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Abstract There are 71 species in the shrub layer of the
Cunninghamia lanceolata plantation after natural succes-
sion. The species richness and diversity have increased with
slight anthropogenic disturbance. The status and function of
understory woody species were judged by the analysis of
the important value (/7). 1 statistics and r test were used
for testing the significance of interspecific association and
correlation among 25 main understory woody plants selected
from the woody population. The results clearly showed their
interspecific relationships and their differences in resource
utilization. Species-pairs of positive association were in the
majority. Most species were accommodated in the shady habi-
tat. There was a positive correlation between the 7V of the spe-
cies and the interspecific association. The higher the 7V of the
species, the closer and more significant was the interspecific
association. Based on analytical results of interspecific associa-
tion and correlation, 25 woody plants in the shrub layer could
be divided into four ecological species groups: 1. Ficus hispida
+ Antidesma bunius + Mallotus barbatus + Ficus cunia +
Saurauia tristyla + Mallotus philippinensis + Maesa japonica
+ Ficus hirta + Alchornea rugosa + Ficus fulva +
Mallotus apelta; 1. Cudrania tricuspidata + Schefflera octophylla;
1. Cunninghamia lanceolata + Clerodendron cytophyllum
+ Millettia semicastrata + Randia spinosa + Litsea cubeba
+ Litsea pungens; IV. Ardisia japonica + Psychotria rubra
+ Vitex quinata + Cephalanthus occidentalis +
Pithecellobium lucidum + Mycetia sinensis. If species group
IIT or II is the advantaged species in the shrub layer, the
community would change from a coniferous forest to a
sparse evergreen broad-leaved forest. For group IV, the
community would be relatively stable. For group I, the
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coniferous forest would be mixed with coniferous-broad
leaved forest. The classification of ecological species
groups would provide a theoretical basis on judging its
ecological function, adjusting the stand structure of the
plantation and directing the suitable natural vegetation type
through the close-natural restoration process.

Keywords the lower subtropical area, Cunninghamia lanceolata,
man-made forest, close-natural state, understory shrub
composition, interspecific association and correlation, eco-
logical species groups

1 Introduction

Cunninghamia lanceolata is the main timber tree in the low
subtropical area in China. The forest structure is very sim-
ple for the aim of traditional management of the pure forest.
With disadvantaging factors, such as over-cutting and re-
planting over several generations, the negative effects (de-
creased ecological qualities, worse stabilities, degraded soil
fertilities, and shorted productivities etc.) dictate that the
recovery of the single forest must be put in practice as soon
as possible. The understory shrub that can make the forest
stand multiplex with the natural succession plays an impor-
tant role in keeping up the micro-environmental factors,
such as land nutrient and water, and community stabilities
(Liu et al., 1995, 1998; Yu et al., 1999). The main woody
vegetation has intensive adaptabilities, and some of them
have better timber quality. Interspecific association and
correlation are important quantitative and structural charac-
teristics in a community. They can significantly serve as a
guide in knowing community structure, function, and clas-
sification as one scale of comparability between two species;
furthermore, they can give information for forest manage-
ment, natural restoration, and biodiversity conservation
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(Wang, 1987; Guo et al., 1997; Liu et al., 1998; Ludwig and
Reynolds, 1991; Zhang, 1998; Sun and Zhao, 1996; Li,
1999). This work, using the interspecific association and
correlation measurements in 13-year-old Chinese fir forests,
is to supply academic proof on the collocation vegetation
and adjustment relationship among species during the
close-natural vegetation restoration.

2 Study area and methods
2.1 Study area

The study area (106°39'-106°59'E, 21°57'-22°19'N) is lo-
cated on the south-eastern border in the Guangxi Zhuang
Autonomic Region, China. This region belongs to the

south-eastern edge of the sub-tropical monsoon climate area.

