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Abstract 
In an effort to mitigate climate change, landscape management planning aims to balance socio-
economic needs with environmental sustainability. South Sumatra is one of the provinces in Indonesia 
committed to the restoration and creation of a green economy based on sustainable use of natural 
resources. Land-based development should be planned to achieve a balance between these aspects. 
Therefore, an assessment of current conditions and potential existing land use resources is needed to 
provide basic data for future development. Amount of 55 plots in 8 land use systems in Banyuasin, 
Musi Banyuasin and Musi Rawas were set up for the analysis of tree diversity and above-ground 
carbon stock estimation. Based on tree diversity composition, logged-over forest is considered as a 
sustainable ecosystem due to its high tree species richness, high diversity index and medium similarity 
among growth stages. The shrub on swampy area are land cover type that has potential in supporting 
biodiversity due to not been managed intensively. Compared with terrestrial ecosystem, mangrove has 
lower species richness, even though the typical characteristics of those ecosystem type is also good 
habitat for biodiversity, especially supports aquatic biodiversity and has other physical functions such 
as preventing coastal abrasion. In terms of carbon stock, natural land cover such as undisturbed forest, 
logged-over forest and mangrove forest has high to medium amount of carbon stock. Man-made land 
use systems such as rubber agroforest also potential to be developed as part of mitigation action as it 
contains relatively high carbon stock.  
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1. Introduction 
Greenhouse gases emission in Indonesia is mostly caused by forest conversion to another land use 
(Harris et al 2012). The loss of forest cover has led to a loss of biodiversity that in turn has reduced 
ecosystem services including carbon sequestration. Tree stands are the component most affected by 
land use changes due to land clearing activity. 

In an effort to mitigate climate change, landscape management planning aims to balance social-
economic needs with environmental sustainability. Land-based development should be planned to 
achieve a balance between these three aspects. Therefore, an assessment of the current condition and 
potential resources of existing land use is needed to provide basic data for future development. 

South Sumatera has millions of hectares of forest. Some of the natural forest is in pristine condition 
and provides huge amounts of ecosystem services. Not only do such areas store significant amounts of 
carbon and, therefore, contribute to climate regulation but also they serve as habitat for the extremely 
rich biodiversity, many of the flora and fauna of which are endemic owing to the diversity of the 
ecosystems. In addition, South Sumatra has committed to develop a green economy to increase 
income while reducing emissions.  

The main effort to reduce emissions of CO2 is by increasing carbon sequestration. The level of carbon 
uptake by terrestrial ecosystems is dependent on three aspects: 1) vegetation (species composition, 
and structure), 2) conditions (variations in climate, soils, and natural disturbances such as forest fires) 
and 3) land management (Hairiah 2007). Therefore, the most appropriate efforts to reduce CO2 in the 
atmosphere are through managing vegetation, and in particular, by keeping trees in the land use.  

The value of the carbon stock of a land use is highly dependent on the presence of trees—both 
standing and fallen, live and dead—as a carbon pool. The tree size, density and characteristics of each 
species affect the carbon stock of the land. While the sustainability of environmental services is not 
only characterised by the presence of trees alone, the existence and composition of certain tree species 
can have specific roles, including supporting the sustainability of other biodiversity. The aims of this 
study were to assess the diversity of trees across land use systems and to estimate the tree-based 
carbon stock. 

 
 

2. Methods 

2.1 Study site 
The study area covered three districts in South Sumatera: Banyuasin, Musi Banyuasin and Musi 
Rawas (Figure 1). However, the detailed analysis in this working paper focuses on Banyuasin and 
Musi Banyuasin. As additional data for above-ground carbon stock assessment, we use reports of 
Musi Rawas data collection conducted by the Bandung Technology Institute (ITB). The sample plots 
were set up in the major land use systems in the three districts (Figure 1). 



2 

 
Figure 1. Study site 

 

 
Figure 2. Land use systems in Banyuasin, Musi Banyuasin and Musi Rawas 

 

2.2 Sampling method 
Carbon stock assessment was undertaken using the widespread method developed by Hairiah et al 
(2011), while tree diversity assessment occurred in the same plot as the carbon stock assessment.  
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2.2.1 Tree diversity  
Tree diversity sampling was done in four stages of tree growth: seedling (woody plant less than 2 m 
height), sapling (woody plant less than 5 cm diameter at breast height (DBH), above 2 m height), pole 
(woody plant 5–10 cm DBH) and tree (woody plant above 10 cm DBH). Nested plots were set up on a 
20 x 100 m grid to observe the different stages of vegetation growth (Figure 3), using subplots (2 m x 
2 m for seedlings, 5 m x 5 m for saplings, 10 m x 10 m for poles and 20 m x 20 m for trees). All 
seedlings and saplings inside subplots were identified through collecting leaf specimens and by 
counting the individual number of each species. All poles and trees inside subplots were measured for 
DBH; at 1.3 m above ground) and identified using the leaves and also flower and seed specimens if 
available.   

 
Figure 3. Plot design for tree diversity analysis 

2.2.2 Above-ground carbon stock  
Carbon stock assessment focused on four carbon pools: tree biomass, understorey, tree necromass and 
litter. Non-destructive methods were applied to estimate tree biomass using allometric equations, 
while understorey and litter sampling used destructive methods in taking samples. Biomass 
estimations for large living and dead trees above 30 cm DBH were analysed within a 2,000 m2 plot, 
while the smaller living and dead trees (5–30 cm DBH) were analysed in a 200 m2 (5 m x 40 m) plot 
as shown I (Figure 3). Understorey and litter sampling were conducted in a quadrant (2 x 50 cm x 50 
cm) placed randomly inside the 5 m x 40 m plot. At least 3 replications were carried out during 
sampling. All understorey and litter within the quadrant were collected and their fresh weight and 
oxen dry weight were recorded.  

