2% & 8
& 505 ?go2¢}
& € PP
£ 0.0 0.0 .
@ D c S SG D Cc S SG
SEEMEL Successional stage SEEMEL Successional stage
1.0 ¢ . 6.0
09| D???K Arborous D SEK Shrub lEZk Herb Dﬁ* Arborous I:l A Shrub l%z&s Herb
x
ﬁg 0.8}l P $50
w07 & 4.0
o 0.6 } Y o
% € 05 e £
A c 0.5 F 5 3.0
T2 04} fire
= N %
2503t = %520
o © o2
o 02} = ?01 0
© 01} =5
0.0 . 0.0 .
D C S SG D C o SG
SEEMEL Successional stage SEESMEY Successional stage
B 4 AS[RE R O BN B S A2 D R A CE A E AR R )
Fig. 4 Species diversity of different layers at different successional stages(xs.)
0.52 60
0.50 50
® o
ij& _g 0.48 x 40
s c :\]I:II _g
8 ©0.46} T30
s e S >
2 83
IS S 0.44 © 20¢
0.42¢ 10 ¢
0. 40
S&SG C&S D&C S&SG C&S D&C
SEEMEE Successional stage SEEMEL Successional stage
Bl 5 S [R) V8RB B P B 7% (8] 1Y) S@rensen 54K Bl 6 AR VE B B A P BE 75 (8] 1) Cody $5 4K

CFBIE bR ER2)
Fig. 5 S@rensen indices of plant communities at

different successional stages (x+s.)

P T 0 A b X5 O S o P N B A IR A
PABOK IR A FIARL ) X 2R o3 F &, AE D AN [A] i
Bl Bea (A [ > 1 9 b B, T AT R B
Bt A R0, 0 b A R B 4, R O

Fig. 6 Cody indices of plant communities at

different successional stages

6 A — (E A 2003 CHSE,2015) , %
T TR] A0 A% i B, R 22 R A T AR B
[ (14 77 v SR BIF 5 AN [R) 38 4 I B A 0 4 9% 45 1 114
AL I BRI , AT WA S

ABIGE R BUA [ 5 B B AR ) A 9 45 v kA=



1036 OO0 M W

39 %

TR, BT ORFEREE AR S, X
e T R A A P 2 A A R B
S 0 2 — S R R AR 5 — Sy R o AR
(Cain & Shelton, 2001 ) , 7£ 1F 1] 3 £ i # o, — 4>
BB R G RE IR Z A2 A R T T — By Bod P F
A5 (GBS FE2 A, 2001 ) 7 74 RS W5 0 b
DX, AN [R) 38 B B B A 45 45 AR AN ) A ) o 5
KRAMA 200, HERENBY B, 4wk 55 AR, -
HE JGR K o RN SR AR R BN RS S L
HOl MHIE EAE TR R AE Y O B AR B
S | BEAE R T B R AV AR T o R A
TR I AN A B8 45 1 1 236 o0 TR R 1 A K B s
T A TR AR B W N R Y B DR, B A A B
PRI, F T4 2H B PR B A AR ) o 00 4552 W 1) TE AR
FRAS R o5 PG S W FE V& B ) Fh T BT R A T
I, X 59 222 (X £ 8 %, 2011 ; Bazzaz, 1975
WA AE ,2009) BIIF IR 45 R, A UH A 3l
SEER TR 52 B 117 @ 174 B K T X0 &
S (2011) 78 57 N 3 8 B 5% TP ic s B B W Rl g (75
B 195 J& 334 F) X Al RE 5 A B8 A0 T AR R
T 2 FIAT 35 0 4 S0 25 1 DG, BN 38 2 1Y) A R
Tt LS 5 A% VIR 4 T 5 0 DR LG 7
TG (2013) 76 P9 SN 5T g s B R )
PP (28 Bl 37 J&@ 41 Fh) FIIX A 45 (2003) 7£) P4
FE RIS HIC s B AP A B (33 B 44 J8 56 )
X AT BE S TR b BN R R R A, )P
LTS <) 0 b 0 B /D T AR R A

