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 Purpose of the study: This study aimed to assess the ecological condition, 

degradation status, and environmental suitability of mangrove ecosystems in 

the Kepetingan Coastal Area, East Java, Indonesia, and to identify stakeholder-

based restoration priorities to support sustainable mangrove landscape 

conservation and ecosystem recovery. 

Methodology: Field surveys were conducted at three sampling stations 

representing settlement, estuarine, and abandoned aquaculture pond areas. 

Mangrove vegetation was assessed using the line transect–plot method. 

Vegetation density, frequency, dominance, and Importance Value Index (IVI) 

were analyzed. Water temperature, salinity, dissolved oxygen, and pH were 

measured using field instruments. Mangrove degradation status was evaluated 

using critical mangrove land assessment criteria, while restoration priorities 

were determined through SWOT analysis based on stakeholder interviews and 

questionnaires. 

Main Findings: Five mangrove species were identified, with Rhizophora 

stylosa, Avicennia marina, and Bruguiera gymnorrhiza showing the highest 

ecological importance. Tree density ranged from 300–600 trees ha⁻¹, indicating 

degraded ecosystem conditions. The critical land assessment produced a score 

of 285, classifying the area as critical mangrove land. Mangrove cover 

declined from 140.54 ha in 2010 to 109.20 ha in 2015. Environmental 

parameters remained suitable for restoration, and SWOT analysis identified the 

Weakness–Opportunity (WO) strategy as the highest restoration priority. 

Novelty/Originality of this study: This study integrates ecological condition 

assessment, environmental quality evaluation, mangrove degradation analysis, 

and stakeholder-based SWOT planning within a single restoration framework. 

The approach provides a comprehensive basis for determining restoration 

priorities and contributes to the development of integrated mangrove landscape 

conservation strategies in degraded tropical coastal ecosystems. 

Keywords: 

Coastal Conservation 

Ecological Assessment 

Ecosystem Degradation 

Landscape Conservation 

Mangrove Restoration 

SWOT Analysis 

 

 

This is an open access article under the CC BY license 

© 2025 by the author(s) 

 

Corresponding Author: 

Izzatul Fakhiroh  

Marine Science Study Program, Faculty of Fisheries and Marine Sciences, University of Brawijaya, Malang, 

Jl. Veteran, Ketawanggede, Lowokwaru District, Malang City, East Java 65145, Indonesia 

Email: izzafirohatuh67@gmail.com  

 

 

https://doi.org/10.37251/jouabe.v2i2.3374
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:izzafirohatuh67@gmail.com


Jou. Acd. Bio. Ed ISSN: 3062-9705  

Ecological Condition, Degradation Status, and Restoration Priorities for Sustainable…(Izzatul Fakhiroh) 

295 

1. INTRODUCTION 

Mangrove ecosystems are among the most productive and valuable coastal ecosystems in the world 

because they provide a wide range of ecological, economic, and social benefits [1]-[3]. These ecosystems 

support shoreline stabilization, nutrient cycling, biodiversity conservation, fisheries productivity, and carbon 

sequestration. In addition, mangrove forests function as natural barriers that protect coastal areas from erosion, 

storm surges, and extreme weather events [4]-[6]. Through these ecological functions, mangroves contribute 

significantly to the resilience of coastal communities facing environmental and climate-related challenges [7]-

[9]. Consequently, mangrove conservation has become an important component of sustainable coastal 

management and global environmental protection efforts. 

Despite their ecological importance, mangrove ecosystems continue to experience severe degradation in 

many tropical and subtropical regions. Rapid coastal development, aquaculture expansion, urbanization, 

pollution, and unsustainable resource exploitation have accelerated mangrove loss worldwide [10]-[12]. This 

degradation has resulted in declining biodiversity, reduced ecosystem services, increased shoreline vulnerability, 

and the disruption of ecological processes [13], [14]. Furthermore, the conversion and degradation of mangrove 

forests may release large amounts of stored carbon into the atmosphere, thereby contributing to climate change 

[15], [16]. These environmental consequences have increased international concern regarding the long-term 

sustainability of mangrove ecosystems. 

Indonesia possesses the largest mangrove area in the world and plays a crucial role in global mangrove 

conservation. Mangrove ecosystems in Indonesia support diverse flora and fauna while providing essential 

resources and livelihood opportunities for coastal communities [17]-[19]. However, many Indonesian mangrove 

areas are currently experiencing degradation due to land-use change, aquaculture development, illegal 

harvesting, and environmental pollution. The continued decline of mangrove ecosystems threatens ecological 

stability and reduces the ability of coastal environments to provide essential ecosystem services [20], [21]. 