It is adjacent to the north tropical zone in the humid and
semi-humid area. Resources such as sunlight, heat, and wa-
ter are abundant. The annual air temperature mean is 20.5°C
—21.7°C extreme high temperature is 40.3°C, extreme low
temperature is —1.5°C. The active accumulated temperature
(=10°C) is 6 000-7 600. The average annual rainfall is
1 200-1 500 mm, annual evapotranspiration 1 261—1 388
mm. The relative humidity is 80%—84%. The main geo-
morphic types are lower mountains and hills. The zonal soil
type is latosol.

We selected the Chinese fir plantation in 1993 with slight
human disturbance. The mean height was 10.9 m, 12.9 cm
in mean diameter at breast height (DBH), and the forest
density was 2 867 plant individuals / hm®.

2.2 Methods
2.2.1 Plot establishment and data investigation

We selected three plot areas according to the slope position
(upside, middle part, and underside) in the 13-year-old
Cunninghamia lanceolata forest; furthermore, four perma-
nent quadrants with a size of 20 m % 30 m were established
in every plot area. Five contiguous shrub subplots with a
size of 5 m X 5 m in one quadrant were located along the
middle of the two diagonals. The shrub species and their
number, height, coverage, etc. were surveyed.

2.2.2  Calculation of the important value (IV)

The value of IV is equal to the sum of the relative frequency
(%), relative density (%), and relative coverage (%); the
range of IV is 0-300.

2.2.3  Interspecific association and correlation measurement

2.2.3.1 Interspecific association

Firstly, we translated the original matrix as S x N (S: spe-
cies number; N: plots number) into duality matrix as 0, 1
type. Afterwards, we established a 2 x 2 interspecific cou-
plet list respectively and carried out the statistic values of a,
b, ¢, d. a was the plots number wherein species A and B ex-
ist, b the plots number wherein only species B exists, ¢ only
species A exists, d neither the A nor B exist, and 7 is the to-
tal plots number. Because of the discontiguous sampling,
discrete data x” were estimated according to the following
continuous revised equation (Ludwig and Reynolds, 1991;
Zhang, 1997; Zhang et al., 2003)
[(‘ad 7176‘ —0.51)* xn]
[(a+b)(b+d)c+d)a+c)]

2

If ad — bc > 0, the interspecific association was positive;
If ad — bc < 0, the association was negative. We could
compare the value of Pgygs and Py in the X’ table as n = 1,
according to the association degree to get the result of the
significance test for the association.

2.2.3.2 Interspecific correlation

We calculated the interspecific correlation relying on the
following formula and checked the significant degree using
the correlation coefficient table.

o D —x)(y, — )
D =xPY (- )
Where x;, y; were two species quantity, respectively, x, y
their mean values, n the plots number. Here, we used IV as
a fixed quantity (Zhang et al., 2003).

3 Results

3.1 Shrub species composition and structure analysis

The IV of natural regenerative shrub species was recorded
and analyzed (Table 1). Total species were 71 in the shrub
layer (Tablel). IV of Ficus hispida was the highest. In the
next place, the important values of Cudrania tricuspidata,
Mallotus apelta, and Millettia semicastrata were 72.43,
64.09, and 62.47, respectively, indicating that understory
plants were dominated by these species in the local area. The
species (important values > 40 ) were Mussaenda pubuscens,
Periploca  forrestii, Alangium Chinese, and
Broussonetia Kazinoki, which distributed evenness. Species
with IV ranging from 30 to 40 were Pueraria thunbergiana,
Mallotus barbatus, Ficus cunia, Saurauia tristyl, Ficus hirta,
Lygodium japonicum, etc. Species with IV from 20 to 30
were Tetrasigma planicaule, Tetrasigma planicaule,
Dioscorea batatas, Cunninghamia lanceolata, Evodia lepta,
Alchornea trewioides, etc. The natural regenerating Chinese
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fir could not be the dominant understory species. Species  Cayratia japonica, Rubus palmat , etc. and they were the
with an important value less than 10 were Viburnum dilatatum,  rare species (Table 1).