A set plot (5 m v 5 m) was established for sampling Nypa. Measurement of Nypa biomass was 
conducted using destructive sampling. All Nypa clumps inside the plot were counted. The number of 
fronds in each stand was counted. On a 5% sample, the number of fronds in each Nypa clump was 
recorded. All frond parts—leaves, rachis and frond base—were weighed. A 300 g fresh weight sub-
sample of each of the leaves, rachis and frond base was taken and processed to determine the oxen dry 
weight. 
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2.3 Data analysis 

2.3.1 Tree diversity analysis 
Species richness, Important Value Index (IVI), Bray-Curtis dissimilarity and Shannon’s diversity 
index were used to analyse tree diversity. Species richness is the number of different species 
represented in an ecological community, landscape or region (Cowell 2009). In this study, species 
richness represented the number of different species found in certain land use systems.  

The IVI expresses the dominance of species in the unit area and is calculated based on the relative 
frequency, relative density and dominance (Curtis & McIntosh 1950): 

 
𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐹𝐹𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝑅𝑅𝐹𝐹𝐷𝐷𝑅𝑅𝑅𝑅𝐹𝐹 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝑅𝑅𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝑅𝑅 

a. Relative frequency 
Relative frequency is the proportion of quadrants sampled in which the species is represented: 

𝐹𝐹𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹 𝐷𝐷𝑜𝑜 𝐷𝐷𝑠𝑠𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑅𝑅 =
𝑁𝑁𝐹𝐹𝐷𝐷𝑁𝑁𝑅𝑅𝐹𝐹 𝐷𝐷𝑜𝑜 𝐹𝐹𝐹𝐹𝑅𝑅𝑞𝑞𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑤𝑤𝑅𝑅𝑅𝑅ℎ 𝐷𝐷𝑠𝑠𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑅𝑅
𝑇𝑇𝐷𝐷𝑅𝑅𝑅𝑅𝑅𝑅 𝐹𝐹𝐹𝐹𝐷𝐷𝑁𝑁𝑅𝑅𝐹𝐹 𝐷𝐷𝑜𝑜 𝐹𝐹𝐹𝐹𝑅𝑅𝑞𝑞𝐹𝐹𝑅𝑅𝑅𝑅 𝐷𝐷𝑅𝑅𝐷𝐷𝑠𝑠𝑅𝑅𝑅𝑅𝑞𝑞

 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐹𝐹𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹 =  
𝐹𝐹𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹 𝐷𝐷𝑜𝑜 𝐷𝐷𝑠𝑠𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑅𝑅

𝑇𝑇𝐷𝐷𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝐹𝐹
 

 
b. Relative density 

Relative density is the proportion of a species in relation to the total number of individuals of all 
species, and is estimated by quantifying the number of individuals of a species per unit area: 
 

𝐷𝐷𝑅𝑅𝐹𝐹𝐷𝐷𝑅𝑅𝑅𝑅𝐹𝐹 𝐷𝐷𝑜𝑜 𝐷𝐷𝑠𝑠𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑅𝑅 =
𝑁𝑁𝐹𝐹𝐷𝐷𝑁𝑁𝑅𝑅𝐹𝐹 𝐷𝐷𝑜𝑜 𝑅𝑅𝐹𝐹𝑞𝑞𝑅𝑅𝑅𝑅𝑅𝑅𝑞𝑞𝐹𝐹𝑅𝑅𝑅𝑅 𝐷𝐷𝑠𝑠𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑅𝑅

𝐴𝐴𝐹𝐹𝑅𝑅𝑅𝑅 𝐷𝐷𝑜𝑜 𝐹𝐹𝐹𝐹𝑅𝑅𝑞𝑞𝐹𝐹𝑅𝑅𝑅𝑅 𝐷𝐷𝑅𝑅𝐷𝐷𝑠𝑠𝑅𝑅𝑅𝑅𝑞𝑞
 

 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝑅𝑅𝐹𝐹𝐷𝐷𝑅𝑅𝑅𝑅𝐹𝐹 =
𝐷𝐷𝑅𝑅𝐹𝐹𝐷𝐷𝑅𝑅𝑅𝑅𝐹𝐹 𝐷𝐷𝑜𝑜 𝐷𝐷𝑠𝑠𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑅𝑅

𝑇𝑇𝐷𝐷𝑅𝑅𝑅𝑅𝑅𝑅 𝑞𝑞𝑅𝑅𝐹𝐹𝐷𝐷𝑅𝑅𝑅𝑅𝐹𝐹
 

 
c. Relative dominance 

Dominance of a species is determined by the value of the basal cover. Relative dominance is the 
coverage value of a species with respect to the sum of coverage of the rest of the species in the area: 

𝐷𝐷𝐷𝐷𝐷𝐷𝑅𝑅𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝑅𝑅 (𝐵𝐵𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅 𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅 𝐷𝐷𝑜𝑜 𝐷𝐷𝑠𝑠𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑅𝑅) =
π ∗ (𝐷𝐷𝑅𝑅𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅𝑅𝑅𝐹𝐹 𝐷𝐷𝑜𝑜 𝐷𝐷𝑠𝑠𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑅𝑅)2
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𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝑅𝑅𝐹𝐹𝑅𝑅𝐹𝐹𝐹𝐹𝑅𝑅 =
𝐵𝐵𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅 𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅 𝐷𝐷𝑜𝑜 𝐷𝐷𝑠𝑠𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝑅𝑅

𝑇𝑇𝐷𝐷𝑅𝑅𝑅𝑅𝑅𝑅 𝑁𝑁𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅 𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅
 

 
The similarity index is a comparison of the current vegetation component on an ecological site. A 
similarity index determines how closely the current plant community resembles either the potential 
natural community or some other reference community. The similarity index is expressed as the 
percentage of the reference community that is currently on an ecological site. The similarity index 
value varies between 0 and 1, where 0 means very dissimilar and 1 means very similar.  

Bray-Curtis dissimilarity (B) is used to quantify the compositional dissimilarity between two different 
sites, based on counts at each site. Bray-Curtis dissimilarity uses individual numbers as parameters in 
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the calculation, so that both species and individual parameters can affect the degree of similarity for 
two compared sites: 

𝐵𝐵𝐹𝐹𝑅𝑅𝐹𝐹–𝐶𝐶𝐹𝐹𝐹𝐹𝑅𝑅𝑅𝑅𝐷𝐷 𝐷𝐷𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝐹𝐹 (1 − 𝐵𝐵) = 1 −
∑ |(𝐹𝐹1𝑖𝑖 − 𝐹𝐹2𝑖𝑖 |)𝑆𝑆
𝑖𝑖=1

∑ (𝐹𝐹1𝑖𝑖 + 𝐹𝐹2𝑖𝑖)𝑆𝑆
𝑖𝑖=1

 

where: 

B = Bray-Curtis dissimilarity; S = total species number in land use 1 and land use 2; n1 = number of 
individual of species i in land use 1; n2 = number of individual species i in land use 2. 

