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Abstract. Ruziman HH, Mohti A, Nik Ali NNBNA, Ismail A, Pardi F. 2024. Assessing forest biomass and diversity of tree populations in 
Tekam Forest Reserve, Pahang, Malaysia. Biodiversitas 25: 2821-2827. Free Air CO2 Enrichment (FACE) experiments are long-term 
monitoring projects to comprehend the response of forest ecosystems to future atmospheres with CO2 enriched. Therefore, the research 

aims to determine the forest biomass and species diversity in the FACE system of Tekam Forest Reserve (TFR), Pahang, Malaysia. The 
sampling plots of 25 m × 20 m were established in TekamFACE as experimental plot and control plot in TFR. Allometric equation, 
Shannon-Wiener, and Evenness indices were used to estimate the standing biomass, carbon stock and species diversity, respectively. 
Tekam FACE system recorded total forest biomass of 54.38 ton/ha, contributed by 42.82 tons/ha of Above-Ground Biomass (AGB) and 
11.56 tons/ha of Below-Ground Biomass (BGB). High carbon stock was also estimated at both forest plots with 27.19 tons/ha in 
TekamFACE and 17.35 tons/ha in control plot. These values indicated that the forest has high biomass, which can contribute to carbon 
sequestration that help mitigate the impacts of climate change. Further, this forest recorded high Species Diversity (H’) and Species 
Evenness (E) at TekamFACE (H’ = 4.04; E = 0.93) and control plot (H’ = 3.53; E = 0.83). Overall, this research emphasized that forests 

with rich biodiversity have substantial carbon sequestration capacity for the adaptation of forest ecosystems to future atmospheric changes. 
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INTRODUCTION 

Forest ecosystems are crucial in addressing climate 

change because trees compose approximately 50% of carbon 
in their dry weight, whereby the increased size of standing 

timber directly correlates with increases in inbound carbon 

during photosynthesis (Napaldet and Gomez 2018). The 

ecological role of forests is considered a carbon sink 

because forest trees can remove atmospheric carbon by 

storing carbon in their standing biomass. In tropical forests, 

about half of the carbon is stored in tree biomass, and the 

remaining half is in the forest soil. Large trees (≥70 cm) 

contain 39.1% of above-ground biomass, a major component 

of the total biomass in the forests, reflecting the functioning 

of tropical ecosystems as well as carbon storage (Bradford 

and Murphy 2019). The quantity of tree biomass per unit of 
land area constitutes the primary inventory data needed to 

understand the flow of materials and water through forest 

ecosystems (Bargali and Bargali 2016). This study becomes 

compounded if forest biomass is to be measured and 

analyzed in its proper context as a part of the production, 

the very basis of the functioning of ecosystems (Awasthi et 

al. 2022). Tree diversity is an important indicator for the 

sustainability of forest ecosystem (Ampoorter et al. 2020). 

In general, assessment on floristic composition at family, 

genus and species levels were conducted for the biodiversity 

aspect of a study area (Luna et al. 2020). The forest reserve 

is considered diverse if many species are recorded in the 

study area (Lundström et al. 2016). Forest diversity, 
distribution, and community status play a crucial role in 

preserving forest ecosystems, enhancing ecological benefits, 

and shaping future forest dynamics (Baboo et al. 2017; Karki 

et al. 2017). Understanding these aspects helps us gauge the 

species composition and diversity within forests (Bisht et 

al. 2024), which also provides valuable insights for forest 

conservation efforts (Joshi et al. 2023). However, across 

many regions, most of tropical Asia's forests are degraded 

and fragmented as a result of massive forest conversion for 

agriculture and other anthropogenic pressures (Ashton et al. 

2014; Hansen et al. 2020). Further, deforestation consequently 

leads to the release of stored carbon and hence becomes the 
major contributor to human-caused climate change (Lawrence 

et al. 2022). As such, tropical forests are potentially 

susceptible to the existential threats of changing climate 

(Sodhi et al. 2004; Siyum et al. 2020) and identifying its 

hazardous effects is crucial for forest management and 

conservation plans.  

The long-term responses of forests to atmospheric CO2 

enrichment have been complicated to determine experimentally 

given their canopy's large scale and complex structure 

(Norby et al. 2021). In Malaysia, Free Air CO2 Enrichments 

(FACE) experiments in Universiti Kebangsaan Malaysia 
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and Tekam Forest Reserve, Jerantut, are long-term monitoring 

projects to assess the impact of free air CO2 enrichment on 

forest habitats. Following this achievement, there is broad 

optimism that forests should be considered a mitigation 

tool for global climate change. Further, only some studies 

focus on the forest biomass and diversity of tree 

populations in FACE plots, especially in TekamFACE, 

Pahang. The importance of fully understanding the forest 

biomass and diversity of tree populations is obviously 

needed so that comprehensive management and conservation 
action plan can be carried out to maintain the sustainability 

of the forest for future generations, especially in the 

changing climate. Hence, this research was conducted in 

TekamFACE with elevated CO2 concentration and a control 

plot with ambient CO2 concentration in Tekam Forest 

Reserve. This research aims to investigate the forest biomass 

and species diversity under elevated carbon dioxide in the 

FACE plot and under ambient CO2 in a control plot at 

Tekam Forest Reserve, Pahang. 

