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Abstract 
 
The Perhentian Island Archipelago comprising of 11 small islands is located in the state of Terengganu are among the biodiversity rich 
localities in Peninsular Malaysia. Perhentian Besar with approximately 867 hectares is one of the inhabited island and become the centre 

of tourism besides Perhentian Kecil. Island is well known as a place for many endemic and endangered living organism as previously 
demonstrated on other similar forested islands in Southeast Asia. However, there is little attention and effort of protection has been re-
ceived by the terrestrial ecosystems that reside nearby the coastal. Thus, the present study investigates on tree diversity, stand structure 
and community composition in the island of Perhentian Besar, Terengganu. Forest plot of 0.5 hectare was established to analyze the flo-
ristic composition of tree taxa. The plot was divided into 10 subplots of 25m x 20m. All trees with 5cm diameter breast height (dbh) and 
above were tagged, measured for dbh size, recorded and identified. Voucher specimens were taken for further verification purposes. A 
total of 102 tree species were recorded comprising of 28 families and 65 genera. Rubiaceae had the highest number of species (11 species) 
and with regards to relative dominance, Shorea leprosula (Dipterocarpaceae) gave the highest importance value index (IVi) for species 

with a value of 8.45%. The Shannon-Weiner Diversity Index (H’) was considered high in the present study with 3.94 (H’max = 4.62) and 
the Evenness Index (E) value of 0.85 indicated that all species in the present study are almost equally abundant. The forest stand struc-
ture had a reverse J-shaped curve for tree size-class distributions as frequently observed in many natural forests, which indicated that 
the forest stand in the study site had a good recruitment patterns and also a main feature of matured forest in Peninsular Ma laysia. 
The present study will help us to understand the pattern of tree species composition, diversity and forest ecosystem dynamic in Pulau 
Perhentian Besar. 
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1. Introduction 

Ecosystem study are usually difficult to understand and conceptu-
alized as it is not easy to delimitate physically [1]. Hence, island 
ecosystem have often been considered and used as a model to 

comprehend processes of evolution due to its geographical isola-
tion factor from the biological populations on the mainland [2] [3]. 
Every single part of the island ecosystems including its popula-
tions and communities are vulnerable yet resistance to the ecosys-
tem challenges despite of its geographical limitation with vital 
properties, processes and interactions occur in a manageable way 
[4]. However, understanding on one of the basic biotic elements of 
the island ecosystem such as trees is important in order to know 

more on such complex interactions.  Among special features of 
tree islands are  
sensitive to presence of exotic species and any changes in hydro-
logic condition. Thus, tree island can be used as an indicator of the 
potential impacts of changes to hydrologic conditions and provide 
vital relationship between land and ocean [5]. Isolated islands 
constitute important centers of endemism [6] as they can provide 
secure sanctuary and shelter for species, which originated from 

mainland areas [7]. Unfortunately, many forested tropical islands 
have most often been heavily impacted by anthropogenic activities 
and their biodiversity has been jeopardized [8]. Nonetheless, some 
islands at the northeast coast of Peninsular Malaysia, mainly Pulau 
Perhentian, has many astounding features; with high biodiversity 
area, humid climate and famous for its ecotourism activities. 
Therefore, the island forest has many ecological, socio-economics 

importance and impact to the local and global community [9]. 
Pulau Perhentian comprises of two islands called Perhentian Kecil 
and Perhentian Besar. The islands are located about 21 km off the 
Kuala Besut jetty. It is among one of the islands in Terengganu 
that is being frequented by tourist as vacation spot for leisure, 
sight-seeing, diving, snorkeling and jungle trekking. Pulau Per-
hentian Kecil is inhabited by more than 2,000 local people in a 
small township and a small village called Kampung Pasir Hantu. 