L A 3 R A ) K O X B 5 S A 1 e TR 3
N, FLAR e SR AR RIE 285 1 A 2538 R vl LA
W ¥ 2 () R FH 55 5 40 5 T P A 2 0 4 b 1) <
o S, ) —HE 0% S AR AN [R) b X P 1 90 5 45 4
(1) 22 5 23 T8 BN [R) 189 A 9 A= 3 D (50 0% K 46
1999; Vashistha et al., 2011; Amjad et al., 2016) ;
[7i] — b DX AN (7] 365 B B 1 AL 00 R 9 A, 23 0 J AN TR
(AR ) A 16 R (9RO & MRk B, 20015 FITIE
&% 2002; Hedwall et al., 2015) , AU A, A
IF] 25 9 B AL 4 A 00 7R AN ] Bl A 1 O )
WO, R A R T B T X S 2
H(EITAESF,2002) BSR4 R — 8, XTTREY
AN TR) A 4 %o 7K B S5 4 1 i ;7 3K (Raju et al.,

2014) P K W 5T IX BN 36 B 45 1F R B A R
( Mahdavi et al., 2012) ,

TERER BRI R B SR B S A
Z ARG AR, D0 R T8 B A (S AR R4, 1998)
AW 2 REE o kR W AR (R D655, 2011)
NG 0 e o N i I E I S S 1 DU SO
— UL A R B R i L 1) 5 ) Ao 2 A A 5 W
B 55 —FlOUL A A BE R v L ) R, W) AP 2
A T ) 20 A b 3 I Bk B B ok, Bl IS LB
W B ASHIRSE K R, Bl A R KA B TR AR
K1) Shannon-Wiener 25 #8415 %% . Simpson Z KM
Fa K ¥ 5] BE 45 KR Margalef = & J& 45 K% i 14
Jime 355 1Y i SR b DX B M A S Y B 5E 4 RA
oL, {ELI27E 7Y A 8 307 R b IX v ST B Ay 0 g S A
AN JZ b B 22 A B AR 5 B L i) 8 S Y
G BEAR, d5c AR T BRAE AT I, 3k 26 22 S5 5L )
W ST b DA 0 R 7 A T S R TP ) B 2 AR A
1E4 Z2 R A2 Ak e B AT v 7 1 ) 2 o # vh
S [0 45 W SR b 55 15 TR R v BU AR R B Y
SR W HE 8 T 1) R R, A B IR A (] T
o] T BN A2 % (W R4, 2002)

B ZAEVE ] T S W B 5 A 558 B A8 A A ) A
P Z A Y 22 S 2 — A HEv ) g — e Vs T U
I, BRI B AR AR, A ) R v 1) A ol /b B
ZREVEROR ( FRPI%,2000) , AHFIE A, Ffi
FERE B K 52, A T 36 85 B B Al ) R % 2 T) 1Y
S@rensen *HM%@I%%%%H‘EJ:%ETF%E‘JE%%,
Cody F5XI LI g 12 W 14 I i) i F4 . S@rensen #H
DL 3 BT Vi - ) I AR T AL I ARORE P 22 1] B
/I, Cody FEEINAE — 758 Z [a] e A, Ud BH v i i) itk
FIEF AR 22 [ 49 b B S AR AR R R

ASCANHIESE T W8 37 4 L) b 8 B N N B
AR I ] WAk 4 A [ B W R s 74 1 il 2H
AT YT R A AL AN R 2 M SRR AL T AT G
AT A 5 AN [m] 35 8 B B =[] 1) 5C Rk 75 i — 2D
AT

SE

AMJAD MS, ARSHAD M, SADAF HM, et al., 2016. Floristic



8 11 PR AE ;B U Il DA [R] 38 25 B B AL W B 45 4 5 W0 b 22 R A 1037

composition, biological spectrum and conservation status of
the vegetation in Nikyal valley, Azad Jammu and Kashmir
[J]. Asian Pacific J Trop Disease, 6:63—69.

BAZZAZ FA, 1975. Plant species diversity in old-field succes-
sional ecosystems in southern Illinois [ J]. Ecology, 56;
485-488.

BRAKENHIELM S, LIU Q, 1998. Long-term effects of clear-
felling on vegetation dynamics and species diversity in a bo-
real pine forest [ J]. Biodivers Conserv, 7(2) :207-220.

CAIN MD, SHELTON MG, 2001. Secondary forest succession
following reproduction cutting on the upper coastal plain of
southeastern Arkansas, USA [J]. For Ecol Manag, 146
(1/3).223-238.

FANG JY, WANG XP, TANG ZY, 2009. Local and regional
processes control species richness of plant communities: The
species pool hypothesis [ J]. Biodivers Sci, 17 (6) 605~
612. [Tz, F4F, FRESE, 2009. JriA X it 7
LR RE R R Z R MR IR (1], 2B 2R
#, 17(6) :605-612.]