The diversity index is a quantitative measurement that reflects how many different species there are in 
a site. The Shannon-Wiener diversity index (H’) is one of the popular indices that is used in 
ecological studies. It represents how the species heterogeneity of a site incorporates species richness 
and evenness. The value of H’ commonly varies between 0 and 3.5, and rarely surpasses 4.5: 

𝐻𝐻’ =  − ∑ 𝑠𝑠𝑅𝑅 (𝑅𝑅𝐹𝐹 𝑠𝑠𝑅𝑅)  
where: 

pi = proportion of the individual number of each species to the total species i 

The value of H’ represents species heterogeneity and can be classified into low (H’ < 1.5), medium 
(1.5–3.5) and high (H’ > 3.5). 

2.3.2 Tree biomass carbon stock analysis 
Tree biomass carbon stock is generated from individual tree diameter (D) and wood density (ρ) using 
an allometric equation developed by Chave et al. (2005) for humid/moist topical forest with 
precipitation between 1,500 and 4,000 mm/year: 

 
𝐴𝐴𝑁𝑁𝐷𝐷𝑅𝑅𝑅𝑅𝐴𝐴𝐹𝐹𝐷𝐷𝐹𝐹𝐹𝐹𝑞𝑞 𝐵𝐵𝑅𝑅𝐷𝐷𝐷𝐷𝑅𝑅𝐷𝐷𝐷𝐷.𝑒𝑒𝑒𝑒𝑒𝑒(𝑘𝑘𝐴𝐴) =  𝜌𝜌 ∗  𝑅𝑅𝐷𝐷𝑠𝑠(−1.499 + 2.148 𝑅𝑅𝐹𝐹(𝐷𝐷) + 0.207(𝑅𝑅𝐹𝐹(𝐷𝐷))2 − 0.0281(𝑅𝑅𝐹𝐹(𝐷𝐷))3) 

 
For certain species such as coffee, cacao, oil palm, palm, banana and bamboo, we applied specific 
allometric equations developed by researchers previously (Table 1).  
 

Table 1. Allometric equations for biomass estimation of specific species  

Tree species Allometric equation Source 

Coffee regularly pruned (AGB)est = 0.281 D2.06 Arifin 2001 

Cacao (AGB)est = 0.1208 D1.98  Yuliasmara 2008 

Oil palm  (AGB)est = 0.0976 H + 0.0706  ICRAF 2009 

Palm (AGB)est = exp{-2.134 + 2.530 v ln(D)}  Brown 1997 

Palm (AGB)est = 4.5 + 7.7 v H Frangi & Lugo 1985 

Bamboo (AGB)est = 0.131 D2.28 Priyadarsini 2000 

Banana (AGB)est = 0.030 D2.13 Arifin 2001 

Note:  
(AGB)est = estimation aboveground tree biomass, kg tree-1; D = DBH, diameter at breast height, cm; H = tree height, m;  
ρ = wood density, g cm-3 (available from: http://db.worldagroforestry.org/wd). 
A default value was used for the carbon content to estimate the carbon fraction in the aboveground biomass (47% of biomass 
value) based on IPCC (2006).  

http://db.worldagroforestry.org/wd
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3. Results 

3.1 Land use descriptions 

3.1.1 Undisturbed mangrove 
Undisturbed mangrove remains in certain areas along the coast of Banyuasin and Musi Banyuasin. 
There are several types of mangrove in Banyuasin ranging from mono species to more diverse mixed 
species. Plot samples of mangrove were set up in Telang, Sungsang and Tanjung Lago (Banyuasin). 
Mangrove formation in the Telang area is dominated by perepat (Sonneratia caseolaris) with 
diameters up to 60 cm. The tree-stage population in this area reaches about 40 individuals per 2,000 
m2 or about 200 trees per hectare, but there are fewer in the sapling and seedling stages (Figure 4). 
Other species in the mangrove include the herb jeruju (Acanthus sp.), but at very low density. The 
local community mentioned that they benefit from this mangrove through extracting roots for bottle 
cap (Rp. 100 per cone root).   

 

  
Figure 4. Sonneratia caseolaris as dominant species in small delta of Telang area 

Mangrove types in Sungsang are closer to the sea and consist of more species such as Avicennia alba 
and Bruguiera cylindica as dominants mixed with Sonneratia caseolaris and Nypa fruticans (Figure 
5). The tree stage (> 10 cm diameter) is dominated by Avicennia alba that reaches up to 60 cm 
diameter and the pole stage (5–10 cm diameter) is dominated by Bruguiera cylindrica, but both 
species have balanced populations in the seedling and sapling stages.  

 

  
Figure 5. Mixed mangrove, dominated by Sonneratia caseolaris and Avicennia alba 
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Other undisturbed mangrove types in Tanjung Lago are dominated by Rhizophora apiculata and 
Rhizophora mucronata in the tree stage with a range of 20–60 cm diameter, with Avicennia alba in 
the pole stage and the three species occur as seedlings, saplings and poles with Nypa fruticans 
distributed across the plots (Figure 6).  

 

  
Figure 6. Mangrove type dominated by R. apiculata and R. mucronata 

3.1.2 Shrub on swamp 
Shrub on swamp is spread out in Banyuasin and Musi Banyuasin. There are different types of shrub 
vegetation in the area. Two plot samples of shrub on swamp were set up in Jalur 21, Tirto Raharjo, 
Muara Padang (Banyuasin) at -2.726431o, 105.186193o and -2.729844o, 105.196555o at 10–20 meters 
above sea level. Four plots sample were set up in Puyuh, Teluk Tenggulang, Tungkal Ilir (Musi 
Banyuasin) at -2.509485o, 104.318938o; -2.506788o, 104.307905o; -2.511469o, 104.309577o; and -
2.495172o, 104.295696o. 

