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Abstract. Askar H, Tahang H, Sutinah S, Fakhriyyah S, Bahar A, Tresnati J, Tuwo A. 2021. Short Communication: Using ecological 
parameters to assess the sustainability of mangrove ecotourism in Jeneponto, South Sulawesi, Indonesia. Biodiversitas 22: 3571-3577. 
Mangrove forest is an essential ecosystem that provides various ecosystem services. Among various land use management in mangrove 
areas, ecotourism is considered as a sustainable economic activity that can improve socio-economic benefits while conserving the 
mangrove ecosystem. Therefore, ecotourism management must refer to sustainable development principles. This study aims to assess 

the sustainability status of mangrove forests in Idaman Mangrove Ecotourism in Balang Baru Village, Tarowang Sub-district, Jeneponto 
District, South Sulawesi, Indonesia using some parameters including the extent, density and diversity of mangrove vegetation, tidal 
height and animal biota that occurred in the mangroves. The study used line transect method and quadrat transect, and the data were 
analyzed using Rapfish (Rapid Appraisal for Fisheries) method. The study indicated that the sustainability status of IME for the 
ecological dimension was in the entirely sustainable category with an ecological dimension value was 58.50. While the mangrove is 
currently managed sustainably, to go further, it requires all stakeholders' cooperation in improving the dimensions of sustainability, 
which had a low value, especially the mangrove trees thickness. 
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INTRODUCTION 

Coastal zone is transitional area between terrestrial and 

marine ecosystems that have enormous natural resources 

and environmental services. One of the transitional 

ecosystems in the coastal zone is mangrove ecosystem 

(Tresnati et al. 2020). The mangrove ecosystem is an 

ecotone that terrestrial, freshwater, and seawater habitats 

meet in one site, creating an ecosystem with many unique 

characteristics. As such, mangrove forest has high 

biodiversity due to the various species of plant and animals 

which can survive in the three types of habitats. Mangrove 
forest is also a support system for the surrounding coastal 

ecosystems, such as coral reefs and seagrass beds (Honda 

2013). 

In general, the natural resources contained in mangrove 

ecosystems are renewable (Fahrian et al. 2015). One of the 

resources in mangrove ecosystem is mostly in the form of 

biodiversity in which the higher the biodiversity, the 

greater the capacity for resistance and resilience, and the 

greater the carrying capacity of the mangrove habitat in 

providing ecosystem services (Tuwo 2011). If managed 

sustainably, mangrove ecosystem can improve the 

community's welfare, conversely if mangrove is disturbed 

and degraded it will take a long time to recover (Tahang et 

al. 2019). 

Sustainable mangrove forest management is very urgent 

because many mangrove forests throughout the world have 

been severely damaged. Of the 16.53 million hectares of 

mangrove ecosystems in the world, the area of mangrove 

forests has decreased by 20% in 20 years (Asihing 2014). 

The rate of mangrove forest loss is faster in developing 
countries, where more than 90% of the world's mangrove 

forests are located (Carter et al. 2015). For example, 

Indonesia has the most extensive mangrove forests globally 

with the highest biodiversity contained in their mangrove 

ecosystems. In 2015, Indonesia had 3.24 million hectares 

of mangrove forests, yet only 30.7% of such mangroves 

were in good condition, 27.4% were moderately degraded, 

and 41.9% were severely degraded or deforested (Kusmana 

2017). While there are some efforts to rehabilitate the 

degraded mangrove forest, the rate of mangrove 
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deforestation and degradation outpaces the rate of 

rehabilitation. 