GUO QS, JIANG H, WANG B, et al., 1999. The quantittive
classfication and spatial distribution patttern of life form
spectra of the plants in major Chinese forest communities
[J]. Acta Ecol Sin, 19: 573-577. [ BRIk, 7Tk, F&,
5, 1999, v [ SRR TR AR W0 A 1 RS 1 i a2
RS [ A JRAIRESE [J]. AR5k, 19:573-577.]

HEDWALL PO, SKOGLUND J, LINDER S, 2015. Interactions
with successional stage and nutrient status determines the
life-form-specific effects of increased soil temperature on bo-
real forest floor vegetation [ J]. Ecol Evol, 5:948-960.

HUANG ZS, FU YH, YU LF, 2013. Characteristic evolution of
soil organic carbon pool with the process of natural
restoration of karst forest vegetation [J]. Acta Pedo Sin, 50
(2):306-314. [ ToEHE, FFHLT, MIEETK, 2013, WErEs
ARMRAE BE A SR 1 52 3 R v A S A HIL Bk R AR AE U Ak
[J]. B3, 50(2) :306-314.]

JIANG 7ZC, LI XK, HU BQ, 2011. Study on rocky
desertification and its comprehensive management in karst
mountain area of Guangxi [ M ]. Beijing: Science Press:
125, [F000, Z2R5EHE, WIS, 2011, TP A L IX Ay
BAL B ER AR SE [ M]. dbat Bl it . 125, ]

LAN SA, SONG M, ZENG FP, et al., 2016. Altitudinal pattern
of woody plant species diversity in the karst forest in Mulun,
China [J]. Acta Ecol Sin, 36(22) :7374-7383. [ 22},
KA, BT, 55, 2016, RIBWEHTRRARMRARA ) 24
PEIEEARR (1], AEAS2ER, 36(22) :7374-7383.]

LEGENDRE P, FORTIN MJ, 1989. Spatial pattern and ecologi-
cal analysis [J]. Plant Ecol, 80(2) :107-138.

LEI NF, SU ZX, SONG HX, et al., 2002. A comparative study
on life-form spectra of evergreen broad-leaved forest in dif-
ferent successions in Jinyun Mountain [ J]. Chin J Appl
Ecol, 13(3):267-270. [ #{74E, W4, Rax%, 4,
2002. 45 2= LUK S I ARAS [] 356 8 B B A 0 A 16 203 L
BARSE (1], BAAERS2ER, 13(3) :267-270.]

LIANG SC, 1992. Study on dynamics of pubescent hornbeam
population in karst mountain of Guiyang [J]. Acta Ecol Sin,
12(1) :53-60. [ 32125, 1992, StRHMEHRELL = SRS H-
MR EE SIS S [J]. B4, 12 (1) :53-60. ]

LIU YG, LIU CC, WEI YF, et al., 2011. Species composition
and community structure at different vegetation successional
stages in Puding, Guizhou Province, China [ J]. Chin J
Plant Ecol, 35(10) ; 1009-1018. [ X, XKL, FHHE
5%, A, 2011, SN B B R B B Be i A 20
B RIS SRR ()] MRS, 35(10):
1009-1018.]

MA KP, 1994. The method of measuring biodiversity of
biological communities-the method of measuring diversity of
Alpha (I) [J]. Biodivers Sci, 2(3):162-168. [ 753,
1994. HEWIRETE Z AR 0 DU B2 5 i —a 2RI I B2 7
H(E) [T EWEREE, 2(3) :162-168.]

MAHDAVI P, AKHANI H, VAN DER MAAREL E, 2012.
Species diversity and life-form patterns in steppe vegetation
along a 3000 m altitudinal gradient in the Alborz Mountains,
Iran [ J]. Folia Geobot, 48.7-22.

OU Z, LI XK, LU SH, et al., 2003. Species diversity in the
process of succession of karst vegetation in Southwest
Guangxi [J]. Guangxi Sci, 10(1) :63-67. [ X5, 22563
it 4, 2003, FEPY R A TR BGE S R P ALY 2
FEPE [J]. PRI, 10(1) :63-67. ]

PENG WX, WANG KL, SONG TQ, et al., 2008. Controlling
and restoration models of complex degradation of vulnerable
karst ecosystem [ J]. Acta Ecol Sin, 28(2) :811-820. [
MRES, EIObk, RIFETE, 55, 2008. WIrRRNE S 4 & R 40
e iBefEd 5ERRA (] BB, 28(2):
811-820. ]

RAJU VS, GOPAL P, SUTHARI S, 2014. Environmental as-
sessment of climate of a habitat through floristic life-form
spectra, a case study of Warangal north forest division,
Telangana, India [J]. J Nat Sci, 2;77-93.

