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INTRODUCTION 

Mangrove ecosystems are among the most productive, 

with many natural resources and economic benefits 

(Azam and Unjah, 2017). They have many functions for 

the environment and society through their ecosystem 

services (Ke et al., 2022). In addition, They help to re-

duce environmental damage as they sequester carbon, 

control flooding and erosion, stabilize beaches and fish 

nurseries sea, anti-storm, filter pollution (Chow, 2018), 

resist strong sea winds and become a buffer zone for 

seawater intrusion (Larasati et al., 2022). 

Mangrove ecosystems provide a variety of ecosystem 

services that are essential to human life, especially in 

coastal areas (Bimrah et al., 2022) and perform im-

portant functions in ecosystems (John, 2014). 

Therefore, the conservation and restoration of man-

groves must be considered to maintain and enhance 

biodiversity (Basyuni et al., 2022; Cecep, 2015; 

Khairuddin et al., 2016). 

Careless use of mangrove resources is linked to the 

degradation of the environment and the entire man-

grove area (Sina et al.,  2017). The global loss of man-

groves is largely due to over-exploitation (Mbatha et al., 

2022). The sustainable management of mangrove eco-

systems is required to improve the state of the coastal 

environment (Asyiawati and Hindersah, 2020). The 

sustainable use of mangrove resources requires moni-

toring the condition of the forest over time (Mbatha et 

al., 2022; Valiela et al., 2001). To analyze the sustaina-
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ble state of mangrove ecosystem management, a sus-

tainability assessment was performed using Raffis 

technique to develop a more sustainable mangrove 

management strategy (Mbatha et al., 2022; Suryana et 

al., 2012). 

Mangrove management in Biringkassi should aim to 

create productive and sustainable forests. Determining 

the current status of sustainable management of man-

groves is very important as a basis for planning future 

policies. Suppose the mangrove status in Biringkassi is 

less than sustainable. It can be assumed that the politi-

cal and institutional conditions for mangrove manage-

ment in Biringkassi do not work well and vice versa  

(Kuvaini et al., 2019). The present study aimed to re-

view the current status of mangroves and analyze the 

sustainability value of the mangrove ecosystem of the 

Biringkassi Mangrove area, Pangkep District, Indonesia.   

MATERIALS AND METHODS 

Study area  

Sulawesi Island is an island located in the Eastern Re-

gion of Indonesia. South Sulawesi is a province located 

at the southern tip of Sulawesi Island with an area of 

62,482.54 km². There are 21 districts in South Sulawesi 

and 3 cities. The Province of South Sulawesi is directly 

bordered by Central Sulawesi and West Sulawesi in the 

north, Bone Bay and Southeast Sulawesi in the east, 

Makassar Strait in the west, and the Flores Sea in the 

south. 

Pangkajene and Kepulauan Regency is one of the re-

gencies in South Sulawesi where Astronomically, 

Pangkajene dan Kepulauan Regency is located be-

tween 4°40’ LS and 8°00’ South latitude, and between 

110° BT and 119°48’67” BT East longitude. In terms of 

geographic position, Pangkajene dan Kepulauan Re-

gency has boundaries as follows: North – Barru Regen-

cy; South– Maros Regency; East – Maros Regency and 

Bone Regency; West – Makassar Strait. Pangkajene 

dan Kepulauan Regency  has an area of 1,112.29 km2 

and has 115 islands (Central Bureau of Statistics, 

2022) . This research was conducted in the Biringkassi 

mangrove area, Bulu Cindea Village, Bungoro District, 

Pangkajene Kepulauan Regency of South Sulawesi 

Province. Study area is shown in Fig. 1. This research 

was carried out from September to December 2022.  

 

Research approach and type 

This research is descriptive with a quantitative ap-

proach with an aim to dig up facts on the location by 

using the observation method to carry out an inventory 

of the condition of the mangrove ecosystem, including 

biophysical, social, economic and institutional data. 

 

Equipment and materials 

Tools and equipment used included GPS (global posi-

tioning system), a roller to create cross-sections and 

determine the distance between cross-sections, a tape 

measure to measure tree circumference,  a Digital 

camera and a questionnaire. 