The area in Muara Padang was cleared several years ago for oil palm plantation, oil mining, and 
settlement. Some abandoned land has become occupied by Imperata grassland and the expansion of 
gelam (Melaleuca sp.) in an early growth stage, as well as Acacia mangium and Melastoma 
malabathricum (Figure 7). Shrub on swamp is mostly located alongside the canal and is inundated 
during the rainy season. During the dry season, the area may be affected by fire. 

 
Figure 7. Shrub on swamp dominated by Imperata grassland with remaining standing dead and  

live trees spread out the area 
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Logged-over forest has a very low density which is described as shrub on swamp can be found in 
Tungkal Ilir. Various species and different tree densities—from early succession (Figure 8) to more 
dense and diverse species—can be found in this area with minimum management applied by the local 
community. 

 
Figure 8. Shrub on swamp—early succession 

 
Figure 9. Shrub on swamp with heterogenic species 

 

3.1.3 Nypa clumps 
Large areas of Nypa fruticans can be found in Tanjung Lago—with some Avicennia growing along 
the edges of streams (Figure 10)—and in Rimau Sungsang, Banyuasin II (Banyuasin). Three plots of 
Nypa were established at -2.369678o, 104.814695o; -2.368632o, 104.816958o; and -2.372349o, 
104.816458o. Large areas of Nypa, located about 1 km from the coastline were cleared as part of the 
port development process.  
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Figure 10. Nypa mixed with other mangrove vegetation 

3.1.4 Coconut monoculture 
Coconut monoculture can be found in large areas of Marga Sungsang and Teluk Payo, Banyuasin II 
(Banyuasin). Three plots of coconut monoculture at different ages were established at -2.410208 o, 
104.828633o; -2.452551o, 104.807313o; and -2.45442o, 104.804828o in young, middle-aged and older 
than 20 years, respectively. Commonly, coconut trees are planted 10 meters apart. Semi intensive 
management is applied with weeding, which may be irregular. Some species such as areca nut (Areca 
catechu) or taro (Colocasia esculenta) are integrated in the system (Figure 11). 

 
Figure 11. Coconut monoculture 

3.1.5 Logged-over forest  
Natural land uses such as logged-over forest, undisturbed forest and shrub are still present but are 
difficult to access. Remnant forest remains in the area mostly because such sites are unsuitable for 
conversion (because of inundation in certain periods) or because they are protected by some 
regulations, such as being in a national park and other protected forest area. Five plots of logged-over 
forest were set up at Muara Teladan and Sekayu, Sekayu (Musi Banyuasin) at -2.799205o, 
103.903882o; -2.881691o, 103.810277o; -2.794727o, 103.902356o; -2.786549o, 103.898087o; and -
2.771383o, 103.889759o. Logging activity and other forest product harvesting activity still occur in 
this area. In addition, the forest is also used as access to garden agricultural fields and plantation 
areas. The canopy cover is quite high with medium density tree stands of Eugenia sp. and Garcinia sp 
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(Figure 12). No land management is applied in this land use system due to inundation during the rainy 
season. The forest is located near the Batanghari Leko River. 

 
Figure 12. Logged-over forest 

3.2 Tree diversity and composition 
The tree diversity analysis of this research focused on land use samples in Banyuasin and Musi 
Banyuasin, since land use samples data of Musi Rawas had already been collected and reported on by 
SITH-ITB.  

3.2.1 Species richness  
Tree-based natural ecosystems of logged-over forest of low density in Musi Banyuasin and shrub on 
swampy areas in Banyuasin have high species richness, with 96 and 38 species in total on 5 and 6 
plots, respectively. High tree species richness is found in the logged-over forest,with 65 of 96 species 
(almost 70% of total species). A similar trend is found in the shrub on swamp land use type, although 
with lower species richness. Undisturbed mangrove in Banyuasin has 7 species, but Nypa, as part of 
the mangrove formation has only the single species. Coconut monoculture represented by smallholder 
plantations consist of only the single species of saplings and poles, but a few species have managed to 
grow inside the systems (Table 2). 
 

Table 2. Tree species richness in each land uses systems and each growth stage 

District Land use No. of plots Seedling Sapling Pole Tree All 
Bayuasin Undisturbed mangrove 3 5 6 5 6 7 

Nypa  3 - - - 1 1 

Swamp on shrub 6 10 16 17 23 38 

Coconut monoculture 3 0 1 1 3 4 

Musi 
Banyuasin 

Logged-over forest low 
density 

5 37 55 37 65 96 

3.2.2 Tree species diversity 
The high species richness in the tree-based natural ecosystems of logged-over forest and shrub is in 
line with the species diversity index (Table 3).  High diversity index found in logged-over forest for 
saplings, poles and trees (> 3 for the Shannon-Wiener Index), however the diversity index of seedlings are 
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the lowest among other growth stage. The diversity index in the shrub and undisturbed mangrove for all 
growth stage are medium.  

Table 3. Shannon-Wiener diversity index in various land use systems and growth stages 

District Land use No. of plot Seedling Sapling Pole Tree 
Bayuasin Undisturbed mangrove 3 1.18 1.43 1.46 1.31 

Nypa  3 - 0 - - 

Shrub on swamp 6 1.68 1.46 1.16 2.16 

Coconut monoculture 3 0 0 0.32 0.23 

Musi 
Banyuasin 

Logged-over forest low 
density 

5 2.93 3.51 3.18 3.57 

3.2.3 Dominant species  
The dominant species in each land cover are presented in the list of three species with the highest IVI.  
Sonneratia caseolaris and Avicennia alba are the most two dominant species in the three mangrove 
plots sampled in Banyuasin for all growth stages. Melaleuca leucadendra is a very common species in 
the shrub on swampy area. Pternandra caerulescens, a sub-climax species that commonly grows 
under forest canopy is found as the most dominant species in logged-over forest for all growth stages 
(Table 4).  
 

