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Complexity of forest communities a case study of three different forest
types in Heishiding Nature Reserve Guangdong

QIN Lin YU Shi-Xiao "
School of Life Sciences Sun Yat-sen University Guangzhou 510275

Abstract The complexity of a forest community is defined as having the average amount of its information
by eliminating the uncertainties of species and layers of a tree individual randomly selected from all trees
in the forest community. The joint entropy H X Y is proposed to measure the complexity of a forest

S 7. , S n,
community H X Y =H X +H YIX inwhich H X = —_;%logz "N and H YIX = —_;%
4n. "
Zlﬂlog2 % where § stands for the number of tree species X N for the total number of individuals
i=in, n,

in the forest community 7, for the number of the ith tree species and n; for the number of the ith tree
species in the jth layer. H X is defined as the compositional complexity of tree species and H YIX as
the structural complexity of tree species. The higher the H X Y value the greater the complexity in the
forest community. A case study is presented based on the survey data from three types of forest communi-
ties in Heishiding Nature Reserve Guangdong Province. Three sampling plots were established each
with a size of 60 m X60 m representing coniferous forest mixed coniferous broad-leaved forest and ever-
green broad-leaved forest. Each plot was divided into 36 quadrats with a size of 10 m X 10 m. The data
for all trees with DBH=1 c¢m were gathered including their coordinates in the sampling plots. Tree sizes
were divided into four categories based on their DBH DBH=1 5 10 and 30 cm. Using computer sim-
ulation 13 types of quadrat sizes 12 mx12m 16 m x16 m 60 m x60 m within a plot were ob-
jectively selected based on the method of nested quadrat sampling. The results show that the order of
H X Y of three typical forest types is as follows evergreen broad-leaved forest > mixed coniferous
broad-leaved forest > coniferous forest. At the same time the fractal relationships between H X Y and
sampling size among the three forest types reveal that H X Y has a statistical self-similarity feature.
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Table 1 Dominant species of three forest types in Heishiding Nature Reserve Guangdong

Dominant species

Aliitude No. of No. of
Plot No. m Slope species individuals Forest type
Species Importance value

P1 170 35 -40° 54 1105 Coniferous forest Pinus massoniana 136.74
Evodia lepta 26.43
Rhodomyrtus tomentosa 15.57
P2 615 35 -40° 81 2065 Pinus massoniana 68.70
Mixed coniferous and broad- Rhodomyrtus tomentosa 23,04

leaved forest
Itea chinensis 19.59
P3 540 30 -35° 93 1800 Xanthophyllum hainanensis 29.58
Evergreen broad- Castanopsis nigrescens 22.14

leaved forest
Litsea elongata 21.33




3 357
2.2
Zeide 1991
H YlIX =0 HXY =HX HXY
HXY rr
1 HXY =k"
5 100 4 k D
3 1 3
2 HXY r
2 A B
H X HXY r
X, H YIX
A B HXY
C
A B 3
HX HYIX HXY A B
HX ,=HX ,>H X 1 3
H X 3
HYIX ,>H YIX ,>H YIX . H YIX
H XY,k > H X H YlX
HXY ,>HXY . HXY H X H YIX
1 H X
2
Table 2 The complexities in three simulated forest communities unit bits
Forest community Species Individual number in each layer Total H X H YIX HXY
Y, Y, Y, Y,
X, 5 5 5 5 20
X, 5 5 5 5 20
A X5 5 5 5 5 20 2.322 2.000 4.322
Xy 5 5 5 5 20
X 5 5 5 5 20
X, 5 5 5 5 20
X, 4 3 6 7 20
B X5 2 8 1 9 20 2.322 1.791 4.113
Xy 5 6 7 2 20
Xs 8 3 4 5 20
X, 6 0 0 0 6
X, 0 8 2 0 10
C X5 0 0 17 12 29 2.103 1.326 3.429
X, 0 4 7 1 2
X5 12 9 7 5 33
H X H YIX HXY

H X  Complexity of tree species composition H YIX

Complexity of tree species structure H X Y Complexity of forest community
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3
Table 3  Complexities of three forest types in Heishiding Nature Reserve Guangdong unit bits

2 Mixed coniferous and broad-

m Coniferous forest Evergreen broad-leaved forest
Quadrat size m’ leaved forest
H X H YIX HXY H X H YIX HXY H X H YlIX HXY
12 x12 3.0451 0. 8235 3. 8686 5.0132 0. 6469 5.6601 4.2298 0. 6054 4.8352
16 x 16 2.6743 0.8308 3.5051 5.0738 0.8151 5.8889 4.6987 0.8967 5.5954
20 x20 3.1752 0.7881 3.9633 5. 1996 0.9549 6.1545 4.8218 1.0306 5.8524
24 x24 3.2954 0.8104 4.1058 5.2040 1.0663 6.2703 4.8828 1.0755 5.9583
28 x28 3.5248 0. 8230 4.3478 5.1507 1.0965 6.2472 4.9142 1.1555 6.0697
32 x32 3.6122 0.8154 4.4276 5.1227 1.2154 6.3381 4.9069 1.2068 6.1137
36 x36 3.6895 0.8244 4.5139 5.0034 1.2846 6.2880 5.0657 1.2696 6.3353
40 x40 3.6385 0. 8050 4.4435 4.9322 1.2997 6.2319 5.1002 1.2853 6.3855
44 x 44 3.7331 0.8116 4.5447 4.9109 1.3309 6.2418 5.1891 1.3662 6.5553
48 x48 3.8019 0.8333 4.6352 5.0115 1.3348 6.3463 5.2604 1.3940 6.6544
52 x52 3.8870 0.8314 4.7184 5.0320 1.3196 6.3516 5.2882 1.4119 6.7001
56 x 56 4.0054 0. 8745 4.8799 5.0354 1.3277 6.3631 5.3483 1.4106 6.7589
60 x 60 4.0357 0. 8683 4.9040 5.0631 1.2581 6.3212 5.4011 1.4220 6.8231
H X H X 3
H X H X HXY HXY
32 mx32m HX >
H X 3 H YlIX
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2
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IgH X Y lgr Fig. 1 Complexities relative to quadrat size in three forest com-
0.9372 0. 8549 0.9677 F munities in Heishiding Nature Reserve Guangdong

P <0.01



Fig.2 The lgH X Y -lgr relationships of three types of forest
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