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ABSTRACT 

The genetic diversity of Dryobalanops aromatica from Peninsular Malaysia was evaluated using allozyme markers 
based on ten natural and two planted populations. Genetic diversity parameters (average and effective number of 
alleles per polymorphic locus = 4.1 and 2.5 respectively, proportion of polymorphic loci = 77.1% and expected 
heterozygosity = 0.459) based on the ten natural populations, indicated that the species harbors higher levels of 
genetic diversity, if compared with others regionally distributed tropical long-lived tree species. High value of gene 
flow (6.69) and low value of population differentiation (0.036), implied of extensive gene flow in the past, among 
the ten natural populations. Cluster analysis of genetic distances among populations formed four distinctive genetic 
clusters, with populations from Terengganu and Pahang forming a common cluster, those from Johor splitting into 
two unique clusters and the only population from Selangor as the outlier. Cluster analysis also disclosed that the two 
planted populations were most closely related to Kanching, reasoning the population being the conceivable seed 
sources for the two planted populations. Genetically unique populations were identified by "jackhife" analysis. Four 
populations were identified to be genetically unique and were recommended for consideration for conservation 
purposes. With mean effective population size across the terl natural populations rangcd from 21,264 to 2,126,381, 
effective breeding unit for the maintenance of current level of allozyme heterozygosity might be more than 700 ha. 

Key words: Dyobalanops aromalica, Dipterocarpaceae, allozyme, genetic diversity, genstic conservation, tree 
improvement. 

INTRODUCTION 

Dryobalanops arornatica, locally known as Kapur, is 
an emergent canopy tree occurring in Sumatra, Riau 
Archipelago, Borneo and Peninsular Malaysia 
(SYMINGTON 1943). It occurs abundantly in the low- 
lands but does occur in the hills (up to 365 m altitude). 
In Peninsular Malaysia, D. arornatica is comparatively 
restricted in distribution. It is found mainly in two large 
areas on the east coast as long belts just inside the 
beach area: one area extends from the Pahang-Tereng- 
ganu border in Baloh Forest Reserve northwards as far 
as the Sungai Marang in Terengganu and other area 
from just north of the Sungai Rompin in south Pahang 
to Panti Forest Reserve in south central Johor (WYATT- 
SMITH 1964). The distribution of Kapur within these 
areas is however discontinuous. A further small pocket 
is found at Kanching, near Rawang, on the west coast 
of the Peninsular. In gregarious stands, it may make up 
to 90 percent of the total volume of timber (Fox- 
WORTHY 1927). The tree is easily distinguished by the 
purple brown, scaly bole, the aromatic cut, and 
aromatic-small ovate leaves. It flowers synchro~iously 
and has small white hermaphrodite flowers. In Peninsu- 

lar Malaysia, the reported floral visitors are honey bees, 
Apis dorsata and A. irdica var. cerrana (APPANAH 
198 1, ASHTOW 1988). In natural and undisturbed 
forests, it is reported to be predominantly outcrossed 
(LEE 2000). It is known that in general, good seed years 
only occur once in two to five years (WYATT-SMITH 
1964). The evidence for any climatic stimulus to 
flowering is indecisive, but there is an indication that 
fruiting is associated with dry weather of at least a 
month, some six-months before fruiting (SMITH 1957). 
The fruits have an ovate nut, large wing (about 5 cm 
long) and are dispersed by gravity, where most of the 
fruits fall under the crown of the mother tree. The seeds 
germinate immediately after falling, or even while still 
attached to the tiee during wet weather. The timber is a 
medium hardwood (BARNARD 1954) and is moderately 
durable in tropical conditions. It is suitable for heavy 
construction, posts, beam,  joints and railway sleepers. 

