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Successional dynamics of community structure and species diversity after clear-

cutting of faxon fir (Abies faxoniana) forest stands
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Abstract: In the early 1950s, the subalpine forests in western Sichuan province were dominated by old growth Abies
Jfaxoniana forests, large scale logging occurred between 1954 and 1965 and clear-cut was used as the predominant harvest
method. Up to 1965 timber yield dropped dramatically for a little of harvestable forest stands and timber harvest operation
stopped completely in 1998 when the Natural Forest Protection Program began in the region. In order to clarify the recovery
processes of the forests region in western Sichuan Province, China, we studied the dynamics of community structure and
species diversity over the first 60 year period of secondary successional stages in the Miyaluo forest area. We observed

successional changes in the secondary forest community by adopting the concept of space as a substitute for time. We
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established 34 20 m X 20 m plots at study sites located at altitudes between 3100—3600 m on shady slopes the Miyaluo
forest area. Our study showed that the secondary forests were characterized by Betula albo-sinensis, Betula platyphylla, and
A. faxonniana. The vascular plants recorded in the plots included 107 species of 79 genera from 38 families (x herb
species, vy shrub species, and z tree species). Tree density increased over the first 40 years of successional stages, but then
declined by the 50 year stage of secondary succession. Size-classes of trees in 20 to 50 year stages of succession, which were
mainly small-sized and medium-sized, all showed reverse J-shaped distributions. Tree species, along with shrub and herb
species, all showed significantly aggregated distributions at different successional stages. The successional series was
classified into three stages according to the importance value of the dominant species: first, the Rubus and Rosa shrub;
second, the Betula broad-leaved forest; and third, the Abies and Betula conifer and broadleaf mixed forest. Betula species
still were the dominant species in the third stage, but regeneration of A. faxoniana, which is the dominant tree of old growth
in the Miyaluo forest area, was increasingly abundant and widespread. As the successional stages shifted from one to three,
herb species richness decreased, while tree and shrub species richness increased. Following changes in successional series
from 10 years to 50 years at 10 year intervals, the overall species richness in secondary communities was 54, 49, 33, 54,
and 59, respectively. The overall species richness decreased over the first three intervals from 10 to 30 year, and then
increased over the next two intervals (40 and 50 years). The Shannon-Wiener diversity indices of tree and shrub layer
species increased throughout over the intervals from 10 to 50 years, while the indices of herb layer species decreased
continuously over the same successional series. The Pielou Evenness indices of all three layers of species increased with the
successional time. Simpson Dominance indices of tree layer species decreased over the successional time, while the
dominance indices of the shrub and herb layer species increased up through the 40 year interval of the successional stages
and then decreased at the 50 year interval. The species composition also varied over the different time intervals of the
successional stages. Light-demanding pioneer tree species such as B. albo-sinensis, which regenerated rapidly after logging
was being replaced at later successional stages by the effects of increasing canopy closure and competitive advantages of
shade tolerant tree species such as A. faxoniana, which was becoming the dominant tree species in an increasingly species
diverse plant community as the Miyaluo forest was returning to the old growth forest of its past.
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Table 1 General situation of plots at different succession stages

