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Abstract. Jana CL, Jusoh I. 2021. Structure and tree species composition of forest fringe of a forest fragment in an oil palm plantation 

at Suai, Sarawak, Malaysian Borne. Biodiversitas 22: 3013-3019. Forest fragments in oil palm plantations are remnants of the original 

forest tract with various sizes and shapes after clearing forested lands for crops and roads. Fragmented forests usually created forest 

fringe or edge habitats that differ in light intensity, temperature, humidity, heavy rainfall, and strong winds from its core. The study was 

aimed to determine the structure and tree species composition of the forest fringe of a fragmented forest in an oil palm plantation Suai, 

Sarawak. This study established a total of 24 sampling plots within the forest fringe. Tree enumeration and species identification were 

conducted in all sampling plots to all trees with a diameter at breast height 5 cm and higher. A total of 59 families comprised of 274 

species and 948 trees individuals were recorded. The aboveground biomass stand at 260 Mg ha⁻¹. Species Elateriospermum tapos was 

predominant, and family Dipterocarpaceace dominated the forest fringe.  Based on the calculated indices, species diversity and richness 

were considered high, while the dispersion of individual trees was random but unevenly distributed. Natural regeneration in the forest 

fringe is sustainable. The forest structure and species composition are intact, and without significant disturbance, the whole forest 

fragment is self-sustain. 
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INTRODUCTION 

Forest fragments of different sizes and shapes are 

common in oil palm plantations. It occurs during the 

plantation establishment phase, where it causes biodiversity 

loss (Shevade and Loboda 2019). The process starts with 

timber harvesting of primary or secondary forests, 

subsequently clear-felled most forested areas for oil palm 

plantation and roads, leaving scattered tracts of standing 

trees (Bakewell and Donysius 2014). According to Haddad 

et al. (2015), this forest fragmentation process is considered 

a major threat to biodiversity. Many oil palm plantation 

companies have gazetted the forest fragments as High 

Conservation Value (HCV) forests to support the 

conservation initiatives. 

Generally, large forest fragments contain a relatively 

uniform core that provides sufficient conditions for tree 

communities to sustain themselves (Patrício et al. 2019). 

However, as fragments, original areas of natural habitat 

have cleared, the impacts on tree diversity and forest 

sustainability remain unknown. The edge effect could 

adversely affect the core areas, especially when the ratio of 

edge habitat to core habitat is significant as in linear-shape 

fragments. Many species naturally occur in the core habitat. 

They cannot survive near the edges of the habitat due to 

unfavorable conditions like light levels, temperature, 

humidity, and susceptibility to wind disruption. Destruction 

and alteration of habitat due to forest fragmentation is the 

most significant single threat to biological diversity 

worldwide (Mullu et al. 2016). It caused a loss in 

Cypripedium calceolus population (Orchidaceae) in the 

Adamello-Brenta Natural Park, North Italy (Perazza and 

Decarli 2020), increased in mortality of large trees (Bulafu 

et al. 2013), and high degradation of the population tree 

structure and regeneration (Gebeyehu et al. 2019).  

Some birds are sensitive to increased wind, sunlight 

intensity, and air temperature to avoid nesting in an edge 

habitat (Laurance et al. 2011). A shift in bird species may 

occur due to environmental change in forest habitat, which 

may jeopardize the balance of avifauna communities and 

increase their vulnerability (Simanov and Matantseva 

2020). Forest fringe can be the significant factor 

contributing to the reduced distribution and abundance of 

wildlife species attributed to proximity to the road that 

increased the risk of mortality due to roadkill and other 

anthropogenic pressure (Mohd-Azlan et al. 2020). There is 

an increase of human-bear conflict in the areas within a 

three-kilometer buffer between forest edge and settlements 

(Letro et al. 2020). 

Fragmentation consequentially causes the creation of 

fringe or edge habitats. Forest fringe or forest edge is 100 

m from the edge towards the interior of a fragmented forest 

(Aragón et al. 2015). This form of the belt up to 100 m in 

width bordering the fragmented forest with open vegetation 

outside forest fragments results in distinct microclimate 

differences compared with the core or interior forest. 

Altered microclimatic conditions may benefit invasive, 

pioneer, and weedy species (Mullu 2016). 

