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Abstract: Problem statement: Forest structure assessment provides information farest
succession, dynamics, biodiversity and health whach important but only few information is
available on rehabilitated forest. The objectivetlnf study was to assess the forest structure of
selected age stands at a rehabilitated foresttsituia Universiti Putra Malaysia Bintulu Sarawak
Campus, Sarawak, MalaysiApproach: Four 220 m plots were established in stands planted in
1991, 1999, 2008 and an adjacent natural regengragicondary forest (+22years) and all stands were
measured for Diameter Breast Height (DBH) and hemyid identified.Results: Forest structural
analysis showed better performance in the struictinaacteristics mainly the mean basal area (61%),
mean Dbh (56%) and mean height (60%) of the treemmpared to the adjacent natural regenerating
secondary forestConclusion: It can be concluded that after 18 years, rehabsiit forest using
accelerating natural regeneration technique shobter structural dimension. This can help to
promote the reforestation and restoration actwitte degraded forest. Overall, rehabilitated forest
areas have yet recovered in terms of size and heigh
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INTRODUCTION lack of information on rehabilitated forests fromet
aspect of the structure, in particular.

One of the most global pressing environmental  From the aspect of biodiversity conservation and
concerns is forest degradation due to anthropogeniforest health, it is important to know how these
activities (Verchot and Petkova, 2009). Restoringse  rehabilitated forests compare with primary forests
forests or secondary forests are of paramounterms of structure. In natural succession procedises
importance as there has been increasing attentioexpected that regenerating secondary forests will
towards these forests as the sustainable use eé thecontinue to increase in their similarity to primdoyests.
resources can provide products and services fofhe estimated time taken for complete successien ha
mankind. These require some knowledge on the foredteen estimated at 50-80 years (Brown and Lugo,)1990
dynamics which are influenced by succession presess 150-200 years (Richards, 1996), 300-500 years
in the forest ecosystem. (Miyawaki, 1999) and centuries.

There are considerable work has been done on the Several hundred years of natural succession,
dynamics of secondary succession immediatelyegeneration and recovery is too long. However, drum
following clearance and burning and the early stagfe intervention by using ecological restoration of Getgd
tropical succession are well documented. In additso  forest based on the system of natural forests céld b
that, there are many researchers who focused on theulti strata quasi-natural forests in 40-50 yeaws f
structural and compositional aspects of tropicaédg ~ Southeast Asia forest (Miyawaki, 1999). This teqjuei
be it in primary or secondary forest such as Alfeedl.  is called accelerating natural regeneration. The
(2010), Ainuddin and Goh (2010). However, therais objective of this study was to assess the forestisire
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at selected age stands at the UPM-Mitsubishfrequency distribution of diameter classes fortedes
Corporation Forest Rehabilitation Project site &fiédl  showed a negative exponential form having a steep
in Universiti Putra Malaysia Bintulu Sarawak Campus slope for the first few diameter class (Fig. 1).eTh

Sarawak, Malaysia. average Dbh in Plot 1991 was 8.16 cm with a basal a
of 1.56 n§0.04 h* (Table 1). In Plot 1999, about 90%
MATERIALSAND METHODS of trees were in the Diameter Class 0.0-10.0 cm.

In Plot 1999, the average Dbh was 6.00 cm while

Study sites: The study was conducted at a rehabilitated”!0t 2008 was 0.76 cm whereas in Plot 2008, athef

forest in Universiti Putra Malaysia, Bintulu Sardwa trges are still small in size of less than 2;10'0 cm
Campus and Sarawak, Malaysia. It is located abddt 6 diameter. The basal area for Plot 1999 was 0.90.04

