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Abstract. Sadono R, Soepriadi D, Susanti A, Wirabuana PYAP, Matatula J. 2020. Short Communication: Species composition and 
growth performance of mangrove forest at the coast of Tanah Merah, East Nusa Tenggara, Indonesia. Biodiversitas 21: 5800-5804.  
The availability of information about species composition and growth performance of mangrove forests is required to determine the best 
strategies for sustainable ecosystem management, particularly in the coastal area. This study aimed to quantify the species composition and 
growth performance of mangrove stand established at the coast of Tanah Merah, East Nusa Tenggara. Forest inventory was conducted using 

nine permanent sampling plots which evenly distributed in zonations of mangrove. Data were collected in different life stages of vegetation, 
namely seedling, sapling, pole, and tree. Several parameters were calculated to describe species composition, including importance value 
index, richness, heterogeneity, and evenness. Four indicators were selected to assess the growth performance of mangrove stand in this 
location, i.e. mean diameter, average height, timber volume, and wood biomass. Results demonstrated the species composition of mangrove 
forest consisted of 9 different plants. The highest importance value index of seedling was noted in A. marina (124.09) while the highest 
importance value index of sapling (86.57), pole (130.01), and tree (118.58) were recorded in S. alba. This location had low level of richness 
(1.22) and heterogeneity (0.88) but having high level of evenness (0.99). The mean diameter and height of mangrove stand in this area were 
15.2 cm and 8.3 m with an average timber volume and wood biomass around 90.7 m3 ha-1 and 65.1 Mg ha-1 respectively. Based on these 

findings, we suggested to conduct enrichment planting for improving plant diversity of mangrove forest at the coast of Tanah Merah. 
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INTRODUCTION 

The presence of mangrove forests has an important 

contribution to providing environmental services in coastal 
areas such as windbreak, preventing abrasion, and averting 

sea-water intrusion (Matatula et al. 2019). This ecosystem 

is also a habitat for a number of sea organisms that have 

high economic value, such as fish, shrimps, and crabs 

(Sihombing et al. 2017). A study also explains that 

mangrove forest is a source of profitable non-timber forest 

products, like tannins and ecotourism (Kusmana and 

Sukristijiono 2016). Moreover, the existence of mangrove 

forests has a meaningful function related to climate change 

mitigation by reducing carbon emissions in the atmosphere 

(Taillardat et al. 2018). Therefore, the practice of 
sustainable ecosystem management in mangrove forest has 

become an interesting challenge in many archipelago 

countries, including Indonesia. 

As one of the tropical countries, Indonesia has 4.5 

million hectares of mangrove forest equivalent to 23% of 

the global mangrove ecosystem which is proportionally 

distributed in every province (Richards and Friess 2016; 

Susilo et al. 2017). However, the majority of mangrove 

forests in Indonesia are degraded due to the impact of 

human activities, such as land-use change and 

environmental pollution (Ilman et al. 2016). Consequently, 

most mangrove forests cannot provide optimum functions 
for supporting environmental services in the coastal area. It 

also results in negative impact for communities who live 

around coastal areas. These circumstances have encouraged 

people to conduct reforestation in mangrove ecosystems. 

However, the practice of mangrove reforestation is not easy 

since it requires high participation of communities as the 

primary key to guarantee the success of reforestation 

program (Eddiwan 2018). During the last period, there 

were many coastal areas that had initiated implementation 

of mangrove reforestation. Unfortunately, only a few areas 

were successful to achieve the objective, one of them is a 
coastal area located in Tanah Merah, East Nusa Tenggara. 

The activity of mangrove reforestation in Tanah Merah 

has been started intensively since 2004 by a collaboration 

between local communities and District government. Since 

2004 this effort has added more than 100 hectares of 

mangrove forest cover in the area (Sadono et al. 2020). 

Nevertheless, the results of mangrove reforestation 

particularly related to its species composition and growth 

performance of stand in this area have been rarely 

documented. On another side, the available information 
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about those variables is necessary to determine the best 

strategies for sustainable management in mangrove 

ecosystems. Thereby, this study aimed to quantify the 

number of species composition and growth performance of 

mangrove stand established at the coast of Tanah Merah, 

East Nusa Tenggara. The results are expected to provide 

adequate information about species diversity and stand 

productivity of mangrove ecosystems in this site. 

MATERIALS AND METHODS 

Study area  
This study was undertaken in mangrove forest located 

at the coast of Tanah Merah. It had total area of 

approximately 120 hectares. This site had geographic 

coordinates in 10o5'43''-10o7'48'' S and 123o43'13''-

123o44'48'' E. The mangrove forest of Tanah Merah was 

classified as the region of Kupang District. This area had 

dry conditions with annual rainfall around 1,500 mm year-1. 

Topography was dominated by flat area with slope levels 

varying from 0-3%. Dry periods were relatively longer than 

6 months. 