MATERIALS AND METHODS 

Study area 
Tekam Forest Reserve lies between 4° North and 102° 

35' East, in the district of Jerantut, Pahang. The 

TekamFACE system was built in Compartment 84, Tekam 

Reserve Forest, Jerantut Pahang at coordinates 3°58’25.1” 

N and 102°35’28.5” E with a width of 228 ha. 

In this study, the FACE plot in Tekam Reserve Forest, 

Jerantut, Pahang, is an infrastructure in the shape of a 

hexagon with a side of 6 meters and 12 meters of height 

that was built by the Forest Research Institute Malaysia 

(FRIM) in 2016. The primary function of the construction 

is to allow CO2 gas to be released within the experimental 
plot at the desired level in the surrounding area. In general, 

the operational journey of the TekamFACE system begins 

with creating CO2 gas in the panel control house's gas 

barrel. The discharge of CO2 gas through the flow pipe into 

the FACE hexagon's air space. Then, the LAN/WiFi data 

transfer from the 4-in-1 sensor device. Thus, the data was 

stored on the PC using the EZ ICMS program and data 

monitoring via the Android phone. In this study, the FACE 

plot in Tekam Reserve Forest, Jerantut, Pahang is an 

infrastructure in the shape of a hexagon with a side of 6 

meters and 12 meters of height that was built by Forest 

Research Institute Malaysia (FRIM) in 2016. The main 
function of the construction is to allow CO2 gas to be 

released within the experimental plot at desired level in the 

surrounding area. In general, the operational journey of the 

TekamFACE system begins with the creation of CO2 gas in 

the panel control house's gas barrel. The discharge of CO2 

gas through the flow pipe into the FACE hexagon's air 

space. Then, the LAN/WiFi transfer of data from the 4-in-1 

sensor device. Thus, the data was stored on the PC using 

the EZ ICMS program and data monitoring via the android 

phone. 

A typical forest environment has a monthly CO2 range 
of 495 ppm, a temperature of 29.9°C, a relative humidity of 

84.2%, and a light intensity of 110 lux. Beginning in June 

2018, the rise of CO2 gas in the usual environment within 

the FACE hexagon will be ±125 ppm (Azian et al. 2021). 

The increases of CO2 gases were released through a rubber 

pipeline and controlled by the sensor devices in the panel 

control house built around the experimental FACE plot 

(Azian et al. 2020). The 4-in-1 sensor devices have been 

installed in the FACE plot to measure the parameters of 

CO2 (ppm), air humidity (%RH), light intensity (Lux), and 

temperature (C) every 10 minutes for 24 hours every day. 

Tree sampling 
There were two plots of 25 m × 25 m quadrats 

constructed, which were equal to 0.0625 ha each located in 

the control plot and FACE plot. All trees with Diameter at 

Breast Height (DBH) of 5 cm and above were tagged and 

measured at 1.3 m above the ground. The quantity of each 

species in the FACE and control plots, the size of the trees, 

and a visual inspection of the well-being of the trees were 

used to help in identification of species. The identification 

of the specimens was referred to “The number of known 

plants species in the world and its annual increase”, 

Dipterocarpaceae, Foresters’ manual of Dipterocarps, and 
Pocket CheckList of Timber Trees (Wyatt-Smith and 

Kochummen 1952; Symington et al. 2004; Christenhusz and 

Byng 2016). 

Data analysis 

The analysis involves tabulating all tree communities in 

Microsoft Excel according to their family, genus, and species 

level to describe the taxonomic composition in Tekam 

Forest Reserve. The estimation of total biomass, contributed 

by Above-Ground Biomass (AGB) as calculated by Chave 

et al. (2014) and Below-Ground Biomass (BGB). 

AGB = 0.0559 × (Wood density × DBH2 × Height) 

After the biomass was determined, it was multiplied by 

0.47 to determine the carbon content, which was then 

converted into a unit area (ton ha-1). Several ecological 

indices, including the Shannon-Weiner Diversity Index, the 

Evenness Index, and the Richness Index of Margalef, were 

used in this study to determine species diversity using 

PAST software (Hammer et al. 2001). 

Shannon Diversity Index 

H’ = -𝚺 (pi) (log2 pi) 

Where: pi is the proportion of the species (ni/N) 

Evenness Index 

 

Where: 

H’ : Shannon Diversity Index 

S : Total number of species 

The equation for maximum value of Shannon Index, 

H’max : 

H’max = ln S
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Figure 1. A. The location of Tekam Forest Reserve, Pahang; B. FACE Plot and Hexagon FACE subset plot design and position 
 
 

Margalef’s Richness Index (DMG) 

 

Where: 

S : Total number of species 

N : Total number of individuals 

RESULTS AND DISCUSSION 

Taxonomic composition  

The study recorded a total of 140 trees of 96 species 

from 70 genera and 38 families in Tekam Forest Reserve, 

Pahang. A total of 76 individuals of 61 species from 50 genera 
and 33 families were recorded in the Tekam FACE. In the 

control plot of the forest, a total of 63 individuals of 41 

species from 34 genera and 22 families were recorded (Table 

1). In terms of stand density, a total of 1,232 ind/ha were 

recorded in the FACE plot and 928 ind/ha in the control plot. 

