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Abstract Regeneration of tree species associated with
canopy gaps in broad-leaved Korean pine forests was inves-
tigated. Species diversity in gaps and under closed canopy
was compared, the relationship between biodiversity and
gap structure was analyzed. Results indicate that there were
significant differences between tree species diversity in
gaps and that under canopy (p<0.01). In terms of Shan-
non-Wiener index, evenness index, and abundance index,
the biodiversity in gap community were higher than those
under forest canopy in regeneration layer. In terms of
Simpson’s dominance index, the dominance of certain spe-
cies in the regeneration layer increased from gaps to closed
canopy (p<0.01). In contrast, trends of biodiversity changes
of succession layer in gaps and under closed canopy were
opposite. Tree species diversity of different layers reacted
directly to the change of gap size class. For example, Shan-
non-Wiener index and abundance index is higher and
Simpson’s dominance index is the lowest in succession
layer of medium-size gap (100-250 m?) in the broad-leaved
Korean pine forest of Changbai Mountains. Shan-
non-Wiener index reached the highest in a size of =250 m’
and <100 m?, reached the lowest in a size of 200-250 m?® in
the regeneration layer. Simpson’s dominance index reached
its maximum when the gap size was between 200 and 250
m’. Generally, species of different layers reacted differently
to the changes of gap size classes. The gap size class with
more seedlings did not correspond to size class containing
more medium-size trees. Tree species diversity indices in
the two layers behaved reciprocally during the development
process of forest gaps.
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1 Introduction

Forest canopy gaps are the main space where forest regen-
eration occurs and species coexistence and biodiversity
need to be maintained (Thomas and Jerry, 1989; Aguilera
and Lauenroth, 1993; Kneeshaw, 1998; Morgan, 1998).
There are two major reasons to maintain species diversity of
a forest community. The first, called internal reason, is the
characteristic difference in species biology and ecology
while the other (external region) is the difference of the
small-scale bio-environment, that is, the heterogeneity of
the ecological environment of tree species (Ye, 2000). Once
forest gap has developed, a series of physical and biological
environmental changes take place. These changes could
enhance the bio-environmental differences. Different tree
species require different size of gaps for regeneration. Also,
within gaps, regeneration of trees and their ecological char-
acteristics are different (Zhang et al., 1999). Forest gap size
or area is a key index to determine the environmental char-
acteristics, the combination of environmental factors and
the efficiency of resources within gaps. All these above
factors affect the species diversity and regeneration within
forest gaps (Platt and Stong, 1989; Liu et al., 2003).

Many previous studies have been conducted on species
diversity and stand dynamics (Liu et al., 2003; Sebastiao
and Ricardo, 2002; Zang et al., 2002; Bianba et al., 2004).
However, only few of them discussed the relationships be-
tween gaps and species diversity and special distribution of
tree species by using gap layers (Zang et al., 2000; He et al.,
2004). Gaps with different sizes and growing stages may
have different effects on tree species regeneration. There-
fore, the species diversities are different within these gaps
(Zang et al., 2000). A forest gap with an appropriate size
and age that is best suited for seedlings may not be suitable
for future growth and survival of these seedlings (Schupp,



1995). It simply means that their ecological positions are
changing during the regeneration of tree species. Therefore,
the objectives of this paper are to 1) discuss the species
diversity of different growing layers in forest gaps, and the
relationship between gap structure and tree species diversity,
and 2) provide a theoretical foundation for a better under-
standing of the correlations among gap size, age, structure,
and regeneration of the northeastern Korean pine forests.