Tablel The shrubbery composition and important value in Cunninghamia lanceolata

Code Species Relative frequency /% Relative density /% Relative Coverage /% Important value
1 Ficus hispida 1.23 83.24 15.96 100.43
2 Cudrania tricuspidata 0.49 19.44 52.50 72.43
3 Mallotus apelta 0.25 38.84 25.00 64.09
4 Millettia semicastrata 0.25 40 22.22 62.47
5 Mussaenda pubuscens 9.87 25.78 13.84 49.49
6 Antidesma bunius 3.95 16.81 27.55 48.31
7 Periploca forrestii 0.25 6.25 40.00 46.50
8 Alangium chinese 0.74 15.55 30.00 46.29
9 Pueraria thunbergiana 1.48 16.79 21.49 39.76

10 Mallotus barbatus 0.25 18.18 20.00 38.43
11 Ficus cunia 1.73 26.04 9.38 37.15
12 Saurauia tristyla 0.25 11.71 22.72 34.68
13 Ficus hirta 0.08 21.35 12.00 33.43
14 Lygodium japonicum 1.97 10.5 18.08 30.55
15 Musa balbisiana 0.99 5.97 23.23 30.19
16 Tetrasigma planicaule 0.49 9.62 18.81 28.92
17 Ipomoea hederaceae 0.49 10.84 16.77 28.10
18 Dioscorea batatas 4.93 11.79 10.23 26.95
19 Cunninghamia lanceolata 4.19 8.43 9.47 22.09
20 Evodia lepta 2.47 8.58 9.76 20.81
21 Alchornea rugosa 0.25 20 0.20 20.45
22 Schefflera octophylla 0.25 3.03 16.13 19.41
23 Clerodendron cytophyllum 2.96 9.38 6.52 18.86
24 Lonicera japonica 0.49 16.72 1.47 18.69
25 Cephalanthus occidentalis 0.25 10 8.30 18.55

26 Maesa japonica 3.70 6.02 7.28 17.00

27 Dioscorea bulbifera 2.22 14.24 0.20 16.66

28 Ardisia japonica 0.25 15.79 0.20 16.24

29 Ficus fulva 1.48 522 9.03 15.73

30 Randia spinosa 0.25 5.26 10.00 15.51
31 Desmodium szechuenense 0.25 14.28 0.20 14.73
32 Calystegia sepium 0.25 14.28 0.20 14.73
33 Psychotria rubra 1.23 7.57 5.76 14.56
34 Zanthoxylum avicennae 1.97 6.16 4.89 13.02
35 Litsea cubeba 0.25 12.5 0.20 12.95
36 Secamone sinica 0.25 12.5 0.20 12.95
37 Maoutia puya 0.74 7.31 4.34 12.39
38 Stauntonia chinensis 0.49 11.47 0.20 12.16
39 Mallotus philippinensis 0.25 9.82 1.54 11.61