Euphorbiaceae had the highest density at the TekamFACE 

and control plot with 128 ind/ha for each, respectively.  

The results indicated that the TekamFACE plot has a 

significantly higher tree density compared to the control 

plot in the forest, primarily due to the unique hexagonal 

infrastructure of the FACE system. This system, designed 
to inject enriched carbon dioxide (CO2) from a centralized 

control panel house into the experimental plot at precisely 

controlled levels, has been in operation for the past eight 

years (Azian et al. 2020). The hexagonal layout ensures 

uniform CO2 dispersion, fostering an environment that 

enhances photosynthesis, growth rates, and overall biomass 

accumulation among the trees. Over time, this consistent 

CO2 enrichment has likely stimulated higher tree recruitment, 

survival, and altered competitive dynamics, favoring species 

more responsive to elevated CO2 levels (Ainsworth and 

Rogers 2007).  

Euphorbiaceae was ranked as the most well represented 

family in the whole study area of Tekam Forest Reserve, 

Pahang. There were 7 species from this family that contributed 

to 11.5% of the total species, such as Blumeodendron kurzii 

(Hook.f.) J.J.Sm. ex Koord. & Valeton, Drypetes cockburnii 
Airy Shaw, Elateriospermum tapos Blume, Epiprinus 

malayanus Griff., Mallotus cuneatus Ridl, Paracroton 

pendulus (Hassk.) Miq., and Pimelodendron griffithianum 

(Müll.Arg.) Benth. ex Hook.f. The most abundant species 

recorded from this family was P. griffithianum or locally 

known as ‘Perah ikan’ tree. The species can be found in 

wet forest, secondary forest, semi-swamps and along 

logging roads or on hill slopes which tallies with its 

occurrence in the hill dipterocarp forest of Tekam. Similar 

observation of P. griffthianum was also recorded in other 

hill dipterocarp forests such as in Pahang National Park 

(Zani et al. 2018) and Lambir Hills National Park, Sarawak 
(Ahmad Fitri et al. 2017). 

Species diversity 

The Shannon-Weiner Diversity Index (H’) calculated 

using PAST software, for the TekamFACE was 4.04 (H' 

max = 4.11) and in the control plot was 3.53 (H’max = 

3.71) (Table 2). The diversity of the tree species in both 

forests was nearly similar. According to Magurran (1988), 

the value of H’ usually lies between 1.5 and 3.5, although 

in exceptional cases, the value can exceed 4.5 and above. 

Therefore, the values found for the two types of forest were 

high. Additionally, species evenness also accounted as a 
measure of biodiversity to quantify the uniformity of the 

species distributions. Pielou Evenness index (J’) is constrained 

between 0 and 1 (Beisel et al. 2003). The result showed 

that the study areas have high values, at 0.93 for 

TekamFACE and 0.83 for the control plot. This indicates 

that all tree species in the present study were equally 

abundant hence contributing to high evenness obtained. 

A B 
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Table 1. List of taxonomic composition in the two forest plots at 
Tekam Forest Reserve, Pahang 

 

Family 
Control FACE 

Total 
Genus Sp. Ind. Genus Sp. Ind. 

Alangiaceae 1 1 1 - - - 1 
Anacardiaceae 1 1 1 - - - 1 
Annonaceae 2 3 3 3 3 5 8 

Apocynaceae - - - 1 1 1 1 
Araceae 1 2 8 - - - 8 
Burseraceae 2 4 8 2 2 2 10 
Combretaceae - - - 1 1 1 1 
Dilleniaceae - - - 1 1 1 1 
Dipterocarpaceae 1 2 6 2 5 7 13 
Ebenaceae - - - 1 1 1 1 
Elaeocarpaceae - - - 1 1 1 1 

Euphorbiaceae 4 4 9 5 5 8 17 
Fabaceae 4 4 4 2 2 3 7 
Fagaceae 1 1 1 1 1 1 2 
Flacourtiaceae 1 1 1 - - - 1 
Hypericaceae - - - 1 1 1 1 
Lamiaceae - - - 1 1 1 1 
Lauraceae - - - 1 3 3 3 
Lecythidaceae - - - 1 1 2 2 

Melastomataceae - - - 1 1 3 3 
Meliaceae 2 2 2 1 1 1 3 
Memecylaceae 1 1 1 1 1 1 2 
Moraceae 1 1 1 2 2 2 3 
Myristicaceae 3 4 4 2 4 5 9 
Myrtaceae 1 1 1 1 2 2 3 
Olacaceae 1 1 3 1 1 2 5 
Palmae - - - 1 1 1 1 

Phyllanthaceae 1 2 3 4 6 6 9 
Polygalaceae 1 1 1 1 1 1 2 
Rubiaceae 2 2 2 2 2 2 4 
Rutaceae - - - 2 2 2 2 
Sapindaceae 1 1 1 1 2 3 4 
Sapotaceae - - - 1 1 1 1 
Sterculiaceae - - - 2 2 2 2 
Styracaceae - - - 1 1 1 1 
Thymelaeaceae - - - 1 1 1 1 

Ulmaceae 1 1 1 1 1 2 3 
Violaceae 1 1 1 - -- - 1 

Grand total 34 41 63 50 61 76 140 

 
 
 

High value of Shannon Diversity Index (H’) represents 

the species rich ecosystem meanwhile an ecosystem with 

low value H’ will have a low species diversity (Faezah et 

al. 2013; Spellerberg and Fedor 2003). As a comparison in 

other forests with similar sampling size, Norashikin et al. 