Procedures 

This study was categorized as survey experiment in 

which it was designed to measure the characteristics of 

mangrove forest at the coast of Tanah Merah. Forest 

inventory was done in April 2020 using nine permanent 

sampling plots with size 50 m × 50 m (Figure 2). The 

sampling plot was placed systematically to represent the 

environmental gradient of mangrove forests. The distance 

of every plot was 100 × 100 m. In each permanent 

sampling plot, five circular sub-plots were set up at five 
different positions, i.e. 4 sub-plots at the corner and 1 sub-

plots at the center. The radius of circular sub-plots was 17.8 

m. In every sub-plots, several measurement plots were 

made with different radius for facilitating the measurement 

of vegetation, namely seedling (1m), sapling (2m), and 

pole (5m). Meanwhile, the measurement of tree was carried 

out in every circular sub-plots. The measured parameters 

for seedling and sapling were type of species and density 

while the observed parameters for pole and tree were type 

of species, density, diameter at breast height, and height. 

 
 

 

 
Figure 1. Location of mangrove forests at the coast of Tanah Merah, East Nusa Tenggara Province, Indonesia. The study area was located 

between Noelbaki and Oebelo (Sadono et al. 2020) 
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Figure 2. Design of permanent sampling plot for facilitating forest inventory in the mangrove area: A. Shape of permanent sampling 
plot with size 50 m × 50 m; B. Shape of circular sub-plots for vegetation measurement (Source: Regulation of the Directorate General of 

Forestry Planning and Environmental Management No. P.1/PTKTL/IPSDH/PLA.1/1/2017 concerning about Technical Guidelines 
Forest Inventory in Protected Forest Management Units and Production Forest Management Units) 
 
 
 

Data analysis 

Vegetation data were processed to derive the species 

density (individual ha-1), dominance (m2 ha-1), and 

frequency (%) (Eddy et al. 2019). The importance value 

index (IVI) for each stage of vegetation was determined by 

the relative value of density, dominance, and frequency 

(Kasim et al. 2019). The diversity of mangroves was 

evaluated using three indicators, i.e. richness (Margalef 
index), heterogeneity (Shanno-Wienner Index), and 

evenness (Pielou index) (Singh 2020). The diversity was 

calculated at tree stage since this life form was relatively 

more stable than others. The growth performance of 

mangrove stand was quantified by several parameters, 

including average diameter, mean height, timber volume, 

and wood biomass. Individual timber volume and wood 

biomass in every species were calculated with following 

equations: 

 

V = 0.25π D2 H [1] 
 

B = V WD  [2] 

 

Where; V was individual tree volume, D indicated 

diameter at breast height, H signified tree height, B was 

wood biomass in stem, and WD describes wood density for 

every mangrove species (Muhd-Ekhzarizal et al. 2018). 
 

RESULTS AND DISCUSSION 

Summarized results of the observation demonstrated 

there were 9 different plant species which constructed 

mangrove ecosystems at the coast of Tanah Merah, 

including Acanthus ilicifolius, Acrostichum aureum, 

Aegialitis annulata, Avicennia marina, Lumnitzera littorea, 

L. racemosa, Rhizophora stylosa, Sonneratia alba, and S. 

caseolaris (Table 1). Interestingly, the distribution of 
species in every life form of vegetation was relatively 

different. For example, our study only recorded four 

species in saplings but found five species in seedling, pole, 

and tree. The existence of A. ilicifolius, A. aureum, and A. 

annulata was only noted in seedlings while the presence of 

L. racemosa was only discovered in tree stage. However, 

A. marina was frequently observed in every stage of 

vegetation. 

The different species distribution in every stage of 

vegetation was possibly caused by several factors such as 

history of management and plant competition. Referring to 
the previous study of Sadono et al (2020), it was clearly 

noted that mangrove ecosystem at the coast of Tanah 

Merah was a result of reforestation. In this case, the plant 

materials for supporting reforestation relatively varied in 

every period since it was difficult to obtain specific species 

with enough quantity. The various species in every life 

stage could be also caused by the occurrence of plant 

competition for obtaining resources (Padilla et al. 2004). 

The high plant competition would accelerate natural 

mortality for weaker species in every type of ecosystem.
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Table 1. Life stage-wise species composition and Importance 
value index in mangrove ecosystems at the coast of Tanah Merah 

 

Species 
Life stage of mangrove vegetation 

Seedling Sapling Pole Tree 

Acanthus ilicifolius 14.58 
   

Acrostichum aureum 15.48 
   

Aegialitis annulata  30.96 
   

Avicennia marina 124.09 52.57 111.51 74.70 
Lumnitzera littorea 

 
26.29 16.53 52.92 

Lumnitzera racemosa 
   

40.68 
Rhizophora stylosa 14.88 34.57 24.75 

 
Sonneratia alba 

 
86.57 130.01 118.58 

Sonneratia caseolaris 
  

17.20 13.12 
Total  200 200 300 300 
Presence count 5 4 5 5 

 
 

 

In the concept of forest ecology, including mangrove 

ecosystems, the important position of species could be 

identified based on the rank of importance value index 

(IVI) (Eddy et al. 2019). Higher IVI indicated greater 

contribution of species in ecosystems (Yuliana et al. 2019). 