Table 4. Three highest IVI tree species for various land use systems and growth stage 

Land use Seedling Sapling Pole Tree 
Banyuasin, South Sumatra 
Undisturbed 
mangrove 

Avicennia alba 
Sonneratia caseolaris 
Bruguiera cylindrical 

Avicennia alba 
Nypa fruticans 
Sonneratia caseolaris 

Avicennia alba 
Sonneratia 
caseolaris 
Rhizophora 
mucronata 

Sonneratia caseolaris 
Avicennia alba 
Rhizophora apiculata 

Nypa clump - - - Nypa fruticans 

Shrub on 
swamp 

Melaleuca 
leucadendra 
Ploiarium 
alternifolium 

Melaleuca leucadendra 
Ploiarium alternifolium 
Melastoma 
malabathricum 

Melaleuca 
leucadendra 
Macaranga 
hypoleuca 
Alstonia scholaris 

Melaleuca 
leucadendra 
Acacia mangium 
Macaranga hypoleuca 

Coconut 
monoculture 

- Macaranga pruinosa Fagraea crenulata Cocos nucifera 
Macaranga pruinosa 
Areca catechu 

Musi Banyuasin, South Sumatra 

Logged-over 
forest low 
density 

Pternandra caerulescens 
Cleistanthus myrianthus 
Garcinia parxifolia 

Pternandra 
caerulescens 
Dillenia excelsa 
Gardenia tubifera 

Pternandra 
caerulescens 
Elaeagnus sp. 
Eugenia aquea 

Pternandra 
caerulescens 
Garcinia parxifolia 
Eugenia aquea 

3.2.3 Similar species among land use and growth stage 
Based on result, there is no similarity among the sampled land use in both Banyuasin and Musi 
Banyuasin Districts. Very low similarity occurs between logged-over forest and shrub (Table 5). The 
similarity of species among man-made and natural land use systems can show the capability of man-
made land use systems to support natural species to grow. 
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Table 5. Matrix similarity species among land uses systems in Banyuasin and Musi Banyuasin 

Seedling 

  UM Nypa ShS CoM LoF-L 
Undisturbed mangrove (UM) 1 0 0 0 0 
Nypa 

 
1 0 0 0 

Shrub on swamp (ShS) 
  

1 0 0.05 
Coconut monoculture (CoM) 

   
1 0 

Logged-over forest low (LoF-L) 
    

1 
Sapling 
Undisturbed mangrove (UM) 1 0.24 0 0 0 
Nypa 

 
1 0 0 0 

Shrub on swamp (ShS) 
  

1 0 0.01 
Coconut monoculture (CoM) 

   
1 0 

Logged-over forest low (LoF-L) 
    

1 
Pole 
Undisturbed mangrove (UM) 1 0 0 0 0 
Nypa 

 
1 0 0 0 

Shrub on swamp (ShS) 
  

1 0 0.04 
Coconut monoculture (CoM) 

   
1 0 

Logged-over forest low (LoF-L) 
    

1 
Tree 
Undisturbed mangrove (UM) 1 0 0 0 0 
Nypa 

 
1 0 0 0 

Shrub on swamp (ShS) 
  

1 0 0.02 
Coconut monoculture (CoM) 

   
1 0 

Logged-over forest low (LoF-L) 
    

1 
 
Beside similarity in species among land use systems, we investigated more detail on the similarity of 
species among the growth stages in each land use system to understand the sustainability of species in 
the ecosystem. In the natural ecosystems, such as logged-over forest, shrub and undisturbed 
mangrove, some species have had a chance to develop from seedlings to the tree stage due to low 
disturbance. The intensity of disturbance may affect the level of sustainability of species in certain 
ecosystems and is expressed by the level of similarity among growth stages (Table 6). Low 
disturbance results in high similarity among growth stages. An exceptional case occurs in Nypa a 
ecosystem which there is dissimilarity in all growth stages. In Nypa, similarity analysis was 
undertaken for the other species which had regenerated in that ecosystem, but none were found. 
However, in the man-made ecosystem of monoculture coconut, only very limited species change is 
evident due to the management activities in the systems.  
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Table 6. Matrix similarity species among growth stage in Banyuasin and Musi Banyuasin 

  Seedling Sapling Pole Tree 

Undisturbed Mangrove 

Seedling 1 0.61 0.54 0.59 

Sapling 
 

1 0.64 0.69 

Pole 
  

1 0.67 

Tree 
   

1 

Nypa clump 

Seedling 1 0.00 0.00 0.00 

Sapling 
 

1 0.00 0.00 

Pole 
  

1 0.00 

Tree 
   

1 

Shrub on swamp 

Seedling 1 0.42 0.20 0.29 

Sapling 
 

1 0.65 0.36 

Pole 
  

1 0.48 

Tree 
   

1 

Coconut Monoculture 

Seedling 1 0.00 0.00 0.00 

Sapling 
 

1 0.00 0.07 

Pole 
  

1 0.00 

Tree 
   

1 

Logged over Forest low density 

Seedling 1 0.54 0.32 0.43 

Sapling 
 

1 0.54 0.55 

Pole 
  

1 0.44 

Tree 
   

1 

 

3.2 Carbon stock analysis 

3.2.1 Carbon stocks at land use level 
Above-ground carbon stock estimation of Banyuasin and Musi Banyuasin was performed in four 
carbon pools: above ground biomass (tree and understorey), litter and necromass, except for 
undisturbed mangrove. The understory in mangrove dominated by Rhizophora sp. is very limited, 
because of root occupation and the low light intensity reaching the forest floor. Movement of litter 
and necromass in the mangrove ecosystem is affected by the tide flow.   