Therefore, effective conservation and restoration strategies are urgently needed to ensure the sustainability of 

mangrove ecosystems in Indonesia. 

Mangrove restoration has emerged as a widely recognized approach for addressing ecosystem 

degradation and promoting environmental sustainability [22]-[24]. Modern restoration practices have shifted 

beyond conventional tree planting and increasingly emphasize ecological restoration principles, including the 

recovery of ecosystem functions, biodiversity, hydrological processes, and habitat quality. Successful restoration 

requires not only suitable environmental conditions but also the active participation of stakeholders and effective 

governance mechanisms [25]-[27]. In recent years, mangrove restoration has also been promoted as a Nature-

based Solution (NbS) capable of simultaneously supporting biodiversity conservation, climate adaptation, and 

disaster risk reduction [28]-[30]. As a result, restoration initiatives are increasingly viewed as strategic 

investments for achieving sustainable coastal development. 

The growing interest in mangrove restoration is closely linked to its contribution to climate change 

mitigation and adaptation. Healthy mangrove ecosystems can store substantial amounts of carbon in both 

vegetation biomass and sediments, a function commonly referred to as blue carbon sequestration [31]-[33]. At 

the same time, mangroves enhance coastal resilience by reducing wave energy, stabilizing shorelines, and 

protecting communities from coastal hazards. These multifunctional benefits position mangrove restoration as a 

key component of several international environmental agendas, including the Sustainable Development Goals 

(SDGs) [34], [35]. Specifically, mangrove restoration contributes to SDG 13 (Climate Action), SDG 14 (Life 

Below Water), and SDG 15 (Life on Land). Therefore, understanding factors that influence restoration success is 

becoming increasingly important for both local and global conservation efforts. 

The Kepetingan Coastal Area in Sawohan Village, Buduran District, Sidoarjo Regency, East Java, 

represents an important mangrove landscape that provides ecological and socio-economic benefits for 

surrounding communities. The area supports various coastal organisms, contributes to fisheries productivity, and 

possesses considerable potential for ecotourism development. Nevertheless, increasing anthropogenic pressures, 

including aquaculture activities, land conversion, environmental pollution, and unsustainable resource use, have 

contributed to the degradation of mangrove habitats in the region [12], [36], [37]. Evidence of declining 

mangrove cover and deteriorating ecosystem conditions indicates that the ecological integrity of the area is under 

threat. Consequently, effective restoration and conservation measures are required to support the long-term 

sustainability of the Kepetingan coastal landscape. 

Several previous studies have investigated mangrove ecosystems by focusing on specific aspects such 

as vegetation structure, species composition, environmental quality, or restoration techniques [38]-[40]. These 

studies have generated important ecological information that supports mangrove conservation and management. 

However, most previous research has examined these aspects separately and has not comprehensively integrated 

ecological condition, environmental suitability, ecosystem degradation status, and stakeholder perspectives 

within a single restoration framework. Such integration is essential because restoration outcomes are strongly 

influenced by ecological, environmental, social, and institutional factors that interact simultaneously. The limited 
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integration of these dimensions represents an important research gap in the development of effective mangrove 

restoration strategies. 

To address this gap, the present study adopts an integrated approach that combines ecological 

assessment, environmental quality evaluation, degradation analysis, and stakeholder-based restoration planning. 

Unlike previous studies that primarily focused on ecological or environmental characteristics alone, this research 

incorporates SWOT-based stakeholder analysis to identify restoration priorities within a degraded mangrove 

landscape. The integration of ecological and socio-institutional dimensions provides a more comprehensive 

understanding of restoration opportunities and constraints [41]-[43]. This approach constitutes the novelty of the 

study because it links ecosystem condition assessment directly with restoration planning and landscape 

conservation strategies. Consequently, the study contributes to the growing body of knowledge on integrated 

mangrove restoration and Nature-based Solutions for coastal ecosystem management. 

Therefore, this study aims to (1) assess the ecological condition of mangrove vegetation in the 

Kepetingan Coastal Area, (2) evaluate the degradation status and environmental suitability of mangrove habitats, 

and (3) identify restoration priorities through stakeholder-based SWOT analysis. The results are expected to 

provide scientific evidence for developing sustainable mangrove restoration strategies in degraded coastal 

ecosystems. Furthermore, the findings may support decision-making processes related to biodiversity 

conservation, climate adaptation, and ecosystem-based coastal management. The study also offers practical 

recommendations for integrating ecological restoration with stakeholder participation in mangrove conservation 

programs. Ultimately, the proposed restoration framework may serve as a reference for sustainable mangrove 

landscape conservation in other tropical coastal regions experiencing similar environmental challenges. 