stage/a Number of plot /m Aspect Slope location /(%) /b /b ) /(m2/bm?)
10 6 3490—3590 Je, vt b 25 0 0
20 7 3390—3490 b | it ok 30 218+35 4.75
30 6 3250—3350 d6, vt b 35 1370+98 18.08
40 8 3120—3220 il RN 35 1753+107 28.55
50 7 3080—3180 d6, vt b 35 1164116 32.96
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Table 2 Top five tree species with important values at different recovery stages
WEME . R, *EX¢§§ #HX\TE%YE *EX#E?‘IBZ* B EAE
Succession stage  Plant species Relative Relefmve 'Relatlve Important
abundance dominant frequency value
20 URYT¥3#2 Abies faxoniana 53.13 73.32 31.25 52.56
VUNILTKS Larix mastersiana 14.06 5.89 12.50 10.82
FH#E Betula platyphylla 7.81 16.84 6.25 10.30
2142 Larix potaninii 9.38 1.82 18.75 9.98
IR LAZ Picea purpurea 7.81 0.89 12.50 7.07
30 F1#E Betula platyphylla 85.11 55.37 27.27 55.92
URYT¥ 12 Abies faxoniana 6.69 40.25 27.27 24.74
2142 Larix potaninii 2.74 2.87 13.64 6.41
21K Betula albo-sinensis 1.52 0.35 13.64 5.17
4T kB8 Rhododendron faberi 3.04 0.97 9.09 4.37
40 L1HE Betula albo-sinensis 51.78 40.52 15.69 36.00
FI#E Betula platyphylla 14.77 21.51 15.69 17.32
URIT 4% Abies faxoniana 11.39 24.06 15.69 17.04
LI ZFS Picea purpurea 10.68 5.88 15.69 10.75
Ml Salix sp. 2.85 2.01 9.80 4.89
50 IRV #2 Abies faxoniana 17.28 42.27 11.36 23.64
ANT 1 PR
iicnﬁiijjiiti subsp. maximowiczii 36.76 14.46 18.18 2313
EI#E Betula platyphylla 12.50 25.15 11.36 16.34
£THE Betula albo-sinensis 12.87 10.45 18.18 13.83
PAREAEBE Cerasus duclouxiia 8.09 2.68 11.36 7.38
*3 TAEAEREMREAYMEZERAHN S
Table 3 Top five shrub species with important values at different succession stages
WEHB/a MY A 2 AHXS . 2 AF X5 B
Succession Plant Relative Relative Relative Important
stage species abundance dominant frequency value
T ——
10 ii’ififijjfjﬁj ramadenns 34.27 33.88 15.56 27.90
1EPE7% Rosa moyesii 22.26 22.28 15.56 20.03
NUSIHIFES
VKINZKEET Ribes glaciale 7.90 8.43 12.59 9.64
AEVUHAT Fargesia nitida 10.03 6.69 7.41 8.04
20 VKNIZRBET Ribes glaciale 31.74 33.83 21.26 28.94
SQUEIPSES
BeH 4B Sorbus koehneana 8.52 19.23 17.32 15.02
i B T (AR
s st s s
AL PGFERL Rosa moyesii 7.03 9.49 11.81 9.44
30 1BV Rosa moyesii 39.17 36.32 21.95 32.48
b 2E 2.4 Lonicera tangutica 16.24 15.89 21.95 18.03
VKNIZSBET Ribes glaciale 13.33 12.54 15.85 13.91
B HAERK Sorbus koehneana 9.00 8.54 12.20 9.91
Wil 284 Lonicera lanceolata 7.62 8.86 12.20 9.56

http ; //www.ecologica.cn



3666 £ OB ¥ I 34 &
WEHB/a MY AHXF 2 LINORTE 35y AT 55 3 GivEE
Succession Plant Relative Relative Relative Important
stage species abundance dominant frequency value
40 AEFGHIAT Fargesia nitida 48.99 40.58 18.32 35.96
BRREEEL Smilax stans 15.14 13.36 17.82 15.44
HEM-JE3E Vibrnum betulifolium 12.82 14.49 13.86 13.72
VKNIZKBET Ribes glaciale 4.68 4.58 10.89 6.72
AT Euonymus porphyreus 4.14 4.30 10.89 6.44
= AR
50 ;fm%ﬁii fs yv‘f )mogms 27.18 24.81 12.36 21.45
AEPGHFAT Fargesia nitida 27.51 17.01 11.80 18.77
BEWTEHL Smilax stans 15.53 14.79 13.48 14.60
BRBEREE LN Clematoclethra actinidioides 3.21 13.29 10.67 9.06
WKNZERE T Ribes glaciale 5.32 5.29 10.11 6.91

T 40—50a M HEAR-IRTLYSAZ 5 TR ASHK,
BT L2 T B TR AR FNRE AR, 5 BH AR S A i 2
Wb, FEARJZAB A EE LA 0.7, Fr AR R L # R A £r
HEL R FI IR VL% A2, fE AR A I ( Populus
davidiana) Ml ( Salix sp.) 2R 242 ( Picea purpurea)
(R 2), WEARZMIELER, (E 80% /i fr, AL
Fe B Bl B AR DY AT E R T (RUE R
( Rubus mesogaeus var. mesogarus) . ¥H i 3E B ( Smilax

stans ) MEMSEE (Vibrnum betulifolium) VK )1 2% #E T
(Ribes glaciale) %5 (% 3) , MR A HETS B WAL, B
KRR T BB RZL, B2 30% /i th . T2 M
Yy LLAE b 8% T BX ( Dryopteris goeringiana ) | 58 I 4k
(Allium ovalifolium) | /5 J5 K 24 ¥ ( Carpesium lipskyi) |
B KIEZY ( Smilacina  atropurpurea ) 1 K I +
( Girardinia diversifolia ) ST AP 5 O, H 2l i
R(*E4),

x4 TREEMRELAMHERERKE S F

Table 4 Top five herb species with important values at different succession stages