40 Litsea pungens 0.74 5.97 4.87 11.58

41 Pithecellobium lucidum 1.48 4.56 5.44 11.48

42 Mpycetia sinensis 0.99 9.29 1.15 11.42

43 Vitex quinata 0.49 2.47 7.36 10.32

44 Eurya nitida korthuls 0.49 4.69 5.09 10.27

45 Viburnum dilatatum 0.25 3.24 6.00 9.49

46 Cayratia japonica 5.67 333 0.20 9.20
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(continued)
Code Species Relative frequency /% Relative density /% Relative Coverage /% Important value
47 Melastoma candudum 0.25 4.35 4.00 8.60
48 Itea chinensis 0.25 4.35 3.70 8.30
49 Glochidion eriocarpum 1.23 349 3.50 8.22
50 Piper mutabile 0.49 3.49 4.22 8.20
51 Rubus palmatus 1.97 3.72 2.45 8.14
52 Hosiea sinensis 0.25 6.25 1.41 7.91
53 Osmanthus marginatus 0.49 1.96 5.39 7.84
54 Bischofia trifoliata 0.25 2.56 4.72 7.53
55 Breynia fruticosa 0.25 6.67 0.20 7.12
56 Hypoestes purpurea 0.25 6.67 0.20 7.12
57 Cocculus sarmentosus 0.25 3.13 3.13 6.51
58 Pericampylus glaucus 0.99 5.26 0.20 6.45
59 Oldenlandia auricularia 1.48 3.6 0.42 5.50
60 Melastoma candidum 0.25 1.47 3.45 5.17
61 Callicarpa rubella 0.25 1.47 3.45 5.17
62 Machilus velutina 0.49 3.13 1.54 5.17
63 Gynostemma pentaphyllum 0.25 3.13 1.54 4.92
64 Aralia chinensis 0.25 3.13 1.54 4.92
65 Ardisia japonica 0.25 4.35 0.20 4.80
66 Melothria heterophylla 0.25 4.34 0.20 4.79
67 Delonix regia 0.25 4.16 0.20 4.61
68 Millettia reticulata 0.25 1.47 1.47 3.19
69 Tylophora renchangii 0.25 2.56 0.20 3.01
70 Aporosa chinensis 0.25 1.00 0.20 1.45
71 Elaeocarpus sylvestris 0.25 0.65 0.20 1.10

3.2 Interspecific association and correlation analysis of
main woody shrub species

3.2.1 Total interspecific association and correlation

We considered the important value of the main species in
the shrub layer and were referenced according to their
growth and economical features. On the other hand, because
of the evergreen broad-leaved trees being the zonal climax
species (Li et al., 2002), these species played a prominent
role in the vegetation close-natural restoration. Hence, we
selected 25 tree plants after taking out some vine and small
actors for interspecific association and correlation analysis.
Results are shown in the y’and » half-matrix-diagram (Fig.
1). Statistics results of 4 association and r correlation are
indicated in Table 1 and Table 2.

Species-pairs having positive association and correlation
were more than the negative or no association. Despite the
results between 7 and r statistics being various in quantities,
the collective rules were in agreement. The significance of »
statistics decreased evidently as compared with that of 3
statistics because the r test is according to the quantity in-
dex of the practice and had higher precision, while »*
mainly referred to the frequency of two species between
species-pairs and depended on species existent or inexistent

duality data.  test made up the #* statistics efficiently.

1 statistic indicated that the positive, negative, no asso-
ciation occupied 87.0%, 6.3%, and 6.7% of 300 spe-
cies-pairs, respectively. The positive association was the
majority and had much significance, while negative asso-
ciation did not show significance. It could show that most
woody understory species were in the shady and humid en-
vironments, indicating that these species tended to utilize
environmental resources homogenously. Species with high
important value, such as Ficus hispida, Millettia semicastrata,
Cudrania tricuspidata, Mallotus apelta, Antidesma bunius,
Mallotus barbatus, etc., showed that these species utilized the
resources sufficiently and became the advantaged populations.
Species with middle important value as Schefflera octophylla,
Litsea cubeba, Ardisia japonica, Ficus fulva, Randia spinosa,
etc., had no significant association with other species. These
species were not suitable to the shady habitat and were dis-
tributed widely under the forest, some of which were xero-
phil and heliophytes, such as Randia spinosa, Litsea cubeba,
etc. Species with lower important value, as Mycetia sinensis,
Pithecellobium lucidum, adapted to the humid habitat. They
had positive association with each other (Table 2). Chinese
fir in the under forest having positive association with the
other species (except Antidesma bunius) validated that most
understory populations had adaptabilities in the environment of



the Chinese fir community.