Alien plants can be host to pests and diseases 

transmitted to forest fragments, affecting the survival of 
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native species (Prospero and Cleary 2017). This may cause 

a decline in forest species and risking the sustainability of 

the forest. Forest edge effects have been shown to increase 

the mortality of tree canopy (Mullu 2016), creating more 

gaps, increased light penetration, alter forest regeneration 

and eventually affect vegetation structure and composition 

of the forest fringe (Ordway and Asner 2020). Forest gaps 

and alteration of the microclimate will permanently 

interfere with the natural tree regeneration causing a shift 

in the species composition and forest structure (Aragón et 

al. 2015). The survival rate, growth, low tree density, and 

biomass increase in liana and vine in the forest fringe result 

in overall floristics trajectory changes (Campbell et al. 

2018). 

This study analyzes the forest fringe communities of a 

forest fragment in an oil palm plantation. Specifically, we 

investigate the dominant species, tree density, tree density 

pattern, and aboveground biomass. It is essential to 

understand the status of tree communities because of the 

changing environment. Understanding the impacts of edge 

effects on the forest fringe community structure and tree 

composition will provide sound judgment on managing and 

conserving the fragmented forest. Species composition is 

an important indicator of ecological and management 

processes at a site. It describes the relative contribution of a 

particular species, and its dominance indicates its ability to 

thrive in the forest edge environment. Environmental 

variables such as rainfall and temperature affect the 

species richness within the forest (Martinez-Camilo et al. 

2018). Soil properties, namely pH, nitrogen availability and 

moisture, affected plant distribution (Khapugin 2019). 

According to Dossa et al. (2013), light intensity and 

elevation are important in plant diversity. Vegetation 

structure identifies the species distribution within a forest  

stand represented by tree density, basal area, and relative 

coverage of species in specific size classes (Moss 2012). 

Species distribution is an important parameter in 

supporting the diversity of tree species (Pastorella and 

Paletto 2013) and as an indicator of forest management 

practices (Ćosović et al. 2020). 

Estimating tree biomass is essential for evaluating 

forest energy, climate change, forest health, and nutrient 

cycling (Dong et al. 2016). Aboveground biomass (AGB) 

is vital for carbon storage in trees and is used to study 

carbon sequestration (Ravindranath and Ostwald 2018). 

Besides, it is crucial to estimate forest structure and 

productivity because environmental conditions and site 

productivity affect the aboveground biomass (Pontes et al. 

2019). There are limited studies regarding forest fringe 

communities in oil palm plantations. Given this in mind, 

our research aims to determine the stand characteristics and 

floristics diversity of forest fringe communities of a 

fragmented forest surrounded by oil palm plantations. 

MATERIALS AND METHODS 

Study area 

This study was conducted in an oil palm plantation 

located at 18 km of kilometer 115, Bintulu-Miri road, Suai, 

Miri, Sarawak. The study site is a fragmented forest located 

at N3⁰34′00.76″, E113⁰46′12.72″ with an area of 

approximately 116.28 ha (Figure 1.A and B). The forest 

type is a lowland mixed dipterocarp forest selectively 

logged since 1996 and set aside as a high conservation 

value (HCV) forest. The terrain is undulatingly ranging 

from 45 to 75 m a.s.l, receiving 2,890 - 3000 mm of rainfall 

throughout the year. 

 
 

 
 

Figure 1. Location of the study area and sampling scheme. A. Relative location of the study area. B. A fragmented forest surrounded by 

oil palm plantation and position of a transect in the forest fringe. C. Placement of three sampling plots along a transect line within the 

forest fringe 
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Field sampling  

We established eight transects line of 100 m in length 

from the forest fringe into the interior of the fragmented 

forest. Three 20 x 20 m sampling plots, each placed 20 m 

apart, were constructed along each transect line (Figure 

1.C). All trees with a diameter at breast height (DBH) ≥ 5 

cm in all sampling plots were enumerated. Measurement of 

tree diameter over bark at breast height (i.e. 1.30 m above 

ground level) was done to the nearest cm using a diameter 

tape. Trees with DBH between 5 to 9.9 cm were classified 

as saplings. Enumerated trees were preliminarily identified 

in the field based on bark, slash, and leaves characteristics. 