 

 

2. RESEARCH METHOD 

2.1 Study Area 

This study was conducted in the mangrove ecosystem of Kepetingan Coastal Area, located in Sawohan 

Village, Buduran District, Sidoarjo Regency, East Java, Indonesia (Figure 1). The study area represents one of 

the remaining mangrove ecosystems along the eastern coast of Sidoarjo and provides important ecological 

functions, including shoreline protection, nursery habitat for aquatic organisms, biodiversity conservation, and 

support for local livelihoods. 

The Kepetingan coastal landscape is characterized by the interaction of marine and riverine processes 

and comprises various land-use types, including natural mangrove stands, estuarine habitats, residential areas, 

and abandoned aquaculture ponds. The area has experienced increasing anthropogenic pressures, particularly 

from aquaculture expansion, settlement development, and resource utilization, which have contributed to 

mangrove degradation. 

Field data collection was conducted from December 2015 to January 2016 at three sampling stations 

selected purposively to represent different environmental conditions and levels of disturbance. Station 1 is 

Mangrove area adjacent to residential settlements; Station 2 is Estuarine zone near the river mouth; Station 3 is 

Mangrove area associated with abandoned aquaculture ponds. The selected stations were intended to represent 

the variability of ecological conditions within the Kepetingan coastal landscape and to support the assessment of 

restoration priorities. 

 
Figure 1. Research Location 

 

The first station is located at Latitude: 7°.48’063’’S and Longitude: 112°81’637’’E. The second station 

is located at Latitude: 7°.47’2833’’S and Longitude: 112°82’219’’E. S. The third station is located at Latitude: 

7°48’405’’S and Longitude: 112°83’691’’E. 
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(a)     (b)     (c) 

 

Fugure 2. Station 1 (a), Station 2 (b), Station 3 (c) 

 

2.2 Research Design 

This study employed a descriptive-survey approach integrating ecological assessment, environmental 

quality evaluation, and stakeholder-based restoration analysis. Ecological data were collected through field 

observations and vegetation surveys, while social and management-related information was obtained through 

interviews and questionnaires administered to relevant stakeholders. The research framework consisted of three 

main stages: 

1. Assessment of mangrove ecological conditions;  

2. Evaluation of mangrove degradation status and environmental suitability;  

3. Formulation of restoration priorities using SWOT analysis.  

The integration of ecological and socio-institutional assessments was used to develop recommendations 

for sustainable mangrove landscape conservation. 

 

2.3  Mangrove Vegetation Assessment 

Mangrove vegetation was assessed using the line transect–plot method. Transects were established 

perpendicular to the coastline at each sampling station to capture variations in vegetation structure along the tidal 

gradient. Vegetation observations were conducted for three growth stages: seedlings, saplings, and trees. For 

each species encountered, the following parameters were recorded: Species composition, Density, Frequency, 

Dominance, and Importance Value Index (IVI). Species density was calculated using: 

 

  …(1) 

where: 

D = density (individuals ha⁻¹);  

N = number of individuals recorded;  

A = sampled area (ha).  

 

Relative density (RD), relative frequency (RF), and relative dominance (RDo) were subsequently 

calculated to determine species ecological importance. The Importance Value Index (IVI) was obtained as: 

 

  …(2) 

 

IVI values were used to identify dominant species and evaluate the ecological structure of the mangrove 

community. Mangrove condition was further evaluated based on vegetation density criteria established in the 

Decree of the Indonesian Minister of Environment No. 201 of 2004 concerning mangrove damage assessment. 

 

2.4 Assessment of Mangrove Degradation Status 

The degradation status of mangrove ecosystems was evaluated using the criteria established by the 

Directorate General of Reforestation and Land Rehabilitation and the Indonesian Ministry of Forestry for critical 

mangrove land assessment. The assessment incorporated three primary indicators: 

1. Mangrove land cover condition; 

2. Vegetation density; 

3. Land-use pressure. 

Each indicator was assigned a score according to the national critical mangrove assessment guidelines. 

The total score was used to classify mangrove conditions into the following categories: Very Critical; Critical; 

Moderately Critical; Good. This approach enabled the identification of degradation levels and restoration needs 

within the study area. 