Survival of a species in the long term depends on the 
sustenance of adeqrate genetic variability within and 
among populations to accommodate new seleciioil 
pressures brought about by environmental changes 
(LEDIG 1988). Populations of a species may have 
different degrees of genetic varidtiori according to their 
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breeding systems and life history traits (e.g., HAMRICK 
et al. 1979, LOVELESS & HAMRICK 1984, HAMRICK & 
GODT 1989, LOVELESS 1992). In terms of management, 
high heterozygosity suggests that populations of each 
species may carry substantial genetic load. An allevia- 
tion of population size in those species could result in 
increased homozygosity and lower reproductive output. 
In recent years, our knowledge about genetic and 
reproductive modes has increased greatly, especially in 
the case of lowland tropical rain forest trees (BAWA et 
al. 1985a, b; HAMRICK & LOVELESS 1986; ASHTON 
1988; HAMRICK & MURAWSKI 1991). However, this 
information is not being used as part of a management 
strategy and conservation program directed towards a 
particular ecosystem or a species. Rather, the goal of 
these studies is to gather basic data to explicate ecologi- 
cal and evolutionary processes in the tropics. 

In this study, we employed allozyme electrophoresis 
to describe the genetic structure of D. arornatica in 
Peninsular Malaysia. Although D. arornatica can be 
found abundantly in Peninsular Malaysia, but with 
continued exploitation for its timber and conversion of 
forests to other land uses, it is unlikely for the species 
to remain abundant indefinitely and populations that are 
unique and adapted to specific environments can easily 
be lost, unless a proper conservation strategy is devel- 
oped and practiced. Moreover, current selective logging 
practices where trees with good form and straight bole 
are preferable can easily cause dysgenic effects, result- 
ing in the loss of the best genotypes. Hence, this study 
will assumes the task to: (1) determine the amount of 
genetic diversity displayed by D. arornatica in Peninsu- 

lar Malaysia and describe how genetic diversity is 
distributed within and among populations, (2) estimate 
the extent of gene flow and genetic relationship among 
populations, and (3) identify unique populations and 
estimate effective population size for genetic conserva- 
tion and forest management practices. 

MATERIALS AND METHODS 

Sampling sites 

Ten natural populations and two planted populations of 
D, arornatica distributed throughout Peninsular Malay- 
sia were used for this study. The locations and names of 
the sampled populations are presented in Table 1. In the 
Terengganu populations, D. arornatica is found on free 
draining, deep sandy loam of low fertility, apparently 
avoiding the heavier granite-derived soils (WYATT- 
SMITH 1964, reference here in). In the Johor popula- 
tions, it is found on similar light soils and less com- 
monly on heavier granite derived Rengam series soils. 
In the Kanching Forest Reserve, where the true status 
is uncertain (introduced or natural), it flourishes on a 
variety of soils ranging from sandy silts derived from 
decomposed vein-quartz, through light l o a m  over 
shales, to heavy clay l o a m  over granite. In plantation 
at FRIM and Tampin, it is growing healthily on granite- 
derived heavy clay l o a m  (Rengam series). A transect- 
line sampling method as described by LEE et al. (2000) 
was utilized as a guide for the sampling activities. A 
total of 823 sapling samples were collected and the 
number of samples per population ranged between 48 

Table 1. Locations and sample sizes of ten natural and two planted populations ofD. arornatica from Peninsular Malaysia 
included in the study. 

Population Code Sample size Location Latitude Longitude 

Natural 

Bukit Bauk 
Rasau Kerteh 
Bukit Sai 
Bukit jemalang 
Kanching* 
Lesong 
Gunong Arong 
Mersing 
Lenggor 
Ulu Sedili 

BUBA 
RAKE 
BUSA 
BUJE 
KANC 
LESO 
GUAR 
MERS 
LGOR 
ULUS 

Terengganu 
Terengganu 
Terengganu 
Terengganu 
Selangor 
Pahang 
Johor 
Johor 
Johor 
Johor 

Planted 

FRIM FRIM 80 Selangor 3" 17'N 103" 38'E 
Tampin TAMP 80 N. Sembilan 2" 28'N 102" 15'E 

* The true status is uncertain (introduced or natural). In this study, it was assumed as natural population. 

213, 



to 80 (averaging 69). The collected samples were wrap- 
ped with tissue paper, moistened and maintained at low 
temperature (4°C) before being brought back to the 
laboratory for enzyme extraction. 