Unidentified tree species were named up to the genus level. 

A detailed species identification was further carried out in 

UNIMAS herbarium and Forest Department Sarawak 

herbarium. 

Stand structure 

Stand structure was described based on the tree density, 

basal area, species and family richness, aboveground 

biomass (AGB), and tree distribution by diameter class. 

Tree density is the number of trees or tree frequency per 

unit area. Basal area (BA) of a tree is the term to describe 

the tree stems occupying an average amount of the area. It 

is defined as the total cross-sectional area of a number of 

all stand trees measured at breast height. Aboveground 

biomass was calculated for each tree using the moist forest 

AGB equation (Chave et al. 2005). 
 

AGB = p × exp (-1.499 + 2.148 ln(D) + 0.207 (ln(D))²- 0.0281 

(ln(D))³) 

 

AGB is in dry weight (kg tree⁻¹), DBH is in cm, and p 

is basic wood density (in g cm⁻³). Wood densities of all 

species were taken from the wood density database at the 

website of the International Council for Research in 

Agroforestry (ICRAF). All air-dry wood density (10 – 18% 

moisture content) was converted to basic wood density by 

multiplying wood densities by a value of 0.861 (Vieilledent 

et al. 2018). The classification of trees by diameter classes 

illustrates the number of trees present in each diameter 

class. It indicates the natural regeneration, growth, and 

mortality of a forest stand (Kacholi 2014). 

Species Composition 

 Tree species composition was described on the 

basis of the importance value index (IVI). It was calculated 

as the sum of relative frequency, relative density and 

relative coverage (Gebeyehu et al. 2019): 

 

 

 

The family importance value (FIV) was calculated by 

the summation of the percentages of the three attributes 

below (Kacholi 2014): 

 

 

 
Family importance value can be used to analyze each 

family contribution and indicate the dominance of a 

particular family in a forest community (Kacholi 2014). 

Tree species diversity indices, the Shannon–Wiener index 

of species heterogeneity (H′), Simpson diversity index (D), 

Pielou’s evenness (E) and Margalef (DMg) species richness 

and Morisita’s index (Id) of dispersion were calculated 

based on Magurran (2004). The evenness index (E’) value 

is equal to 1 when the species distribution is perfectly 

evenly distributed and 0 when the variation is maximum. 

Morisita index is used to measure the dispersion of plants 

identify the spatial distribution pattern of the vegetation, 

whether the population is clustered, random, or dispersedly 

distributed (Hayes and Castillo 2017). A value of close to 

1.0 indicates random dispersion, 0 for uniform and a large 

number for aggregate distribution. 

RESULTS AND DISCUSSION 

Stand structure 

A total of 948 trees representing 59 families comprised 

of 137 genera and 274 species were recorded in the 24 

plots (0.96 ha in sum) (Table 1). A recent study conducted 

in the forest core or interior of the same forest fragmented 

recorded 1367 tree ha⁻¹, a basal area of 34.3 m² ha⁻¹, 55 

families, 127 genera and 287 species (Jusoh 2017). By 

comparison, the forest core tree stocking is denser in the 

forest core, but the family, genera and species richness 

were comparable. 

 
 

Table 1. Structural characteristics of forest fringe of a fragmented 

forest in 24 plots of 20 x 20 m in an oil palm plantation 

 

Variable Value 

Number of trees (DBH ≥ 5 cm) 948 

Number of trees (DBH ≥ 10 cm) 585 

Number of species 274 

Number of genera 137 

Number of families 59 

Mean basal area (m² ha¯¹) (DBH ≥ 5 cm) 29.9 

Mean basal area (m² ha¯¹) (DBH ≥ 10 cm) 26.3 

Mean aboveground biomass (Mg ha¯¹)(DBH ≥ 5 cm) 260 

Mean aboveground biomass (Mg ha¯¹)(DBH ≥ 10 cm) 249 

Note: Mg = Megagram [One Megagram (Mg) = 1000 kg] 
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Tree density of 585 tree ha⁻¹ with DBH ≥ 10 cm 

recorded in this study was much lower compared to 710 

and 718 tree ha⁻¹, as recorded by Ling and Julia (2012) and 

Vilma et al. (2012), respectively. Since the later three 

studies were conducted in the forest core of National Park 

and Conservation Area in Sarawak, higher tree densities 

are expected.  