 

2.5  Environmental Quality Assessment 

Environmental suitability for mangrove restoration was evaluated through in situ measurements of 

water quality parameters at each sampling station. The measured parameters included: temperature (°C); salinity 
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(‰); dissolved oxygen (DO, mg L⁻¹); pH. Measurements were conducted using calibrated field instruments, 

including a digital thermometer, refractometer, dissolved oxygen meter, and portable pH meter. Water quality 

values were compared with ecological requirements for mangrove growth and relevant Indonesian marine water 

quality standards to evaluate habitat suitability for restoration activities. 

 

2.6 Stakeholder-Based SWOT Analysis 

Stakeholder perceptions regarding mangrove conservation and restoration were assessed through 

structured interviews and questionnaire surveys involving local community members, government 

representatives, and stakeholders associated with mangrove management in the Kepetingan Coastal Area. The 

SWOT framework was applied to identify internal and external factors influencing restoration success: Strengths 

(S); Weaknesses (W); Opportunities (O); Threats (T).  

Each factor was assigned a weight reflecting its relative importance and a rating representing its 

influence on restoration outcomes. Weighted scores were subsequently calculated to develop: Internal Factor 

Analysis Summary (IFAS); External Factor Analysis Summary (EFAS). The resulting IFAS and EFAS matrices 

were used to formulate four strategic alternatives: SO (Strength–Opportunity); WO (Weakness–Opportunity); ST 

(Strength–Threat); WT (Weakness–Threat). The strategy obtaining the highest composite score was selected as 

the priority restoration strategy. 

 

2.7 Data Analysis 

Vegetation data were analyzed to determine species composition, density, frequency, dominance, and 

Importance Value Index (IVI). Environmental quality data were summarized descriptively and compared among 

sampling stations. Mangrove degradation status was evaluated through the critical land assessment scoring 

system, while restoration priorities were determined using SWOT matrix analysis based on IFAS and EFAS 

scores. Finally, the results of ecological assessment, environmental quality evaluation, and stakeholder analysis 

were integrated to identify restoration priorities and formulate recommendations for sustainable mangrove 

landscape conservation in the Kepetingan Coastal Area. 

 

 

3 RESULTS AND DISCUSSION 

3.1 Ecological Condition of Mangrove Vegetation 

The mangrove ecosystem in the Kepetingan Coastal Area consisted of five mangrove species, namely 

Avicennia marina, Rhizophora stylosa, Rhizophora mucronata, Sonneratia alba, and Bruguiera gymnorrhiza. 

Species composition varied among sampling stations, reflecting differences in habitat characteristics and 

disturbance intensity [44]-[46]. Station 1 was dominated by Rhizophora stylosa and Avicennia marina, Station 2 

by Rhizophora mucronata, Avicennia marina, and Sonneratia alba, whereas Station 3 was dominated by 

Bruguiera gymnorrhiza and Sonneratia alba. 

Mangrove density analysis revealed substantial variation among stations (Table 1). Tree density ranged 

from 300 to 600 trees ha⁻¹, with the highest density recorded at Station 2 (600 trees ha⁻¹) and the lowest at 

Station 3 (300 trees ha⁻¹). Station 1 exhibited an intermediate density of 500 trees ha⁻¹. According to the 

Indonesian Ministerial Decree No. 201 of 2004, all stations were classified as degraded because tree density 

remained below the threshold of 1,000 trees ha⁻¹ for healthy mangrove stands. 

 

Table 1. Mangrove Tree Density at the Study Sites 

Station Site characteristics Density (trees ha⁻¹) Category 

Station 1 Settlement area 500 Degraded 

Station 2 Estuarine area 600 Degraded 

Station 3 Abandoned pond area 300 Degraded 

 

The relatively higher density observed in the estuarine zone associated with favorable hydrological 

conditions and continuous sediment deposition that support mangrove establishment and growth [47], [48]. In 

contrast, the low density recorded in the abandoned aquaculture area indicates long-term ecological impacts of 

land conversion and habitat degradation [49], [50]. Similar patterns have been reported in tropical coastal 

ecosystems where aquaculture development represents one of the primary drivers of mangrove loss and 

fragmentation. 

The analysis of relative cover further confirmed the degraded condition of the mangrove ecosystem. 

Most species exhibited relative cover values below 50%, indicating sparse canopy development. Only 

Rhizophora stylosa at Station 1 and Bruguiera gymnorrhiza at Station 3 showed cover values exceeding 50%, 

suggesting localized dominance and better adaptation to site-specific environmental conditions. 

