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ABSTRACT

The forest successional process is characterized by the dynamic of dominant populations in dif-
ferent successional stages. In this paper, the dynamic of main dominant populations in the succes-
sion process of Dinghushan forest has been studied systematically: Four communities have been
selected to represented four different stages which are a sere. The dynamics of five dominant pop-
ulations including one conifer (Pinus massoniana), two heliophytes (Castanopsis chinensis and
Schima superba) and two mesophytes (Cryptocarya chinensis and Crypiocarya concinna) were stud-
ied. Their niche breadths, population patterns. interspecific associations and niche overlaps in 38
year’ s change have been analyzed. The results show that the different characteristics of dynamics
and distribution of conifer, heliophyte and mesophyte populations in different succession periods
reveal the position and role of each dominant population in every succession stages. The succession
mechanism were revealed with population dynamic analysis.
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1 INTRODUCTION

The study on succession is the core of the vegetation dynamics research. Population
dynamics is the key to reveal the succession process (Knapp, 1984; West, et al.,
1981). N

Dinghushan forest is evolving to the most prevailing climax with certain natural
law. The phytocoenological process and principles have been described systematically”
(Wang et al., 1985a, 1987; Peng et al., 1985. 1993). The further analysis show that,
in the successional process of community, the characteristics in each stage are expressed
by the quantitative changes of dominant populations, which have different ecological
characteristics in the community. It is helpful to deepen the understand of the succes-
sional principle to study the dynamics of main dominant populations in the successional
process.

2 SAMPLING FIELD AND COMMUNITY SUCCESSION PATTERN

Dinghushan Biosphere Reserve is a member of the World’ s Biosphere Reserve Net-
work organized by Man and Biosphere (MAB), United Nations Educational. Scientific
and Cultural Organization (UNESCO). It is situated in middle part of Guangdong
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Province, South China, at 23°10'N and 112°35'. The altitude of the highest peak is
1000. 3m. The rock is sandstone and shale belonging to the devonian period. The annual
average temperature is 21. 6 C, the average temperature of the coldest month (January)
is 12. 0°C. The annual average relative humidity is 80%. The forest soil is lateritic red
earth, pH 4. 5~5. 0, the humus is rather rich. The principal climatic conditions are
shown in Figure 1.

In the Reserve, there is a large natu-
ral forest, almost all of which is monsoon
evergreen broad-leaved forest. This kind
of forest is the typical zonal vegetation
type in Low Subtropics (ECCV, 1980),
also approximate to climax. There are
varies forest communities with different
development periods., which represent
different stage in the successional pro-
cess. So, it is an ideal experimental plot
to study succession.

12 2 4 5 . g 16 12 At the natural conditions, the main
succession route of Dinghushan forest is

23°10'N 112°35'E 150 m following regular pattern: Pinus massoni-
1926. 9mm  21.6C (36.8°C, —2C) ana or other conifer species have high vi-
Fig. 1 Climate of Dinghushan. tality in wasteland and grow very fast.

After they form a forest, however, the community has a simple structure with low cov-
erage and high radiation indensity under the tree layer, temperature is high but humidity
is low, and the temperature amplitude between day and night is large. Nevertheless,
the growth of these species establish a better habitat for heliophytes, such as Castanop-
sis chinensis, Schima superba etc., to intrude and grow in Pinus massoniana forest. Un-
der the canopy there are more layers and more individuals. As a result, Pinus massoni-
ana population cannot regenerate naturally and then withers away. However meso-
phytes. such as Cryptocarya chinensis and Cryptocarya concinna, obtain the suitable
habitat to develop. As the community becomes more complicated, heliophytes also
wither out gradually. The community tends to climax which is dominated by meso-
phytes. This is the community succession principle in this area. The process is conclud-
ed as Figure 2. As Figure 2 shows, the community succession in each stage of succes-
sion are expressed by the change of each dominant population.

3 METHOD
3.1 Time and spatial span

This research is carried out in four typical communities which represent different
stages of successional process of Dinghushan forest.