In this study included the carbon stock data of Musi Rawas collected by SITH-ITB which focused on 
live tree component. Details of the results, plot number and land use systems in each district are 
described in Table 7.  
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Table 7. Aboveground carbon stock in various land use systems 

District Land use No. of 
plots 

Carbon stock (Mg ha -1) 
Tree Necromass Understorey Ltter Total  

Banyuasin Undisturbed mangrove 3 99.2 - - - 99.2 
Nypa clump 3 0 0 8.5 3.2 11.7 
Shrub on swamp 6 14.2 1.6 3.9 3.2 22.9 
Coconut monoculture 3 42.0 0 1.5 2.4 45.8 

Musi 
Banyuasin 

Logged over forest-low 
density 

5 52.1 9.1 1.4 1.9 64.6 

Musi 
Rawas*) 

Undisturbed forest   5 204.5 - - - 204.5 
Logged over forest-high 
density 

6 105.6 - - - 105.6 

Rubber agroforest   24 75.2 - - - 75.2 
*) collected by SITH-ITB 
 
The survey results showed that in undisturbed forest (Musi Rawas) stored carbon is around 204.5 Mg 
ha-1, in high density logged-over forest (Musi Rawas) it is 105.6 Mg ha-1 and in low density logged-
over forest of Musi Banyuasin it is 64.6 Mg ha-1. Undisturbed mangrove of Banyuasin has stored 
carbon of 99.2 Mg ha-1 while the carbon stock in non-woody Nypa is about 11.7 Mg Ha-1 and in shrub 
is 22.9 Mg Ha-1. Tree-based man-made ecosystems consisted of coconut with carbon stock of about 
45.8 Mg Ha-1 and rubber agroforestry with about 75.2 Mg Ha-1. Trees contribute around 62–90% to 
the total carbon stock in tree-based systems for both natural and man-made ecosystems, while 
necromass and understorey contribute 1.5–9% each. Litter contributes 1.9–3.2% of the total carbon 
stock in the systems. 

 

4. Discussion 

4.1 Tree diversity and composition 

4.1.1 Tree species richness  
Tropical forest is often the source of high biological diversity and provides various functions. 
However in degraded forest still composed of native forest and remnant trees, the diversity depends 
on the degradation and disturbance level as well as the regeneration process period. In ecosystems, 
trees play an important role in providing habitat to other biodiversity, including animals, other plants 
and even microorganisms. Tree species richness and the tree community structure are considered as 
diversity indicators for certain land uses. More complex biodiversity is indicated by greater species 
richness and a more complex stand structure and in certain ecosystems this will be more stable and 
provide more functions. 

Low density logged-over forest in Musi Banyuasin has the highest number of tree species in every 
growth stage, followed by shrub on swamp. Remnant trees found in the land use systems after 
disturbance impact on the high species richness in the tree stage. Lower species richness in the 
seedling stage may be caused by canopy closure during the succession process to which only certain 
species can adapt. Low species richness of poles in logged-over forest is assumed to be the result of 
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competition between pioneer species that regenerate as soon as disturbance occurs and sub-climax or 
remnant climax trees. Different types of disturbance occur in shrub on swamp. Periods of inundation 
in the rainy season and burning in the dry season mean some species cannot survive, while some 
adaptive fast-growing species regenerate and thus increase the diversity index. 

The natural ecosystem of Nypa and mangrove supports fewer species than terrestrial ecosystems. 
Nypa, a native to the coastline and estuarine habitats, is known to form pure stands which can be 
classified as a typical land use where there are rarely found woody tree species in the area. High 
density clumps of Nypa mean other species have no chance to regenerate. In man-made ecosystems, 
such as smallholder monoculture coconut in Banyuasin, human interference is the main factor 
affecting tree species richness. Regular weeding and land management have eliminated non-
commodity species.  

4.1.2 Species diversity 
Generally, natural ecosystems in Indonesia have a high diversity index at exery growth stage 
compared to man-made ecosystems. Logged-over forest in Musi Banyuasin has a high tree diversity 
index greater than for the Shannon-Wiener index in saplings, poles and trees, but is only at the 
medium level for seedlings. High canopy closure during the succession process may be one of many 
factors resulting in the lower level of seedling diversity along with human disturbance. 

Although the logged-over forest has been encroached by logging activity, the sexerity and intensity of 
disturbance is still tolerated by many species including light-demanding species and shade-tolerant 
species which are able to survive. The rate of disturbance from logging activity and other human 
activity in the forest has not changed the entire ecosystem condition, but rather has only made partial 
changes to the vegetation composition, as seeds can germinate and seedlings have the opportunity to 
mature.  

Monoculture coconut has a low diversity index and does not provide a chance for non-targeted species 
to survive. Man-made ecosystems such as coconut monoculture are established for economic 
purposes. This ecosystem is usually established by land clearing which removes all the vegetation on 
a certain area. Remaining forested areas as sources of seed are far from the plantation and settlement, 
so that seeds of wild species can only be brought in by a seed dispersal agent, but then subsequent 
weeding activity can thwart the survivability of wild species. 

4.1.3 Dominant species 
Commonly, there is no single dominant species in a natural ecosystem (Leigh 2004). However, some 
species tend to dominate in disturbed areas depending on the level of disturbance and the period after 
disturbance. The dominance of certain species after disturbance can be used as an indicator of the 
disturbance level and period. Pternandra caerulescens is dominant in the logged-over forest of Musi 
Banyuasin. This species is found under the canopy in undisturbed and disturbed forests. In disturbed 
forests, this species is usually present as a pre-disturbance remnant (Slik 2009). In shrub on swamp, 
the dominant species in each growth stage is Melaleuca leucadendra. This species is known for its 
capability to grow in marshy conditions that are inundated and burnt periodically, so that this species 
is found in every growth stage, while other species that are not able to adapt to the disturbances will 
not survive.  
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Species dominant across the growth stages in the mangrove ecosystem are relatively constant. 
Sonneratia caseolaris and Avicennia alba are species found in each growth stage; this species is 
commonly found along the coast in mangroves and in the intertidal zone. In the mangrove ecosystem, 
plot placement will determine the result. Different substrate types are overgrown by certain species. 
The man-made ecosystem of monoculture coconut is dominated by the targeted commodity species in 
the tree stage, while in the younger stage usually the seedling is a result of seed germination from 
parent trees or naturally regenerated species.  

Dominance is an indicator of species composition in a habitat (Lohbeck et al 2014), where the 
dominance of a species refers to its relative importance in its habitat (Chase et al 2003), which 
determines the degree of influence of the species in the habitat. The dominance of a certain species 
provides major ecosystem services, but it doesn’t mean that other species have a minor role in 
ecosystem services. Each species has a specific role to provide ecosystem services, especially the 
more complex the variation of the species in a land use; usually the ecosystem service that is provided 
is more balanced and sustainable. A change in the dominance of species in certain land uses can 
indicate the occurrence of the disturbance.  