RAUNKIAER C, 1932. The life forms of plants and statistical
plant geography [ M]. New York: Oxford University Press:
2-104.

SHENG MY, XIONG KN, CUI GY, et al., 2015. Plant
diversity and soil physical-chemical properties in karst rocky
desertification ecosystem of Guizhou, China [ J]. Acta Ecol
Sin, 35(2): 434-448. [ 4R, RERET, EEM, %,
2015. Bt TRR A1 AL b DR ) 2 R S S A
Bt [J]. A2, 35(2) :434-448.

SHI ZM, LIU SR, CHENG RM, 1998. Changes in plant species
diversity in a restoration sequence of Quercus variabilis forest
stands in Bao Tianman Mountain [ J]. Chin J Plant Ecol, 22
(5) :415-421. [ AER, XIoE, BeFfl, 1998, KR8
MDA B MR AR 2 3o R v v A W) ) o 22 R AR A
[J]. A S8R, 22 (5) :415-421.]

TAN D, XIONG KN, 2016. Diversity of plant succession
process in karst area [ J]. J Zhejiang Agric Sci, 57 (5) :
788-793. [ M, AERET, 2016. W IR Ml DX A A RR ot



1038 OO0 M W

39 %

REAIZREE (], $TAO AR, 57 (5) . 788-793. ]

VASHISTHA RK, RAWAT N, CHATURVEDI AK, et al.,
2011. Characteristics of life-form and growth-form of plant
species in an alpine ecosystem of Northwest Himalaya [ J]. J
For Res, 22.501-506.

WANG DL, ZHU SQ, HUANG BL, 2003. Changes of
vegetation features of rocky desertification process in karst
area of Guizhou [ J]. J Nanjing For Univ (Nat Sci Ed), 27
(3):26-30. [ Efk, ARSrilk, #50, 2003, St/HIEN
R XA B R AR RAE 1 A2 A [T]. R st ML R A
R (BRBEEMD) , 27(3) :26-30.]

WANG LX, HAN HR, CHENG XQ, et al., 2016. Community
characteristics and population structure of dominant species
of Pinus tabuliformis forest in the Liaoheyuan Nature Reserve
[J]. Acta Bot Boreal-Occident Sin, 36 (8) : 1687 — 1696.
[ EVREE, #hifgoR, B/NEE, 45, 2016, ILTTHE A ALY X
AR RE TS AR AE S AL A REZE M (1], PEALAE Y 4 40,
36(8) :1687-1696. ]

WANG QS, FENG ZW, LUO JC, 2000. Biodiversity of a forest-
steppe ecotone in Northern Hebei province and Eastern Inner
Mongolia [ J]. Chin J Plant Ecol, 24(2): 141-146. [ FJX
B, AR, B4R, 2000. LIS P SE AR AR MR-
RIFAZHW AW N [T]. YA Sk,
24(2) : 141-146.]

WEN L, SONG TQ, DU H, et al., 2015. The succession char-
acteristics and its driving mechanism of plant community in
karst region, Southwest China [ J]. Acta Ecol Sin, 35(17) ;
5822-5833. [ 3CHW, K[, #1%, 45, 2015. H [Py I
SUroR FEL ) R I TR R S IR B AL [0 ], AR SR,
35(17) :5822-5833. ]

WEN PC, SHENG MY, WANG LJ, et al., 2018. Temporal-
spatial dynamics for plant community structure and species
diversity of rocky desertification ecosystem in karst plateau
basin, Southwest China [ J]. Guihaia, 38(1):11-23. [ &
BiA, AR, TR, 4, 2018, V4 g e TR G I 2 b
A B 58 AR ) HE T A5 K S W R 2 1 ) s gl 3
[J]. 7 VtEd, 38(1):11-23.]