(2015) revealed that Gunung Basor Forest Reserve was the 

most diverse with index value of H’ = 4.46, followed by 

Bukit Bakar Forest Reserve and Gunung Stong Tengah 

Forest Reserve with H’ index values of 4.42 and 3.42, 

respectively. Hence, the results showed that Shannon 
diversity indexes in various forest habitats were high, 

depicting the characteristics of tropical forests in Malaysia 

that harbor high species diversity. 

TekamFACE had a slightly higher Margalef Index 

(13.81) than control plot (9.66) because of a larger number 

of individuals/species (77 trees; 61 species) as compared to 

the control plot (63 trees, 41 species). These findings were 

in accordance with Magurran (1988) who stated that 

Margalef Index is correlated with the sample sizes such as 

the number of individuals. Similar observations were also 

demonstrated in all study sites by Nik Norafida et al. 

(2013) where the forests recorded high species richness of 

the Margalef Index. Among all study sites, Bukit Bauk 

Forest Reserve recorded many trees (1474 trees) thus 

contributing to the highest index value of 45.92. Meanwhile 

Lesong Forest Reserve with 1364 trees showed Margalef’s 

Index value of 39.90 and Gunung Belumut Forest Reserve 

with its index value of 37.80 because of 1297 trees. 

Biomass and carbon stock estimation 

Forest biomass is considered as one of the parameters to 

describe the productivity of the forest. This is because trees 

compose 50% carbon in their standing timber hence 

contributing to the total forest biomass. This value 

represented by the Above-Ground Biomass (AGB) and 

Below-Ground Biomass (BGB). Total biomass of trees in 

TekamFACE was estimated at 54.37 t/ha. From this 

amount, a total of 42.82 t/ha was contributed by Above-

Ground Biomass (AGB) and 11.56 t/ha of Below-Ground 

Biomass (BGB). Meanwhile in the control plot, the total 
biomass was estimated at 34.70 t/ha, represented by 27.33 

t/ha of AGB and 7.37 t/ha of BGB. Nevertheless, there was 

no significant difference between the biomass of experimental 

TekamFACE and control plots (p>0.05). TekamFACE 

recorded more tree biomass or carbon density which may 

be influenced by the development of FACE system that 

injected elevated carbon dioxide into the plot. Thus, all 

trees in the FACE plot sequester more atmospheric carbon 

and the carbon were stored in their standing tree timber. 

These values also indicated that forests as a potential 

means of carbon sequestration thus can be considered as 
mitigation factor for climate change. The carbon sequestration 

rate in Malaysia is notably high, primarily attributed to the 

rapid plant growth within the region (Elbasiouny et al. 

2022). High carbon stock was also estimated at both forest 

plots with 27.19 t/ha in TekamFACE and 17.35 t/ha in 

control plot. These values indicated that the forest has high 

biomass which can contribute to carbon sequestration that 

help mitigate the impacts of climate change (Raihan et al. 

2021). 

Family-wise, Dipterocarpaceae showed the highest total 

biomass with 31.41 t/ha in TekamFACE and 20.32 t/ha in 

control plot, respectively (Table 3). This family alone 
represent 50% of the total biomass and carbon stock 

estimated in the forest and this is possible because most 

dipterocarp trees are generally large and have greater DBH 

thus contributing to high tree biomass recorded (Richard et 

al. 2023). These findings showed that DBH is one of the 

most contributing factors that influence tree biomass value 

in a forest, as recorded in Pahang National Park (Zani et al. 

2018) and Gunung Stong Tengah Forest Reserve, Kelantan 

(Norashikin et al. 2015). 

Figure 2 shows that the coefficient of determination in 

Regression (R2) result between DBH and Carbon Stock 
(CS) which is Basuki et al. (2009) = 0.8915, Chave et al. 

(2014) = 0.7937; Kenzo et al. (2009) = 0.9015; and Kato et 

al. (1978) which is 0.8761. The scatter plot graph shows 

there is relationship between DBH with carbon stock based 
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on tree species even using different equations. The 

regression values for all equations showed that there is a 

strong correlation coefficient between DBH and CS, thus 

this showed that higher DBH value thus the higher the 

carbon stock estimation. Additionally, species density also 

plays a role in increasing carbon stock, but its influence is 

dependent on tree size and species composition. Dense 

stands with numerous small trees may have less biomass 

compared to stands with fewer, but larger, trees. This 

indicates that large trees contribute significantly to higher 
carbon storage. 