Both Pulau Perhentian Kecil and Besar are separated by a very 
narrow channel with strong water current [10]. Pulau Perhentian 
Besar was enacted as the Marine Protected Area system and had 
been gazetted as Fisheries Protected Areas under Fisheries Act of 
1985.  
Unlike many terrestrial ecosystem, there were little attention and 
effort on protecting the diversity of flora in the coastal forest in-
cluding islands in the off-coast islands of Terengganu. Therefore, 
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in this paper we provide the tree species diversity, stand structure 
and community composition occurring on one of the island of the 
Pulau Perhentian group, i.e. Pulau Perhentian Besar. The findings 
including distribution and abundance of tree species are useful in 
our understanding on the dynamic of forest ecosystem and conser-
vation management purposes. 

2. Materials and method 

2.1. Study Area  

Pulau Perhentian Besar, 05°53ʹ286ʺ N, 102°44ʹ783ʺ E, with gran-

itic feature forested island habitat lying off the northeast coast of 
Peninsular Malaysia. The granite bedrock only allows the devel-
opment of thin and rocky soil; however, deeper soils are known to 
have develop in more sheltered valley area [11]. Most of the island 
of Perhentian Besar consist of virgin forests comprising of mainly 
Dipterocarp forest, with both Dipterocarpus and Shorea species 
being found [12]. Our study site consists of old secondary forest 
that stretches from the sandy rocky adjacent to the coastal area 

until the hilly rocky area of the island. Photograph of the study site 
is shown in Figure 1. 
 

Fig 1: Map of Peninsular Malaysia showing the location Pulau Perhentian 

Besar, Terengganu  

2.2 Tree species enumeration 

Ten study plots of 25x20 m each (total area of 0.5 hectare) were 
established at the study area. In each plot, all trees with diameter 
at breast height (dbh) of 5 cm and above were tagged and meas-
ured its diameter. Collections of specimens were carried out with 
the help of aborigines (Orang Asli) to climb the trees; or the use of 
catapult to drop off the leaf samples; and the use of aluminium 

pruner. Leaves specimens of each measured tree were collected 
for preparation of voucher specimens and identification. Every 
specimen collected in the plots were tagged carefully and pressed 
between newspapers then preserved in alcohol. The specimens 
were kept in plastic bags and the plastic bags were tied to form an 
air-tight condition. In the laboratory, the specimens were trans-
ferred to dry newspapers. The pressed specimens were then oven-
dried at 55˚C for seven to ten days depending on the type, thick-
ness of the leaf and also the presence of fruits or flowers. The 

method for pressing the specimens was based on Bridson and 
Forman [28]. Species identification was made possible up to spe-
cies level by referring to the keys described in Tree Flora of Ma-
laya [9][10][11][12]. 

2.3. Data Analysis 

Data of all tree species were tabulated in Microsoft Excel accord-
ing to its habitat and were summarized to describe species compo-

sition and abundance of the tree communities at each site. Several 
diversity and richness indices were calculated, amongst them were 
Shannon Diversity Index and Margalef’s Richness Index [17]. 
Comparison of species richness between forests was made using 
Paleontological Statistics (PAST) Version 2.17 [18] and EcoSim 
(Null Modelling Software for Ecologist) [19].  

3. Results and discussion 

3.1. Floristic composition  

Based on the inventory, we recorded a total of 702 trees with di-
ameter at breast height (dbh) of 5 cm, consisted of 102 species 
from 65 genera and 28 families. The finding of this study was then 
compared to the previous studies [20] [21] [22] that focused on the 
similar forested islands in Peninsular Malaysia as shown in Table 
1. Several studies on swamp forest, alluvium soil forest, limestone 
hill forest and dipterocarp forest at Gunung Mulu National Park, 

Sarawak, reported that differences in species composition between 
the forest habitats could be due to differences in soil chemical 
properties of the different study areas [23]. Overall, the most spe-
ciose family within the 0.5-ha plot was the Rubiaceae (11 species) 
followed by Ebenaceae (9 species) and Guttiferae (8 species) 
while 8 families were singletons (represented by only one species) 
which were Apocynaceae, Celastraceae, Elaeocarpaceae, Fagaceae, 
Ixonanthaceae, Lecythidaceae, Oxalidaceae and Simaroubaceae. 