 

Data collection techniques  

This study used two sources. Primary data was collect-

ed through observations and direct observations in the 

field as well as informants from the Department of Fish-

eries, the Department of Forestry, the Department of 

Fig. 1. Study area of Pangkajene Kepulauan Regency, South Sulawesi Province, Indonesia. 
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Environment, the village authorities, and the community 

sub-district Biringkassi of Pangkajene Kepulauan 

district. The researcher used observation as a basic 

method to conduct an inventory of the mangrove 

ecosystem’s current status, including biophysical, so-

cial and economic data. Socioeconomic data was 

collected through interviews by purposeful sampling 

method. 

 

Collecting data on mangrove vegetation 

Mangrove data was collected using a composite meth-

od, namely cross-sections with nested right angles. 

This method aimed to find information about species 

composition, vegetation structure, community and dis-

tribution of species. 

 

Collecting socioeconomic data of the community 

and determining the sustainability of the mangrove 

ecosystem 

The Sustainable status of the mangrove ecosystem 

was determined using multidimensional scaling 

analysis through in-depth interviews with the required 

respondents (experts) based on their knowledge and 

competent experience. Respondents included the Di-

rector of the Fisheries Department, the Director of the 

Forestry Department, the Director of the Regional De-

velopment Planning Department (BAPPEDA), the Di-

rector of the Environment Department, the Head of Vil-

lage, Scholars, Community Leaders and Non-

Governmental Organizations (NGOs) . For secondary 

data obtained from research results and related docu-

ments. The identification of attribute data on RAPFISH 

referred to the assessment of RAPFISH by Pitcher et 

al. (2013) after being revised from the previous version, 

which was used to assess ecological and ecosystem 

factors such as those that will promote or hinder the 

sustainability of a resource. 

 

Data analysis Analysis of the Mangrove Ecosystem  

Ecological analysis was used to determine species 

density, relative density, species frequency, relative 

frequency, species dominance, relative dominance, 

and important value index (IVI) (Mueller-Dombois and 

Ellenberg, 1974). The importance value of a species 

ranges from 0 – 300  (Sambu et al., 2014). Important 

value index (INP) describes the influence or role of 

mangrove species in a mangrove community. An im-

portant value index was used to express its dominance 

and ecological success in an ecosystem (Nabi and 

Rao, 2012).  

RESULTS AND DISCUSSION 

Analysis of the sustainability of mangrove management 

Analysis of the sustainability of mangrove ecosystems 

using Rapid Appraisal for Fisheries (RAPFISH) soft-

ware with a Multidimensional scaling (MDS) method 

approach (Pitcher and Reikshot, 2001). The four di-

mensions assessed were ecological, economic, social, 

and institutional. The MDS method allows processing 

millions of data points with simple calculations by deter-

mining the position coordinates of each object in a mul-

tidimensional map so that the distance between map-

ping objects will correspond to the proximity value in 

the input data. The measure of closeness between 

pairs of objects is in the form of similarity values or dis-

similarity values (Salami et al., 2012). 

The RAPFISH method was carried out by determining 

the attributes of each dimension. Each attribute  was 

given a value according to predetermined value criteria. 

The range of scores between 0 - 2 depended on each 

attribute’s state,  which was defined as "bad" and 

"good" values. Bad value was defined as the most un-

favourable condition for sustainable mangrove ecosys-

tem management. Meanwhile, good value was defined 

as the most favourable condition for sustainable man-

grove management. 

The data obtained from each attribute was then ana-

lyzed using RAPFISH software to determine the sus-

tainability status of the resource. The status results 

describe the sustainability of each dimension assessed 

on a scale of 0 – 100 (Table 1). In the next stage, Mon-

te Carlo simulation and leverage analysis were carried 

out. Monte Carlo simulation tests the confidence level 

of the total index value and each dimension (Pitcher 

and Preikshot 2001). 

  

Sustainability of mangrove management in the 

Biringkassi mangrove area 

The management of the mangrove ecosystem in the 

Biringkassi area is experiencing challenges ranging 

from ecological, economic, social and institutional prob-

lems. The sustainability of the mangrove ecosystem at 

the research location needs to be carried out by inte-

grating all aspects and accommodating all multidimen-

sional interests (ecological, economic, social and insti-

tutional). Analysis of the sustainability of the mangrove 

ecosystem in the Birangkassi area used the Multidi-

mensional Scaling (MDS) method with the Rapid Ap-

praisal analysis tool for the status of the mangrove For-

est (Rap_Mforest). The dimensions analyzed in this 

study included ecological, economic, social and institu-

tional dimensions. The ecological dimension consisted 

Table 1. Categories of mangrove ecosystem management 

sustainability status based on the RAPFISH analysis index 

value 

Index Value Category 

< 25 Not sustainable 

26 – 50 Less sustainable 

51 – 75 Quite sustainable 
76 – 100 Sustainable 
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of 6 attributes: 6 of the economic, 6 of the social, and 6 

of the institutional dimensions. 

