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ABSTRACT 
 

The woody plants species inventory and diversity of primary, old secondary and secondary forest 
patches of Ulu Muda Forest Reserve (UMFR), Kedah, Peninsular Malaysia were assessed in this study. 
This was done to understand the current status of the forest towards ensuring proper conservation plans. 
Plants with diameter at breast height of not less than 10 were identified and enumerated within 10m 
radius (both left and right) of a 1500m transect laid at each site. Two hundred and thirty-five (235) plant 
species belonging to 56 families and 144 genera were enumerated in all the sites. The percentage 
composition of lianas (14.53%) was found to be very minimal to tree species (76.49%) which denotes 
the health status of the forest. Polyalthia jenkensii, Spondias cytherea and Intsia palembanica were the 
most common plants in the three sites. The Shannon diversity index of all the sites was observed to be 
greater than 2, which shows the high diverse nature of the forest despite some past disturbances. The 
old secondary forest patch was reported to have recuperated over the years due to its highest diversity 
indices. 
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INTRODUCTION 
 

Tropical forests globally are known to be highly valuable due to the ecosystem services they 
provide such as controlling soil erosion and serving as habitats to both plants and animals 
(Anbarashan & Parthasarathy, 2013). These tropical forests are threatened severely by 
anthropogenic influences and require specific interventions towards the management and 
maintenance of their overall carbon productivity, biodiversity and sustainability (Kumar et al., 
2006). To ensure the management and sustainability of forest ecosystems, it is important to 
understand their tree species composition and structures (Kacholi, 2014). The knowledge of 
the forests’ structure, tree species richness, and their characteristics is a useful tool towards an 
effective long-term conservation of the forests (Ifo et al., 2015). The main anthropogenic threat 
faced by tropical forests globally is the issue of logging and this has gotten the attention of 
most ecologists in studying how these forests have reacted to the threat (Saiful & Latiff, 2014). 
This makes it more expedient for  tropical forests to be protected to conserve  biodiversity and 
mitigate climate change (Berry et al., 2010). Consequently, most tropical countries have now 
adopted a more sustainable way of scrutinizing logging activities in their forests through closed 
supervision (Sadeghi et al., 2014).   
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Similarly, Malaysian forests are known to be highly diverse in plant species and are 
economically useful to the country. About 44.7% of the total land mass in Peninsular Malaysia 
is composed of forests (Ghollasimood, 2011). Based on the elevation and soil types ranging 
from coastal areas to the hills, about 16 different types of forests have been classified across 
the world (Whitmore & Sayer, 1992). The Ulu Muda Forest Reserve (UMFR) can be described 
as a dipterocarp forest (Mardan et al., 2013). Both primary and secondary forests have to be 
protected due to their importance in maintaining balance in the environment (Berry et al., 
2010).  
 
Over the years, there has been a consistent decrease in the number of plant species at the UMFR 
due to logging activities (Saiful et al., 2008). This is why there is need for continuous 
assessment of the plant species diversity in the forest so as to guide effective conservation 
planning and management. This study aims to produce an inventory of the richness and 
diversity of plant species (mainly angiosperms) found at the Ulu Muda Forest Reserve 
(UMFR), Kedah, Malaysia. This is to give an updated record of the plant species diversity of 
this forest which was lacking in previous studies (Mardan et al., 2013). 
 
 

METHODOLOGY 
 
Study area 
Ulu Muda Forest Reserve (UMFR) which has an average size of about 160,000 ha is located 
in Kedah, Northwest of Peninsular Malaysia. The city where this forest is located has an 
average annual rainfall of about 2000mm with the peak in October. This forest comprises both 
hill and lowland dipterocarp forest vegetations. It also houses other vegetation types such as 
limestone and riparian vegetations. Due to the proximity of the forest to Southern Thailand, a 
few Thailand flora are found in this forest (Suksuwan, 2008). Apart from these, the forest serves 
a lot of economical uses such as water supply, recreation and logging to the natives of Kedah 
and neighbouring states (Mariana et al., 2008). Consequently, it has remained threatened by 
these anthropogenic activities. The most prevalent threats on the UMFR are the legal and illegal 
unstainable logging activities.  
 
Sampling technique and data analysis 
The forest was divided into three (3) study sites namely secondary forest (site 1), old secondary 
forest (site 2), and primary forest (site 3). The geographic coordinates of the sites are presented 
in Table 1.  
 
Sampling was done using a 1,500m line transect laid at each site. Plants particularly with 
diameter at breast height (dbh) of not less than 10cm, found along the transect and within the 
radius of 10m to the right and left of the transects were identified. Plant identification was done 
on-site and only those with uncertain identities were collected and identified at the herbarium 
of Universiti Sains Malaysia, Penang. 
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The diversity indices such as Simpson index, Shannon index, species evenness and Margalef 
index were estimated using the PAST 3.0 software. Rarefaction analysis was done to determine 
the species richness using the Biodiversity Pro software. The similarity in plant species 
between the studied forests was assessed using a Sorenson similarity index as calculated using 
the equation below: 
 

𝑆𝑐	 = 	 (2𝑊/𝑎)	𝑥	100%	(𝑆𝑜𝑟𝑒𝑛𝑠𝑜𝑛, 1948) 
 
Sc represents the similarity coefficient. W symbolized the number of plant species found 
common to all the sites. Also, a is the sum of the total number of plants species recorded at 
each of the sites. 
 
