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Abstract: A six-hectare ecological plot was established in 1992 to study the community structure and dynamics of
major tree species in a primary hill dipterocarp at Semangkok Forest Reserve. The plot dimension was 200 x 300 m.
The six-hectare plot were divided to 15020 x 20 m quadrats and 2400 5 x 5 m sub-quadrats. All young and mature
trees> 5 cm diameter-at-breast height (dbh) were tagged, mapped, measured and identified to species level. To date
5 recensus has been conducted. A sub-sampling of seedlings and saplings below 5 cm dbh were also collected. The
main objective of the study was to clarify the life history of major species in primary hill dipterocarp forest. The
paper presented findings on the species diversity, abundance and spatial pattern assessment from the last ten years of
research.
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rNTRODUCTlON

Many plots have been established in the tropics for ecological study. Although, these plots vary in sizes and shape,
they have been used to determine species diversity, species changes along altitudinal gradients, and the structure and
dynamics of forest ecosystem (Niiyama et al. 1999a). In Peninsular Malaysia a 50-ha plot in lowland dipterocarp
forest of Pasoh Forest Reserve was established in 1985 (Manokaran et al. 1990; Kochumen et al. 1990). In 1992, a
6-ha plot was established in a primary hill dipterocarp forest to clarify the population structure and dynamics of
major tree species through out their whole life-cycle. The paper presented some results on species diversity,
abundance, spatial pattern and community structure analysis of major trees in the 6-ha plot. We also higWighted the
potential impact of timber management practices on sustainable management on this forest type based on the
assessment of stocking density, size-structure and species composition.

MATERIALS AND METHODS

Site description

The study site is located at Compartment 30, Semangkok Forest Reserve about 60 kilometer north of Kuala Lumpur,
after Kuala Kubu Barn on the way to Fraser's Hill. Compartment 30 is the only Virgin Jungle Reserve in the
Semangkok Forest Reserve. It is surrounded by second growth forest, mostly selectively logged in the 1980's
(Niiyama et al. 1999a). The typical hill dipterocarp forest occurred on the narrow ridge and steep slope, categorized
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community data set. We evaluate the species-area curve based on the 20m x 20m subplots (400m2
) using PC-ORD

multivariate analysis software. A data matrix of sample plots versus species abundance was prepared for the
analysis. The resulting species area-curve includes the species confidence bands. We predicted the species richness
for Semangkok 6-ha plot based on species-area curve differential equation model (Plotkin, personal
communication). The model enables one to predict the large-scale species diversity from small-scale data samples
more accurately than any other species area curve model (e.g. power law).

Ranking of species based on Importance Value: Several censuses have been carried out since the establishment of
the plots. We used data taken in 1999 to rank the species based on Importance Value. The Importance Value was
calculated by averaging the relative frequency, relative density, and relative dominance of each species in the 6
hectare plot (McCune and Mefford 1999). The basic calculation is explained in Table I below.

Community structure analysis: We presented the findings on community structure analysis based on Abd. Rahman
et al. (2000b) and Niiyama et al. (1999b). Abd. Rahman et al. (2000b) used hierarchical cluster analysis to group
the sites based on the community types, and ordination overlays were used to describe the association of community
types to topography, slope inclination and aspect. Indicator Species Analysis was used to determine the appropriate
level of cluster for the community types and indicator species of that cluster. All analysis was done in PC-ORD
(McCune and Mefford 1999). The study aim to determine indicator species and its site preference. Niiyama et al.
(1999b) described the spatial patterns of tree species to topography, canopy gaps and other vegetation. Species were
group using cluster analysis based on dissimilarity index. Spatial pattern were analysed by Morisita's Io-index
where significance of aggregation or randomness was tested using F-value.

Table I: Summaries of individual tree data. N=number of sample units, A=N x sample unit area =150 x 400m2=6 ha.