The value scale for the sustainability index of mangrove 

ecosystem management had a range of 0% to 100%. If 

the system under study had a value of more than 50%, 

then the system was categorized as sustainable and 

vice versa. The system was not categorised as 

sustainable if it was less than 50%. In this study, four 

categories of sustainability status were arranged based 

on a basic scale (0-100) (Cisse et al., 2014) 

 

Ecology dimension  

The attributes used in evaluating the ecological dimen-

sion were land use zoning, land pressure, rehabilita-

tion, seed availability, abrasion and mangrove diversity. 

This shows that the ecological attributes in the ecologi-

cal dimension are still sufficiently supportive to maintain 

the sustainability of mangrove ecosystem management 

in the Biringkassi mangrove area. The results of the 

ecological dimension sustainability index analysis are 

presented in Fig. 2  

The environmental dimension in the form of mangrove 

diversity, land pressure, and abrasion does not 

negatively impact the sustainability of mangrove eco-

system management. The use of zoned mangrove 

land, rehabilitation, and availability of seeds support the 

sustainability of its management. Therefore, ecological 

attributes that positively impact the sustainability index 

value on the environmental dimension must be main-

tained to increase the sustainability index value on the 

environmental dimension. In the leverage analysis, 

three of the six attributes were considered leverage 

factors because their changes wre very sensitive to the 

value of the sustainability index on the environmental 

dimension. The results of the leverage analysis from 

the ecological dimensions are presented in Fig. 3.  

The results of interviews with the village government 

and the local community said that the availability of 

natural seeds supports mangrove regeneration. This 

was due to the easy nature of mangroves to grow, es-

pecially in their habitat with suitable substrate charac-

ters. Naturally, the dominant species will continue to 

dominate the mangrove ecosystem, resulting in an im-

balance of existing mangrove species. This can be 

seen from the observations in the field where the 

growth of the Rizhopora mucronata species dominates 

compared to other types of mangroves. The 

rehabilitation of mangroves at the research location 

was quite good. IT is just that this rehabilitation activity 

was less successful because it only involved the com-

munity in the implementation process. The community's 

non-involvement in the planning evaluation processes 

resulted in the rehabilitation activities being less than 

optimal. The optimal efforts are very important, so the 

mangrove is not degraded. Kusumaningtyas et al. 

(2019) stated that degraded mangroves cannot 

maintain their surface elevation relative to seawater, 

resulting in increased abrasion. This extreme condition 

is a serious problem and must be addressed 

immediately so that the existence of mangrove forests 

can be well maintained (Lukman et al., 2021). 

Therefore, an agreement between stakeholders and 

appropriate management efforts is needed to build a 

sustainable mangrove forest. 

 

Economic dimension 

Sustainability assessment on the economic dimension 

shows that the economic attributes in the economic 

dimension are less supportive of maintaining the sus-

tainability of mangrove ecosystem management in the 

Biringkassi mangrove area. Attribute sensitivity values 

in the economic dimension are presented in Fig. 4.  

Fig. 2. Ecological dimension sustainability index  

Fig. 3. Attribute sensitivity values in the ecological dimension 

Fig. 4. Economic dimension sustainability index  
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The economic dimension factors in the form of area 

accessibility, the level of welfare of coastal communi-

ties, utilization of mangrove products, government 

budgets, other income, and the average minimum 

wage do not support the sustainability of mangrove 

ecosystem management at the study site. Based on the 

results of the leverage analysis presented in Fig. 5. It is 

known that the most sensitive attribute is the use of 

mangroves by the community, other income and gov-

ernment budgets for management  

Community access to the Biringkassi mangrove area is 

relatively high. This can be seen from the large number 

of people who take wood and fishery products such as 

fish, crabs and shrimp from the mangrove forest. Open 

access to mangrove resources without clear regula-

tions impacts damage to the mangrove ecosystem by 

the community. Besides that, people often use man-

grove forests to benefit shrimp farming. Research by 

Do and Thuy (2022) has revealed that the productivity 

of shrimp pond cultivation would decrease if there were 

no mangrove ecosystems. The mangrove ecosystem 

can become a source of additional income for the local 

community by developing its potential. Community 

knowledge about the mangrove ecosystem must also 

be considered to increase sustainability. Low 

knowledge causes low understanding, participation, 

and community responsibility for managing mangrove 

ecosystems. Informal education needs to be provided 

about basic knowledge, counselling about processing 

mangrove products, and special assistance regarding 

nurseries and planting to increase sustainability status. 