* Pinus massoniana community (Comm. 1)

* Pinus massoniana—+Castanopsis chinensis+Schima superba community (Comm. 2)

s Cryptocarya fissa community (Comm. 3)
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» Cryptocarya chinensis + Castanopsis chinensis+ Cryptocarya concinna -+ Schima
superba community (Comm. 4)
The dynamics of these communities have been studied basing on the surveys in
1955. 1982 and 1992, respectively (Wang et al., 1985a, 1987; Peng et al.. 1985,
1993). the results indicated the changes of their successional stages in Figure 2:

successional stages

1st

2nd

3th

vegetation types

coniferous forest

mised needle—brdad—
leaved forest
dominated by conifer

mixed needle-broad-
leaved froest dominated
by heliophytes

Pinus massoniana
community

v

Pinus massoniana-
Castanopsis chinensis-

Schima superba comm.

Castanopsis chinensis-
Schima superba-Pinus
massoniana comm.

representative communities

evergreen broad-leaved
4th forest dominated
by helii)phytes

- Cryptocarya fissa .
community

v

Cryptoca chinensis-
evergreen broad-leaved yptocarya chinensts

5th forest dominated
by mesophytes

v

mesophyte community
(climax)

Castanopsis chinensis-
Cryptocarya concinna-
Schima superba comm.

Cryptocarya chinensis-
6th Cryptocarya concinna-

community

Fig. 2 Successional process of forest in Dinghushan.

Comm. 1 is in stage 1 (1955) and stage 2 (1992);

Comm. 2 is in stage 2 (1955) and stage 3 (1992);

Comm. 3 is in early stage 4 (1955) and late stage 4 (1992);

Comm. 4 is in stage 5 (1955) and stage 6 (1992).
They have formed a successional spatial sere. It is further to uncover the succes-
sional mechanism to study the dynamics of dominant populations. Samples of.every time
are taken in twelve plots of 10X10 m?.

*

3.2 Measurement of niche breadth

3. 2.1 Shannon-Weiner Index proposed by Levins is used to determine the niche
breadth of each dominant population in different time and space (Chapman, 1980; Cox,
1979: Yu, 1985). The niche breadth of population i occupying r resource conditions is

i=1
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r means the amount of resource, here is number of sites sampled. P;;is the ratio of
individuals of population 7 in site j to the sum of individuals in site j .
3. 2.2 Method proposed by Colwell et al. (1972) is used to do the same thing. The
relative weighted factor of resource condition r; and the absolute weighted factor of re-
source condition aj respectively are: '
(X; — Np[in(X; — Ny) — in(Z — y)1— [ D NijinP;; — NinP,;]

i = - 2)
M (X; — Npin(X; — Ny — (Z — y)in(Z — 3)

J

j
where N,; is the individual amount (abundance) of population 7 in resource condition j
(site j). It indicates the resource tenure condition by population i. X; means the sum of
individuals in site j. Z means the sum of individuals in all sites. P;; = N,;/X;.

3.3. Measurement of population pattern

3.3.1 The ratio of square deviation to mean value

d;=S5%/X; “)
where S2is the square deviation of individuals amount in each plot and X;is the mean val-
ue (Chapman, 1980; Cox, 1979). Formula (4) is used to determine the patterns of
dominant populations spanning different space and time. The population follows Poisson
distribution when d is near to 1, contagious distribution when d is above 1 and uniform
distribution when d is below 1. The deviation degree can be measured with ¢ index:

t=(@d—1/~N2/tn—1) (®)
3.3.2 Formula of negative binomial distribution.

Negative binomial distribution is a distribution of two parameters. It originates
from the expansion of algebric expression PX(1 — @)%, where P=K/(K+p), ¢g=1—
P. K and p are parameters of negative binomial distribution formula, where p is average
density of populations within the sampling plots, and K is binomial index. The ecologi-
cal meaning of K is: When the population follows a random distribution, K is negative;
When the population follows an aggregated distribution, K is positive and will decrease
when the aggregated degree of population increases (Peng et al., 1984). The approxi-
mate value of K can be calculated by

K=2X/*—X) ' 6
The formula '
Nin(1 + X/R) = DA/ (K, + X) » D
is used repeatedly to count the accuracy of K, where A, is the number of plots that con-
tain individuals more than X . In a negative binomial distribution, the relative density of
certain individual amount can be calculated by
P(x) =[(X+ K —1)/(K —~1)]P%¢* ®
where P(x) x N is the anticipated quadrat number.