Similar observation have also reported Rubiaceae as the most 
speciose family of a coastal hill forest in Perak [24] as well as in 
the oldest forest reserve in Bukit Nanas Forest Reserve, Malaysia 
[25]. This is not surprising because Rubiaceae is reported as one 
of the five most species-rich flowering plant families comprising 
of 13,000 species; 620 genera, more than 40 tribes, and three sub-
families that is widely distributed at all continents including on the 
Antarctic Continent but most taxa occured in tropical or subtropi-
cal areas.  

 

Table 1: Number of tree species with comparison of the other studies   

focusing on the island 
Study Location Number of tree     

species recorded 

Present study Pulau Perhentian Besar 

(0.5 ha) 

102 

Senterre et al. 

(2015) 

Pulau Babi Tengah, 

Johor 

77 

Rohaiza (2011) Pulau Singa Besar, 

Langkawi (0.5 ha) 

84 

 Pulau Timun Langkawi 

(0.5 ha) 

75 

Raffae (2003) Gunung Matchinchang 

Forest Reserve, Lang-

kawi (2.6 ha) 

 

117 

   

 
The diameters of all trees sampled ranged from 5.0 cm to 85.2 cm 
of which 64.4% of the trees (452 trees) have a DBH size ranging 
from 5.0 cm to 14.9 cm. Diameter class distribution of the forest 
in each study site was strongly size-dependent and showed a re-
versed J-shaped curve (Figure 2). The inverse J-shape curve of the 

DBH distribution in the present study is in accordance with other 
tropical forests including on forested island [20][21][27] and it 
indicates that the forest stands in the study sites has good recruit-
ment patterns which rich sampling bank [27], and it is also a main 
feature of matured forest in Peninsular Malaysia [28]. 
 

 
Fig 2: Stand structure of trees at different DBH classes in all study plots at 

the Pulau Perhentian Besar, Terengganu 
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3.2. Abundance and species importance 

Density of trees in all plots was 1404 trees/ha of which Diptero-
carpaceae contributed the highest density with 328 trees/ha 
(23.4%) followed by Rubiaceae with 106 trees/ha (7.5%) (Table 

2). Hopea dryobalanoides (Dipterocarpaceae) with 120 trees/ha 
was the species that had the highest density, whilst Symplocos 
adenophylla (Symplocaceae) was ranked the second with 86 
trees/ha in the study plot (Table 2). Furthermore, the study plot 
showed a total tree basal area (BA) of 53.71 m2 /ha of which Dip-
terocarpaceae dominated the highest BA with values of 23.35 m2 
/ha followed by Myrtaceae with 4.68 m2 /ha (Table 2). At species 
level, Shorea leprosula (Dipterocarpaceae) was the species with 

the highest total BA in the plot with value of 10.04 m2/ha, whilst 
Dipterocarpus crinitus (Dipterocarpaceae) represented the second 
highest BA of 8.08 m2 /ha (Table 2). A similar observation was 
also reported at deciduous broad leaves forest and semi-deciduous 
forest in Sakaerat Reserve, north eastern Thailand where Diptero-
carpaceae contributed the largest BA of 9.53 m2/ha and 15.14 
m2/ha, respectively [29].  
Based on the calculated Importance Value Index (IVi), Shorea 

leprosula (Dipterocarpaceae) dominated the highest importance 
value index (IVi) of 8.45%, followed by Dipterocarpus crinitus 
(Dipterocarpacae) with an index value of 7.74% (Table 2). Dip-
terocarpacea recorded the highest family importance value index 
(FIVi) with 24.54% while Euphorbiaceae was on the second rank 
with FIVi of 6.57% (Table 2). The results show that none of the 
species and family in the study plot is considered as absolute do-
minant because only the species and family with IVi of more than 
10% and 40%, respectively is considered to have absolute domi-

nance in a particular area [30]. 
 