2 Site and methods
2.1 Study sites

The study sites are located on the No. 1 standard permanent
plots on the northern side of the Forest Ecological System
Research Station of Chinese Academy of Science. The site
is in the Changbai Conservation region and eastern side of
the natural Korean pine protection forest in the Jiaohe For-
est Experiment Bureau, Jilin. The climate in the Changbai
Conservation region belongs to warm continental moun-
tainous climate, which is dry and windy in spring, warm
and rainy in summer, long and cold in winter. The average
yearly temperature is 3.3°C. August is the hottest month
with an average temperature of 20.5°C and January is the
coldest month with an average temperature of —16.5°C.
Yearly highest and lowest temperatures are 32.3 and
—37.6°C. Average yearly precipitation is 600-900 mm. Soil
type is dark brown forest soil with 20 to 100 cm in depth,
which is well drained on a slow slope. The eastern slope of
the protection area in Jiaohe Experimental Bureau is located
at 43°51'—44°05’ N and 127°35'-127°51" E. This area is
hilly with low mountains and continental seasonal climate.
Average temperatures are —15°C in January and 23.3°C in
July. There are 130 days with temperatures =10°C. Annual
precipitation is 800 mm. Soil type is dark brown soil. This
area belongs to the Korean pine and spruce mixed forest in
Changbai area according to China’s biology classification.
Korean pine forest is the regional dominant forest type in
the western part of Changbai Mountains. This type of forest
is well-known for its special species and diversity. Over-
story species include: Pinus koraiensis, Abies holophylla,
Picea jezoensis, Tilia amurensis, Juglans mandshurica, Ul-
mus japonica, Acer mono, Betula costata, Fraxinus mandshurica,
Phellodendron amurense, Betula platyphylla, Quercus mongolica,
Acer mandshurica, Carpinus cordata Blume, Acer ukurunduense,
Acer  pseudosieboldianum, Tilia mandshurica and
Ulmus japonica. Pinus koraiensis, Picea jezoensis and

Table 1 Size and structure of canopy gap

373

Acer mono are the dominant species. Understory species include:
Philadelphus schrenkii Rupr., Deutzia amurensis (Regel)
Airy-Shaw, Corylus mandshurica and Lonicera japonica
Thunb. Herb species include: Brachybotrys paridiformis,
Maianthemum bifolium, Phryma leptostachya, Carex spp.
and Impatiens nolitangere.

2.2  Methods

A total of 89 forest gaps within the study area were investi-
gated, 60 of which were located in Jiaohe and the other 29
were in Changbai Conservation region. Data were recorded
for species and regeneration status within gaps and the ad-
jacent areas along the gaps of within 3 m. In gaps, all sap-
lings with height greater than 20 cm were recorded. The
length and width of the gaps were also measured, which
were later used to calculate the area of a gap as an ellipse.
Gaps were classified into four classes based on the status of
regeneration 0-20 years, 2040 years, 40-60 years, >60
years. The canopy gap size was grouped into <100 m?
100-150 m’, 150-200 m’, 200-250 m’ and =250 m’.
Diversities for gaps of different age and size were recorded
for different layers (regeneration layer: 0.2 m < h <1.5 m,
succession layer: h =1.5 m and DBH < 8 c¢m). The size
and structure of the canopy gap are listed in Table 1.
Species diversity index is calculated based on the for-
mula as follows:
Shannon-Wiener diversity index:

S

H=-3(RWPR),R=N,/N
i=1

Margalef abundance index: D = S-1
InN
. o H
Pielou homogeneity index: E=——
InS

S
Simpson dominance index: C = ZNI. (N, -1)/N(N-1)

i=1
where S is the number of species within the site, N; is the
number of i species and N is the number of sites.

The dominance index is a quantitative criterion to deter-
mine the structure of a biological community by assigning a
certain value to each species based on its importance to the
whole community. High dominance index simply means
that there are only a few dominant species within the group
and the group is more stable, and vice versa (Peng, 1987).

Size class of gap area /%

Research site R R Number of gaps
<100 m 100—150 m* 150—200 m* 200—250 m’ =250 m
Jiaohe 21.7 28.3 233 11.7 11.7 60
Changbai Mountains 345 20.7 10.3 10.3 24.1 29
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3 Analysis and results

3.1 Diversity variation among species

There is a similar diversity changing tendency for Korean
pine forest in Changbai Mountains and the Jiaohe area (Fig.
1). Diversity, abundance, and homogeneity indices within
forests were significantly higher than those in gaps
(»<0.000,1). However, the dominance index is greater than
that under canopy in gaps (p<0.000,1). For Changbai
Mountain Korean pine forest, both the diversity and abun-
dance indices of the regeneration layer in gaps were higher
than those under canopy (p<0.01). The homogeneity index
was higher in gaps compared to the index under canopy
(»=0.053,3). Reversely, the dominance index under canopy
was greater than that in gaps. For the Korean pine forest in
Jiaohe, greater diversity, abundance, and homogeneity were
more present in gaps than under canopy (p<0.01). However,
ecological dominance was higher under canopy.