Diameter size distribution showed that smaller trees are 

in abundance, and the number of trees decreased with 

diameter size (Figure 2). This distribution is known as the 

inverted-J or reverse-J curve (Pontes et al. 2019). About 

38.3% of the enumerated tree are sapling, and another 

38.6% are pole size trees (10.1 – 20 cm DBH), making 

about 77% of the forest fringe tree small. About 4.5% of 

trees were considered big size (DBH ≥ 40 cm). The 

inverted-J curve illustrates that tree saplings count is high, 

and the number of tree declines in the upper diameter 

classes indicates that forest recruitment or regeneration is 

good. It's a typical structure in tropical forests, and the 

natural regeneration will be successful (Kacholi 2014). The 

distribution pattern of decrease in the number of trees with 

the increase of trees diameter class agrees with other 

reports (Ling and Julia 2012; Jusoh 2017; Dar et al. 2019). 

The curve is smoother for the smaller diameter class 

because the trees were less dense in the large diameter 

class. It also indicates that the number of trees between 

successive classes was smaller in the larger diameter class 

than those found in the smaller diameter class. 

The basal area (BA) in the forest fringe with DBH ≥ 10 

cm was low (26.3 m2 ha⁻¹) compared to the forest core. A 

previous study reported that the BA of the forest core was 

31.9 m2 ha⁻¹ (Jusoh 2017). The low basal area is attributed 

to the small diameter of trees in the forest fringe. Ling and 

Julia (2012) recorded 43.0 m2 ha⁻¹ for the Semenggoh 

Arboretum Sarawak forest core. 

The total biomass of trees was 260 Mg ha⁻¹. The forest 

fringe stored the bulk (39%) of the total AGB in the 

smaller diameter (DBH 5 to 30 cm). The large trees (DBH  

≥ 50 cm) stored 29%, and the medium-size tree makes up 

the rest of the total AGB. There were 861small trees 

compared to only 20 large trees reflecting a strong positive 

association between trees diameter and aboveground 

biomass distribution. The increasing trend of AGB in the 

smaller diameter trees and the cumulative increased in total 

aboveground biomass (Figure 3) is typical for the tropical 

forest of Southeast Asia, Central, Western and Eastern 

Africa, and South America (Feldpausch et al. 2012).  

The AGB of tropical forest was estimated to be 418 ± 

112.9 Mg ha⁻¹ (mean ± standard deviation) based on 

studies done in 120 sites in Southeast Asia, Africa and 

South America (Slik et al. 2013). The low tree density and 

very few large-diameter trees affect the low AGB value in 

the forest fringe. Large trees dominate AGB, and our 

results showed the importance of medium-sized trees in 

compensating for the loss of large trees. This fragmented 

forest had fewer large trees than the primary forest due to 

anthropogenic disturbance (Bulafu et al. 2013), primarily 

the selective logging during plantation establishment.  

Ordway and Asner (2020) reported a reduction of 22% 

AGB along forest peripheries extended 100 m into the 

forest interior due to changes in canopy structure. 

Species composition and diversity 

Among 274 tree species enumerated in all plots, 

Elateriospermum tapos is the most dominant species based 

on IVI value (80.0), followed by Santiria tomentosa (67.3) 

and Shorea macroptera (45.7). The top 10 dominant 

species according to IVI values are presented in Table 2. 

Elateriospermum tapos is abundant in the forest fringe and 

recorded in about 71% of our sampling plots. It also has the 

highest number of stems and basal all the tree species 

recorded. This species also accumulated the highest 

biomass with 20.8 Mg. This species was found in high 

abundance because it grows very well in forest core and 

secondary forests, kerangas forest, forest edges, and 

logging roads (Lim 2012). 