Table 2: Summary of  tree density, basal area (BA) and Importance Value 

(IVi) of two leading families and species at 10 plots of Pulau Perhentian 

Besar, Terengganu. 
 Family Species 

Density 

(trees/ha) 

Dipterocarpaceae   328 Hopea dryobalanoides   120 

 Rubiaceae              106 Symplocos adenophylla   86 

Basal 

Area  

(m
2
 ha

-1
) 

Dipterocarpaceae  23.35 Shorea leprosula          10.04 

 Myrtaceae              4.68 Dipterocarpus crinitus  8.08 

IVi (%) Dipterocarpaceae   24.54 Shorea leprosula    8.45 

  

Euphorbiaceae         6.57 

 

Dipterocarpus crinitus  7.74 

   

3.3. Species-area curve 

Species accumulation curve/species-area curve plots the cumula-

tive number of species recorded as a function of sampling effort 
and illustrate the increase in the total number of species encoun-
tered during the process of data collection [31]. Larger areas tend 
to contain larger numbers of species, and empirically, the relative 
numbers seem to follow systematic mathematical relationships. 
In all the 10 plots of the study area, the first plot with an area of 
0.05 ha recorded 29 species and subsequent increase of the plot 
area to 0.1 ha, result an increase in total number of species to 49, 

with addition of 20 other species (Table 3). A gradual accumula-
tion was observed from 0.15 ha to 0.35 ha, where the species 
number increased from 64 species to 98 species. Further increase 
in plot area to the total area of 0.50 ha indicates a small increase in 
species number (less than 3 species), and a species area curve 
(Figure 3) illustrates this pattern. 
 
Table 3: Total numbers of species and the increase in tree species (≥ 5cm 

DBH) a crossed 0.05-ha intervals in the 10 plots at Pulau Perhentian Besar, 

Terengganu 

  

No. of species PPB 

Plot  Size (ha) Total sp. Total species increase 

1 0.05 29 0 

2 0.1 49 20 

3 0.15 64 15 

4 0.2 75 11 

5 0.25 85 10 

6 0.3 92 7 

7 0.35 98 6 

8 0.4 100 2 

9 0.45 101 1 

10 0.5 102 1 

 
Fig 3: Species-area curve of tree communities (≥5 cm DBH) in the 10 

study plots at Pulau Perhentian Besar, Terengganu. 

 

The mean cumulative numbers of species per 0.05 ha in the study 
sites was 10.2 species, while the total additional number of species 
of 0.50 ha in the present study was 102 species. Figure 3 also 
showed that the study area of 0.50 ha in the Pulau Perhentian Be-
sar were almost the optimum size to capture the species richness 
of the area, whereby a plateau is nearly reached at the top of the 
graph; nevertheless, no clear asymptote is obtained, as the number 

of species was still on increase when the survey area is increased. 
Other studies in lowland forests such as of Ayer Hitam Forest 
Reserve [32] and Pasoh Forest Reserve [28] also showed that spe-
cies number continues to increase even over 5-30 hectares of sur-
vey area. This pattern is in accordance with a study of three 50-ha 
plots at various study sites; Pasoh Forest Reserve, Barro Colorado 
Island, Panama and Mudumalai Game Reserve in the state of 
Tamil Nadu, of which they observed species accumulation curves 

of a tropical rain forest showed no asymptote that approaching the 
curves in any scale compared to the temperate forest [33]. This is 
because tropical forests support high species richness, whereby the 
increase of the study area would cause an increase in number of 
species even just one species would be added. According to [33], 
the asymptote was not reached in the accumulation curve at any 
scale as demonstrated in the three 50-ha inventory plots including 
the Pasoh Forest Reserve, Peninsular Malaysia, where tree species 

richness continued to accumulate up to and beyond 50 ha. In addi-
tion, [33] also argued that the general concept of asymptote in the 
accumulation curve at 1-3 ha probably comes from temperate 
forest ecosystem sharply defined by edaphic and climatic regimes 
that can be fully enumerated. 