Conservation status and endemism 

All species in the study plots were compared with the 

IUCN list to evaluate the conservation status. Overall, 48 

species out of 96 species in the study area were listed in 

Red List of Threatened Species (Table 4). These species 

were rated in six different threat categories: (1) low risk, 

(2) vulnerable, (3) endangered and (4) critically endangered. 

39 species were listed as lower risk, two species with data 

deficient, three species as vulnerable (Aglaia oligophylla 

Miq., Nephelium costatum Hiern, Dipterocarpus baudii 
Korth.), one species as endangered (Shorea ovalis (Korth.) 

Blume) and another three species as critically endangered 

species (Aquilaria malaccensis Lam., Dipterocarpus 

cornutus Dyer, Shorea lepidota (Korth.) Blume). All the 

endangered and critically endangered species listed were 

from the family of Dipterocarpaceae. 

Dipterocarpaceae had the most significant percentage of 

threatened species because of its high economic value and 

dominating the international timber trade, especially in 

Southeast Asia (Khoo et al. 2023). Of all genera in 

Dipterocarpaceae, Shorea or its local name as Meranti 
recorded 100 threatened species of the total endangered 

species in IUCN Red List. This study also revealed three 

endangered Dipterocarps consisting of two Shorea species, 

namely Shorea lepidota and S. ovalis and one species of 

Dipterocarpus cornutus. Meranti trees have a slow growth 

rate and a long recovery time, which causes their 

population numbers to be drastically reduced (Purwaningsih 

and Kintaman 2018). Also, the presence of forest 

disturbances such as large-scale illegal logging, forest fires, 

and conversion of land contribute to their scarcity (Chua et 

al. 2022). Furthermore, Yong et al. (2021) listed 91 taxa of 

dipterocarps in Peninsular Malaysia under the threatened 
category of the IUCN Red List 2021. The largest number 

of threatened species in one family indicated that the 

family needs more attention in conservation (Siti Mariam 

and Jivitra 2019). This also shows the importance of the 

investigation on the conservation status of the tree species 

for the forest management activities. 

A checklist of endemic trees compiled by Ng et al. 

(2010) for Peninsular Malaysia included a total of 2830 

tree species from 532 genera and 100 families, of which 

746 species (24.6%) are endemic. Of the total number of 

endemic trees, only nine species were endemic in the study 
area. Nine species namely Baccaurea polyneura Hook.f., 

Drypetes cockburnii, Casearia clarkei King, Bridelia 

pustulata Hook.f., Licuala pahangensis Furtado, Alangium 

ridleyi King, Aporosa penangensis (Ridl.) Airy Shaw, 

Syzygium castaneum (Merr.) Merr. & L.M.Perry, Nephelium 

costatum were recorded as endemic species in this study 

area (Table 5). This showed that tree communities in the 

study area have widespread distribution, which is not 

restricted to certain areas. High endemism was recorded in 

both Peninsular Malaysia due to the differences in the 

microclimate, physiography, and soil properties. In addition, 

Omar et al. (2020) concluded that the topography of 

Peninsular Malaysia formed by a mountainous spine 

(Banjaran Titiwangsa) is the reason for the endemic status 
of many species in the peninsula. The occurrence of 

endemic species in the forests played a crucial role in the 

structure and composition of tree communities, as well as 

reflecting the uniqueness of the forests (Brambach et al. 

2017). 
 
 
 
Table 2. Species diversity in the forest plots at Tekam Forest 

Reserve, Pahang 
 

Locations 

Shannon 

Diversity 

Index (H’) 

Evenness  

(E) 

Margalef Index 

(DMG) 

TekamFACE 
(this study site) 

4.04 0.93 13.81 

Control plot 
(this study site) 

3.53 0.83 9.66 

Gunung Belumut 
Recreational Forest 

4.82 0.85 21.37 

Gunung Basor 
Forest Reserve 

4.46 0.97 17.52 

 

 

 
Table 3. List of five leading families in the biomass estimation in 
the study area  
 

Location Family 
AGB 

(t/ha) 

BGB 

(t/ha) 

TB 

(t/ha) 

TekamFACE Dipterocarpaceae 24.74 6.68 31.41 
 Burseraceae 3.63 0.98 4.62 
 Fabaceae 2.73 0.74 3.46 
 Annonaceae 1.94 0.52 2.46 
 Rutaceae 1.25 0.34 1.58 
Control plot Dipterocarpaceae 16.00 4.32 20.32 
 Fagaceae 3.68 0.99 4.67 
 Olacaceae 1.91 0.51 2.42 
 Araceae 1.85 0.50 2.35 

 Euphorbiaceae 1.07 0.29 1.36 

 
 
 
Table 4. The numbers of tree species listed under the IUCN Red 
List category in the study plots of TFR, Pahang 
 

IUCN Red List 

category 

Total no. of 

species 

Percentage of 

species 

CR 3 3% 
EN 1 1% 
VU 3 3% 
DD 2 3% 
LC 39 35% 
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Figure 2. Regression graph for the relationship of carbon stock estimated and DBH at Tekam Forest Reserve, Pahang. Note: A. Basuki 
et al. (2009); B. Chave et al. (2014); C. Kato et al. (1978); D. Kenzo et al. (2009) 
 