One way of the sustainable management of mangrove 

ecosystem is ecotourism. Ecotourism is a concept of 

utilizing environmental services in an integrated way that is 

oriented towards environmental conservation (Thompson et 

al. 2018). Mangrove ecotourism is designed to preserve and 

protect mangrove ecosystems that prioritize aspects of 

naturalness, uniqueness, and authenticity of natural 

resources management (Gigović et al. 2016).  
South Sulawesi is one of the original habitats of 

mangrove forests in Indonesia. The mangrove forests in 

South Sulawesi have decreased rapidly due to the 

conversion into brackish water ponds, housing, and 

industrial areas. In 1950, South Sulawesi had mangrove 

forests covering an area of 112,000 hectares. In 40 years, 

the mangrove forests in South Sulawesi decreased to 

39,000 hectares, decreasing by 65%. In order to slow down 

such deforestation, ecotourism is then promoted as an 

alternative for the sustainable use of mangrove forests in 

South Sulawesi (Tresnati et al. 2020). 
One of the mangrove ecotourism locations in South 

Sulawesi is Idaman Mangrove Ecotourism (IME) located in 

Jeneponto District. Mangrove ecotourism in this area has 

been developed by combining the objectives of education, 

research, conservation, and improvement of coastal 

community welfare (Basyuni et al. 2018). Since its 

establishment in 2018, IME has never been monitored to 

assess its sustainability dimension. Therefore, monitoring 

activities to assess the ecological status of the mangrove in 

the area must be conducted. This study aims to assess the 

ecological status of mangrove forest in Idaman Mangrove 
Ecotourism using some parameters including the extent, 

density, and diversity of mangrove vegetation, tidal height, 

and animal biota that occurred in the mangroves. We 

expect the results of this study can serve as baseline 

information for future monitoring and evaluation to provide 

insight on the sustainability of mangrove ecosystem in 

Idaman Mangrove Ecotourism. 

MATERIALS AND METHODS 

Study period and area 

The study was done from June to August 2020 at 

Idaman Mangrove Ecotourism in Balang Baru Village, 

Tarowang Sub-district, Jeneponto District, South Sulawesi, 
Indonesia (Figure 1). The mangrove area in IME covers an 

area of 117 Ha and is located between S 5°23'12" – S 

5°42'1.2" and E 119°29'12" - E 119°56'44.9". 

Initially, the mangrove area in IME was a natural 

mangrove forest with an extent of 62.5 hectares used by 

local communities as a source of firewood. After the 

Maumere Tsunami occurred in 1992 and the tidal wave 

reached Balang Baru Village, the local community felt that 

the greater benefits of the natural mangrove area were 

greater if it was being conserved. At that time, the 

Maumere Tsunami did not cause any significant damage 
because the tsunami waves were blocked by the mangrove 

vegetation that grew along the coast of Balang Baru 

Village.  

 
 
Figure 1. Map of the study area in Idaman Mangrove Ecotourism 
(IME) in Balang Baru Village, Tarowang Sub-district, Jeneponto 
District, South Sulawesi, Indonesia 

 

 

Since then, the local community of Balang Baru Village 

has realized the benefits of mangrove forests as beach 

protectors and has started planting mangroves. To increase 

the economic benefits of mangrove forests in Balang Baru 

Village, the government assists in developing mangrove 

ecotourism in the form of building tracks, gazebos, halls, 

and selfie points. The District Head (Bupati) of Jeneponto 
officially opened IME in December 2018. The tourism 

working group was formed involving local communities to 

operate the IME. For ecotourism facilities' operational and 

maintenance costs, the IME management collects fee for 

each visitor of Rp. 3,000 per person. 

Mangrove vegetation in IME is dominated by 

Rhizophora apiculata, Rhizophora mucronata, and 

Avicennia marina (Figure 2). Mangrove vegetation in IME 

grows thickly from the sea to the mainland. Rhizophora 

apiculata and Rhizophora mucronata grow in the outer 

zone and directly adjacent to the sea, while Avicennia 

marina grows in the inner area and is directly adjacent to 
the beach or land area. 

Data collection procedure 

The observations of ecological parameters were done in 

the IME area using the line transect method, which was 

placed perpendicular to the coastline, and stretched from 

the sea to the land area (Tuwo 2011). Sampling was done at 

three stations using the quadrant transect measuring 10 x 

10 m2 as an observation area (Sofian et al. 2012). 
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Parameters measured were mangrove thickness (m), 

mangrove density (trees per 100 m2), mangrove species, 

tides (m), and biota as ecotourism objects. Mangrove 

thickness was the width of mangrove tree cover or canopy 

cover. The mangrove thickness was measured 

perpendicularly from the outermost mangrove tree 

bordering the sea area to the last mangrove tree bordering 

the land area. Mangrove thickness was calculated using 

field observations and satellite image analysis (Mursalim et 

al. 2020). 