Enzyme extraction and allozyme analyses 

Inner bark tissues were homogenized in 200 ml extrac- 
tion buffer, consists of 50 mM borate buffer (pH 8.0), 
1% PVP-40, 2% BSA, 10 rnM ascorbic acid, 6 mM 
D l T ,  20 rnM Na,S,O,, 0.1% b-mercaptoethanol, 0.05 
M DIECA, 0.5 M sucrose, 1% tween-80, 1% 20 M 
PEG, 0.5% 2-phenoxyethanol, 1% tergitol, 0.2470 
MgCl,, 0.2% CaC1, and 5 mM EDTA. Electrophoresis 
was performed using horizontal starch gel. While no 
controlled crosses were performed, segregation patterns 
of polymorphic loci were confirmed from unpublished 
analyses of open pollinated progeny arrays LEE (2000). 
Eleven allozyme systems were selected for high enzy- 
matic activity. Malate dehydrogenase (MDH), isocitrate 
dehy-drogenase (IDH), phosphogluconate dehydro- 
genase (PGD) and hexokinase (HEX) staining zones 
appeared polymorphic but were omitted for further 
discussion due to tight banding patterns and inconsis- 
tent dosage effects. The remaining allozyme systems 
were assayed on two gel and electrode buffer systems. 
Alcohol dehydrogenase (ADH) and leucine aminopepti- 
dase (LAP) were resolved on a lithium borate buffer 
(ASHTON & BRADEN 1961); glucose phosphate isome- 
rase (GPI), malic enzyme (ME), phosphoglucomutase 
(PGM), shikimate dehydrogenase (SDH) and uridine 
diphosphogluconate pyrophosphatase (UGP) were 
resolved on a morpholine citrate buffer system at pH 
6.1 (CLAYTON & TRETIAK 1972). For enzyme systems 
with either more than one zone of activity or in zones of 
activity with more than one allozyme, the zoneslloci 
were designated numerically (beginning with 1) and 
alleles were designated alphabetically (beginning with 
A), both in decreasing order of relative mobility. 

Data analysis 

Levels of genetic diversity were described in terms of total 
number of alleles (including polymorphic and monomor- 
phic loci, A,), average number o l  alleles per polymorphic 
locus (A,), effective number of alleles per polymorphic 
locus (A,) following the method of CROW and KIMURA 
(1970), proportion of polymorphic loci (95% criteria, P), 
observed heterozygosity (H,) and NEI's (1978) expected 
heterozygosity (H,). Total genetic diversity (H,) at poly- 
morphic loci, distribution of genetic diversity within 
population (H,) and among populations (D,, = HT - H,) 
together with coefficient of population differentiation (G,, 
= D,, / H,) were examined using the G-statistic of NEI 

(1987) based on the ten natural populations An indirect 
estimate of gene flow was calculated as Nm = ( I  - F,,) / 
4 4 ,  (WRIGHT 1931, SLATKIN 1987), where F,, was 
considered equivalent to G,,and Nm estimates the number 
of migrants per generation. To asses the relatedness 
among the populations investigated, NEI's (1978) genetic 
distance (D) was calculated for each pairwise combination 
of populations and cluster analysis via the unweighted 
pairwise groups with arithmetic averaging (UPGMA, 
SNEATH & SOKAL 1973). All of these parameters except 
the A, and Nm were calculated with the assistance of 
BIOSYS-1 (SWOFFORD & SELANDER 198 1) and FSTAT 
(GOUDET 2000) computer programs. To determine the 
effective population size (N,) needed to maintain current 
level of allozyme heterozygosity, the heterozygosity 
formula of CROW and KIMURA (1970) for neutral alleles 
was calculated. It was estimated based on the theory that 
for a population under selective neutrality, heterozygosity 
at equilibrium is a function of N, and the neutral mutation 
rate. The general relationship is N, = H, 1 [4p (1 - H,)], 
where He is the expected heterozygosity and ,LI is the 
neutral mutation rate. The genetic uniqueness of a specific 
population (a,) was determined using "jackknife" analysis 
(SLATKIN 1985, JAQUISH &EL-KASSABY 1998) as follows: 
(1) removing population a, data from the original data-set 
(i,e., -a,), (2) estimating the average D, G,, and Nm for the 
new data-set and (3) comparing the estimates obtained 
from the original analysis to that of the ten new data-sets 
(i.e., -a,, -a,, . . . . . .., -a,,,). 

