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Abstract 
The present paper deals with the gap dynamic features of the subtropical forest communities in 

southwest area of China. The seral succession stages of the forest gap during the progress of regeneration 
could be divided into three main stages. The gap feature in the different seral succession stages is quite dif- 
ferent. The results show that the gap size, the fluctuation of the ecological factors and the gap edge effect 
decreases to disappear during the course of succession; in the contrast, the species diversity in the gap in- 
creases. The results also show that the index of gap effect of forest community is affected not only by its 
size, but also by its aspect and succession stage. The importance of gaps for keeping trees regeneration and 
species diversity as well as the application of the gap edge effect in forest practice are discussed. 

Introduction 

Forest gaps refer to patches in a forest created by the death of canopy trees. Gap dis- 
turbances provide the principal or only means by which most 'A.: species can maintain their 
representation in closed canopy forest. The great structural cii-lersity of gaps produces simi- 
larly great in gap microclimates, and makes the gap itself have the special structure, floral 
and dynamic features. Gaps are considered to be great importance for the regeneration and 
subsequent growth of forest species. Therefore understanding the gaps structure and know- 
ing the rules of gaps development for trees replacement processes are fundamental to un- 
derstanding the structure and dynamics of forest communities. The edge zone in the transi- 
tion area of a gap and surrounding mature forest, become localized sites of the maintenance 
of species diversity. However, there are few studies linking gap succession data with the re- 
generation and species diversity of a forest communities. Such seemingly simple events as 
free replacement and gap stage succession are actually complex processes that are still poor- 
ly understood. 

The present study deals with the forest gap characteristics, especially the gap species 
and its dynamic features during the progress of forest regeneration. The data were collected 
during a survey of canopy gaps in the subtropical forest communities of Jinyun mountain 
of Sichuan, southwest area of China. 

Study Area 

The study area lies in the Jinyun mountain which is situated about 50 km northwest of 
Chongqing of Sichuan, China. (lat. 29 " 46'- 54'N; long. 106 " 22'- 29'E). All the stands 
are located between 680-935 m altitude, and belong to the typical midsubtropical evergreen 
broad-leaved forest region. This area has a typical subtropical monsoon climate. The mean 
annual precipitation is 1143 mm, and the annual mean temperature is 18.2'C . The major 
soil is a forest yellow soil. The vegetation consists mainly of evergreen broad-leaved forest 



communities and mixed needle-leaved and broad-leaved forest communities. In the mixed 
needle broad-leaved forest. the dominants on the top layer are Pinus nlassonina, 
Cttnningharnia lanceolata. Gordonia acumenata, Castanopsis fargesii, Symplocos setchuensis, 
Duphniphvllum glaucescens. The evergreen broad-leaved forest which the dominant species 
are Symplocos setchtlensis, Machilus pinhii, Engelhardtia roxburghiana and Elaeocarpus 
japonicus. Canopy heigh varies from 15- 25 m. The topography of the area is characterized 
by steep slope (19- 55" ). Descriptions of the flora, vegetation and ecology of forest of 
Jinyun mountain can be found in book with the title of Ecological study on evergreen 
broad-leaved forest(Zhong 1988). 

Methods 

The forest gaps are measured by using the plot method. In each gap, we measured the 
gap size on the rectangle method, and setup 3 plots separately at the gap centre, gap edge 
and nongap area. The species, the number of individuals, height and the canopy size of the 
small trees and shrubs are measured in each plot (size: 4mx 4m). The species, number of 
individuals and the degree of coverage of the herbs and young trees are counted within the 
same plots. The total sample area is 1390m2. 