r statistics showed that species-pairs being positive,
negative, and no association took up 73.7%, 12.3%, and
14.0% of 300 species-pairs, respectively (Table 3). In con-
trast with 4’ statistic analytical results, species-pairs having
positive correlation decreased slightly, while increasing a
little in significance for positive, negative, and no correla-
tion. r statistics approached the real state on account of the
amount of test. Cephalanthus occidentalis-Randia spinosa
and Clerodendron cytophyllum-Mallotus barbatus had no
association in the y°, yet being negative correlation in the 7
test. Cephalanthus occidentalis was in the shady habitat,
and Randia spinosa was in the weald. Various living con-
ditions showed significant positive correlation between the
two species. Despite Clerodendron cytophyllum and
Mallotus barbatus having photosynthetic characteristics,
there were no different significant positive associations for
the various degrees of photosynthetic characteristics. Spe-
cies-pairs, such as Cudrania tricuspidata-Mallotus barbatus,
Psychotria rubra-Litsea pungens, Clerodendron cytophyllum-
Cephalanthus occidentalis, Mycetia sinensis-Mallotus philippinensis,
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Ardisia japonica-Clerodendron cytophyllum, Clerodendron
cytophyllum-Schefflera octophylla, etc., had a positive asso-
ciation in the 4 statistic, while having a negative correlation in
the 7 test. One of species-pairs was different in distribution at
the actual environment. Really, it should be negative asso-
ciation for Mallotus barbatus and Cudrania tricuspidata,
Mallotus  barbatus acclimated the humid habitats,
Cudrania tricuspidata adapted to dry environment, the
chance of having a negative association between the two
species became more intensive (Table 3).

3.2.2  Ecological species groups

Species having similar ecology habits could associate with
one ecology species group (Muller and Ellenberg, 1986).
Understory shrub in subtropical Chinese fir could not go all
the way in ecological habits. Interspecific association and
correlation could show various species mutuality of spatial
distribution embodying the effects of the microenvironment
(Yang and Li, 1994).

Table 2 The statistics of 4 association analysis of 25 main woody plants in shrub layer

Species-pairs being significant association

Species-pairs being no significant association

Positive Negative Positive

- Species-pairs being no association
Negative

198 0 63

19 20

Table 3 The statistics of  correlation analysis of 25 main woody plants in shrub layer