3.4. Conservation status 

Species that are Critically Endangered (CR), Endangered (EN) 

and Vulnerable (VU) are collectively referred as threatened. All 
species in the study plots were compared with the IUCN list, and 
17 species out of 102 tree species in the Pulau Perhentian Besar 
were listed in Red List of Threatened Species (Table 4). Six spe-
cies of Dipterocarpaceae and one species of Sapotaceae were 
categorized as threatened. Dipterocarpaceae has the largest num-
ber of threatened species of six, or 85.7% of all threatened species 
at all study plots. Pulau Perhentian Besar also recorded ten lower 
risk/least concern species from Burseraceae (three species); Gut-

tiferae (three species); while Celastraceae, Myristicaceae, Ochna-
ceae and Sapotaceae each with one species, respectively. 
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The largest percentage of threatened species in dipterocarps is 
because the family has high commercial value and also primary 
source of timber industries in Malaysia. Many studies in various 
forest types in Peninsular Malaysia documented dipterocarp spe-
cies as the most threatened family [34] [35] [36]. This is also simi-
lar with [37] listed 92 taxa of Peninsular Malaysia dipterocarps 
under the threatened category of the IUCN Red List. The highest 
number of threatened species in one family give us signal that the 

family need more attention in conservation. The uncontrolled land 
transformation activities and illegal logging activities can decrease 
dipterocarps population in the wild. 

Conserving native plant diversity and threatened species may re-
quire actively protecting and restoring species-rich habitats and 
areas with it high uniqueness. The Pulau Perhentian Besar has 
highly unique sites to harbour many endemic and threatened spe-
cies that need of conservation and it is essential to protect the for-
ested island with minimise threats by any means possible. 

 

Table 4: The IUCN Conservation status of tree species in Pulau          

Perhentian Besar 

FAMILY SPECIES 

IUCN 

STATUS 

BURSERACEAE Canarium littorale Blume LR/lc 

BURSERACEAE 

Dacryodes costata (Benn.) H.J. 

Lam LR/lc 

BURSERACEAE 

Santiria apiculata Benn. var. 

apiculata LR/lc 

CELASTRACEAE Lophopetalum wightianum Arn. LR/lc 

DIPTEROCARPACEA

E Dipterocarpus crinitus Dyer En 

DIPTEROCARPACEA

E Shorea foxworthyi Symington CR 

DIPTEROCARPACEA

E Shorea glauca King En 

DIPTEROCARPACEA

E Shorea lepidota (Korth.) Blume CR 

DIPTEROCARPACEA

E Shorea leprosula Miq En 

DIPTEROCARPACEA

E Vatica mangachapoi Blanco En 

GUTTIFERAE Calophyllum tetrapterum Miq.  LR/lc 

GUTTIFERAE 

Cratoxylum arborescens (Vahl) 

Blume var. arborescens LR/lc 

GUTTIFERAE Garcinia maingayi Hook.f. LR/lc 

MYRISTICACEAE 

Knema furfuracea (Hook.f. & 

Thomson) Warb LR/lc 

OCHNACEAE 

Brackenridgea hookeri (Planch.) 

A. Gray LR/lc 

SAPOTACEAE 

Madhuca penicillata (King & 

Gamble) H.J. Lam Vu 

SAPOTACEAE 

Palaquium maingayi (C.B. 

Clarke) King & Gamble LR/lc 

 

Note: LR= Lower risk, lc= least concern, CR= Critically Endangered, EN= 

Endangered and VU= Vulnerable. 

 

4. Conclusion 

The floristic study showed that the Pulau Perhentian Besar is 
composed of diverse and unique flora communities, whereby high 
species richness was displayed. The stand structure of tree com-
munities in the study sites were dominated by small trees < 15 cm 
dbh with a reverse J-shaped pattern, and it reflects a high regene-

ration potential of the forest and also a typical for a mature stand, 
with many small stems compared to few large ones. No absolute 
species dominance was recorded in the study area; which is a 
common character of the tropical forest community where there is 
a lack of species dominance and high species diversity. It is im-
portant that the study and monitoring of the biodiversity at Pulau 
Perhentian Besar be continued to ensure that actions can be taken 
immediately if any detrimental development occurs before the 

biodiversity is fully explored and documented. Furthermore, this 
island have the potential to support conservation and tourism acti-
vities.  
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