 
 

Table 5. Endemic species in Peninsular Malaysia that were found 
in Tekam Forest Reserve, Pahang 

 

Family Species Location 

Phyllanthaceae Baccaurea polyneura Pk, Ml 
Euphorbiaceae Drypetes cockburnii Ph, Jh. 
Flacourtiaceae Casearia clarkei Pk, Ph, Sl, Jh 
 Bridelia pustulata Pk, Ph, Sl, Ml, Jh, Sp 
Palmae Licuala pahangensis Ph 
Alangiaceae Alangium ridleyi Kd, Pn, Tg, Pk, Ph, Sl, 

NS, Ml 
Euphorbiaceae Aporosa penangensis Peninsular Malaysia 

Myrtaceae Syzygium castaneum lowland forest; Pk, Jh 
Sapindaceae Nephelium costatum Pk, Ph, Sl, NS, Ml 

Note: Jh: Johor; Kd: Kedah; Ml: Melaka; NS: Negeri Sembilan; 
Ph: Pahang; Pn: Penang; Pk: Perak; Sl: Selangor; Tg: Terengganu 
 
 
 

In conclusion, this study shows that TekamFACE has a 

rich biodiversity with high carbon sequestration capacity 

based on their tree biomass and carbon stock. Thus, it is 

said that TekamFACE or any other Face system has the 

potential to be a valuable climate change mitigation tool. It 

could assist tropical forests in absorbing more carbon 

dioxide from the atmosphere by increasing CO2 levels in 

their vicinity. This would help to reduce the risk of global 

warming and delay the rate of climate change. In the future, 

it is recommended to have a large sampling area for more 

reliable results and to represent species diversity, better 
investigating the relationship between edaphic factors, 

the impact of elevated CO2 on forest structure after ten 

years, and tree species composition is also suggested. More 

findings are needed to research the face system for increased 

CO2 levels around Malaysian tropical forests. 

ACKNOWLEDGEMENTS 

The main author would like to acknowledge Ministry of 

Higher Education Malaysia (MOHE) for the financial fund 

through MyBrainSc scholarship. The authors also 

gratefully acknowledge the Ministry of Natural Resources 

and Environment and Forest Research Institute Malaysia 

under the 11th and 12th Malaysian Plan, which made the 

project of TekamFACE possible. The appreciation goes 

further to FRIM collaborators and team members for their 

invaluable contributions and support throughout this 
research. 

REFERENCES 

Ahmad Fitri Z, Mohd Nizam MS, Latiff A, Abd Rahman K, Serafina CF 

Shamsudin I. 2017. Floristic composition and biomass of trees in 

Temengor Forest Reserve, Perak, Peninsular Malaysia. Malays For 80 

(2): 178-197. 

Ainsworth EA, Rogers A. 2007. The response of photosynthesis and 

stomatal conductance to rising [CO2]: Mechanisms and environmental 

interactions. Plant Cell Environ 30 (3): 258-270. DOI: 10.1111/j.1365-

3040.2007.01641.x. 

Ampoorter E, Barbaro L, Jactel H et al. 2020. Tree diversity is key for 

promoting the diversity and abundance of forest-associated taxa in 

Europe. Oikos 129 (2): 133-146. DOI: 10.1111/oik.06290. 

Ashton MS, Goodale UM, Bawa KS, Ashton PS, Neidel JD. 2014. 

Restoring working forests in human dominated landscapes of tropical 

South Asia: An introduction. For Ecol Manag 329: 335-339. 

A B 

C D 



RUZIMAN et al. – Forest biomass and diversity of tree populations 

 

2827 

Awasthi P, Bargali SS, Bargali MK, Jhariya S. 2022. Structure and 

functioning of Coriaria nepalensis dominated shrublands in degraded 

hills of Kumaun Himalaya. I. Dry matter dynamics. Land Degrad Dev 

33 (9): 1474-1494. DOI: 10.1002/ldr.4235. 

Azian M, Nik Norafida NA, Nurul Ain AM, Muhammad Syafiq R, 

Muhammad Azlan A. 2020. Manual Sistem TekamFACE. Institut 

Penyelidikan Perhutanan Malaysia, Kepong, Selangor. 

Azian M, Norsheilla M, Philip E, Nizam M, Ismail P, Wan Mohd Shukri 

W. 2021. Laporan Kemajuan 2019 Penilaian Kesan Perubahan Iklim 

Terhadap Ekosistem Hutan Bagi Membentuk Strategi Adaptasi 

Bersesuaian. Percetakan Selaseh Sdn. Bhd., Selangor, Malaysia. 

[Malay] 

Baboo B, Sagar R, Bargali SS, Verma H. 2017. Tree species composition, 

regeneration and diversity within the protected area of Indian dry 

tropical forest. Trop Ecol 58 (2): 409-423. 

Bargali K, Bargali SS. 2016. Germination capacity of seeds of leguminous 

plants under water deficit conditions: Implication for restoration of 

degraded lands in Kumaun Himalaya. Trop Ecol 57 (3): 445-453. 