 

 
 

 

 
Figure 2. Diameter distribution of all trees species in the forest 

fringe 

 

 

 

 

 
 

Figure 3. Aboveground biomass distribution (bars) among 

diameter class (cm) with cumulative aboveground biomass on the 

second axis (line) for all trees species in the forest fringe 
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Table 2. Top ten dominant species according to importance value at the forest fringe of a fragmented forest in an oil palm plantation 

 

Species Rba (%) Rf (%) Rd (%) IVI (%) AGB (Mg) 

Elateriospermum tapos Blume 5.1 70.8 4.1 80.0 20.1 

Santiria tomentosa Blume 2.4 62.5 2.4 67.3 6.3 

Shorea macroptera Dyer 2.7 41.7 1.4 45.7 7.8 

Dryobalanops lanceolata Burck 0.7 37.5 1.5 39.6 1.2 

Litsea castanea Hook. f. 0.5 37.5 1.2 39.2 0.7 

Monocarpia marginalis (Scheff.) J. Sinclair 0.8 33.3 0.9 35.1 1.5 

Ficus geocharis Corner 0.2 33.3 1.2 34.7 0.2 

Palaquium ridleyi King & Gamble 1.2 29.2 2.0 32.4 3.3 

Macaranga triloba (Thunb.) Müll.Arg. 1.2 29.2 0.9 31.3 1.9 

Artocarpus anisophyllus Miq. 0.4 29.2 0.7 30.3 0.5 
Note: Rba: relative basal area; Rf: relative frequency; Rd: relative density; AGB: aboveground biomass. [One Megagram (Mg) = 1000 kg] 

 

 

 

Santiria tomentosa was abundant, with 62.5% of the 

samplings plots contain this species. The majority of its 

trees were in the range of 5 to 30 cm in DBH. In Sarawak, 

these species regenerate very well in logged-over forest, 

and it was the dominant species five years after logging, 

and it has some pioneer species features (Kochummen et al. 

1995). However, it only accumulated 6.3 Mg of biomass. 

Shorea macroptera is quite common in the forest fringe, 

with DBH mostly less than 20 cm. It occurs in 41.7% of 

our sampling plots. At maturity, this tree species is a large 

and emergent tree growing up 50 m high and 150 cm DBH 

(Soepadmo et al. 2002). This species accumulated the 

third-highest AGB at 7.8 Mg. In terms of AGB, the second-

highest was Shorea ovata with AGB at 12.0 Mg. The 

distribution of this tree species was scarce, but three large 

trees (DBH (cm) 45.1, 66.5, 67.2) contributed 96% of its 

AGB. This shows that dominant species do not necessarily 

have a high AGB value, but it is the tree size that affects 

the value of AGB.  

Out of 59 families, the top ten dominant tree families 

based on FIV is listed in Table 3. The top ten families 

contributed 63% and 70% of FIV and AGB values, 

respectively. The commonest families in the forest fringe 

were Dipterocarpaceae (50.2), Euphorbiaceae (32.6), and 

Lauraceae (22.7). In terms of AGB, the top three families 

were similar to FIV, where the highest ones were 

Dipterocarpaceae (57.7 Mg), followed by Euphorbiaceae 

(33.7), and Lauraceae (17.7) (Table 3). Family 

Dipterocarpaceae recorded the highest number of trees 

(15.9%), the richness species (12.4%) and the largest basal 

area coverage (21.8%) of families recorded in the forest 

fringe area. 

There was a considerable contrast between 

Dipterocarpaceae and the rest of the families in tree 

density, species richness and basal area coverage, 

suggesting that species of dipterocarps can thrive in forest 

edges. Dipterocarps are generally shade-tolerant, but some 

species are light-demanding. Research has demonstrated 

that dipterocarps seedlings require more sunlight than the 

forest floor of a closed canopy forest for growth 

development (Brearley et al. 2017). For these reasons, 

forest fringe can support dipterocarp regeneration and 

growth as long as seeds disperse from mother trees within 

the forested areas. 

Diversity indices 

Species diversity between sampling plots showed slight 

variations. Shannon-Weiner index at 2.25 (Table 4) is 

considered high in terms of abundance and evenness of the 

species present. However, this is a low value compared to 

values reported by other studies in Malaysia. For instance, 

in a logged-over forest in Anap Muput, Bintulu, H’ was 

3.44 (Demies et al. 2019). Lambir Hills National Park 

lowland mixed dipterocarp forest recorded H’ values of 4.1 

to 4.3 (Takeuchi et al. 2017). In the lowland dipterocarp 

and riparian forests of Taman Negara Pahang, the H’ 

values were 4.84 and 3.38, respectively (Zani et al. 2013). 