Changes for species diversity varied among different
layers within gaps. For the regeneration layer, diversity in-
dex, abundance index and homogeneity index increased and
the ecological dominance index decreased. For the succes-
sion layer, diversity index, abundance index and homogene-
ity index decreased while dominance index increased. It is
slightly different from previous studies, which indicate that
the more diverse the tree species in gaps the less dominant
these trees are (Zang and Xu, 1999; Zang et al., 1999, 2000;
Liu and Wu, 2002; Luo et al., 2002; He et al., 2004). Com-
pared to the control site, the species of the succession layer
in gaps have higher dominance indices and the dominant
species have significant impacts on other species. However,
in the regeneration layer, there were no obvious dominant
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species and dominance indexes were lower. This means the
group becomes more diverse and homogeneous with several
coexisting competitive species (Miguel et al., 1989), which
is consistent with regeneration and dynamics of species in
gaps (Hutinik, 1952; Schupp et al., 1989; Zang et al., 1999,
2002).

3.2 Gap size and species diversity
3.2.1 Changbai Mountains

For the succession layer, the diversity and abundance indi-
ces varied in a single peak curve. Higher diversity index and
homogeneity index occurred in gaps of medium size
(100-250 m?), which reached their minimums when the gap
size was between 100 and 250 m’. Ecological dominance
index reached its maximum when the gap size was between
100 m? and 250 m% or =250 m? or <100 m> For the
succession layer, homogeneity index had the maximum
value when the gap size was <100 m’, and had minimum
value when the gap size was =250 m”. When the gap size
was between 100-250 m?, the homogeneity index varied
slightly (Table 2).

For the regeneration layer, diversity index and homoge-
neity index reached their maximums when the gap size was
=250 m” or <100 m* while they have the minimum values
when the gap size was between 200 and 250 m*. Dominance
index changed in the opposite way as a single peak curve,
which had the maximum value when the gap size was be-
tween 200 and 250 m” and had minimum value when the
gap size was less than 100 m? or =250 m” Species diver-
sity index also increased as the gap size increased (Table 2).
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Table 2 Tree diversity in gaps in different size class
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Tree diversity index of Changbai Mountain

Tree diversity index of Jiaohe

Layer Gap size
H D E C H D E C
S6<100 0.911,6 0.503,7 0.829,8 0.434,0 0.926,5 1.172,5 0.671,2 0.455,7
100<S5<150 1.275,5 1.331,2 0.702,6 0.344,9 0.994,1 1.210,2 0.687,4 0.434,1
A 150<855<200 1.168,4 1.291,2 0.715,7 0.394,8 1.049.,4 1.241,6 0.698,2 0.418,6
200<85<250 1.398,8 1.463,0 0.769,6 0.310,2 1.060,0 1.238,8 0.700,4 0.422,8
250<S6 1.076,1 1.207,7 0.526,7 0.498.,8 1.182,4 1.377,3 0.767,0 0.368,1
S6<100 1.290,7 1.176,1 0.802,0 0.305,8 0.808,9 0.945,7 0.761,7 0.450,7
100<S5<150 1.167,6 1.2239 0.779,0 0.362,6 0.984,5 1.210,2 0.870,9 0.288,2
B 150<855<200 1.268,0 1.372,3 0.761,7 0.344,5 0.985,3 1.290,1 0.809,5 0.350,9
200<85<250 1.032,0 1.410,8 0.640,9 0.438,5 0.945,7 1.204,7 0.961,6 0.214,8
250<S6 1.688,3 1.438,6 0.867,6 0.196,2 0.948.,9 1.050,9 0.869,0 0.367,6

A: Succession layer; B: regeneration layer.

3.2.2  Korean pine forest in Jiaohe

For the succession layer, diversity index, abundance index
and homogeneity index had similar changing trends. They
reached their maximum values when the gap size was =
250 m’, minimum values when the gap size was less than
100 m?, and slight changes when the gap size was between
100 and 250 m*. Dominance index has the opposite chang-
ing trend. It had its minimum value when the gap size was
=250 m?, maximum value when the gap size was less than
100 m?, and slight changes when the gap size was between
100 and 250 m” This means that, for Jiaohe Korean pine
forest, diversity index, abundance index and homogeneity
index increased and the dominance index decreased as the
gap size increased.

