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Abstruct Species composition, diversity, and population structures of tree species were
compared between a 4-ha regenerated (logged forest) plot and a 6-ha primary (natural forest)
plot in a hill dipterocarp forest in Semangkok Forest Reserve, Peninsula Malaysia. Total
number of species was larger in the primary plot (464 species) than the regenerating plot
(421 species). In the primary plot, 170 of 464 species were specific to the plot, and 127 of
421 species were specific to the regenerating plot. Total numbers of families and genera
were larger in the regenerating plot. In the primary plot, species richness was as follows; y =
464, a=206.7,and f=0.12. In the regenerating plot, y =421, a =26.2,and p=0.16.
Species diversity H' was slightly larger in the primary plot (H’ = 5.28) than the regenerating
plot (H’ = 5.13). However, species evenness J' was similar; 0.86 and 0.85 in the primary
and regenerating plots, respectively. The composition of common 30 tree species remarkably
altered between the plots. Shorea curtisii, which is the most important timber tree in the hill
forests, was dominated in the primary plot. Macaranga triloba was the only light demanding
tree species among the 30 species in the primary plot. On the contrary, pioneer or secondary
tree species of Euphorbiaceae occupied the half of 30 common tree species in the
regenerating plot. Size structures of emergent tree species (Shorea curtisii), canopy tree
species (Antidesma cuspidatum) and typical light demanding tree species (Macaranga
triloba) were compared between the two plots. Size structure of Shorea curtisii changed by
selective cutting, but those of Antidesma cuspidatum and Macaranga triloba were not
largely changed. Eco-physiological traits of these species were also investigated.
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1. Introduction

A large area of tropical rain forests in the southeast Asia was already disturbed by
logging, fires, and many other artificial activities. To manage and improve these disturbed
forests was an important task for foresters. In hill forests logging is now continued under the
Selecuive Management System in Malaysia. However, regeneration of timber trees was not
confirmed. Logging damage was more severe in the hill forests than in lowland dipterocarp
forests where topography were flat and timber trees were scarcely distributed throughout the
forests. The topography of hill forests was very steep and a large timber stocking
concentrated on the ridges. Advanced regeneration of dipterocarp species was scarce in the
hill forests. In addition, logging affected the structure and dynamics of the tree species.
Detailed ecological comparison between logged and unlogged forests were an important step
to establish a sustainable forest management system in the hill forests. The purpose of this
study was to compare the tree species diversity, species composition, and population
structures of common tree species between a logged-over regenerating forest and an

unlogged primary forest in hill forests.
2. Methods

We established a 6-ha primary forest plot in Semangkok Forest Reserve and a 4-ha
regenerating plot in a selective logging area adjacent to the reserve. All trees larger than 15
cm 1n g.b.h. (girth at 1.3 m height) were tagged, measured and identified to species level.
The regeneration plot was selectively cut 30 per cent of the tumber volume in 1988. Trees
were measured in 1993, 1995, and 1997 for primary plot and in 1994 and 1997 for
regenerating plot. Data sets of primary and regenerating plots in 1997 were used for analysis
in this report. Each study plot was divided into 20 m x 20 m quadrats. Tree species diversity
was calculated at every 20 m x 20 m quadrat. Diversity was separated into species richness,
diversity, and evenness. Species richness was calculated as follows;

Y=o B Q M
where y is a number of species in the plot, a is a mean number of species in 20 m x 20 m
quadrats, 3 is a turn over rate of species among quadrats, and Q is a number of quadrats in
each plot. Species diversity was indicated by H’ (Shannon-Wiener function).

H=-Zpinp, (2)
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N=Xn, p =nlN, (3)
where n; is a number of individuals in species i, Nis a total number of individuals in the plot.
Species evenness was indicated by J’. '

J=H/H =H/InS, 4)
where § 1s a number of species in the plot. These diversity indices were compared between
the regenerating and primary plots. The common 30 species dominated in abundance were

listed and their species composition were compared between the plots.
3. Results

Number of species depending on sample area and number of individuals were slightly
larger in the regenerating plot than the primary plot (Fig. 2). Total number of species was
larger in the primary plot (464 species) than the regenerating plot (421 species). In the
primary plot, 170 of 464 species were specific to this plot, and 127 of 421 species were
specific to the regenerating plot. Total numbers of families and genera were larger in the
regenerating plot. In the primary plot, species richness was as follows; y = 464, a = 26.7, and
B =0.12. In the regenerating plot, y = 421, a =26.2, and = 0.16. Species diversity (H')
was slightly larger in the primary plot (H’ = 5.28) than the regenerating plot (H’ = 5.13).
However, species evenness (J') was similar; 0.86 and 0.85 in the primary and regenerating
plots, respectively.