_1 . . _1
kilometers Northeast of Kuching, latitude 03°12'N, h™ while fpr Plot 20083 it was 0.0270.04 A™. In Plot
longitude 113°02’'E and 50 m above sea level. Rekear NF, stocl_<|ng of tre_es n Dlamet.e_r Class less thau 1
plots of 2020 m size were established at stand<CM remained the highest comprising about 93.8%ef t
established in 1991 (Plot 1991), 1999 (Plot 1998 a total trees. The Diameter Class structure was cozdpa
2008 (Plot 2008) of mix-species stand and an adjace USINg @ Pearson Chi-square testigst) with the data

plot in natural regenerating secondary forest akisu Po°led for each study plot. There were significant
Nyabau (+22 years; Plot NF). differences between all the study plots in terms of

number of stem in each Diameter Class structifres (

Data collection: Al trees in the plots were measured 1-2107) and in terms of stem percentage’ (¢ 39.19;
for their Diameter Breast Height (DBH) and height. Fi9- 1). All study plots having more than 80% ades
Data collected was analyzed on stand in each Plet. concentrated in Diameter Class 0-10 cm except limtr P
stand data was analyzed for DBH, height distributio 1991 (75%).
and basal area distribution.
Basal area: The mean basal area of Plot 1991 was 61%
Statigtical analyss. Comparisons were made between theof Plot NF with significant higher by using indejgemt
study plots on DBH, height and basal using t-teigh w t-test with unequal variance. Stand in Plot 199d tiee
each plot considered as an independent replicatest most area coverage while the least was in Plot.Z008
diameter size class structure was compared using raean basal area {nplot™) distribution among study
Pearson chi-square tef-est), again pooling the data for plots are a shown in Table 1.The mean Dbh of F9681
each study site. All statistical analyses wereigdrout and 1991 were 35 and 56%, respectively of the IRfot
using SPSS Version 16.0 statistical package saftwar with significant differences, despite Plot NF hayithe
biggest diameter tree (59.80 cm) in the study plud
RESULTS high number of tree density (546). Plot 2008 has th
smallest mean diameter of trees as compared tiheall
Stocking and diameter: Stocking of trees in Diameter study plots while Plot 1991 has the largest mean
Class less than 10.0cm in Plot 1991, remained thdiameter. The mean Dbh (cm) distribution among the
highest comprising about 75% of the total trees Th  study plots are shown in Table 1.

Table 1: Basal Area (.04 h?) and Dbh (cm) and height (m) range in the studyspl

Plot 2008 Plot 1999 Plot 1991 Plot NF

Basal area

(m?0.04 RY) 0.02 0.80 1.56 1.64

Mean* 0.05%0.3x10° 0.35¢< 10%+0.2x10°° 0.76x10%+0.8x10°° 0.30<10%+0.7x10°
(7.0<10.07-0.54x10.0°%) (0.5¢10.0%-0.02) (0.%10.0%0.09) (0.%x10.0%-0.28)

Dbh (cm)

Mean* 0.760.16 6.0@0.20 8.160.38 3.240.23
(0.04-2.61) (0.82-15.50) (1.31-35.10) (0.41-59.80)

Height (m)

Mean* 0.460.15 6.1%0.13 9.3@0.24 4.020.14
(0.01-1.40) (1.49-10.73) (2.00-20.50) (0.30-26.80)

*Values are meatS.E
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Fig. 1: Percentage of stands in different sizescthistribution of Dbh on the study plot at UPM Rilut Sarawak
Campus, Sarawak, Malaysia. Intervals of Dbh clasew0 cm

Height: The mean height of Plots 1999 and 1991 were27.4 m and 24.8 in a primary forest and regenegatin
46 and 60%, respectively of the Plot NF with forest at Pasoh Forest Reserve, Negeri Sembilan,
significant differences, despite Plot NF having theMalaysia. The highest height obtained from our gtud
tallest tree (26.80 cm) in the study area. Plot®2B8s plots at Plot NF (26.8 m) and Plot 1991 (20.5 m) is
the shortest stand as compared to all the studis plocomparable to those means in an old secondarytfores
while Plot 1991 has the tallest tree mean height T reported for 41-55 years old stand (Okwtlal., 2003;
mean height (m) distribution among the study poes  Brearley et al., 2004) with an overall low mean

shown in Table 1. canopy height_
The mean Dbh in all the study plots is relatively
DISCUSSION small in comparison to other more matured or older