4.1.4 Similar species among land uses and growth stages 
A similarity index is a comparison of the vegetation composition in terms of the species and their 
abundances on an ecological site. A similarity index determines how closely the current vegetation 
community resembles either the potential natural community or some other reference community. The 
similarity index value varies between 0 and 1, where 0 indicates very dissimilar and 1 indicates very 
similar. 

Very low similarity, even dissimilarity, is found among the land use systems in the sample plots of 
Banyuasin and Musi Banyuasin. Differences species composition among land uses causes different 
characteristics of the ecosystem. Geographical factors—particularly the location and type of land use 
that separate land uses—can inhibit seed dispersal. In this case, considering distances where samples 
are not adjacent to each other, the dispersal of tree seed also depends on geographical position and the 
distance between land uses; therefore seed brought by some dispersal agents is unable to reach distant 
locations. More over the sampled land use types are very different which indicates that, the species 
composition of each land use is basically different. 

Natural regeneration, especially in old-growth forest, often consists of a multi age distribution (Scheff 
2012) which has a balance in species regeneration which means there are certain species in every 
growth stage. For a disturbed land use, such as logged-over forest, which is composed of various type 
of species, the appearance of a fast-growing species due to the succession process can occur, while 
remnant slow growing species or climax species are also still found. 

However, the similarity level among the growth stages varies. A medium similarity level (about 40–
60%) occurs in natural ecosystems of logged-over forest, shrub on swamp and undisturbed mangrove. 
Pristine ecosystems tend to have a high similarity among growth stages, with a natural land use, 
especially old-growth forest, often consisting of a multi age distribution (Scheff 2012) which has a 
balance of regenerating species which means certain species are present in every growth stage.  

Based on those parameters, logged-over forest is the most ecologically valuable in terms of providing 
ecosystem services, particularly for biodiversity conservation. High species richness, a high diversity 
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index value and high similarity among growth stages indicate that this ecosystem will be a stable 
ecosystem without human disturbance. 

4.2 Aboveground carbon stock  
Aboveground carbon stock at the plot level depends on the tree size, tree density and wood density of 
each species in the system. Tree-based natural ecosystems tend to store high amount of carbon stocks 
compared to man-made ecosystems.  

Based on the results, undisturbed forest in Musi Rawas stores around 204.51 Mg ha-1 of carbon, while 
in logged-over forest, high stand density stores 105.59 Mg ha-1, low stand density stores 64.62 Mg ha-

1 and undisturbed mangrove stores 99.2 Mg ha-1. However, the value of the carbon stock in logged-
over forest is relatively low (compared to similar land uses in another study), due to the absence of old 
trees with large diameters, because of logging activity. The logged-over area is the result of 
encroachment for logging and some area has been converted to plantation. The value of logged-over 
forest can be higher at another location. For comparison, the estimated carbon stock value for forest 
land use types varies around 50–200 Mg ha-1, depending on the forest condition. Normally, 
Indonesian forests have been estimated to store carbon stocks in the range 161–300 Mg ha-1 
(Murdiyarso et al 1995), but according to Lasco (2002) the carbon stock of South East Asian forest 
varies between 40 and 250 Mg ha-1. The wide range of estimated carbon stock in the samples is 
caused by the different condition and different types of disturbance that affect the forest. The factors 
that influence the carbon value in logged-over forest could be included the number of commercially 
extractable species as well as the location of the land use, where accessible locations tend to be 
disturbed more often. The period of disturbance also differs in each logged-over forest, so that the 
condition in earlier-logged forest may differ from that of one logged later (Rahayu et al 2005). 
Increasing the number of sampled plots to cover all typical land use variation will give a 
representative result; especially for the land use with random stand conditions such as occur in the 
natural land use. 

The study in Musi Banyuasin and Banyuasin found that understory and necromass distribution to total 
carbon stock is about 1.5–9%. This is similar to previous study in Sumberjaya, Lampung, where the 
proportion of understorey and necromass was similar—only around 8% of total carbon stock (Van 
Noordwijk et al 2007). Nypa mainly store carbon in the fronds and stems, compared with trees, nypa 
relatively stored lower biomass and carbon content. Undisturbed mangrove has various tree structures, 
with mature trees are quite dominating the sampled land use systems. Compared to other undisturbed 
mangrove in Papua and North Sumatra where the carbon stock reaches more than 100 Mg ha-1, the 
carbon stock in Banyuasin is categorized as medium level. Monoculture coconut in Banyuasin holds 
similar carbon stock to other places in Indonesia (about 40–50 Mg ha-1), while the rubber agroforest in 
Musi Rawas has similar carbon stock to rubber agroforest in Jambi (70–80 Mg ha-1). The estimated 
carbon stock for both land use systems are quite high. In man-made land use systems the management 
play role in affecting the number of stored carbon, so that the estimated value of carbon stock may 
vary, even close to the carbon values in natural forests. 
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5. Conclusions 
In terrestrial and use system, low density logged-over forest is considered as a sustainable ecosystem 
due to its high tree species richness, high diversity index and medium similarity among growth stages. 
This system contains a medium level of carbon stock compared to undisturbed forest. This ecosystem 
may provide ecosystems services, particularly as biodiversity habitat and for carbon stock. The second 
layer ecosystem supporting biodiversity and carbon stock is shrub on swampy area. Both logged-over 
forest and shrub are potential ecosystems to be conserved through mitigation action, particularly by 
avoiding CO2 emission and biodiversity losses. In terms of carbon stock, rubber agroforest is an 
important man-made ecosystem to be developed as part of mitigation action as it contains relatively 
high carbon stock. Mangrove is also another important ecosystem that contains high carbon stock, has 
good habitat for biodiversity, supports aquatic biodiversity and has other physical functions such as 
preventing coastal abrasion. Even though, only holding low carbon stock and low species richness, 
Nypa ecosystems may be important in the coastal area. Other functions and indicators of 
environmental services of Nypa may need to be studied.  
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Appendix. Tree species checklist for each land use in Bayuasin and Musi Banyuasin 
Districts 

 