WEN YG, LEI LQ, ZHU HG, et al., 2013. Community charac-
teristics in a chronosequence of karst vegetation in Mashan
County, Guangxi [J]. Acta Ecol Sin, 33 (18).5723 -
5730. [, FHENHE, REDL, %, 2013. TP ILA
PRI P 9 I RF TS AR [J]. A 2%k, 33(18) .
5723-5730. ]

WHITTAKER RJ, WILLIS KJ, FIELD R, 2001. Scale and spe-
cies richness: Towards a general , hierarchical theory of spe-
cies diversity [ J]. J Biogeogr, 28(4) :453-470.

WILLIS KJ, WHITTAKER RJ, 2002. Species diversity scale
matters [ J]. Science, 295(5558) :1245-1248.

XIONG KN, CHEN YH, CHEN H, 2011. The technology and
model of rocky desertification control in Guizhou [ M ].
Guiyang: Guizhou Science and Technology Press:36. [ RERE
T, BRKER, BRI, 2011, A —— SN A B
BORGH [M]. Bt SR L . 36.]

YANG HB, WEI XL, DANG W, 2009. Species composition
and diversity variations at different succession stages of karst
vegetation in Central Guizhou [J]. J Mount Agric-Biol, 28
(3):203-207. [k, Fi/vum, Seft, 2000. B bk
B DA RIS Gy BOE R D R 2 i S 2 e [T, 1t
LMV AE A, 28(3) :203-207. )

YU GS, WANG SJ, RONG L, et al., 2011. Litter dynamics of
major successional communities in Maolan karst forest of
China [J]. Chin J Plant Ecol, 35(10) :1019-1028. [ Ai[H
P, FHEAS, 200, &5, 2011, 5% 2 W34 AR bk o v
FEmME DS (1] YA, 35010):
1019-1028. ]

YU LF, ZHU SQ, YE JZ, et al., 2002. Dynamics of a degraded
karst forest in the process of natural restoration [ J]. Sci Silv
Sin, 38(1):1-7. [M B &, Rk, b, &,
2002. 1B Al T 4F AR AR B SR O 0 A v R Vs B SR
[J]. kBl 38(1) :1-7.]

ZHANG CQ, WANG PC, LONG CL, et al., 2015. Species
composition and biodiversity characteristics in Peak cluster-
dpressions differing in rock desertification of a karst area in
Guizhou [J]. J SW Univ (Nat Sci Ed) , 37(6) :48-53. [ 5k
AREE, TR, JEARES, AF, 2015 Bt wE T RRIE AR
ANI) A7 1Ak 45 2 A ) R T ) R 2H R 22 6 T R E
(1], PHRE R E 2R ( HARBIERR) , 37( 6) :48-53. ]

ZHANG GF, SONG YC, 2001. Studies on species composition,
structure and physiognomy of shrub communities in Tiantong
region, Zhejiang Province [ J]. Guihaia, 21 (3):201 -
207. [FKERT, ARAKE:, 2001, WiiT K ZEHERE & H9FNE
LR EH S SMREFHIE (], 7P, 21(3) :201-207.]

ZHANG HY, YANG Y, LI Y, 2015. Discussion on ecosystem
degradation and restoration in karst rock desertification areas
of Southwest China [J]. Ecol Sci, 34(4) :169-174. [ k4T
®, B3, 225, 2015. PURIMEHTRROBLIKIAE S R G
B SIRE R [1]. SR, 34(4) :169-174.]

ZHANG XL, ZHOU JH, CAI WT, et al., 2017. Diversity
characteristics of plant communities in the arid desert of the
Heihe basin under different moisture gradients [ J]. Acta
Ecol Sin, 37(14) : 4627-4635. [ iKW, JE4ktE, 453
W, 45, 2017, JKIIRRIE T BRI AR MR v A
FHIE [J]. R854, 37(14) : 4627-4635. ]

ZHAO P, PENG SL, 2001. Species and species diversity in re-
lation with restoration and persistence of degraded ecosystem
functions [J]. Chin J Appl Ecol, 12(1) :132-136. [ X,
2/, 2001, F B 2R SORA AR S R G RERI R
SMZERRIETS [T]. LRSS, 12(1) « 132-136.]

ZHU HG, LI YQ, WEN YG, et al., 2011. The dynamics of the
structure and plant species diversity of evergreen broadleaved
forests in Damingshan National Nature Reserve after a severe
ice storm damage in 2008, China [ J]. Acta Ecol Sin, 31
(19):5571-5577. [ R %Ok, 2=, Bk, %,
2011, FFRUKIR I 5 B LU ¢ ] bk 2 vy S iy ol 22
FEMEBNAS [J]. A2, 31(19) :5571-5577.]