Data analysis 

The suitability index of mangrove ecotourism was 

analyzed using a quality measure or standard of mangrove 

resources as the ecotourism object by using the equation:  

  
 

Where: n was the number of suitability parameters, Bi 

was the value to-i, Si was the parameter value to-i 

(Yulianda 2019). The suitability level was determined 

using mangrove ecotourism's suitability value (Yulianda 

2019) (Table 1).  

The tourism suitability calculation was done based on 

the multiplication of the index and score for each 

parameter. The calculation results were then categorized 
using four classes of suitability, namely: SI ≥ 2.5 for the 

very suitable category, 2.0 ≤ SI < 2.5 for suitable, 1 ≤ SI < 

2.0 for less suitable, and IKW < 1 for not suitable. 

 

 

 
 
Figure 2. The mangrove trees condition (A), and the sampling activities (B-C) at the Idaman Mangrove Ecotourism (IME) area at 
Balang Baru Village, Tarowang Sub-district, Jeneponto District, South Sulawesi, Indonesia 

 
 
Table 1. The value of index and score used to assess mangrove ecotourism suitability in the Idaman Mangrove Ecotourism, Balang Baru 
Village, Tarowang Sub-district, Jeneponto District, South Sulawesi, Indonesia 
 

Parameters Index Very suitable Score Suitable Score Less suitable Score Not suitable Score 

Mangrove 
thickness (m) 

0.38 >500 3 >200-500 2 50-200 1 <50 0 

Mangrove density 
(trees per 100 m2) 

0.25 >15-20 3 >10-5;>20 2 5-10 1 <5 0 

Mangrove species 
number 

0.15 >5 3 3-5 2 1-2 1 0 0 

Tidal height (m) 0.12 0-1 3 3-4 2 >2-5 1 >5 0 
Ecotourism object 
biota 

0.10 Fish, shrimp, 
crab, mollusks, 
reptiles, birds 

3 Fish, shrimp, 
crab, 
mollusks 

2 Fish, 
mollusks 

1 One of the 
object biotas 

0 

A 

B 

C 
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Table 2. Ecological parameters, suitability index value, and status of suitability index of the Idaman Mangrove Ecotourism, Balang 
Baru Village, Tarowang Sub-district, Jeneponto District, South Sulawesi, Indonesia 

 

Parameter 
Station scores 

Coefficients (C) 
Suitability Index Value 

Station 1 Station 2 Station 3 Station 1 Station 2 Station 3 

Mangroves thickness 1 2 2 0.380 0.380 0.760 0.760 

Mangrove density 3 3 3 0.250 0.750 0.750 0.750 

Mangrove species 1 1 1 0.150 0.150 0.150 0.150 

Tidal 2 2 2 0.120 0.240 0.240 0.240 

Ecotourism object biota 3 3 3 0.100 0.300 0.300 0.300 

Total suitability index value 1.820 2.200 2.200 

Suitability status Less suitable Suitable Suitable 

 
 

 

Sustainability was analyzed using the Rapid Appraisal 
for Fisheries (Rapfish). Rapfish was based on the 

ordination technique using the Multi-dimensional Scaling 

(MDS) technique (Kavanagh and Pitcher 2004). MDS 

analysis aimed to transform information or data about 

similarities or preferences described in multi-dimensions 

(Schaduw 2018). The MDS ordinance of the attributes' 

leverage factor dimensions was based on the Root Mean 

Square (RMS) on the x-axis (Kholil et al. 2015).  

The aspects used were ecological attributes. There were 

six ecological attributes, i.e., the five attributes that have 

been described in Table 1, another attribute was the 

suitability index (SI) of the mangrove ecotourism area. SI 
score was determined based on the SI value, i.e., a score of 

3 if SI ≥ 2.5; a score of 2 if 2.0 ≤ SI < 2.5; a score of 1 if 

1.0 ≤ SI < 2.0; and a score of 0 if SI < 1.0 (Yulianda 2019). 