The species diversity for the different size of each forest gap plot is illustrated by the 
Shannon-Wiener index (D): 

(N = No. of all individuals; S =No. of species; n =No. of individuals of the i species ) 
The ecological dominance for the different area of each forest gap plot is calculated by 

the Simpson index (C): 

( N, S, n are all the same as (1) ) 
The gap edge effect in each plot is calculated by the Wang index (E): 

( m=No. of communities; Y  =Population quantitnfive index of transition area; y i = Y  of No.i com- 

munities ) 
In this paper, we use D and C subtitute Y in (3), and get 2 kind of gap edge effect in- 

dexes: 
m 



Results 
< 

The division of successional sera1 stages of the forest gaps 
The division of succes'sional seral stages of the forest gaps are mainly on the basis of 

the forming time, while taking the information of the species organization and the vegeta- 
tion height within the gap for reference. Hence, the successional seral stages of the 
subtropical forest gaps could be classified into 3 main stages according to their features 
from the purpose of dynamic study: the pioneer stage, the developmental stage and the cli- 
max stage. Among the 29 forest gaps are found, 10 of them belong to the pioneer stage, 7 of 
them belong to the developmental stage and 7 of them belong to the climax stage. Another 
5 gaps belong to the evergreen broad-leaved forest. The forming time of the pioneer stage 
is not long, the dominants within the forest gaps are few heliophilic herbs, such as 
Dicrenopteris glauca; the cover degree of the vegetation within the gap is quite high and the 
vegetation height is generally less than 2 m. The dominants within gaps of the. 
developmental stage are the woody species, and the vegetation heigh is between 2- 8 m. 
The vegetation height at the climax stage is near the height of the top-layer of the forest 
communities, and the species in the gap central area generally are the same as in the gap 
border area, 

Size of forest gaps 
The size of forest gaps, their species diversity and the ecological dominance as well as 

the edge effect in those plots are compared and summarized in Tab. 1 - 4. 
The size of gaps is the basic character of forest gaps, it is about 50- 500 m'in forest 

communities of Jinyun mountain. In the mixed needle broad-leaved fdrest, the mean size 
of forest gaps in the pioneer stage is 189 m2; the mean size in the developmental stage is 
155.71 m2, and in the climax stage is 134 m2. The gaps size decreased during the course of 
development. The mean gaps size of the evergreen broad-leaved forest is 327.2m2; the smal- 
lest one is about 176 m2. The results show that the mean gaps size in the subtropical forest 
communities is larger than the gaps size in the tropical forest, which is about 89 m2. 

Species diversity and ecological dominance 
The ecological feature,quantitative character, richness and distribution pattern of spe- 

cies are the important content of the gaps study and also the basis for other gaps features 
studying . The species diversity and ecological dominance at different successional seral 
stages of gaps are compared. 

The results show that the ecological structure of gaps produces similary great diversity 
of species, and the richness features are different at different successional stages. The order 
of richness at the successional seral stage is: climax stage > developmental stage > pioneer 
stage. In the gap of pioneer stage, the species diversity is rather low, and the main species 
are few heliophilic herbs, such as Dicrenopteris glauca. In the developmental and the climax 
stages the species diversity shows a tendency to increase. Within the gaps, the dominants 
are the shade-tolerant species. The results also show that the species diversity in different 
area of the gaps is quite different. In the gaps centre area of the mixed needle broad-leaved 
forest, Dicrenopteris glauca, Neolitsea aurta var. glauca, Gordonia acumenata are the domi- 
nants and the species diversity is rather low. In the contrast, the ecological dominance is 
high. Species diversity increases in the plots located at edge area of gaps, Gordonia 
acumenata, Symplocos setchuensis, Lindera kwangtungensis, Dryopteris sp. are the common 
species. In the evergreen broad-leaved forest, the regularity is the same, but species are dif- 
ferent. In the gaps centre area, Lysimachia paridiformis is the common species; while in the 



edge area of gaps, Engelhardyia roxburghiana, Maesa japonica, Castanopsis carlesii var. 
spinulosa are the main component species. 

Tab. 1 Testing results in the pioneer stage gaps of needle-, broad-leaved mixed forest 

Edge effect of gap 
The gap edge effect of 29 gaps of forest communities which are in the different building 

phase is illustrated in table 1 - 4. Based on the measurement of species diversity, the index 
of the gap edge effect in subtropical forest communities in Jinyun mountain is about 1- 3, 
and on the ecological dominance is about 0.1 - 1.2. 