Higher diversity, abundance, and homogeneity indices
occurred in gaps of medium size (100-200 m?). Relatively
lower diversity, abundance, and homogeneity indices ex-
isted present when the gap size was =250 m’ or less than
100 m”. However, the ecological dominance index reached
its maximum value when the gap size was =250 m? or less
than 100 m”. Dominance index had relatively lower value
when the gap size was between 100 and 250 m* (Table 2).

Species diversity of different layers had different reac-
tions to gap size. This might be explained by different ter-
rain, altitude and micro-climate in a specific area (Runkle,
1990). Gap size is critical to the status of certain ecological
factors, especially light intensity, which has an important
effect on tree species within gaps and their distribution
(Thomas and Jerry, 1989). Based on the light intensity to
analyze the correlation between gap size and diversity, 20
representative forest gaps were selected in Jiaohe. The light
intensity was measured at 1.5 m above the ground at noon
time. The species diversity index and area for each layer
within forest gaps were computed. Results indicated that the
light intensity generally increased with an increment of the
gap size (Fig. 2). Diversity in the regeneration layer was
positively related to the light intensity. There was no
significant relationship between the diversity index of the

succession layer and the light intensity, which demonstrated
a single peak curve (maximum value appeared at
3,500-5,000 Ix) (Fig. 3). Therefore, the diversity index of
the regeneration layer was positively related to the gap size,
which meant the diversity index increased as the gap size
increased. In the succession layer, the correlation between
the diversity index and the gap size presented a single peak
curve, which reached its maximum value in gaps of medium
size. These findings are consistent with previous studies.
Therefore, further studies on ecological factors and their
combined characteristics are essential in order to achieve a
better understanding of the correlation between forest gap
size and species diversity under different layers in different
regions.
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3.3 Forest gap development and species diversity
3.3.1 Changbai Mountain Korean pine forest

Higher diversity and homogeneity indices existed in 0-20
years and 40-60 years age classes in the succession layer
while the lowest values of these two indices were in the age
class of 20—40 years. As the age class increased, homogene-
ity index decreased and the ecological dominance index in-
creased. In the regeneration layer, higher diversity, abun-
dance, and homogeneity indices occurred in the 0-20 years
age class while their minimum values were present in the
2040 years age class. The ecological dominance index
reached the maximum value in the 2040 years age class
and minimum value in 0-20 years age class (Fig. 3).

3.3.2  Jiaohe Korean pine forest

Species diversity, abundance, and homogeneity indices in
the succession layer reached their maximum values in the
20-40 years age class and minimum values in the 0-20
years and 40-60 years age classes. The ecological domi-
nance index reached its maximum value in the 0-20 years
age class and the minimum value in the 20-40 years age
class. In the regeneration layer, species diversity, abundance,
and homogeneity indices presented higher values in the
0-20 years and 40—60 years age classes, and minimum val-
ues in the 2040 years age class. Dominance index reaches
its maximum value in the 2040 years age class and mini-
mum value in the 0-20 years and 40—60 years age class.

4 Conclusions and discussion

1. Species in different layers within forest gaps have
different reactions to the gap size. A better gap size or area
for seedling development in the regeneration layer may not
necessarily be the best suitable gap area for sapling survival
in the succession layer (Schupp, 1995; Liu and Wu, 2002;

Table 3 Tree diversity in gaps in different age class

Luo et al.,, 2002). This means that gap size is an important
factor that will affect the future species composition in gaps.
Generally speaking, a larger gap is good for the regenera-
tion of shade-intolerant species and a smaller gap can en-
hance the regeneration of shade-tolerance species. A forest
gap of certain size can benefit all species within it. What is
the gap size best suited for regeneration? Because of the
different climate and forest type, the answers are different
for different areas. He et al. (2004) reported that the gap
size of less than 100 m? is better for species diversity and
protection. Luo et al. (2002) indicated that the gap size of
about 100 m? is better for regeneration of seedlings of less
than or equal to 20 cm in height. He also found out that the
gap size of 300 m” is best suited for the growth of saplings
and trees with small diameters. For south-Asian evergreen
broad-leaved tropical forest, Zang et al. (2000) reported that
when gap size is between 400 and 500 m? there is the
greatest potential for species diversity within gaps. It is
meaningful to determine the “best” gap size by monitoring a
study site for a long time period, which is also something
we are planning to accomplish in the future.