RESULTS 

Six out of the seven loci investigated were polymorphic 
in all the populations. A total of 32 alleles were ob- 
served at the six polymorphic loci (Table 2). The most 
frequent allele for some loci varied among populations, 
e.g., Pgm, Ugp-1 and Me. RAKE was the only popula- 
tion that harbored a private allele H at Pgm (Table 2). 
At the species level, the total number of alleles (A,) and 
the average number of alleles per polymorphic locus 
(A,) were 33 and 5.3 respectively. At the population 
level, the A, ranged between 21 (KANC) and 29 (RA- 
KE), with an average of 26 alleles (Table 3). Subse- 
quently, the A, was lowest in KANC (3.3) and highest 
in RAKE (4.7). The effective number of alleles per 
polymorphic locus (A,) provides a measure of allelic 
evenness and is invariant to the average number of 
alleles only when all alleles are present in equal fre- 
quencies. The effective number of alleles per polymor- 
phic locus varied from 2.3 (GUAR) to 2.7 (ULUS and 
RAKE), with a mean of 2.5 across populations. In 
general, the values of A, were much lower than A, in all 
the populations, indicating the existence of many rare 
alleles, with only one or two alleles predominating in 
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Table 2. Allele frequencies for polymorphic loci in ten natural and two planted populations (FRIM and TAMP) of D. 
aromatics. 

Locus Allele BUBA RAKE BUSA BIKE KANC LESO GUAR MERS LGOR ULUS FRIM TAMP 

Gpi-1 A 0.008 0.000 0.000 0.000 0.243 0.058 0.000 0.000 0.047 0.000 0.200 0.262 
B 0.550 0.418 0.368 0.302 0.382 0.449 0.615 0.545 0.406 0.480 0.438 0.195 
C 0.017 0.030 0.000 0.026 0.000 0.000 0.000 0.000 0.000 0.029 0.000 0.000 
D 0.008 0.097 0.000 0.069 0.000 0.072 0.064 0.037 0.063 0.049 0.025 0.000 
E 0.000 0.015 0.018 0.000 0,000 0.007 0.000 0.015 0.000 0.010 0.000 0.000 
F 0.217 0.201 0.307 0.259 0.208 0.203 0.077 0.254 0.281 0.206 0.069 0.293 
G 0.058 0.037 0.079 0.086 0.090 0.051 0.141 0.037 0.070 0.059 0.144 0.006 
H 0.033 0.007 0.079 0.000 0.021 0.014 0.000 0.007 0.023 0.039 0.013 0.000 
I 0.108 0.179 0.105 0.241 0.056 0.145 0.103 0.104 0.109 0.127 0.081 0.244 
J 0.000 0.015 0.044 0.017 0.000 0.000 0.000 0.000 0.000 0.000 0.031 0.000 

Lap A 0.467 0.613 0.688 0.602 0.556 0.745 0.543 0.592 0.585 0.588 0.660 0.512 
B 0.533 0.387 0.312 0.398 0.444 0.255 0.457 0.408 0.415 0.412 0.340 0.488 

A 0.000 0.000 0.008 0.008 0.000 0.000 0.000 0.000 0.007 0.000 0.000 0.012 
Sdh B 0.993 0.985 0.929 0.984 0.884 0.935 0.962 0.993 0.941 0.991 0.969 0.988 

C 0.007 0.015 0.063 0.008 0.116 0.065 0.038 0.007 0.051 0.009 0.031 0.000 

some populations. The genetic diversity of D. aro- 
m a t i c ~  was relatively high. At the species level, the 
mean expected heterozygosity (H,) was 0.477. At the 
population level, the He across the ten natural popula- 
tions was 0.459, with GUAR showed the lowest (0.440) 
and LGOR the highest (0.475). The two planted popu- 
lations (FRIM and TAMP) in general exhibited lower 
value of H, (0.43 1 and 0.434 respectively), in compari- 
sons with natural populations, althoughFRIM exhibited 
high levels of A, (25) and A, (3.8). The observed 
heterozygosity (H,) within population ranged from 
0.367 (GUAR) to 0.430 (KANC), with amean of 0.398 
(Table 3). Overall, H, is generally lower than H, across 
the ten natural populations, postulating an excess of 
homozygotes. Effective population size (N,) estimates 

based on expected heterozygosity and two neutral 
mutation rates (p), ranged from 19,643 (GUAR) to 
22,619 (LGOR) with p = lo-' and subsequently 1,964, 
286 to 2,261,905 with p = (Table 3). Mean N, 
across the ten natural populations ranged from 21,264 
to 2,126,381. 

