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Abstract ; Since the initiatial work by Watt in 1947, it has been recognized that plant communities are mo-
saic-complexes of patches with dynamic properties. This is especially true in forest ecosystems. The natu-
ral disturbance is essential to maintain the structure, dynamics and diversity of the patch dynamics in for-
est ecosystem. Whitmore (1989)further developed Watt’s patch dynamics into the theory of forest cycle in
his studies on tropical rain forests. The theory emphasizes that forest cycle driven by disturbance exists in
every forest ecosystem. The succession pathway of forest cycle could be divided into initial gap phase,
building phase, mature phase, and degenerating phase. The diversity of the tree species in he forest e-
cosystem will change through the process of the forest cycle driven by natural disturbance.

There are two ways to study the dynamic changes of species diversity in forest ecosystem. One is
through permanent plots. which is believed the most effective approach to study the species diversity and
its dynamics. However,it may not be a practical way to adopt in many cases because the costs to set up as
well as to conduct the observations on a long term are expensive. The other is by investigating the commu-

nities at various succession stages. The theory of forest cycle has provided a new way to study the dynamics
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of species diversity of forest ecosystems. By establishing the relationship among the patches based on vari-
ous phases along its succession pathway,and comparing the properties in species diversity between these
patches,the dynamics of species diversity of the ecosystem can be understood.

For both sciectific significance and practical concerns,and also giving the gap exists in the research
area in the patch dynamics in forest ecosystems in China,this study is the first attempt to apply the forest
cycle theory to the study of species diversity dynamics. This paper represents the works conducted in a
tropical montane rain forest in Hainan Island in southern China . Population and community characteristics
between patches at various succession phases in the forests were analyzed based on forest cycle theory.
The purpose of this study is to explore the relationships between natural disturbance, patterns of the patch
mosaic, and the dynamic changes of species diversity in the tropical montane rain forest.

We carried out the field investigations in a permanent plot of size 100m X 100m. The plot was divided
into 400 grid quadrants with a size of 5m X 5m for each grid. During the investigation,the first step was to
determine the phase of forest cycle for each quadrant. Then,all the trees and shrubs avove 1. 5m height
were identified. Then the DBH (diameter at breast height which is 1. 3m above ground) and height of the
trees were measured and recorded. If more than one patch types were included in one quadrant, then the
patch type of the quadrant was defined as the one with the largest area. The following standards were used
to classify patch types in the forest cycle. (1) Gap phase (G):The Gap is much brighter than other places
in the stand, decomposing dead logs or gap makers can be identified. In gap phase. there are seldom trees
above 8m in height or 10cm in DBH. (2) Building phase (B): Gap makers or even their remains can not
be found in forest at this phase. The stand is much darker than gaps. The height of the tree layer in the
patch almost reaches the lower edge of the main canopy layer around the patch. However, the height dif-
ference between trees in the patch and the trees in the canopy layer of the stand is still easy to discern since
it remains a open space over the stand surrounded by tall trees along the edge of the patch. Many trees in
the patch are over 8m in height or 10cm in DBH. But few of them are higher than 14m or greater than 20
cm in DBH. (3) Mature phase (M): When at mature phase, most trees in the upper layer are as high as
the canopy layer of the forest. Many trees are over 14m in height or 20cm in DBH , but few trees are over
50cm in DBH at this phase. (4) Degenerate phase (D): Most of the trees are high and big at this phase.
Some of them, so called emergent trees, even exceed the main canopy layer of the forest. However, the
vitality of these trees is greatly decreased. Many of them have sparse leaves. broken branches. bald.
necrotic spots or holes in stem. The middle of the trunks may be decomposed and hollow. Most of the
patches at this stage have one or several trees over 50cm in DBH.

From the analysis of the collected data from this investigation,the main results was concluded as: (1)
The percentages of different patch types in the forest landscape were: gap phase is 38. 50% ,building
phase is 28. 50% ,mature phase is 27.00% and degenerate phase is 6. 00%. (2) Density of trees in the
tropical montane rain forest increases gradually from gap phase through building phase to mature phase. It
reached the peak in the mature phase, then decreases in the degenerate phase. The density of shrubs in the
tropical montane rain forest had highest value in the gap phase, and lowest values in the building phase. Tt
increases gradually from building phase to mature phase, then had a slight decrease in the degenerate
phase. (3)In the process of forest cycle, the densities of trees of different size and height classes in the
tropical montane rain forest changed in different manners. Their dynamic change probably is due to the
availability of space, environmental factors and species life history in different phases of the forest cycle.
(4)The average diameter at breast height (DBI ), average height, average basal area at DB , and aver-
age volume of each individuals in the tropical montane rain forest all increase with the forest cycle process
,in which the former 2 parameters increase relatively smooth while the later 2 parameters increase steeply.
(5)The tree species diversity indexes change with the different phases of forest cycle in the tropical mon-
tane rain forest . The tree species richness reaches its maximum in the mature phase, and has minimum
value in the degenerate phase. Tree species richness is similar in the gap and building phase. their values
are between the mature and the degenerate phase. (6)Percentages of species with only 1 individual and 2
individuals in different phases of forest cycle in the tropical montane rain forest are 20% ~37% and 10% ~
13% respectively. (7)Tree species richness and tree density in each phase of forest cycle in the tropical

montane rain forest all have positive correlation. The correlation can be described well by the linear equa-
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tion y=ax+6(a>0,6>>0) and the power function equation y=ax"(a>>0,6>>0).
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Fig. 1 Diagram of patch mosaics in the tropical

montane rain forest of Hainan Island
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Table 5 Change of some mensuration factors with forest cycle in the tropical montane rain forest

Average Average Average basal area at Average volume of Stand volume
Patch type ) ‘
DBH (cm) height (m) DBH (m?) each tree (m®) (m?/hm?)
G 3.0340.50 3.66+0.45 0.00167-0. 00047 0.00656-+0. 00374 29. 2462
B 4.694+1.15 4.77+0.79 0.0032240. 00108 0.0322040. 02069 139. 9368
M 6.81+2.52 5.2441.08 0.00473+0. 00201 0.16663+0.14696 831. 8275
D 7.92+7. 44 5.404+2.50 0.00503+0. 00470 0.25087+0. 55728 1158. 7810
6 M »Marglef R1
Table 6 Tree species diversity indexes changes with G.B.M.D R
forest cycle in the tropical montane rain forest R1 . JR1
Diversity indexes G—=>B—>M, M D.
Patch . Shannon-Wienner
R H' A E A
type : G B )24 . B M
G 102 8.9928 5.03776 0.05628 0.75501 71.27046 1 D
B 101 9.2945 5.25643 0.04734 0.78947 74. 95513 ’
M 11310.2923 5.24930 0.04996 0.76967 81.32723 ° A » G D
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Table 7 Change of 1 individual and 2 individual species with forest cycle in the tropical montane rain forest
% %
Total numbers Numbers of 1 Percentage in Numbers of 2 Percentage in
Patch type
of species individual species the total individuals species the total
G 102 20 19. 61 10 9. 80
B 101 20 19. 80 11 10. 89
M 113 28 24.78 11 9.74
D 68 25 36. 77 9 13.24
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