 

Social dimension 

On the social dimension, six attributes influence the 

management of the mangrove ecosystem. Testing the 

sustainability status of mangrove management showed 

a sustainability index value of 49.78 (less sustainable). 

These attributes can have a negative impact if not man-

aged properly in the future. The graph of social dimen-

sion sustainability coordination is presented in Fig. 6.  

Of the 6 attributes of the social dimension analyzed, 

four attributes had a sensitive influence on the sustain-

ability of mangrove ecosystem management. The re-

sults of the leverage analysis showed that the attributes 

that have a sensitive influence on managing mangrove 

ecosystems are local community access to mangrove 

ecosystems, participation, knowledge and level of edu-

cation. The results of the leverage analysis on the so-

cial dimension are presented in Fig. 7. 

Community access to the Biringkassi mangrove area 

was relatively high. This can be seen in the large num-

bers of people harvesting timber and fish products such 

as fish, crabs and shrimp from the mangroves. Howev-

er, free access to mangrove resources without clear 

regulation damages communities in the mangrove eco-

system. This was due to the lack of ownership over the 

survival of the mangrove ecosystem. Community 

knowledge about mangrove ecosystems also needs to 

be considered to increase sustainability. Low level of 

education and lack of informal education lead to weak 

community understanding, participation and responsi-

bility for mangrove ecosystem management. Treviño 

(2022) research reveals that the community is the sub-

ject who best understands the surrounding natural con-

ditions, so managing mangrove ecosystems must be 

carried out in a complex manner by prioritizing the par-

ticipation of local communities. Assistance and commu-

nity development in mangrove conservation efforts can 

control the level of area degradation as a buffer for 

coastal areas and improve people’s living standards in 

Fig. 5. Value of attribute sensitivity in the economic  
dimension  

Fig. 6. Social dimension sustainability index 

Fig. 7. Attribute sensitivity value in the social dimension 
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an integrated and sustainable manner (Alves et al. 

2020; Swangjang and Kornpiphat 2021; Buncag 2022). 

It is necessary to strengthen informal community edu-

cation by providing basic knowledge, guidance on pro-

cessing mangrove products and special support in 

nursery and planting forests to enhance sustainability.  

 

Institutional dimension 

In addition to the ecological, economic and social di-

mensions, the institutional dimension is also one of the 

most important factors in assessing the sustainability of 

mangrove ecosystems. The results of the institutional 

dimensions of the sustainability index on managing the 

Birangkassi mangroves showed an index value of 

53.56. This condition explained that based on sustaina-

bility status, the institutional dimension was in the fairly 

sustainable category. The institutional dimension sus-

tainability index is presented in Fig. 8.  

The attributes used in evaluating the dimensions are: 

Area Legality, local government commitment, involve-

ment of community institutions, availability of formal 

regulations, level of community compliance, and inte-

gration of management programs. Based on the lever-

age analysis, the three most sensitive attributes that 

affected the institutional dimension were obtained: the 

availability of formal regulations, the involvement of 

community institutions and coordination between stake-

holders. The results of the leverage analysis on the 

institutional dimension are presented in Fig. 9.  

The availability of formal regulations is very important 

so that all stakeholders and the community have strong 

guidelines in managing mangrove ecosystems (Firdaus 

et al., 2021). It agrees with Kaskoyo et al. (2017), who 

state that environmental policies will result in better 

decisions because the community has information that 

can be used to make decisions. This is very important 

so that the plan for mangrove ecosystem management 

activities can be carried out properly and there is no 

conflict of interest between parties. Therefore, coordi-

nation between institutions and stakeholders in 

managing mangrove ecosystems in the Biringkassi 

mangrove area must be increased, involving the partici-

pation of the community and community institutions. 