Total genetic diversity (H,) and within population 
genetic diversity (H,) generating overall loci averages 
of 0.555 and 0.535 respectively (Table 4, ALL-10). 
The mean proportion of total diversity among popula- 
tions (G,,) was 0.036, indicating that about 3.6 percent 
of the encountered genetic diversity was due to 
interpopulational gene frequency differences. Hence, 
majority of genetic diversity (96.4%) resided within 
population. The level of gene flow among the ten 



Table 3. Summary of allozyme diversity and effective population size for ten natural and two planted populations of D. 
arornatica in Peninsular Malaysia. Values in parentheses are standard deviation. 

Population A,  A, A, P Ha He Nep=lO-5  Nep=lO- '  

Natural 

BUBA 
RAKE 
BUS A 
BUJE 
KANC 
LESO 
GUAR 
MERS 
LGOR 
ULUS 

Popul, mean 
Species level 

Planted 

FRIM 25 3.8(0.9) 2.3 71.4 0.351(0.089) 0.431(0.110) - - 

TAMP 19 3.0(0.5) 2.4 71.4 0.439(0.126) 0.434(0.115) - - 

A, = Total number of alleles (including polymorphic and monomorphic loci). 
A, = Average number of alleles per polymorphic locus. 
A, = Effective number of alleles per polymorphic locus. 
P = Proportion of polymorphic loci (95% criterion). 
H, = Observed heterozygosity. 
He = Expected heterozygosity. 
Ne = Effective population size needed to maintain current level of allozyme heterozygosities. Estimates are calculated from 

Crow and Kimura's (1970) equilibrium heterozygosity formula for neutral alleles. Two mutation rates (u) are given as a 
range. Values for species level and planted populations (FRIM and TAMP) were not calculated. 

population. The level of gene flow among the ten 
natural populations was high (6.69 migrants per genera 
tion), indicating the presence of substantial gene flow 
among populations (Table 4, ALL-10). 

Cluster analysis of genetic distance (D) among 
populations formed four distinctive genetic clusters, 
with populations from Terengganu (BUBA, BUJE, 
RAKE, and BUSA) and Pahang (LESO) forming a 
common cluster, those from Johor splitting into two 
unique clusters (ULUS-GUAR and MERS-LGOR 
respectively), and the only population from Selangor 
(KANC) as the outlier (Figure 1). Cluster analysis also 
disclosed that the two-planted populations were closely 
related to KANC, reasoning the population being the 
conceivable seed sources for the two planted popula- 
tions (Figure 1). 

The genetic uniqueness of each population was 
concluded by calculating the G,, statistic, average 
genetic distance (D) and gene flow (Nm) for the re- 
maining populations after the elimination of this 
specific population from the data. Low among popula- 

tions genetic diversity (G,,) values of 0.030, 0.030, 
0.032,0.033 were noticed for the analysis of -KANC, 
-MERS, -GUAR and -BUSA populations respectively 
(Table 4). These values were lower than that obtained 
from the analysis of the ten populations altogether 
(0.036), as well as for the remaining six analyses (Table 
4). In a like manner, the genetic distance analysis 
produced low averages of D for the -KANC (0.034), 
-MERS (0.035), -GUAR (0.036) and -BUSA (0.037) 
populations as compared to the average of the ten 
populations (0.039) and the remaining six analyses 
(Table 4). The analyses of gene flow also produced 
results that resembled those obtained from the G,, and 
D. While Nm for the ten populations was 6.69 individ- 
uallgeneration, estimates for -KANC, -MERS, 
-GUAR and -BUSA were 8.08, 8.08, 7.56 and 7.33 
respectively (Table 4). This result may indicate that the 
inclusion of these four populations in the analysis 
resulted in a reduction of the actual estimate of gene 
flow. 
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Table 4. Genetic diversity statistics (NEI 1987), average 
genetic distance (D) and gene flow (Nm) in D. aromatica 
populations from Peninsular Malaysia after the removal 
of one population at a time. -BUBA represents an analysis 
that contained all populations after the removal of the 
BUBA population. ALL-10 represents an analysis of the 
ten natural populations. 