In the early building phase of development, the gap effect index based on the species 
diversity (ED) in the gap centre area is relatively high, which is caused by the lower species 
diversity. In contrast, the gap effect index based on the ecological dominance (E,) is low. 
The result showed that the gap effect decreased to disappear during the course of develop- 
ment. The variation of gap effect in the evergreen broad-leaved forest is similar to those in 
the mixed needle broad-ieaved forest. 
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The gap edge effect of forest communities is affected not only by its building phase, but 
also by its size partly. Compared in terms of species diversity and gap edge effect of gaps 
which ranged in northeast aspect slope in the mixed needle broad-leaved forest. the species 
diversity increased in the gap centres of large gap of the early building phase; but the edge 
effect is contrast. There is no significant differences in species diversity between the small 
gaps and the large gaps. The results show that the species diversity of middle'building phase 
at northwest aspect slope is high in either the gap centre or gap edge area, the edge effect 
index is the contrast. The gaps of late building phase at northeast aspect slope are the simi- 
lar size, so no significant differences between them in either the species diversity or gap edge 
effect. Among the gaps at northeast aspect slope in the evergreen broad-leaved forest, the 
small gap has low species diversity in the gap centres, and has relatively high species diversi- 
ty and edge effect in the edge area, while the large gap has the contrast changing regularity. 

Aspect also affects the forest gaps characters. There are certain differences between the 
gaps which are ranged in different slope aspect. This results is illustrated also in table 1 - 4. 
Aspect differences among gaps are not large in the forest in Jinyun mountain, and seem to 
be related to the gap size. 

Tab. 2 Testing results in the developmental stage gaps of needle-,broad-leaved mixed forest 
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Tab. 3 Testing results in the climax stage gaps of needle-,broad-leaved mixed forest 

Tab. 4 Testing results in evergreen broad-leaved forest gaps 

A: Gap Centre Area, B: Gap Border Area, C: Non-gap Area 



Discussion 

The ecological significance of gaps for the keeping forest regeneration and species diversi- 
ty 

In a mature forest seemingly such simple events as tree replacement and gap regenera- 
tion are actually complex processes that are still poorly understood. Watt (1947) described 
the regeneration in the beech forest ,and predictively discussed the gap and patch dynamics 
of forest vegetation. From that time, the gap phase development and subsequent canopy 
tree replacement is of considerable interest in plant community ecology, because it touches 
the key point of the debate over whether forest communities are in species equilibrium 
(Hubell, 1984). The great structural diversity of gaps produces similarly great diversity in 
the microclimate. Gap size, shape, commpass orientation and the hight of surrounding veg- 
etation, as well as the vegetation and tree fall litters in the gap itself, all influence the light, 
temperature and moisture in the gG (Brokaw, 1985). The continued creation of gaps and 
with the impact of gap edge effect made gaps to become the localized site of the mainte- 
nance of species diversity and forest regeneration. 

The nature of forest gap edge effect and its research significance 
This paper is one of the gap studies of forest in the world, and also the first report on 

the edge effect and dynamics of gaps of evergreen borad-leaved forest in China. Based on 
the results of this study, the nature of gap is surely direct one with dynamics. The forest gap 
edge effect rules provide a scientific basis for vegetation restoration. of mixed needle 
broad-leaved forest, and for the better choice of cutting method and cutting intensity. The 
study suggests that keeping a certain intensity of gap edge effect and edge area is useful for 
trees regenera tion. 

The succession tendency of the forest gaps 
The regularity of gap successional process and the tendency are the key problems in 

the gap dynamic study . The aim of this paper is to determine the forest gap succession 
tends based on the analysis of forest gap structure and the dynamics of the undershrub 
populations, which are the basic features for succession. In the developmental stage and the 
climax stage of a gap , the undershrub species are mainly the hygrophilous and shade-tol- 
erant species, while the heliophilous young tree species are less and less and belong to the 
depauperate populations. Therefore it shows that the tendency of the gap succession is de- 
veloping toward to a humid vegetation type. The natural succession of forest communities 
have the capability to use the ecological factors reasonably, so it could be get the better ef- 
fect for forest regeneration to use the forest gap successional regularity. Such as the small 
cutting blank is much better than those large one. From the results, the tend acting is not 
need for the regenernation communities, except for the special forest purposes. 
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