Species dominance was evaluated using the Importance Value Index (IVI). At Station 1, Rhizophora 

stylosa exhibited the highest IVI (165%), followed by Avicennia marina (135%). At Station 2, Avicennia marina 
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showed the highest IVI (106%), while Rhizophora mucronata and Sonneratia alba each recorded IVI values of 

97%. At Station 3, Bruguiera gymnorrhiza demonstrated the highest ecological importance with an IVI of 172%, 

followed by Sonneratia alba (128%) (Table 2). 

 

Table 2. Importance Value Index (IVI) of Mangrove Species 

Station Species Tree IVI (%) 

1 Rhizophora stylosa 165 

1 Avicennia marina 135 

2 Avicennia marina 106 

2 Rhizophora mucronata 97 

2 Sonneratia alba 97 

3 Bruguiera gymnorrhiza 172 

3 Sonneratia alba 128 

 

The dominance of Rhizophora, Avicennia, and Bruguiera species indicates their ecological adaptability 

to local environmental conditions, including fluctuating salinity, tidal inundation, and muddy substrates [51], 

[52]. These species are commonly utilized in mangrove restoration programs due to their high survival capacity 

and important ecological functions in shoreline stabilization and habitat formation. Interestingly, vegetation 

observations revealed relatively abundant sapling and seedling stages at several stations despite the low density 

of mature trees. This condition suggests that the mangrove ecosystem still possesses natural regeneration 

potential [53], [54]. The presence of natural regeneration is an important ecological indicator because it reflects 

the capacity of the ecosystem to recover following disturbance and may reduce restoration costs through natural 

recruitment processes. 

Beyond vegetation structure, field observations indicated that the mangrove ecosystem continues to 

provide habitat for a variety of associated fauna, including crustaceans, mollusks, fish, reptiles, and birds. These 

findings suggest that although ecological degradation has occurred, important ecosystem functions remain 

partially intact. Therefore, conservation efforts should prioritize both vegetation recovery and habitat protection 

to maintain biodiversity and ecosystem resilience within the Kepetingan coastal landscape [55]-[57]. 

 

3.2 Mangrove Degradation Status and Landscape Change 

Assessment of mangrove degradation revealed that the Kepetingan Coastal Area is currently 

experiencing critical ecological conditions. Based on the mangrove critical land assessment, the ecosystem 

obtained a Total Scoring Value (TNS) of 285, categorizing the area as critical mangrove land. This classification 

indicates that the ecological condition of the mangrove ecosystem has declined beyond the threshold required to 

maintain optimal ecosystem functions and services. 

The critical status is closely associated with the low density of mature mangrove trees observed across 

all sampling stations. Tree densities ranged from only 300–600 trees ha⁻¹, which fall below the threshold for 

healthy mangrove ecosystems according to Indonesian environmental standards. Although natural regeneration 

was observed in some locations, the current vegetation structure suggests that ecosystem recovery is not 

sufficient to compensate for ongoing degradation pressures. 

In addition to vegetation assessment, changes in mangrove extent were analyzed to evaluate landscape-

level degradation. The results showed a substantial decline in mangrove cover between 2010 and 2015. 

Mangrove area decreased from 140.54 ha in 2010 to 109.20 ha in 2015, representing a net loss of 31.34 ha over a 

five-year period (Table 3). This reduction reflects significant land-cover transformation and indicates that 

degradation processes have continued to exceed the natural recovery capacity of the ecosystem [58], [59]. 

 

Table 3. Changes in Mangrove Extent in the Kepetingan Coastal Area 

Year Mangrove Area (ha) 

2010 140.54 

2015 109.20 

Change -31.34 

 

The observed decline in mangrove cover is likely associated with multiple anthropogenic pressures, 

including aquaculture expansion, land conversion, resource extraction, and increasing human activities along the 

coastal zone. Similar patterns have been reported throughout Southeast Asia, where conversion of mangrove 

forests into aquaculture ponds remains one of the principal drivers of mangrove degradation [60], [61]. In the 

Kepetingan coastal landscape, abandoned aquaculture ponds observed at Station 3 provide evidence of historical 

land-use changes that have altered natural ecological processes and reduced vegetation density. 

The critical condition of the mangrove ecosystem is further reflected by several indicators incorporated 

in the critical land assessment, including vegetation cover, land use, and ecological condition. The relatively low 
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vegetation cover observed in several species, combined with the fragmented distribution of mangrove stands, 

suggests a decline in ecosystem integrity. Habitat fragmentation may reduce ecological connectivity among 

mangrove patches, limiting species movement and decreasing ecosystem resilience to environmental 

disturbances [62], [63]. 