RESULTS AND DISCUSSION 

Results 

The results of sustainability status of the mangrove 

ecosystem at the Idaman Mangrove Ecotourism were as 

follows: (i) the mangroves thickness ranged from 127 to 
209 m (179.67 ± 45.71), resulting in a score of one; (ii) the 

mangrove density was 16-22 trees per 100 m2 (19 ± 3), 

with a score of three; (iii) the mangrove species found were 

Rhizophora apiculata, R. mucronata, and Avicennia 

marina (Figure 3.A-C), resulting in a score of two; (iv) the 

mean tidal range was 1.81 m, with a score of two; (v) The 

fauna found were birds, bats, reptiles, fish, crabs, and 

mollusks (Figure 3.D-I), with a score of three; and (vi) the 

suitability index of mangrove tourism area was 1.82-2.35 

(2.12 ± 0.27), with a score of two (Table 2). 

The six ecological parameters to assess sustainability 

indicated that mangrove ecotourism's index value was 
58.50 (Figure 4.A). The stress value was 15.01%, with a 

confidence interval value of 94.41%, which means it has 

met the fit category's goodness. The ecological dimension 

leverage analysis indicated that the six ecological attributes 

had no value that exceeds eight, so no ecological dimension 

attribute was dominant in influencing the mangrove 

ecosystem sustainability. The ecological attribute values 

were 1.46-6.30 (Figure 4.B). 

 

 

 

 
 
Figure 3. Mangrove species and benthic organisms found at the Ideal Mangrove Ecotourism (IME) in Balang Baru Village, Tarowang 
Sub-district, Jeneponto District, South Sulawesi, Indonesia. A. Rhizophora apiculata, B. Rhizophora mucronata, C. Avicennia marina, 
D. Anadara sp., E. Crassostrea gigas, F. Nerita articulata, G. Indothais gradata, H. Cassidula aurisfelis, I. Sphaerassiminea miniata  
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Figure 3. Sustainability status (A) and ecological dimensions sensitivity (B) of Idaman Mangrove Ecotourism in Balang Baru Village, 
Tarowang Sub-district, Jeneponto District, South Sulawesi, Indonesia. 1: tourism suitability index, 2: attractions, 3: tides, 4: mangrove 
species, 5: mangrove density, and 6: mangrove thickness. 
 

 

 

Discussion 

Mangrove ecotourism is an alternative to sustainable 

management in mangrove ecosystems that can provide 

economic benefits and preserve the ecological functions of 

mangrove forests. Ecologically, mangrove forests are 

natural habitats where fish species and high economic 

value organisms lay eggs, shelter, and forage, especially in 

the larval and juvenile stages or in the early stages of the 

life cycle (Vaslet et al. 2012). Ecologically, mangrove 

forests also function as a supporting ecosystem for other 
coastal ecosystems, such as seagrass and coral reef 

ecosystems (Ramirez-Martínez et al. 2016). Mangrove 

ecosystems produce organic matter, detritus, and nutrients 

distributed naturally to the seagrass ecosystem and 

surrounding coral reefs (Tuwo and Tresnati 2020). 

Naturally, the more fertile the mangrove ecosystem, the 

healthier the seagrass and coral ecosystems around it. 

Therefore, degradation of mangrove forests will harm 

coastal fisheries, such as a decrease in fish and shrimp 

catches and a shift in the base of the food chain from 

detritus feeder to plankton feeder, which can drastically 

reduce the productivity of mangrove forests and their 
surrounding ecosystems. The degradation of mangrove 

forests has a major impact on coastal fisheries, such as 

decreased fish and shrimp catches (Tresnati and Tuwo 

2020). 

Another benefit of mangrove forests, if they are 

conserved, is that they function as protection from storms, 

tsunami hazards, floods, and erosion. The 2004 Aceh and 

Nias Tsunami demonstrated the importance of mangrove 

forests for coastal protection; after the tsunami, the area 

covered by mangrove vegetation was relatively safe and 

less affected by the tsunami. Naturally, the mangrove 
ecosystem also functions as a sediment trap, recyclers of 

nutrients, and reduces seawater intrusion (Tresnati and 

Tuwo 2020). 