secondary forest. In terms of Dbh size, the studysp
When compared to the natural regeneratingare at an early stage of successional recovery eMemy
secondary forest plot, older forest rehabilitatipoject ~ the lack of bigger size Dbh tree in Plot NF is dae
site plots such as Plot 1991 showed better strictur 'emoval legally or illegally prior to 1987 whereetarea
characteristics in terms of mean height, diametet a Was once a logging concession area. For example, in
basal area with significant differences in terms ofthe secondary forest of Ayer Hitam Forest Reserve,
diameter size class. However, these values obtaiiied >¢/angor, Malaysia, the mean Dbh was 20.8 cm and in
reflects the typical structural feature of secopdarest & 1oyear old secondary forest, Costa Rica the Dbh
with lower canopy height, basal area and high tstin “”(‘j"(‘jgf?s from 20-25 C'T; (Brown and Lugo, 1990). In
density but low density of trees more than 10 cni.Db addition, more than 75% of the stems fall less than

) ) . cm Diameter Size Class. These are common featfires o
Whitmore (1998) reported that a typical tropicakland regenerating and some primary forests as reporged b

evergreen rain forest usually has 25-45 m of canopyjanokaran and Kochummen (1987) and Oketlal.
height and emergent trees to 60-80 m tall. In &midit  (2003). The frequency of larger tree increased aih
Brearleyet al. (2004) reported the mean tree height ofin the rehabilitated forest project site plots. 3de
old secondary forest to be 19.0 m as compared.®i@2 mimic the characteristics of typical secondary $bref
a primary forest at Barito Ulu, Central Kalimantahile  high total stem density but low density of treessléhan
Okudaet al. (2003) also recorded mean canopy height ofLlO cm Dbh.
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Generally, the basal areas for all the plots weresecondary forest. The assessment on the forestigiu
higher after extrapolation to a hectare basis. eligh provides an indication of the biodiversity and fire
basal area was due to the high density plantintpisn  health of the rehabilitated forest. The accelematio
rehabilitation technique. Basal area reportedrigpital  natural regeneration technique to rehabilitate adeq
forest ranges from 28-52%mh™ (Swaineet al., 1987), forest area has enhanced the means of structural
Ayer Hitam Forest Reserve, Selangor, Malaysia wagarameters such as Dbh, height and basal area as
21.1 m2 RY, Timbah Virgin Jungle Reserve, Sabah,compared to the natural regenerating secondartfore
Malaysia was 38.4-39.8 ii'. However, it is worth to  This can help to promote the reforestation and
note that the mean basal area in Plot 1991 wakestoration activities at degraded forest. Overall,
significantly higher than in Plot NF. This shoulé b rehabilitated forest areas have yet to recoveerims of
taken with caution in arriving at a conclusion abthe  Size and height.
forest structure as suggested by Brown and Lugo
(1990). They cautioned that the process of vegstati ACKNOWLEDGMENT
ageing involves rapid structural change such aslbas  The researchers would like to thank the

area and volume may be similar to mature foreseé Thmanagement and field staff of the Universiti Putra
process of maturing involves changes in the quality Malaysia Bintulu Sarawak Campus for their kind
structure i.e., the density and chemistry of wood a sypport, assistance and cooperation during thidystu
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The accelerating natural regeneration technique to

rehabilitate degraded forest area has been prowen t
accelerate some aspects of the structural chaisiitter
such as the overall mean basal area (61%), mean Di\fred, R., K.P. Hue, L.S. Khee and R. Alfred, 2010
(56%) and mean height (60%) of the trees as cordpare ~ The importance of maintaining a proper database
to the adjacent natural regenerating secondarystfore ~ on forest restoration program for orangutans in
despite having lack of similarity in the diametdass Borneo. American J. Env. Sc., 6: 137-151. DO
distribution. High density planting of 3 seedlinms meter ~ 10.3844/ajessp.2010.137.151 _
square in the site elucidated the higher basalamgaaller Ainuddin, N.A. and K. Goh, 2010. Effect of forestef
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