Mangrove degradation has important ecological implications for coastal sustainability. Reduced 

mangrove cover diminishes the ecosystem's capacity to protect shorelines from erosion, stabilize sediments, and 

buffer coastal communities against extreme weather events [64], [65]. Furthermore, the loss of mangrove habitat 

may negatively affect biodiversity because mangrove forests provide breeding, nursery, feeding, and shelter 

habitats for numerous aquatic and terrestrial organisms [66], [67]. The decline in habitat quality can ultimately 

reduce fisheries productivity and weaken ecosystem services that support local livelihoods. 

From a landscape conservation perspective, the loss of 31.34 ha of mangrove cover represents more 

than a reduction in vegetation area; it reflects the gradual decline of ecological functions operating across the 

coastal landscape. Degraded and fragmented mangrove habitats are generally less capable of maintaining 

biodiversity, storing carbon, and adapting to climate-related disturbances such as sea-level rise and increased 

storm intensity [68], [69]. Consequently, restoration efforts in Kepetingan should prioritize not only the recovery 

of vegetation cover but also the restoration of ecological connectivity and ecosystem functionality across the 

broader coastal landscape. 

The findings indicate that while the mangrove ecosystem remains under considerable ecological 

pressure, the presence of remnant mangrove stands and natural regeneration provides an opportunity for 

ecological recovery. Therefore, immediate restoration and conservation interventions are required to prevent 

further habitat loss and to support the long-term sustainability of the Kepetingan mangrove landscape. 

 

3.3 Environmental Suitability for Mangrove Restoration 

Environmental quality assessment indicated that the Kepetingan Coastal Area generally remains 

suitable for mangrove restoration despite the degraded condition of its vegetation structure. Water quality 

parameters measured at the three sampling stations showed values that largely fall within the ecological 

tolerance ranges for mangrove growth and development. These findings suggest that environmental conditions 

are not the primary constraint to ecosystem recovery and that restoration interventions have a high probability of 

success if accompanied by appropriate management measures. 

 

Table 4. Water Quality Parameters at the Study Sites 

Parameter Station 1 Station 2 Station 3 

Temperature (°C) 28 ± 0.1 30 ± 0.5 27 ± 0.2 

Salinity (‰) 27 ± 0.17 25.3 ± 0.18 30 ± 0.57 

Dissolved Oxygen (mg L⁻¹) 4.8 ± 0.17 7.5 ± 0.30 5.1 ± 0.31 

pH 7.3 ± 0.1 8.3 ± 0.2 7.4 ± 0.2 

 

Water temperature ranged from 27°C to 30°C across sampling stations. The highest temperature was 

recorded at Station 2, while the lowest was observed at Station 3. These values are considered favorable for 

mangrove growth because tropical mangrove species generally thrive under temperatures between 25°C and 

35°C. Temperature influences several physiological processes, including photosynthesis, respiration, nutrient 

absorption, and seedling establishment [70], [71]. Therefore, the observed temperature range indicates that 

thermal conditions in the study area remain suitable for restoration activities. 

Salinity values varied from 25.3‰ to 30‰, reflecting typical estuarine and coastal conditions 

influenced by interactions between seawater and freshwater inputs. The lowest salinity was recorded at Station 2, 

which is located near the estuarine zone, whereas the highest salinity occurred at Station 3 in the abandoned 

pond area. The dominant mangrove species identified in this study, including Rhizophora mucronata, Avicennia 

marina, and Bruguiera gymnorrhiza, are known for their adaptability to moderate and fluctuating salinity 

conditions. Consequently, salinity levels in the Kepetingan Coastal Area are unlikely to limit mangrove 

establishment or regeneration. 

Dissolved oxygen (DO) concentrations ranged from 4.8 to 7.5 mg L⁻¹. Station 2 exhibited the highest 

DO concentration, while Station 1 recorded the lowest value. The relatively high dissolved oxygen levels 

observed in the estuarine area associated with greater water circulation and hydrological exchange. In general, all 

measured values remained within acceptable ranges for supporting aquatic organisms associated with mangrove 

ecosystems. Adequate oxygen availability contributes to maintaining ecological functions, including nutrient 

cycling, organic matter decomposition, and habitat quality for fish, crustaceans, and other aquatic fauna [72], 

[73]. 

The pH values ranged from 7.3 to 8.3, indicating neutral to slightly alkaline conditions. Such values are 

commonly found in healthy tropical coastal ecosystems and are considered favorable for mangrove growth. 