Species-pairs being significant correlation

Species-pairs being no significant correlation

Species-pairs being no correlation

Positive Negative Positive Negative

120 0 101 37 42
[¢]2 [v]2

2la|3 5 *|e]3

*x|e|ald x test x| a|x|4 rtest

*x|e|e|x]|5 Ale|e|a]5

*|v|a|x|x]6 *|v|a|x|e|6

*|a|o|a|a|a]” Alv|v|e|ala]7

*[ale|alalala]l8 o[ofafafale]a]8

*|o|alale[a[x[a]9 *[o|v]ale[ala]a]9
Ala|x|e|v[a[e[a[a]lO olalafefev|v][e]e]lO
AlaJo[x|[x[x]|eo]a]afalll Alx|o[ofalalefo[ee]l]
Alx[e[alelolalalalalx]I2 Alalafaele]e|v[e]a]e]l2
o[x|[*x[ov|[v]alale[x]|x][a]l3 olalafefefe]ale|v]a]e]e]l3
Alv|v|a|a[a|x|alale|e]ala]ld o|lv|e[ale|[v|e[ale|e|v|[e[e]l4
*|o|afalefafalx[a|x[ale[x[a]l5 olofo|ajajajajelafafalefefa]l5
alv[ela[e[x[ale[e[alale[a[x[*]l6 e|v[el[e|v]|ale][eale[ale]e]*][a]l6
*|o|afofx|a|x[x[x|o]afajajafx]|a]]7 Alv|e[ale[afafefa|v]e[e|e[alx][e]l7
v[x|a|v|v]e|v|a]e|x[a]x|x|[v]|a][v[e]]8 v|alalv|a|e[e|[v|e[a|v[afa]e[e]|e]|V]I]
A|lA|a|a|a|o(alalale|ale[e[alalalx[®]l9 o|v|a|e[alo|e|a|e|e|a|e|e|a|a|e|e[V][IO
o|a|alalalalalalafe|o|aleae|x[e]e[a]20 o|v|v|a[e|e[ale|alv]e[e]|v[ale]ae[e[a]20
ofafe[x[x[x[alofe[a|x[afafe[x[afalalalx]21 olafafx|alale[ae[alae]|e]afeale|e|e]a]2]
Ale|olefalelalx[x[alae]alelele[ale[x[a[a]22 Alofelelv]olelalolelalelalelalv[e]e]ale|e]22
Ala|x[ofafafafofo[x[x[o[ale[x[v[afalx[afa[x]23 Alafajefafafv[x[e[x[e[e]e[o[alv]a|v]a|v[afa]23
Alx|v|ale[x|[elelo]alalalvx[x[ala|v[ale]e[x[a]24 x[alv]ale]ee|ale]v]e[v]v[alala]v[v]e[e[v]ala]24
*|o|x|o|aleale|a[x[afe]e|e[v[a[e]v]|e[v[a]e[a]a]25 *[e|x|a|afe]ee|e[e]e[e]e|v[e[a[v]e[e[e][v]e[a[x]25

Positive association % : P <0.01 (most significant); A: 0.01 < P <0.05 (significant); 4: 0.05 < P (no significant);

Negative association e:0.05 <P (no significant) ; ¥ no association (Zhang and Jiao, 2003; Sun and Zhao, 1996; Li, 1999);

Code 1: Ficus hispida; 2: Cudrania tricuspidata; 3: Millettia semicastrata; 4: Mallotus apelta; 5: Antidesma bunius; 6: Mallotus barbatus; 7: Fi-
cus cunia; 8: Saurauia tristyla; 9: Ficus hirta; 10: Cunninghamia lanceolata; 11: Alchornea rugosa; 12: Schefflera octophylla; 13: Clerodendron
cytophyllum; 14: Cephalanthus occidentalis; 15: Maesa japonica; 16: Ardisia japonica; 17: Ficus fulva; 18: Randia spinosa; 19: Litsea cubeba; 20:
Psychotria rubra; 21: Mallotus philippinensis; 22: Litsea pungens; 23: Pithecellobium lucidum; 24; Mycetia sinensis; 25: Vitex quinata. Species in Fig.
1 was the same as in Table 1.

Fig. 1 Half-matrix-diagram of interspecific association test of 25 main woody plants in shrub layer
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According to the interspecific relations and appetency, un-
derstory main woody populations using the results of inter-
specific association and correlation, 25 woody plants in shrub
layer could be divided into four ecological species groups:
L. Ficus hispida + Antidesma bunius + Mallotus barbatus +
Ficus cunia + Saurauia tristyla + Mallotus philippinensis +
Maesa japonica + Ficus hirta + Alchornea rugosa + Ficus fulva
+ Mallotus apelta. These species were the constructive spe-
cies in the community. They had high 4%, r values, and had
positive association with most species. They had extended
ecological range, and needed sufficient quantity of heat and
a lot of quantity of light. 1. Cudrania tricuspidata +
Schefflera octophylla. They endure aridity and barren land,
they are suitable to varied habitats and had positive associa-
tion with some species, except that it was negative for the
species with shady humid habits, such as Ardisia japonica,
Mpycetia sinensis, Cephalanthus occidentalis, Vitex quinata.
1. Cunninghamia lanceolata + Clerodendron cytophyllum
+ Millettia semicastrata + Randia spinosa + Litsea cubeba
+ Litsea pungens. These species were mainly distributed at
the relatively sparse microenvironment and had positive
association with each other, while they had negative asso-
ciation with most understory plants with shady humid habits.
IV. Ardisia japonica + Psychotria rubra + Vitex quinata +
Cephalanthus occidentalis + Pithecellobium lucidum +
Mpycetia sinensis. They are suitable to humid habitats in the
extreme and were only distributed at the shady areas.