This study found that the most important species in 

seedling level was occupied by A. marina with IVI of 

124.09 (Table 1). Surprisingly, the most essential species in 

sapling, pole, and tree were recorded in S. alba with IVI of 

86.57, 130.01, and 118.58 respectively. A. marina and S. 
alba become the most dominant species in this ecosystem 

since the availability of plant materials of both species 

were relatively high and easy to find for using in 

reforestation programs. Our statement was also supported 

by the previous study reported by Sadono et al. (2020) 

which described the history of mangrove reforestation in 

Tanah Merah. 

Our study realized that diversity of mangrove forests in 

Tanah Merah was relatively very low since it had the level 

of species richness and heterogeneity for each around 1.22 

and 0.81. As per Djufri et al. (2016), diversity could be 
classified based on the value of species heterogeneity (H’). 

In general, the H’ value typically ranged from 0 to 7 

wherein H’ < 1 was categorized as very low diversity; H’ 

1-2 was classified as low diversity; H’ 2-3 was grouped as 

medium diversity; H’ 3-4 was classed as high diversity, and 

H' > 4 was clustered as very high diversity. Despite it had 

very low diversity, the distribution of mangrove species in 

this area was relatively even with having evenness index 

0.99. This result indicated the mangrove forest in this area 

was not managed in monoculture systems. Kvålseth (2015) 

explained the range of evenness index was 0-1 wherein if 

the index was closer to 1, it indicated the plant 

communities in the ecosystems was not homogenous 

This study observed the growth performance of 

mangrove forest at the coast of Tanah Merah highly varied 

for every species (Table 2). The highest species 

productivity was recorded in L. littorea (36.5 + 10.1 m3 ha-

1) followed by S. alba (26.1 + 0.4 m3 ha-1), A. marina (13.9 

+ 0.2 m3 ha-1), L. racemosa (12.6 + 0.4 m3 ha-1), R. stylosa 

(0.11 + 0.01 m3 ha-1), as well as S. caseolaris (0.11 + 0.01 

m3 ha-1). Despite having similar timber volume, the 

productivity of R. stylosa was relatively higher than S. 

caseolaris since this species resulted in greater wood 

biomass. Overall, the average productivity of mangrove 

forests in Tanah Merah was 89.5 + 1.9 m3 ha-1 with the 

mean wood biomass of 64.2 + 1.4 Mg ha-1. 

The different growth performance of species in 

mangrove was common due to inter-specific competition. 
However, this study observed that the variation of growth 

in this area was more influenced by the different age of 

stand. It was confirmed by the study from Sadono et al. 

(2020) that documented the process of mangrove 

reforestation in Tanah Merah. According to the study, the 

planting period of mangroves in this area exceptionally 

varied due to influence of sea tide dynamics. 

In conclusion, this study noted the diversity of 

mangrove forests in Tanah Merah was very low even 

though it consisted of nine different species. The average 

productivity of mangrove stand in this location was 89.5 + 
1.9 m3 ha-1 with the mean wood biomass of 64.2 + 1.4 Mg 

ha-1. Based on these results, it is suggested to conduct 

enrichment planting for improving plant biodiversity of 

mangrove forest at the coast of Tanah Merah. 
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Table 2. Growth performance of every specie in mangrove ecosystems at the coast of Tanah Merah 
 

Species D (cm) H (m) V (m3 ha-1) B (Mg ha-1) 

Avicennia marina 12.5 + 5.1 8.4 + 2.4 13.9 + 0.2 10.2 + 0.1 
Lumnitzera littorea 46.1 + 49.9 7.7 + 2.3 36.5 + 10.1 26.5 + 7.2 
Lumnitzera racemosa 28.6 + 8.7 7.5 + 3.1 12.6 + 0.4 10.5 + 0.3 
Rhizophora stylosa 6.7 + 0.4 8.3 + 1.0 0.11 + 0.01 0.10 + 0.01 
Sonneratia alba 13.5 + 6.2 8.3 + 2.8 26.1 + 0.4 16.8 + 0.2 
Sonneratia caseolaris 10.2 + 3.8 6.3 + 0.4 0.11 + 0.01 0.05 + 0.02 

Total Species 19.6 + 12.4 7.8 + 2.0 89.72 + 1.9 64.2 + 1.4 

Note: D (average diameter at breast height), H (mean height), V (timber volume), and B (wood biomass) 
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