Stable pH conditions facilitate nutrient availability and support microbial processes that are essential for 
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maintaining ecosystem productivity [74], [75]. The relatively narrow pH range observed among stations suggests 

that water chemistry remains stable despite ongoing anthropogenic disturbances. 

Although most environmental parameters were within suitable ranges for mangrove development, the 

study identified localized signs of environmental degradation associated with human activities. Waste 

accumulation, aquaculture-related disturbances, and land-use changes may influence water quality over time if 

not properly managed. Nevertheless, the current environmental conditions indicate that ecological restoration 

efforts are unlikely to be constrained by abiotic factors. 

The favorable environmental conditions observed in the study area provide important evidence that 

restoration initiatives can focus primarily on addressing ecological degradation and management deficiencies 

rather than overcoming environmental limitations. Similar findings have been reported in other degraded 

mangrove ecosystems where hydrological and physicochemical conditions remained suitable despite substantial 

reductions in vegetation cover. Under such circumstances, restoration success is often determined more by 

effective governance, stakeholder participation, and protection from further disturbance than by environmental 

constraints alone. 

The combination of suitable temperature, salinity, dissolved oxygen, and pH conditions suggests that 

the Kepetingan Coastal Area retains a high ecological capacity for recovery. When coupled with the natural 

regeneration potential observed in several sampling stations, these environmental characteristics provide a strong 

foundation for implementing restoration programs aimed at restoring ecosystem structure, enhancing 

biodiversity, and improving long-term landscape resilience. Furthermore, maintaining environmental quality will 

be essential for ensuring the sustainability of restoration outcomes and supporting broader coastal conservation 

objectives [76], [77]. 

 

3.4 Stakeholder-Based Restoration Priorities 

Effective mangrove restoration requires not only favorable environmental conditions but also strong 

institutional support, stakeholder participation, and appropriate management strategies. To identify restoration 

priorities in the Kepetingan Coastal Area, a SWOT (Strengths, Weaknesses, Opportunities, and Threats) analysis 

was conducted by integrating ecological observations with stakeholder perspectives. 

The Internal Factor Analysis Summary (IFAS) revealed a total score of 2.931, consisting of a strength 

score of 0.969 and a weakness score of 1.962. Meanwhile, the External Factor Analysis Summary (EFAS) 

produced a total score of 3.590, comprising an opportunity score of 2.495 and a threat score of 1.095. These 

results indicate that external opportunities for mangrove restoration are relatively high, whereas internal 

weaknesses remain a major challenge that must be addressed.  

 

Internal and External Factors Affecting Mangrove Restoration 

Several strengths were identified within the Kepetingan mangrove ecosystem. These include the 

ecological importance of mangroves as habitats for various organisms such as birds, crabs, mollusks, and 

reptiles, relatively good regeneration potential reflected by the distribution of sapling-stage vegetation, 

community involvement in mangrove management, and the high diversity of natural resources associated with 

the coastal ecosystem. These strengths provide a valuable foundation for future restoration initiatives.  

Despite these strengths, several weaknesses were also identified. The absence of seedling-stage 

vegetation in certain areas indicates limitations in natural recruitment processes. In addition, some water quality 

parameters did not fully meet environmental quality standards, while the overall mangrove ecosystem was 

categorized as critical. Limited public understanding of environmental regulations and conservation policies 

further constrains effective ecosystem management.  

The analysis also revealed several opportunities that could support restoration efforts. These include the 

potential development of ecotourism and religious tourism, increasing government commitment to 

environmental awareness and conservation programs, the existence of legal frameworks protecting mangrove 

ecosystems, and government-supported mangrove restoration initiatives. Such opportunities can provide both 

financial and institutional support for long-term conservation efforts.  

Conversely, several threats may hinder restoration success if not adequately addressed. These include 

shoreline changes, unsustainable expansion of aquaculture activities, illegal mangrove harvesting, and the 

gradual loss of biodiversity. These pressures continue to contribute to ecosystem degradation and may reduce the 

effectiveness of restoration programs in the future [78]-[80].  

 

Strategic Prioritization for Mangrove Restoration 

The combination of IFAS and EFAS scores was used to formulate restoration strategies through the 

SWOT matrix. Four strategic alternatives were generated: Strength–Opportunity (SO), Weakness–Opportunity 

(WO), Strength–Threat (ST), and Weakness–Threat (WT). The resulting scores are presented in Table 5. 
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Table 5. SWOT Strategic Priority Scores for Mangrove Restoration 

Strategy Score 

SO (Strength–Opportunity) 3.464 

WO (Weakness–Opportunity) 4.457 

ST (Strength–Threat) 2.064 

WT (Weakness–Threat) 3.057 

 

Among the four alternatives, the Weakness–Opportunity (WO) strategy obtained the highest score 

(4.457), indicating that restoration efforts should prioritize reducing existing weaknesses while simultaneously 

maximizing available opportunities. This result suggests that although the ecosystem possesses significant 

restoration potential, successful implementation depends largely on overcoming current ecological and 

institutional limitations.  