 

RESULTS AND DISCUSSION 
 

A total of 235 plant species comprising the following plant types; 15 emergent, 25 main 
canopy, 128 understory, 12 treelets, 18 shrubs, 34 lianas, 2 slender climbers and 1 large 
strangler were identified at all the sites in this forest (Fig. 1). These 235 plant species belong 
to 56 families and 144 genera (Appendix 1).  
 
 

 
 
 

Figure 1: The plant types and the corresponding number of species. 

Table 1: Location of the study sites. 

Site Latitude (N) Longitude (E) Altitude Forest type 
1 6° 6'47.03" 100°57'52.59" 130 m Secondary Forest 
2 6° 5'48.92" 100°58'27.19" 185 m Old Secondary Forest 
3 6° 6'21.12" 100°58'16.39" 210 m Primary Forest 
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Sites 1, 2 and 3 have 46, 199, and 135 plant species respectively. The rarefaction curve shows 
that site 2 has the highest plant species richness, followed by site 3, while site 1 has the lowest 
(Fig. 2).  
 

 
 
In this analysis, the estimated species richness for each site was very close to the observed 
species richness. The lianas have 14.53% composition as compared with the 76.49% of trees 
(emergent, main canopy, understory and treelets) in these forests. This low liana composition 
indicates that the forests are less disturbed and more stable in terms of tree richness and 
diversity (Villagra et al., 2013). Abundance of lianas in tropical forests has been reported to be 
positively correlated with high disturbance and also interfere with tree diversity (Addo-
Fordjour & Rahmad, 2015; García León et al., 2018).  
 
Euphorbiaceae, Annonaceae, and Meliaceae are the most common families having 22, 18, and 
14 number of species respectively. These same plant families have been reported to be 
dominant in many other tropical forests (Françoso et al., 2016; Rahmad et al., 2018). A 
previous study at the hill dipterocarp forest of UMFR also confirmed that Euphorbiaceae was 
the most important family in the forest (Sadeghi et al., 2014). However, this could have been 
due to the removal of some Dipterocarpaceae members during past logging (Saiful et al., 2008). 
In site 1, Polyalthia jenkensii, Spondias cytherea and Pterocymbium javanicum were the most 
common species. In site 2, Lagerstromia speciosa, Polyalthia jenkensii, and Spondias cytherea 
were the most common species. However, in site 3, Intsia palembanica, Spondias cytherea, 
and Bombax valetonii were the most common species. This then made Polyalthia jenkensii, 
Spondias cytherea, and Intsia palembanica to  overall be highly distributed species in all the 
three sites. 
 
Site 2 which is an old secondary forest, was observed to have the highest Simpson (0.995), 
Shannon (5.288) and Margalef (37.25) indices, followed by site 3 which is a primary forest.  
Site 1 was the one with the least of all the diversity indices estimated. This is very 

Figure 2: Rarefaction plot showing the species richness of the sample sites. 
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understandable due to the recent level of disturbance (logging) faced by site 1, being a 
secondary forest. None of the studied forests had a Shannon index that less than two. This 
shows that they are all highly diverse and stable in plant species (Barbour et al., 1999). The 
Sorenson similarity index coefficient between the three study sites is 8.97%. This is very low 
and it indicates that there is very little similarity between the study sites in terms of plant 
species. The three forests are different in level of disturbance. This could explain the reason 
for the low similarity index between them.  
 
 

 
 
The inventory and diversity of plants reported in this study could be a useful tool for the 
conservation of these forests in future (Jayakumar et al., 2011). Generally, tropical forests to 
which UMFR belongs, are described as very rich in species diversity and are providers of 
important ecosystem services including sources of timber and non-timber forest products 
(NTFPs), carbon stock and sequestration etc. (Bradon, 2014). As done in this study, it is 
important to periodically ascertain the status of forests which are known to provide lots of 
ecosystem services that are very essential to the survival of life on earth (Cardinale et al., 2012; 
Steur et al., 2020). This will aid in implementing appropriate conservation measures by policy 
makers or conservationists in the forests whose ecosystem services have been identified to be 
threatened (IPBES, 2019).  There is a direct positive relationship between forest biodiversity 
richness and ecosystem services (Harrison et al., 2014). This means that conservation of forest 
biodiversity will also aid in the preservation of its ecosystem services (Steur et al., 2020). 
Specifically, higher plant diversity of a forest is expected to lead to a higher ecosystem service 
since the plants are the primary producers in such forest (Quijas et al., 2010). 

 
 

CONCLUSIONS 
 

This study has revealed that the old secondary forest (site 2) has undergone fast recuperation 
over the years and has become richer and more diverse in plant species as compared with the 
primary forest (site 3) at the UMFR. This shows that the efforts made by the government in 
conserving this forest reserve is yielding positive results and it is  commended. The current 
level of supervised logging activities should be maintained or further minimized so as to keep 
the forest more stable in the provision of ecosystem services and diverse in plant species. 
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Table 2: The diversity indices of plants species at the Ulu Muda Forest, Kedah. 

 Site 1 Site 2 Site 3 
Number of species 46 198 135 
Simpson index 0.978 0.995b 0.993b 

Shannon index 3.829a 5.288d 4.905b 

Species evenness 1a 1a 1a 

Margalef index  11.75c 37.25d 27.32e 
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