Basuki TM, van Laake PE, Skidmore AK, Hussin YA. 2009. Allometric 

equations for estimating the above-ground biomass in tropical 

lowland Dipterocarp forests. For Ecol Manag 257 (8): 1684-1694. 

DOI: 10.1016/j.foreco.2009.01.027. 

Beisel J, Usseglio-Polatera P, Bachmann V, Moreteau J. 2003. A comparative 

analysis of evenness index sensitivity. Intl Rev Hydrobiol 88: 3-15. 

Bisht S, Rawat GS, Bargali SS, Rawat YS, Mehta A. 2024. Forest 

vegetation response to anthropogenic pressures: A case study from 

Askot Wildlife Sanctuary, Western Himalaya. Environ Dev Sustain 

26 (1): 10003-10027. DOI: 10.1007/s10668-023-03130-2. 

Bradford M, Murphy HT. 2019. The importance of large-diameter trees in 

the wet tropical rainforests of Australia. PLoS One 14 (5): e0208377. 

DOI: 10.1371/journal.pone.0208377. 

Brambach F, Leuschner C, Tjoa A, Culmsee H. 2017. Diversity, endemism, 

and composition of tropical mountain forest communities in Sulawesi, 

Indonesia, in relation to elevation and soil properties. Perspect Plant 

Ecol Evol Syst 27: 68-79. DOI: 10.1016/j.ppees.2017.06.003. 

Chave J, Réjou‐Méchain M, Búrquez A et al. 2014. Improved allometric 

models to estimate the aboveground biomass of tropical trees. Glob 

Change Biol 20 (10): 3177-3190. DOI: 10.1111/gcb.12629. 

Christenhusz MJM, Byng JW. 2016. The number of known plant species 

in the world and its annual increase. Phytotaxa 261 (3): 201-217. 

DOI: 10.11646/phytotaxa.261.3.1. 

Chua LSL, Sang J, Pereira JT, Khoo E, Maycock CR. 2022. Current state 

of knowledge on the extinction risk of Malaysian tree species: 

Proximate needs to mitigate loss. Plants People Planet 5 (4): 483-495. 

DOI: 10.1002/ppp3.10320. 

Elbasiouny H, El-Ramady H, Elbehiry F, Rajput VD, Minkina T, 

Mandzhieva S. 2022. Plant nutrition under climate change and soil 

carbon sequestration. Sustainability 14: 914. DOI: 10.3390/su14020914. 

Faezah P, Asmida I, Khairiyah MS, Norrizah JS, Nuraini CA. 2013. 

Diversity and tree species community at Bukit Nanas Forest Reserve, 

Kuala Lumpur. In: 2013 IEEE Business Engineering and Industrial 

Applications Colloquium (BEIAC). 

Hammer Ø, Harper DAT, Ryan PD. 2001. PAST: Paleontological 

Statistics Software Package for education and data analysis. 

Palaeontol Electron 4 (1): 1-9. 

Hansen MC, Wang L, Song X-P, Tyukavina A, Turubanova S, Potapov 

PV, Stehman SV. 2020. The fate of tropical forest fragments. Sci Adv 

6 (11): eaax8574. DOI: 10.1126/sciadv.aax8574. 

Joshi P, Joshi R, Sapkota RP, Panta M, Chand P. 2023. Vegetation 

diversity, structure, composition and carbon stock of community 

managed forests of Mid-hills Nepal. Asian J For 7: 29-36. DOI: 

10.13057/asianjfor/r070104. 

Karki H, Bargali K, Bargali SS, Rawat V, Rawat YS. 2017. Plant diversity, 

regeneration status and standing biomass under varied degree of 

disturbances in temperate mixed oak-conifer forest, Kumaun 

Himalaya. Intl J Ecol Environ Sci 43 (4): 331-345. 

Kato R, Tadaki Y, Ogawa F. 1978. Plant biomass and growth increment 

studies in Pasoh Forest. Malayan Nat J 30 (2): 211-224. 

Kenzo T, Ichie T, Hattori D, Itioka T, Handa C, Ohkubo T, Kendawang 

JJ, Nakamura M, Sakaguchi M, Takahashi N, Okamoto M, Tanaka-

Oda A, Sakurai K, Ninomiya I. 2009. Development of allometric 

relationships for accurate estimation of above- and below-ground 

biomass in tropical secondary forests in Sarawak, Malaysia. J Trop 

Ecol 25 (4): 371-386. DOI: 10.1017/S0266467409006129. 

Khoo E, Barstow M, Maycock CR et al. 2023. Red List of Dipterocarpaceae. 

Botanic Gardens Conservation International, Richmond, UK. 

Lawrence D, Coe M, Walker W, Verchot L, Vandecar K. 2022. The 

unseen effects of deforestation: Biophysical effects on climate. Front 

For Glob Change 5: 756115. DOI: 10.3389/ffgc.2022.756115. 