 

Multidimensional sustainability status 

The results of each aspect of the sustainability index 

analysis on the sustainability of mangrove ecosystem 

management in the Biringkassi mangrove area showed 

that there were alarming aspects of the status of eco-

system management of mangroves, and there are also 

aspects that show rather sustainable management. As 

shown in Fig. 10. Under these conditions, good man-

agement of the sensitive attributes of mangrove eco-

system management is required to prevent or avoid 

deterioration in sustainability and can also encourage 

and promote the sustainability of mangrove ecosystem 

management. The social-economic dimensions indicate 

unsustainable status, unlike the ecological and 

institutional dimensions, which indicate a fairly sustaina-

ble situation but involve sensitive attributes that may 

affect the sustainability of the ecological management 

of mangroves. This must be done to support improved 

sustainability and to prevent a decline in sustainability. 

This value indicated that the management of mangrove 

ecosystems in the multidimensional mangrove area 

was in a less sustainable status. To increase the value 

of this sustainability index, various efforts must be 

made to increase the attributes that had a negative im-

pact on the sustainability index value and maintain and 

Fig. 8. Institutional dimension sustainability index 

Fig. 9. Values of attribute sensitivity in the institutional 
dimension  

Fig. 10. Multidimensional sustainability index 
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even increase the attributes that have a positive impact 

on the sustainability index value. 

Based on the results of the fly chart analysis (Fig. 11) 

on all dimensions, it is known that of the four dimen-

sions analyzed, the economic dimension had the lowest 

level of sustainability. These results indicated that more 

attention is needed to manage the mangrove ecosys-

tem from an economic point of view to improve the 

sustainability status and positively impact the economy 

of the people around the Biringkassi mangrove area. In 

addition to the economic dimension, paying attention to 

the social dimension, which is still classified as unsus-

tainable, is also necessary.  

 

Validity and accuracy of the MDS test 

The validity test was carried out using Monte carlo anal-

ysis and MDS analysis at a 95% confidence level, 

indicating the index value of the sustainability of man-

grove ecosystem management in the Biringkassi man-

grove area. The results of the analysis showed that 

there was a difference between the two analyses. The 

difference between the four dimensions ranges below 

1%. This condition indicated that the mangrove ecosys-

tem management sustainability index does not experi-

ence a significant difference from the results of the 

Monte Carlo analysis. This difference in value indicated 

that errors in the analysis process can be minimized or 

avoided. Errors caused by scoring on each attribute, 

variations in scoring, errors in input values, and missing 

data can be avoided. Therefore, it can be concluded 

that the RAPFISH method can be used to evaluate the 

sustainability status of mangrove management in the 

Biringkassi area.  

 It can be seen from the stress value, coefficient of 

determination (R2), and confidence level in the built 

indicators. Based on Table 2, the highest sustainability 

index value was found in the Institutional dimension 

(53.57), while the lowest was found in the economic 

dimension (44.09). The economic and social 

dimensions are included in the less sustainable 

category because they have an index value between 

25-50, while the ecology, institutional and 

multidimension are included in the fairly sustainable 

category because it has an index value between 51-75. 

It is known that the stress value is in the range of 13-

16% or lower than 0.25 (25%), indicating the goodness 

of fit of the model built for the sustainability status of 

the dimension indicators presenting a good model. 

Based on the Monte Carlo analysis, the value of stress 

and R2 can be quite accurate and scientifically justifiable. 

Conclusion 

The analysis of four sustainability aspects showed that 

the ecological and institutional aspects have a fairly 

sustainable status, while the social and economic as-

pects have less sustainability value to support man-

grove ecosystem management. The results of the mul-

tidimensional analysis showed that managing the man-

grove ecosystem was still less sustainable, becoming a 

warning for the status and conditions of the mangrove 

ecosystem in the Biringkassi mangrove area of 

Pangkep District, Indonesia.    The analysis results of 

the leverage effect of 24 multidimensional attributes 

yield eight highly influential attributes that can lead to 

changes in management if done incorrectly. Mangrove 

ecosystem management strategies that must be 

implemented include increasing coordination between 

stakeholders, creating formal regulations, increasing 

productivity and creativity of the community, developing 

an integrated Mangrove Ecosystem Management plan 

program, carrying out mangrove rehabilitation efforts, 

increasing the role of mangrove groups, and increasing 

the attention of researchers and academics.                                                                  
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