Mangrove ecotourism is a fast-growing trend of 

sustainable development in natural mangrove forest areas 

(Sari et al. 2020) and rehabilitated mangrove forests in 

Indonesia (Massiseng et al. 2020, Mursalim et al. 2020). 

Mangrove ecotourism is an economic activity that can 

significantly improve the preservation of mangrove forests 

and increase the socio-economic welfare of communities 

around the mangrove forests. The economic value of 

mangrove forests is estimated USD 3,624.98 to USD 

26,734.61 per ha per year (Marlianingrum et al. 2019). 

The ecological dimension is an essential factor in 

assessing ecotourism sustainability because it reflects the 

good or bad conditions of the environment and mangrove 
forest resources (Handayani et al. 2020). The six attributes 

used in this study were the results of a literature review that 

indicated that these six attributes were the valid attributes 

to assess mangrove ecotourism's sustainability. Mangrove 

thickness attribute was essential to consider in ecotourism 

activities because mangrove trees function as a breaker of 

wave energy that can cause coastal abrasion (Sawitri et al. 

2013). The mangroves thickness in the IME was thinner 

than the mangrove ecotourism areas in the surrounding 

islands, which were more challenging to reach by people 

who often use mangrove forest resources uncontrollably.  

The mangrove density attribute represents the 
mangrove forest productivity (Noor and Ully 2018) and 

each mangrove species' ability to cope with very dynamic 

environmental conditions (Balke et al. 2013). The three 

mangrove species found in IME are pioneer species in 

mangrove forest succession. The muddy substrate 

conditions supported the tree mangrove species' thickness 

and density (i.e., R. mucronata, R. apiculata, A. marina) in 

the IME area. The muddy substrate is very good for the 

mangrove development of R. mucronata and A. marina 

(Mughofar et al. 2018). 

The mangrove ecosystem in the IME area had a high 
level of fauna biodiversity. This fauna indicated that 

ecologically, this ecosystem had fairly good ecosystem 

stability, approaching a relatively natural mangrove 

ecosystem (Sari et al. 2020). Some interesting fauna 

species used as tourist objects in the IME area were birds, 

bats, reptiles, fish, crabs, and mollusks.  
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The presence of aquatic, land and air fauna in the IME 

area illustrates that mangrove ecotourism is an alternative 

model of mangrove ecosystem utilization expected to 

provide economic and ecological benefits simultaneously 

without disturbing the balance of the mangrove ecosystem 

(Tuwo 2011). This biodiversity will continue to increase 

over time. In mangrove ecotourism areas developed earlier, 

such as Tongke-Tongke mangrove ecotourism, the number 

of macrozoobenthic species found was 45, consisting of 27 

detritivorous, 8 filter feeders, 6 predators, and 4 scavengers 
(Tuwo 1997).  

IME was entirely sustainable because it had a good fit 

(Suwarno et al. 2011), low-stress value, and a high 

determination coefficient. Leverage analysis aims to 

determine which attributes were sensitive to the 

sustainability index. There were no dominant attributes 

affecting ecotourism management's sustainability from an 

ecological aspect in the ecological dimension. Even though 

the sustainability index's value was categorized as entirely 

sustainable, the sustainability aspect still needs to be 

improved so that the IME management becomes optimal. If 
the ecological attribute was in the 2-6% range, this 

indicates no dominant factor. If the factor value < 2, then 

this indicates that the factor did not affect. Meanwhile, if 

the factor value > 8, this indicates that the factor concerned 

was the dominant factor (Kavanagh and Pitcher 2004). 

In conclusion, the results of this study demonstrated 

that the Idaman Mangrove Ecotourism had a sustainable 

status assessed from six ecological parameters. The 

sustainability index of the ideal mangrove ecotourism 

management determines how sustainable the IME can go. 

How far the IME management can go is determined by the 
score on the sustainability index diagram. The farther from 

the zero and the more balanced the three dimensions score, 

the higher the sustainability level of IME management and 

the farther IME management can go. A synergistic 

partnership between all stakeholders is required to improve 

sustainability especially the mangrove trees thickness. 
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