Composition of common tree species was altered remarkably (Tables 1 and 2). Shorea
curtisii, which is the most important timber tree in the hill forests, was dominated in the
primary plot. Macaranga triloba was the only light demanding tree species among the 30
species. On the contrary, pioneer or secondary tree species of Euphorbiaceae occupied the
half of 30 common tree species in the regenerating plot.

Size structures of emergent tree species (Shorea curtisii), canopy tree species
(Antidesma cuspidatum) and typical light demanding tree species (Macaranga triloba) were
compared between the two plots (Fig. 3). Size structure of Shorea curtisii changed by
selective cutting, but those of Antidesma cuspidatum and Macaranga triloba were not

largely changed.
4. Discussion

Species diversity has been maintained or not is one of the important criteria to evaluate
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that the sustainable forest management was carried out in logged forests. Species richness,
species diversity, and species evenness were similar both in the primary and regenerating
plots. These diversity indices were obtained only from the species abundance not from the
information of individual species. On the other hand composition of common tree species
and a large number of sparse or rare species were altered or differed between the plots in
spite of two plots apart from only several hundred meters. These results reveal that
sustainability of both species diversity and species composition should be checked. It is
difficult to separate the effect of selective cutting from those of the distance and
environmental conditions on species composition. Complete data set before logging is
needed to comparative studied in logged-over and primary forests.

The effect of logging on size structures of tree species was largely different among
species. Shorea curtisii lost most of the mother trees larger than 60 cm d.b.h by logging.
Antidesma cuspidatum lost only the large individuals. Density of Macaranga triloba
increased drastically in the regenerating plot due to the increase of canopy gaps by logging,
but its size structure was similar in the two plots. This light demanding species colonizing on
large gaps seems to perform completely same ecological traits both in primary and

regenerating plots.
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Table 1. Abundnce of 30 common tree species in the primary plot.

Species Primary Regenerating
(no./ha) (no./ha)

1 Shorea curtisii 522 213
2 Lithocarpus wallichianus 29.3 6.0
3 Teijsmanniodendron coriaceum 24.2 4.8
4 Antidesma cuspidatum 19.3 23.0
5 Scaphium macropodum 19.3 55
6 Eurycoma longifolia 0.8

. : ]

1 Diospyros latis

9 Pimelodendron griffithianum 13.0 16.8
10 Aidia wallichiana 12.7 5.8
11 Canarium patentinervium 11.0 12.5
12 Dacryodes rostrata 10.8 8.3
13 Artocarpus lanceifolius 10.5 7.5
14 Xanthophyllum griffithii 10.5 1.3
15 Diospyros venosa 10.5 1.0
16 Myristica iners 10.0 2.8
17 Vatica odorata 10.0
18 Payena lucida 9.5 6.3
19 Dacryodes rugosa 9.5 0.8
20 Archidendron bubalinum 8.5 8.8
21 Millettia atropurpurea 8.2 6.3
22 Diospyros styraciformis 7.7 2.8
23 Anisoptera curtisii 7.7 2.5
24 Eugenia ridleyi 7.2 0.8
25 Baccaurea minor 7.0
26 Ochanostachys amentacea 6.8 58
27 Vitex longisepala 6.8
28 Artocarpus nitidus var. griffithii 6.3 2.8
29 Artocarpus integer 6.2 8.5
30 Santiria laevigata 6.2 6.5




Table 2. Abundnce of 30 common tree species in the regenerating plot.

Species (order in primary plot) Primary Regenerating
(no./ha) (no./ha)

" 6 Shorea curtisii (1)
_7 szeloa’end ngrz '

9 Canarlum patenlmervmm (11)
10 Shorea leprosula 4.7
11 thhocarpus rassa

13 Dl()sbyf()v sumatrana (29)
14 Elateriospermum tapos 1.0

15 Archidendron bubalinum (20) 8.5
16 Artocarpus integer 6.2
17 Dacryodes rostrata (14) 10.8

18 Sh()rea macro tera

20 Art()carpm lanceifolius (12)
21 Elaeocarpus n
22 Timonius wallichianus

23 Shorea bracteolata 0.7
24 Santiria laevigata 6.2
25 Sapium baccatum 0.7
26 Santiria apiculata 2.5
27 Payena lucida (19) 9.5
28 Millettia atropurpurea (21) 8.2

29 Gynotroches axillaris
30 Lzlhocarpus wallzchza
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Fig. 2. Species-area and species-individual relationships in the two plots. Open
circles are regenerating plot, closed circles are primary plot.
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