The H' values usually range from 1.5 to 3.5 but seldom 

reach 4.5 (Magurran 2004). Careful attention must be 

practiced when direct comparisons of indices are made 

because the values are affected by sample size and range of 

DBH measured for each study. Simpson’s diversity index 

(D) of the forest fringe was also high at 0.99, indicating 

that tree species are rich and abundant. Species richness 

helps in carbon sequestration and promotes higher stand 

productivity (Liu et al. 2018). 

Pielou’s evenness index was small. The value of E’ at 

0.4 would suggest that the tree species was intermediately 

distributed. The species richness was computed using the 

Margalef index. From the 24 plots enumerated, the species 

richness was 39.80. The forest fringe is rich in species, as 

indicated by the Shannon-Weiner diversity index and 

Simpson’s diversity index from the index value itself. The 

Margalef index must be cautious because it is highly 

sensitive to sample size (Magurran 2004). For a meaningful 

comparison, the total area sample should be as close as 

possible (Gamito 2010). Our calculated Morisita index was 

close to 0 (Table 4), indicating that the dispersion of tree 

species in the forest fringe is uniform.  
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Table 3. Top ten dominant families based on family importance 

index at the forest fringe of a fragmented forest in an oil palm 

plantation. 

 

Species RDe RDi Rbdo FIV 
AGB 

(Mg) 

Dipterocarpaceae 15.9 12.4 21.8 50.2 57.5 

Euphorbiaceae 12.3 7.664 12.6 32.6 33.7 

Lauraceae 6.751 8.029 7.936 22.7 17.7 

Burseraceae 6.435 3.285 5.964 15.7 14.8 

Moraceae 4.219 4.380 5.309 13.9 13.6 

Annonaceae 3.692 5.474 4.068 13.2 8.4 

Anacardiaceae 3.270 3.650 5.456 12.4 14.6 

Myristicaceae 4.325 4.745 2.506 11.6 4.2 

Melastomataceae 3.797 2.190 2.600 8.587 4.9 

Sapotaceae 4.114 2.190 2.195 8.499 4.9 

Note: RDe: relative density; RDi: relative diversity; RbDo: 

relative dominance; FIV: family importance value, AGB: 

aboveground biomass. 

 

 

 

Table 4. Tree diversity indices in the forest fringe of a fragmented 

forest in an oil palm plantation 

 

Indices Value 

Shannon-Weiner (H’) 2.25 

Simpson index (D) 0.99 

Pielou’s evenness (E’) 0.40 

Margalef index (d) 39.80 

Morisita’s index of dispersion 0.03 

 

 

 

There is no doubt that this forest fringe has a high 

conservation value. It contributes to the HCV biodiversity 

through (i) the presence of species that flourish in the forest 

edge habitat, (ii) the high number of species composition, 

and (iii) the ability of some dipterocarp species adapted to 

edge conditions. The fringes are particularly vulnerable 

because they are indirectly affected by the introduction of 

weeds and alien plants or disturbance by mankind. The 

forest fringe should be protected and preserved to avoid 

destruction and alteration to the forest core habitat. The 

forest fringe structure and composition provide physical 

protection from wind and light, extreme weather, and other 

edge-related changes in microclimate. 

This study showed that the forest edge environment 

affected the fringe community with the low basal area, tree 

density, large-diameter trees and AGB. However, the tree 

communities are considered rich and diverse. The tree 

species dispersion is uniform but unevenly distributed. The 

forest fringe communities are dominated by the family 

Dipterocarpaceae and Elateriospermum tapos, a species 

from the Euphorbiaceae family. The community structure 

is currently regenerating healthily. Generally, the forest 

fringe is similar in structure to the core forest. However, 

some major floristics differences between forest fringe and 

forest core are low in diversity and tree stocking. The 

number of large trees and AGB are also low in the forest 

fringe. The forest fringe structure and species composition 

must be maintained and free from human disturbance. The 

forest fringe is regenerating well and able to thrive in the 

forest edge environment. Thus, effective programs must be 

taken to protect and sustain biodiversity in fragmented 

forest areas. 
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