HEH B a , FAXT 2 AR 2 AR AR HEE
. YR 2, . . .
Succession . Relative Relative Relative Important
Plant species .
stage abundance dominant frequency value
10 )5 5% Fragaria orientalis 9.43 21.53 11.49 14.15
FihigE Galium aparine var. echinospermum 16.21 10.37 8.11 11.56
p=% (S
m . (EEWﬁJ) - . 17.64 8.98 5.41 10.67
Epilobium angustifolium subsp. angustifolium
KACKETS Phlomis megalantha 6.58 9.29 8.78 8.22
BEXF S Deyeuxia scabrescens 5.73 6.81 11.49 8.01
20 YAREFH F Deyeuxia levipes 13.97 31.66 13.97 19.87
B 17.65 20.02 17.65 18.44
Epilobium angustifolium subsp. angustifolium ’ ’ ’ ’
AR Poa nemoralis 8.09 14.86 8.09 10.35
NWAE Galium asperuloides subsp. hoffmeisteri 0.74 0.44 0.74 0.64
I EREL Circaea alpina 0.74 0.35 0.74 0.61
30 JAREF T Deyeuxia levipes 28.20 40.55 18.69 29.15
MERER) . 29.67 27.22 17.76 24.88
Epilobium angustifolium subsp. angustifolium
i IWEBR Polystichum otophorum 6.58 3.63 14.95 8.39
T B Senecio scandens 9.24 5.67 5.61 6.84
HEMZEE Ligularia przewalskii 6.42 3.51 9.35 6.42
40 AL BEE TR Dryopteris goeringiana 49.13 64.39 30.23 47.92
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BB a p HHX 2 AR .25 AR XA A
. TP . , .
Succession . Relative Relative Relative Important

Plant species .

stage abundance dominant frequency value

BpAk Allium ovalifolium 9.35 4.53 15.50 9.80

R K JEEZY Smilacina atropurpurea 6.68 5.07 10.08 7.27

KAEKESN Phlomis megalantha 3.19 7.40 6.98 5.86

KIBFEL Girardinia diversifolia 5.24 3.65 7.75 5.55

50 AL 8B HR Dryopteris goeringiana 26.26 29.81 24.71 26.93

TR K44 Carpesium lipskyi 14.69 17.58 12.94 15.07

IR JERA L Thalictrum minus var. hypoleucum 13.20 7.46 10.59 10.42

HEEEE Ligularia przewalskii 7.27 6.80 10.59 8.22

YuiHE Allium ovalifolium 9.05 3.49 11.76 8.10

2.2 AN[EEE BB SRR

T 10a [ BOEVE S e s 1) B8 - pE DA T
B, TCIRAM I, AR B B v TR 2 o
THER PR e A B 3G 4 38 20—50a [ BOAY
RERG oG FZAE R T R, 8 By
fii (1),

77 25 4 (E LA Morisita 8 5070 B 45 R R Bk 4R
RETR A [R]85 B B A B AR X 52 I 28 R A 0 A (3R
5) . FEVEATFEHL T, O 10a B BE M EHIfE = 5 em
TRARM I I, ORI, BEE AR, 7 2%
VA L p B TR, UL SR AR 5 B ks T O HL
REN D HERE BT (% 5), Morisita B E P
FHEDRT EE 149 53 A A J 8 kg A S 3 T SRR A0 A A Sy, (H
SRR 5 TR N ) 22 ) TE B AR G (R 5) .

80 O §#20ak B
o WH30aBT B

=1 JEEF40af Bt
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Fig.1 Diameter class distribution of trees = 5 cm DBH at

different succession stages

R5 TRBEEMRREFHEFRANSHEE

Table 5 Distribution patterns of trees in the secondary community at different succession stages

B/ a FEJ5 8 T REFE L GIAHE IR Morisita $5 %X GIAHE IR
Succession No. of Variance/ 13 Distribution Morisita F Distribution
stages quadrats mean value pattern Index pattern
10 24 — — — — — —

20 28 1.57 2.08* RAEIM A 1.25 1.87** RGN
30 24 1.68 2.30¢ RS 1.22 4117 REI
40 32 2.1 432" RS 1.06 2.10** RS
50 4 28 3.24 8.23** RGN 1.19 3.24% RS

* 7R P< 0. 055 # * F/R P< 0. 01

2.3 A[FENEE BB R 2

R 20.30,40 . 50a B B 0 IR R W B E R
BIA 7.7 11 FN 18, 7EIX — 1 B HPREE TR AR i (1)
FERIERE(E 2)  EEPIHA AR Y R
TR, Bl YA TRy AR R = R R s (A

2) , FUAREE Y S PE R B AR R TR REE L
TEARYIRh £ 5 B S D Ja 36 22 | T B W 3 05 K, e T
B30 B B R E RN (Bl 2) . TR 10,
20,3040 ,50a BB 5, SARY) Bl E B 5
H 54 .49 33 .54 59, BAY R BEACUN, R T
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Fig.2 Changes of the diversity indices at different succession stages
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