Based on the characteristics of ecological species groups
and community features, we could judge the Chinese fir
community status in the successional sequences. If species
group IIT or II were the advantaged species in the shrub
layer, the community would change from coniferous forest
to sparse evergreen broad-leaved forest. For group IV, the
community would be relatively stable in the local climatic
condition. For group I, the coniferous forest would be
mixed coniferous—broad leaved forest, and the results
matched the facts, for there was a quantity of evergreen
broad-leaved trees by natural succession.

4 Discussion

There are 71 species in the shrub layer of the
Cunninghamia lanceolata plantation after natural succes-
sion. The species richness and diversity have increased with
slight anthropogenic disturbance. The status and function of
understory woody species are judged by the analysis of IV.
Ficus hispida, Cudrania tricuspidata, Mallotus apelta, and
Millettia  semicastrata are the constructive species.
Periploca forrest, Alangium chinese, Pueraria thunbergiana,
and Mallotus barbatus are the subdominant species.
Clerodendron cytophyllum, Maesa japonica, Randia spinosa,
and Litsea cubeba are the companion species. Viburnum dilatatum,
Cayratia japonica, and Rubus palmatus are the rare species.

1 statistics and r test were used for testing the signifi-
cance of interspecific association and correlation among 25
main understory woody plants selected from the woody
population. The results clearly show their interspecific rela-
tionships and their differences in resource utilization. Spe-
cies-pairs of positive association are in the majority. Most
species were in the shady habitat.

There is a positive correlation between the 77 of the spe-
cies and the interspecific association. The higher the 7V of
the species is, the closer and more significant interspecific
association is. Species with high important value, such as
Ficus hispida, Millettia semicastrata, Cudrania tricuspidata,
Mallotus apelta, Antidesma bunius, and Mallotus barbatus,
showed that these species utilized the resources sufficiently and
became the advantaged populations. Species with middle IV
such as Schefflera octophylla, Litsea cubeba, Ardisia japonica,
Ficus fulva, and Randia spinosa show no significance asso-
ciation with other species. These species are not suitable to
the shady habits and are widely distributed in the under for-
est, some of which are xerophil and heliophytes, such as
Randia spinosa and Litsea cubeba. Species with lower im-
portant value as Mycetia sinensis, Pithecellobium lucidum,
etc. adapt to the humid habitat and have a positive associa-
tion with each other. Chinese fir in the under forest having a
positive association with the other species (except
Antidesma bunius ) validates that most understory popula-
tions have adaptabilities in the environment of the Chinese
fir community.

Based on analytical results of interspecific association
and correlation, 25 woody plants in the shrub layer could be
divided into four ecological species groups: 1. Ficus hispida
+ Antidesma bunius + Mallotus barbatus + Ficus cunia +
Saurauia tristyla + Mallotus philippinensis + Maesa japonica
+ Ficus hirta + Alchornea rugosa + Ficus fulva + Mallotus
apelta. 1. Cudrania tricuspidata + Schefflera octophylla. 111.
Cunninghamia lanceolata + Clerodendron cytophyllum +
Millettia semicastrata + Randia spinosa + Litsea cubeba +
Litsea pungens. IV. Ardisia japonica + Psychotria rubra +
Vitex quinata + Cephalanthus occidentalis + Pithecellobium
lucidum + Mycetia sinensis. 1f species group III or II is the
advantaged species in the shrub layer, the community would
change from coniferous forest to sparse evergreen
broad-leaved forest. For group IV, the community would be
relatively stable. For group I, the coniferous forest would be
mixed coniferous—broad leaved forest. The classification of
ecological species groups would provide a theoretical basis
on judging its ecological function, adjusting the stand
structure of the plantation, and directing the suitable natural
vegetation type through the close-natural restoration proc-
ess.
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