3.4 Measurement of Interspecific Relation (IR)
. 4 .
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3.4.1 The X? statistic value of interspecific association index

The X?statistic value is used to determine the interspecific relations between the
dominant populations in successional process (Wang et al., 1985b). For positive X? val-
ue, the lower value of P (probability of the X? distribution) indicates the higher connec-
tion: If 0. 01 << P <C0. 05, there is a positive IR in certain degree; if P <{0. 01, there is
an obvious IR and there must be some obvious ecological relative commection except for
accidental factors: if P > 0. 05, the populations distribute almost independently though
there are some connection between the populations. A negative X? value means a nega-
tive IR.
3.4.2 Interspecific similarity index

-‘——1~_ZIP,] P‘j|= ZMin(Pij,P‘j) (9)
i=1 i=1
Formula (9) is used to measure the interspecific niche overlap between the domi-
nant populations in successional process, where C;;indicates the niche overlap of popula-

tion 7 and population jin 7 plots (Peng et al.. 1990).

4 RESULT AND DISCUSSION

4.1 Change of Niche Breadth (NB)

The niche breadth changes of five dominant populations in successional seres are
recorded in Figure 3~9 and Table 1. :
4.1.1 The NB of Pinus massoniana population reduces in the successional process. and
wither away in the broad-leaved stage which dominated by heliophytes. This reveals its
pioneer characteristics. Pinus massoniana population is replaced fast in early period
(from Pinus forest to needle broad leaved mixed forest) and has a high mortality in the
late (from needle-broad leaved mixed forest to monsoon evergreen broad-leaved forest
dominated by heliophytes).
4.1. 2 The NBs of heliophytes, such as Castanopsis chinensis and Schima superba,
gradually widen with the successional course, has a highest value at the stage of mon-
soon evergreen broadleaved forest dominated by heliophytes. This displays the feature
of these populations as pioneer species of climax community. Their NBs increase fast
within the stage from Pinus forest to needle-broad-leaved mixed forest, and slow within
the stage from needle-broad mixed forest to monsoon evergreen-broad-leaved forest
dominated by heliophytes. Then, the NB drop fast, but some individuals still remain in
the forest. This indicates that these two pioneer species are also the constructors of cli-
max community.
4. 1.3 The NBs of mesophytes, such as Cryptocarya chinensis and Cryptocarya concin-
na, enlarge gradually since the middle stage of needle-broad-leaved forest. They have
the highest increasing speed in stage of monsoon evergreen broad-leaved forest dominat-
ed by heliophytes (Comm. 3), and tend to be stable in the stage of monsoon evergreen
broad-leaved forest dominated by mesophytes. This showes the traits of these popula-
tions as zonal climax species.
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Table 1 Niche Breadth changes of dominant populations in successional sere.

Chrono- 1955 1982 1992

sequences A B C A B C A B C

Pinus massoniana

Comm. 1 0. 96 0.98 0. 60 0.92 0.93 0. 54 0. 87 0. 90 0. 49

Comm. 2 0.91 0.90 0. 55 0.53 0.71 0. 30 0. 22 0.23 0.11

Comm. 3 0. 08 0. 09 0.02 0 0 0 0 0 0

Comm. 4 0 0 0 0 0 0 0 0 0

Castanopsis chinensis

Comm. 1 0. 09 0.11 0.03 0. 32 0.33 0. 14 0. 33 0.41 0.16

Comm. 2 0. 87 0. 88 0.55 0.94 0.97 0.58 0. 95 0.97 0. 60

Comm. 3 0.95 0. 98 0.52 0.93 0.94 0.56 0.92 0.94 0.53

Comm. 4 0. 46 0. 50 0.21 0. 40 0. 47 0.16 0.42 0. 46 0.11 !
Schima superba .
Comm. 1 0.12 0.13 0. 04 0. 36 0. 37 0.14 0. 38 0. 40 0.18 '
Comm. 2 0. 89 0.91 0. 54 0.94 0. 96 0. 57 0.94 0. 97 0. 56
Comm. 3 0.93 0. 96 0.56 0. 90 0.94 0.53 0. 87 0. 90 0. 50
Comm. 4 0. 47 0. 44 0.22 0. 32 0. 40 0.15 0.22 0.28 0.11 “
Cryptocarya chinensis