2. Forest gap is a critical space for tree regeneration
(Aguilera and Lauenroth, 1993; Morgan, 1998; Zhu and Li,
2002). With the change of microenvironment (light, tem-
perature, moisture, soil, and others), the usable resources
will be enhanced within gaps. As shade-intolerant species
invade and coexist with shade-tolerant species, species di-
versity and abundance will be improved at an earlier stage
of regeneration. The dynamic change of species diversity
within forest gaps is the result of the interaction among tree
physiological and ecological characteristics and the micro-
environment in forest gaps. It reflects the dynamic require-
ments of natural recourses like sunshine, temperature and
water during different development phases of species. Dur-
ing the process of seedling growth, some species can be
eliminated due to their own characteristics and the microen-
vironment in gaps. Only some of the tree species can grow
into a succession layer (Luo et al., 2002). In comparison
with trees adjacent to the gap, there are more trees elimi-
nated in gaps. Therefore, the succession layer within gaps
has relatively lower diversity and species abundance.

Tree diversity index of Mt. Changbai

Tree diversity index of Jiaohe

Layer Gap age class

H D E C H D E c
0-20 years 1.729,5 1.374,5 0.965,3 0.165,0 0.859,9 0.905,9 0.659,6 0.501,9
20-40 years 1.154,4 1.188,4 0.823,5 0.316,1 1.248,3 1.474,7 0.838,0 0.279,0
A 40-60 years 1.301,5 1.455,7 0.683,8 0.372,2 0.787,3 1.037,5 0.638,7 0.482,6
>60 years 1.183,2 1.234,6 0.676,0 0.400,5 1.195,3 1.416,6 0.733,3 0.370,7
0-20 years 1.418,1 1.559,5 0.881,1 0.230,8 1.149,1 1.365,4 0.828,9 0.305,6
20-40 years 1.025,7 1.208,0 0.706,8 0.428,9 0.653,7 0.740,8 0.576,0 0.646,5
? 40-60 years 1.225,6 1.426,2 0.718,4 0.366,2 1.027,9 1.420,8 0.950,3 0.211,0
>60 years 1.230,6 1.272,4 0.769,6 0.348,2 0.931,7 1.094,8 0.844,0 0.350,2




3. The species diversity Shannon-Wiener index of the
regeneration layer for northern temperate broad-leaved Ko-
rean pine forest is lower than that of central Asian tropical
evergreen broad-leaved forest (Shannon-Wiener index
2.4442-3.078,1) and southern Asian tropical evergreen
broad-leaved forest (Shannon-Wiener index 1.652-2.286)
(Zang et al., 2002; He et al., 2004). For succession layer, the
Shannon-Wiener index is also lower than that of central
Asian tropical evergreen broad-leaved forest (Shan-
non-Wiener index =1.815,4-2.900,5). It is probably because
the continental mountain climate in the northern temperate
region is influenced by seasonal wind. The yearly average
temperature is only 3.3°C and the yearly average rainfall is
between 600 and 900 mm. However, for sub-tropical region,
the annual average temperature is 17.7-19.6°C and yearly
average rainfall is 1,743.8-1,782.5 mm. Due to these rea-
sons, the diversity indexes for all layers in gaps are higher
than those for Korean pine forests in the northern tempera-
ture region.

4. Many researchers have proved that the species diver-
sity within gaps can be enhanced by changing the ecological
factors like light and temperature. For example, in the Wuyi
Mountains, Fujian province, the diversity index, abundance
index and evenness index within gaps are higher than those
under forest canopy (He et al., 2004). In Jinyun, Chongqing,
the forest gaps presented a significant higher species diver-
sity index in comparison to under canopy (Qi et al., 2001;
Wang et al., 2003). In the Maolan Karst, Guizhou province,
the diversity index, abundance index and homogeneity in-
dex are also significantly greater than those under canopy
(Long et al., 2005). However, further study still needs to be
conducted on the correlation between the number of species
within each layer and microenvironment within gaps, and
type of ecological factors that determine the diversity varia-
tion within gaps.
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