Luna-Kamyshev NM, López-Martínez JO, Vargas-Larreta B, Islebe GA, 

Villalobos-Guerrero TF, de la Rosa AV, Reyes-Mendoza OF, Treviño-

Garza E. 2020. Floristic composition, diversity, and biomass of a 

protected tropical evergreen forest in Belize. Trop Conserv Sci 13 (3): 

194008292091543. DOI: 10.1177/1940082920915433. 

Lundström J, Öhman K, Rönnqvist M, Gustafsson L. 2016. Considering 

future potential regarding structural diversity in selection of forest 

reserves. PLoS One 11: e0148960. DOI: 10.1371/journal.pone.0148960. 

Magurran AE. 1988. Ecological Diversity and Its Measurement. 1st ed. 

Princeton, Bangor.  

Napaldet JT, Gomez RA. 2018. Biomass characterization and allometric 

model development for aboveground carbon stock of Benguet pine 

(Pinus kesiya). Ecosyst Dev J 8 (1): 15-21. 

Ng FSP, Low CM, Mat Asri NS. 1990. Endemic trees of the Malay 

Peninsula. Res Pamphlet 106. Forest Research Institute Malaysia, 

Kuala Lumpur. 

Nik Norafida NA, Nizam MS, Wan Juliana WA. 2013. Community 

structure, diversity and total biomass of tree species at Kapur 

dominated forests in Peninsular Malaysia. AIP Conf Proc 1571: 302-

307. DOI: 10.1063/1.4858673. 

Norashikin F, Azizi S, Latiff A. 2015. Floristic composition of logged hill 

dipterocarp forests in three permanent reserved forests in Kelantan, 

Malaysia. Malayan Nat J 67 (1): 71-80. 

Norby RJ, Warren JM, Iversen CM, Childs J, Jawdy SS, Walker AP. 

2021. Forest stand and canopy development unaltered by 12 years of 

CO2 enrichment. Tree Physiol 42 (3): 428-440. DOI: 

10.1093/treephys/tpab107. 

Omar N, Latiff A, Eltaguri H, Talip N, Al-Hakimi AS. 2020. Ecological 

and geographical distributions of Madhuca Buch.-Ham. ex J. F. Gmelin 

(Sapotaceae) in Peninsular Malaysia. Malayan Nat J 72: 201-211. 

Purwaningsih, Kintamani E. 2018. The diversity of Shorea spp. (Meranti) 

at some habitats in Indonesia. IOP Conf Ser: Earth Environ Sci 197: 

012034. DOI: 10.1088/1755-1315/197/1/012034. 

Raihan A, Begum RA, Mohd Said MN, Pereira JJ. 2021. Assessment of 

carbon stock in forest biomass and emission reduction potential in 

Malaysia. Forest 12 (10): 1294. DOI: 10.3390/f12101294. 

Richard A, Mohamad Kassim MR, Abd Kudus K, Saleh MN. 2023. 

Tropical forests stand recovery 30 years after selective logging in 

Peninsular Malaysia. Pertanika J Trop Agric Sci 46 (3): 1027-1046. 

DOI: 10.47836/pjtas.46.3.16. 

Siti Mariam MN, Jivitra B. 2019. Plant conservation status and species 

diversity of Hutan Lipur Jeram Linang, Kelantan. UMT J Undergrad 

Res 1 (4): 37-50. DOI: 10.46754/umtjur.v1i4.90. 

Siyum ZG. 2020. Tropical dry forest dynamics in the context of climate 

change: Syntheses of drivers, gaps, and management perspectives. Ecol 

Proc 9: 25. DOI: 10.1186/s13717-020-00229-6. 

Sodhi NS, Koh LP, Brook BW, Ng PKL. 2004. Southeast Asian biodiversity: 

An impending disaster. Trends Ecol Evol 19 (12): 654-660. DOI: 

10.1016/j.tree.2004.09.006. 

Spellerberg IF, Fedor PJ. 2003. A tribute to Claude Shannon (1916-2001) 

and a plea for more rigorous use of species richness, species diversity, 

and the ‘Shannon-Wiener’ index. Glob Ecol Biogeogr 12: 177-179. 

Symington CF, Ashton PS, Appanah S. 2004. Foresters’ Manual of 

Dipterocarps. Forest Research Institute Malaysia, Kepong, Selangor 

Darul Ehsan, Malaysia. 

Wyatt-Smith J, Kochummen KM. 1952. Pocket Check List of Timber 

Trees (1st eds). Malayan Forest Service, Kuala Lumpur. 

Yong WSY, Chua LSL, Lau KH, Siti-Nur Fatinah K, Cheah YH, Yao TL, 

Rafidah AR, Chung RCK. 2021. Malaysia Red List: Plants of 

Peninsular Malaysia. Vol. 1, Part I. Research Pamphlet No. 151. 

Forest Research Institute Malaysia, Kepong. 

Zani NF, Suratman MN, Yaacob A, Asari N. 2018. Biomass and carbon 

stocks estimation of lowland dipterocarp, riparian, and hill dipterocarp 

forests in Pahang National Park, Malaysia. In: Suratman MN (eds). 

National Parks - Management and Conservation. IntechOpen, Croatia. 

DOI: 10.5772/intechopen.76699. 

  