Comm. 1 0 0 0 0 0 0 0 0 0

Comm. 2 0 0 0 0 0 0 0 0 0

Comm. 3 0.10 0.12 0.03 0.12 0.18 0. 06 0.16 0.27 0. 09

Comm. 4 0.91 0.95 0. 56 0. 90 0.94 0. 54 0. 89 0.92 0. 54

Cryptocarya concinna

Comm. 1 0 0 0 0 0 0 0 0 0

Comm. 2 0.08 0.11 0.03 0.11 0.16 0. 05 0.12 0.17 0. 08

Comm. 3 0.43 0. 56 0. 28 0. 56 0. 67 0. 39 0.58 0.70 0. 40
Comm. 4 0.93 0. 98 0.58 0. 92 0.95 0. 55 0. 90 0. 94 0.52 :

A, B. C mean values measured by Formula (1), (2). (3). respectively.

4.1.4 Conclusion: The index of NB reflects the position of a population in a communi-
ty or the resource possessing condition of the populations. In the process of succession,
because of its adapting to poor environment and growing fast, Pinus massoniana took i-
the resource of community firstly. In the early period (Comm. 1), it occupied about
90% of the whole niche. Then, heliophytes, such as Castanopsis chinensis and Schima
superbzi, intruded into the community and developed continuously till to occupy the
largest space and most resource. As a result, Pinus massoniana, which had a preference
for sunlight. disappeared rapidly. And mesophytes, which are more shade-tolerant, be-
gan to develop till they occupied resoure most. Obviously, it is the restriction of re- “
source, especially light resource, that determines the NB change of each population in a
community. On the other hand, the NB value of different kind of populations are effec-
tive to indicate the community’ s successional stage. -

4.2 Development of patterns of dominant populations

The patterns of five dominant populations spanning different time and space of suc-
cessional process are recorded in Table 2.
4. 2.1 Pinus massoniana population follows uniform distribution after constructing a
forest because of its partly artificial planting. As its amount of individuals grow, the
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population tends to follow aggregated distribution in the early period of succession be-
cause the seeds disseminate around their mother trees. With the succession advancing
and broad-leaved species intruding constantly, Pinus massoniana cannot regeneration
naturally, and then die out gradually. The population follows random distribution in
later period because the death of individuals is generally random. and withers away com-
pletely in the middle of succession.

Table 2 Pattern changes of dominant populations in successional sere.

Chrono- 1982 1992
sequence K d K d
Pinus massoniana
Comm. 1 14.22 uniform 8. 61 uniform
Comm. 2 9. 84 random <0 random
Comm. 3 / / / /
Comm. 4 / / / /
Castanopsis chinensis (heliophyte)
Comm. 1 2.22 aggregated - 3.68 aggregated
Comm. 2 8. 85 aggregated 12.11 aggregated
Comm. 3 11.43 - aggregated 3.21 aggregated
Comm. 4 <0 random 1.12 aggregated
Schima superba (heliophyte)
Comm. 1 1. 89 aggregated 2.61 aggregated
Comm. 2 6. 47 aggregated 6. 43 ’ aggregated
Comm. 3 7.44 aggregated 2. 43 aggregated
Comm. 4 <0 random <0 random
Cryptocarya chinensis (mesophyte)
Comm. 1 / / / /
Comm. 2 / / 2.43 aggregated
Comm. 3 3.48 aggregated 4,28 aggregated
Comm. 4 4.78 aggregated 4. 87 aggregated :
Cryptocarya concinna (mesophyte) :
Comm. 1 / / / / f
Comm, 2 / / 1. 02 aggregated ;
Comm. 3 5.44 aggregated 4.63 aggregated !
Comm. 4 3.07 aggregated 2. 68 aggregated

4.2.2 The heliophytes, such as Castanopsis chinensis and Schema superba, are all from
the mixed forest nearby, and then have orientation. So. when they intrude in Pinus
massoniana forest in the early time, they form an aggregated distribution pattern. And
the degree of aggregation increases in developing period. In the process of succession to-
ward the mesophytic monsoon evergreen broad-leaved forest, the populations tend to
follow a random distribution because individuals die out randomly.