Fj: number of sample units containing species j in all sample units (N=150)
Tj: number of trees of species j in all sample units
Bj: total basal area of species j in all sample units
Fj (%) = Fj/N
OJ = TjlA OJ: density (treeslhal
BAj = Bj/A BAj: basal area (m /ha)
Relative frequency = RFj = 100 x FjlHj
Relative density = RDj = 100 x OJ/~Oj

Relative dominance = RBj = 100 x Dj/~Bj

Importance Value = IVj = (RFj +RDj + RBj)/3

Spatial patterns of major trees

The spatial patterns of tropical rain forest are important key to understanding the coexistence and abundance of tree
species. The assemblages oftree species having specific spatial patterns, i.e., random, even, or cluster, has been used
to describe the tree community in temperate forest (Masaki et al. 1992) and tropical forest (Manokaran et a!. 1990;
Niiyama et al. 1999b; Plotkin et al. 2000). We presented different types of spatial patterns of several common trees
in the plot and illustrate its species-site environment relationship describe in the community structure analysis
(Niiyama et a!. 1999b; Abd. Rahman et a!. 2000b).

RESULTS

Species richness

Abd. Rahman et al. (2000a) reported that Semangkok F.R. 6-ha plot contained 457 tree species with 64 families. The
families with the highest number of species were Euphorbiaceae (55) followed by Myrtaceae (26), Lauraceae (24),
Meliaceae (22), and Annonaceae (22). Dipterocarps falls on rank eight with 18 species.
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GENERAL REMARKS

The need for similar replication in other forest types

A network of large plot for long-term ecological studies are being emphasized particularly in mixed tropical forest
(Kochumen et al 1990; Manokaran et al 1990; Plotkin et al. 2000). These plots contribute to the understanding of
community and population dynamics in mixed tropical forest. However due to its large plot size and the enormous
efforts required to collect data, systematic study of many aspects of community and population are not covered. A •
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thorough analysis of the tree population dynamics require demographic data through out the life cycle of trees
(Niiyama et al. 1999a) Among these are life history of tree species from flowering, fruiting, seedling establishment
and growth to advanced growth tree. The 6-ha plot at Semangkok Forest Reserve is sufficient to study species
diversity and demography of common trees e.g. Shorea curtisii and Scaphium macropodum. In Peninsular Malaysia,
the lowland evergreen forest has been classified to many sub-types. Various aspects of community and population
structure analysis have been conducted. Perhaps similar plot design can be established in other forest sub-types to
compare the community and population dynamics of trees in the remaining primary forest.

Implication to sustainable forest management

Although the plot establishment was design for ecological study, the data is useful for evaluation of impact of
management practices on future productivity of Seraya-Ridge Forest. Seraya-Ridge Forest is one of the most
productive forest stand. The stand volume reached 248 m3ha· 1 for all trees above 15 cm dbh (Abd. Rahman et al.
2001a), thus the site can be categorized as "Hutan Terbaik" under National Forest Inventory III classification. The
stand basal area of 44.5 m2ha·1 is on the upper side of the basal area range (probably 18 to 50 m2ha· l

) in tropical rain
forest (Dawkins 1958). Due to its high stocking of timber trees, residuals growing stock in Seraya-Ridge Forest are
prone to damage when present minimum diameter limit approach is applied (Abd. Rahman et al. 200Ia). The
stocking density, size-structure and species composition can serve as a reference of stand condition at its maximum
carrying capacity. Abd. Rahman et al. (200 Ia) simulate the potential impact of varying harvesting intensity on the
residual growing stock and suggested imposing a maximum harvestable limit for Seraya-Ridge Forest to avoid
excessive damage and sufficient growing stock is retained after harvesting. Abd. Rahman et al. (2002) suggested
alternative method to assess growing stock in Seraya-Ridge Forest and illustrated example to design residual stand
condition by manipulating stocking, size-structure and species composition to achieved the desired management
objective target.
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Figure 2: Spatial distribution of selected tree species in the 6-ha plot

(a) Shorea cur/ish

(e) Payena lueida (Nyatoh)

(e) Eurycoma longifoJia

(g) Drypetes polyneura

(b) Scaphium maeropodum

(d) Lithocarpus wa/lichianus

(I) Knema conferta

(h) Gironierera parvifolia
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