No. Scientific name 
Land use 
Undisturbed 
mangrove 

Nypa  Shrub on 
swamp 

Coconut 
monoculture 

Logged over 
forest 

1 Acacia mangium   v   
2 Alstonia scholaris   v   
3 Alstonia spatulata   v   
4 Ancistrocladus tectorius     v 

5 Antidesma coriaceum     v 

6 Antidesma montanum     v 

7 Aphania senegalensis     v 

8 Archidendron clypearia   v   
9 Areca catechu    v  
10 Artocarpus elasticus     v 

11 Artocarpus kemando     v 

12 Artocarpus sp.     v 

13 Avicennia alba v     
14 Baccaurea jaxanica     v 

15 Barringtonia reticulata   v  v 

16 Bridelia insulana     v 

17 Bruguiera cylindrica v     
18 Bruguiera gymnorrhiza v     
19 Buchanania arborescens     v 

20 Buchanania sessilifolia     v 

21 Campnosperma coriaceum   v   
22 Cleistanthus myrianthus     v 

23 Cleistanthus sumatranus     v 

24 Coccoceras sumatranum     v 

25 Cocos nucifera    v  
26 Combretocarpus rotundatus   v   
27 Cratoxylum formosum     v 

28 Cryptocarya ferrea     v 

29 Cynometra ramiflora     v 

30 Dalbergia pinnata     v 

31 Dehaasia microcarpa     v 

32 Dillenia excelsa     v 

33 Diospyros frutescens     v 

34 Dryobalanops oblongifolia     v 

35 Dysoxylum alliaceum     v 

36 Elaeagnus sp.   v  v 

37 Elaeocarpus glaber     v 

38 Elaeocarpus palembanicus   v   
39 Eugenia aquea     v 

40 Euodia latifolia   v  v 

41 Fagraea crenulata    v  
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No. Scientific name 
Land use 
Undisturbed 
mangrove 

Nypa  Shrub on 
swamp 

Coconut 
monoculture 

Logged over 
forest 

42 Fagraea fragrans      v 

43 Ficus annulata   v   
44 Ficus retusa     v 

45 Flacourtia rukam     v 

46 Fragraea fragrans     v 

47 Ganua motleyana     v 

48 Garcinia atroxiridis     v 

49 Garcinia parxifolia     v 

50 Garcinia sp.1     v 

51 Gardenia tubifera     v 

52 Glochidion rubrum     v 

53 Gluta renghas     v 

54 Gnetum latifolium     v 

55 Goniothalamus malayanus    v   
56 Gynotroches axillaris   v   
57 Gynotroches axillaris    v   
58 Horsfieldia subglobosa   v   
59 Ixora grandifolia     v 

60 Lagerstroemia speciosa     v 

61 Litsea cassiaefolia     v 

62 Litsea oppositifolia     v 

63 Litsea sp.     v 

64 Lophopetalum jaxanum   v   
65 Macaranga amissa   v   
66 Macaranga hypoleuca   v  v 

67 Macaranga motleyana     v 

68 Macaranga pruinosa    v  
69 Melaleuca leucadendra   v   
70 Melastoma malabathricum   v   
71 Memecylon oligoneurum     v 

72 Microcos paniculata     v 

73 Muntingia calabura     v 

74 Nauclea obtusa     v 

75 Nauclea obtusa      v 

76 Nephelium lappaceum   v   
77 Nephelium ramboutan-ake     v 

78 Nephelium sp.     v 

79 Nypa fruticans v v    
80 Plectronia glabra     v 

81 Ploiarium alternifolium   v   
82 Polyalthia lateriflora   v   
83 Pternandra caerulescens   v  v 

84 Pternandra caerulescens    v   
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No. Scientific name 
Land use 
Undisturbed 
mangrove 

Nypa  Shrub on 
swamp 

Coconut 
monoculture 

Logged over 
forest 

85 Quercus sp.     v 

86 Rhizophora apiculata v     
87 Rhizophora mucronata v     
88 Rinorea bengalensis     v 

89 Semecarpus sp.     v 

90 Shorea pauciflora     v 

91 Sonneratia caseolaris v     
92 Spatholobus littoralis     v 

93 Symplocos adenophylla     v 

94 Symplocos cochinchinensis     v 

95 Syzygium chloranthum     v 

96 Syzygium claxiflorum     v 

97 Syzygium jambosoides   v  v 

98 Syzygium leptostemon     v 

99 Syzygium lineatum     v 

100 Syzygium muelleri   v   
101 Syzygium palembanicum   v   
102 Syzygium sp. 1     v 

103 Syzygium sp. 2     v 

104 Syzygium sp. 3     v 

105 Syzygium tetrapterum   v   
106 Teijsmanniodendron coriaceum     v 

107 Unidentified bangkinang     v 

108 Unidentified bedi     v 

109 Unidentified kelempang     v 

110 Unidentified kudun     v 

111 Unidentified kukulang     v 

112 Unidentified melesire     v 

113 Unidentified mengkel     v 

114 Unidentified merajelai     v 

115 Unidentified pasir     v 

116 Unidentified pelangas     v 

117 Unidentified sale     v 

118 Unidentified sengijau     v 

119 Unidentified Sp. 519   v   
120 Unidentified Sp. 520   v   
121 Unidentified sp. 609   v   
122 Unidentified sp. 704     v 

123 Unidentified sp. 8.2.5     v 

124 Unidentified Sp. vx   v   
125 Unidentified Sp. ww   v   
126 Unidentified Sp. vx   v   
127 Unidentified Sp. zz   v   
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No. Scientific name 
Land use 
Undisturbed 
mangrove 

Nypa  Shrub on 
swamp 

Coconut 
monoculture 

Logged over 
forest 

128 Unidentified tampang     v 

129 Unidentified tegumasoh     v 

130 Unidentified tumpang     v 

131 Uxaria littoralis     v 

132 Vatica pauciflora     v 

133 Vatica sp. 1     v 

134 Vatica sp. 2     v 

135 Vernonia arborea   v   
136 Vitex pinnata     v 

137 Vanthophyllum ellipticum   v   
138 Vanthophyllum flaxescens     v 

139 Ziziphus calophylla     v 

  Number of tree species 7 1 38 4 96 
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