4.2.3 An environment fit for mesophytes is founded after heliophytes intrude in Pinus
massoniana forest. The mesophytes, such as Cryptocarya chinensis and Cryptocarya
concinna, are also from the zonal monsoon evergreen broad-leaved forest, and then have
orientation. The mesophytes tend to form a contagious distribution pattern at first.
Then their contagion intensity increases in the developing period because the scope of
seed dissemination is controlled by mother trees, and decreases in the process of succes-
sion toward mesophytic monsoon evergreen broad-leaved forest because of the self thin-
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ning. .

4.2.4 Conclusion: In the successonal process of vegetation in low subtropical area, the
population patterns change in different routes because of their different properties. The
pattern alternation process of each population is consistent with the alternation process
of its quantitative dynamics (Wang Bosun et al., 1987). This indicates some relation
between pattern and abundance of a population.

4.3 Alteration of interspecific relations between dominant populations

Alteration of interspecific relation between dominant pgpulations spanning different
stages of successional process are recorded in Table 3.

Table 3 Changes of interspecific relationship of dominant populations in succession sere.

Species*® X? value for IR Niche overlap value-C
Comm. 1 2 3 4 Comm. 1 2 3 4
1982
1+2 1.01 3.50 0 0 0.12 0. 81 0 0
1+3 0. 80 3. 07 0. 07 0 0. 08 0, 69 0 0
1+4 0 0 0 0 0 0 0 0
1+5 0 0. 09 0,02 0 0 0. 29 0 0
2+3 1. 28 3.75 3.95 3.00 0.55 0. 90 0. 85 0. 20
2+4 0 0 0. 90 0. 65 0 0 0. 65 0. 20
2+5 0 0.85 1.42 1. 20 0 0.35 0.71 0. 32
3+4 0 0 0. 88 0. 55 0 0 0. 45 0.13
345 0 0. 80 1.22 1.18 0 0. 32 0. 61 0. 30
445 0 1.10 1.78 2. 64 0 0. 38 0. 80 0. 96
1992
142 1.91 3.97 0 0 0.21 0. 88 0 0
143 1. 60 4.06 0 0 0. 13 0.72 0 0
1+4 o . 0 0 0 0.02 0 0
1+5 0. 70 0.19 0. 01 ‘0 0.06 0.31 0 0
2+3 1.31 3.85 3. 95 3.04 0. 65 0. 90 0. 85 0.16
2+4 0 0 0.95 0. 55 0 0 0. 65 0.11
2+5 0 0. 88 1. 66 1.50 0 0. 38 0.75 0.23
3+4 0 0 0.98 0. 50 0 0 0. 55 0.16
345 0 0, 80 1. 26 1. 00 0 0. 27 0. 60 0. 28
445 0 1.30 1.98 2.23 0 0. 38 0. 89 0. 90

* The number of species: 1. Pinus massoniana: 2. Castanopsis chinensis; 3. Schima superba; 4. Cryptocarya chinensis;
5. Cryptocarya concinna. :
4.3.1 The interspecific association and niche overlap between Pinus massoniana popu-
lation and heliophyte populations are higher and higher in early stage, lower and lower
in the stage from needle-broad-leaved mixed forest to broad-leaved forest.
4.3.2 The two values between heliophyte populations and mesophyte populations are
high in evergreen broad —leaved forest stage, and reduce in late stage.

These results reveal the feature of Pinus massoniana and heliophytes populations as
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pioneers. On the other hand, they also show that, the cycle and regeneration of mature
community cause the community organization uneven and mosaic, and this makes the
heliophyte populations remain some amount in the late stage of succession.

4. 3.3 The interspecific association and niche overlap between mesophyte populations
and Pinus massoniana population are relatively low in the stage of needle-broad-leaved
forest, and drop to zero in the stage when the heliophytes become dominant in the ever-
green broad-leaved forest. This indicates that these two kind of species have quite dif-
ferent demand for habitat. This result also shows the feature of mesophyte populations
as climax populations of the forest.

4.3.4 Conclusion: The dynamics of interspecific associations and niche overlaps be-
tween different populations depict the degree and features of these populations existing
together and sharing resource togethér. On the other hand, they also depict the compe-
tition process between the populations and similarity of each population’ s requirement
for the habitat.
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