Population H ,  H, GsT D Nrn 

- BUBA 
- RAKE 
- BUSA 
- BUJE 
- KANC 
- LESO 
- GUAR 
- MERS 
- LGOR 
- ULUS 

ALL- 10 

H, = Total genetic diversity. 
H, = Within population genetic diversity. 
G,, = Proportion of total diversity partitioned among popu- 

lations 

DISCUSSION 

This present study showed that D. arornatica from 
Peninsular Malaysia harbors higher levels of genetic 
diversity if compared with others regionally distributed 
tropical long-lived tree species (A, = 1.5 1, A, = 1.16, P 
= 39.8 and He = 0.125, HAMRICK etal. 1992). Allozyme 
variation of three natural populations of D. aromatica 
from Brunei has been reported by SHIRAISHI et al. 
(1994). They found out that D. arornatica maintained 
high level of genetic diversity (He = 0.481). However, 
estimation of their study was based on a single poly- 
morphic locus, validity of the results obtained is skepti- 
cal and should be considered with due precautions. The 
studies by MURAWSKI and BAWA (1994) and LEE et al. 
(2000) on the genus Stemonoporus and Shorea respec- 
tively, also from the same family (Dipterocarpaceae), 
provide some basis for comparisons. MURAWSKI and 
BAWA (1994), in their study of an endemic Sri Lankan 
dipterocarp (based on four natural populations and nine 
allozyme loci), reported that Sternonoporus oblongi- 
folius maintained high level of within population 
genetic diversity (A, = 1.67, P = 91.7 and He = 0.282). 
The study of LEE et al. (2000) based on eight natural 
populations distributed throughout Malaysia and nine 
allozyme loci also encountered exceptionally high level 
of genetic diversity on Shorea leprosula (A, = 2.6, A, = 
1.79 and He = 0.369). Ultimately, levels of genetic 

ULUS 

GUAR 

BUBA 

BUJE 

RAKE 

BUSA 

LESO 

MERS 

LGOR 

TAMP 

FRIM 

KANC 

. 0 7  . 0 5  . 0 3  .02 . O O  

Distance 
Figure 1. Dendrogram for UPGMA cluster analysis based on 
NEI's (1978) genetic distance between the ten natural and two 
planted populations of D. aromatica in Peninsular Malaysia. 

diversity observed on D. arornatica in this study were 
the highest among the tropical tree species that have 
been reported (HAMRICK & LOVELESS 1986; HAMRICK 
& MURAWSKI 1991; LOVELESS 1992; HALL et al. 
1994a, b, 1996; SHEELY & MEAGHER 1996; DOLIGEZ& 
JOLY 1997). High values of genetic diversity can be 
attributed to the species' evolutionary history and life- 
history traits such as predominantly outcrossed, long- 
life span, regional geographical range and high fecun- 
dities. It might also be affected to some degree by the 
low number of loci used in this study, although there 
was no bias in the selection of monomorphic and 
polymorphic loci. 

The relatively low G,, value (3.6%) obtained is 
indicative of extensive gene flow among the ten natural 
populations studied. This is slightly lower than the 
result reported by LEE et al. (2000) on Shorea leprosula 
(8.5%), and much lower that the result reported by 
MURAWSKI and BAWA (1994) on Sternonoporus ob- 
longifolius (16.3%), which was based on four popula- 
tions separated by maximum distance of only 10 km. 
However, low values of G,,, comparable to the present 
study have been reported for other tropical trees 
(PEREZ-NASSER et al. 1993, ALVAREZ-BUYLLA & 
GARAY 1994, CHASE et al. 1995). High gene flow is 
known to lessen the level of genetic differentiation 
among populations (GREGORIUS & NAMKOONG 1983, 
NAMKOONG& GREGORIUS 1985). Estimates of Nm less 
than one indicate relatively little gene flow and one or 
greater suggest high levels of gene flow (SLATKIN 1985, 
SLATKIN & BARTON 1989). Indirect estimates of Nrn 
represent historical average levels of gene flow and 
may not represent present day levels (LOVELESS 1992). 



Thus, the indirect estimate of Nrn of 6.69 indicates the 
presence of substantial gene flow among populations in 
the past, which might responsible for the maintenance 
of low genetic differentiation among populations in D. 
arornatica. 

One of the major sampling considerations for 
conservation of abundant species such as D. arornatica 
is geographical placement of units. For highly outcross- 
ing species with low genetic differentiation among 
populations, large reserves would better maintain the 
important component of within population variability. 
If a few of these were strategically placed on the basis 
of patterns of genetic variation, much of the variability 
among populations could also be captured (MILLAR & 
LIBBY 1991). The low G,, and D and high Nrn estimates 
obtained for -KANC, -MERS, -GUAR and -BUSA 
analyses testify greater genetic similarity among the 
remaining populations. Grounded on the ten analyses 
conducted (Table 4), it could be concluded that KANC, 
MERS, GUAR and BUSA withhold some unique 
genetic temperament. The clustering of the populations 
in the dendrogram is also supportive of this conclusion 
(Figure 1). The KANC, MERS, GUAR and BUSA 
were respectively as the representative population for 
the four main clusters. Hence, at least for the allozyme 
systems considered, these four unique populations 
should secure additional attention for conservation 
purposes. 

The other major question for designing new units in 
the genetic management system is, how big should 
individual areas be? The answer depends on whether 
the goal is to conserve a population size that retains the 
current levels of diversity or to let the population 
decrease to some permissible minimum number of 
individuals that hopefully will still warrant long-term 
survival of the population. The genetic factors influenc- 
ing within-stand dynamics including inbreeding, genetic 
drift, immigration and selection and are influenced by 
the reproductive system of the species. For many out- 
breeding species, where genetic diversity within popu- 
lations is generally high, inbreeding caused by reduced 
population size can produce a severe decline in health 
and vigor (MILLAR & LIBBY 1991). These species will 
need relatively large populations to oppose the long- 
term decline of heterozygosity as related individuals 
mate. Formula for calculating effective population sizes 
required to maintain heterozygosity have been devel- 
oped for neutral alleles (CROW & KIMURA 1970), and 
these have been applied to allozyme data. Calculation 
of this size depends on the relation of effective popula- 
tion size to mutation rate and current levels of heterozy- 
gosity. Based on allozyme data for D. arornatica, the 
mean effective population sizes estimated ranged from 
21,264 to 2,126,381. By using the similar approach and 

same values of mutation rates, MILLAR unpublished 
data quoted in MILLAR and LIBBY (1 99 1) reported that 
the effective population sizes for Ponderosa pine and 
Douglas fir ranged from 2,230 to 910,640. From the 
enumeration surveys data of the big trees in Kapur 
forest by WYATT-SMITH (1964), the mean density of D. 
arornatica tree (more than 25 cm diameter at breast 
height) in Peninsular Malaysia was simplified into 
approximately 30 trees per ha. Applying this rough 
estimate to the mean effective population size might 
suggest that for the maintaining of current level of 
allozyme heterozygosity, the effective breeding unit for 
the species might be more than 700 ha. 

Dryobalanops arornatica is not backed by any 
genetic improvement program in Peninsular Malaysia. 
The present results showed that D. arornatica in Penin- 
sular Malaysia maintained a high level of genetic 
diversity. As the species produced valuable timber, 
disruption of some of these existing populations in 
future is unavoidable. The high levels of genetic 
diversity promise a 'massive gene pool" for selections 
and manipulations. Thus, it is still not too late for tree 
breeders to initiate a tree improvement program that can 
further improve the species for forest plantation. As all 
the present planting programs are relying on natural- 
stand seed collections, the information on mating 
system as reported by LEE (2000) and genetic unique- 
ness of some of its populations in the present study, 
could be used to instruct the attempt in establishing 
several seed production areas. In use, some of the seed 
production areas should be established in the four 
genetically unique populations. This approach will 
grant an opportunity to affiliate conservation and 
utilization efforts in a constructive way. In addition, the 
establishment of seed production areas in genetically 
unique populations will safeguard their elimination 
from short-term harvesting plans. 

The information generated by the present study was 
solely based on genetic markers. Further study should 
be carried out to supplement the information with the 
traditional efforts that rely upon the use of adaptive and 
quantitative attributes in understanding the extent and 
nature of the genetic variation. Common-garden tests 
on inheritance of morphological and ecophysiological 
traits although are slow to yield information, and 
usually do not allow actual genotypic data to be esti- 
mated, they do, however, provide information about 
traits that more directly related to adaptation. 
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