Based on the SWOT matrix, the primary restoration actions include improving human resource capacity 

and strengthening community participation in mangrove management, conducting ecological rehabilitation and 

restoration activities in degraded areas, increasing environmental education and awareness programs, and 

enhancing collaboration among government agencies, local communities, and other stakeholders. These 

measures are expected to address both ecological degradation and governance-related challenges that currently 

limit restoration effectiveness. The prioritization of community capacity development is particularly important 

because local communities represent the primary actors responsible for long-term ecosystem stewardship [81], 

[82]. Strengthening local participation can improve monitoring activities, reduce illegal resource exploitation, 

and increase public support for conservation initiatives. Furthermore, integrating restoration activities with 

ecotourism development may provide alternative livelihood opportunities that encourage sustainable resource 

use while generating economic benefits for local residents. 

From a restoration ecology perspective, the dominance of the WO strategy highlights the importance of 

combining ecological rehabilitation with social and institutional interventions. Restoration success is unlikely to 

be achieved through tree planting alone. Instead, it requires a comprehensive approach that integrates habitat 

restoration, environmental education, community empowerment, and policy implementation. Such an approach 

can enhance both ecological resilience and social sustainability, thereby increasing the likelihood of long-term 

restoration success. Overall, the SWOT analysis demonstrates that the Kepetingan Coastal Area possesses 

substantial opportunities for mangrove recovery despite its current degraded condition. By addressing identified 

weaknesses and capitalizing on available opportunities, restoration initiatives can contribute significantly to 

biodiversity conservation, ecosystem resilience, and sustainable coastal landscape management. 

 

3.5 Implications for Sustainable Mangrove Landscape Conservation 

The findings of this study demonstrate that mangrove restoration in the Kepetingan Coastal Area should 

be implemented within a broader landscape conservation framework. The ecological assessment revealed that 

the mangrove ecosystem is currently in a degraded condition, characterized by low tree density, critical land 

status, and a substantial reduction in mangrove cover over time. Nevertheless, the presence of suitable 

environmental conditions and natural regeneration potential indicates that the ecosystem retains the capacity for 

recovery if appropriate restoration measures are implemented. 

One of the most significant findings of this study is the contrast between ecological degradation and 

environmental suitability. Although the mangrove ecosystem was classified as critical and experienced a loss of 

approximately 31.34 ha of mangrove cover between 2010 and 2015, water quality parameters remained within 

ranges generally suitable for mangrove growth and development. This finding suggests that ecosystem 

degradation in Kepetingan is primarily driven by anthropogenic pressures rather than unfavorable environmental 

conditions. Consequently, restoration efforts should focus on addressing human-induced disturbances while 

maintaining environmental quality to facilitate natural recovery processes [83], [84]. 

The relatively high abundance of saplings and pole-stage vegetation observed at several stations further 

supports the possibility of ecological recovery. Natural regeneration represents an important component of 

restoration because it reflects the inherent resilience of the ecosystem [85], [86]. Ecosystems that retain natural 

recruitment processes generally require lower restoration costs and exhibit higher long-term sustainability 

compared with areas where regeneration has completely ceased. Therefore, restoration planning in Kepetingan 

should prioritize the protection of naturally regenerating areas while complementing them with active 

rehabilitation in severely degraded sites. 

From a landscape conservation perspective, the decline in mangrove cover has implications that extend 

beyond vegetation loss alone. Mangrove ecosystems function as interconnected ecological networks that support 

biodiversity, fisheries productivity, nutrient cycling, and coastal protection [87], [88]. The reduction and 

fragmentation of mangrove habitats may disrupt ecological connectivity among estuarine, coastal, and marine 

ecosystems, thereby reducing ecosystem resilience. Maintaining and restoring connectivity among remnant 

mangrove patches should therefore be considered a key objective of future conservation programs. 
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The SWOT analysis further demonstrated that successful restoration depends on both ecological and 

socio-institutional factors. The identification of the Weakness–Opportunity (WO) strategy as the highest-priority 

restoration approach highlights the need to strengthen community capacity, improve stakeholder participation, 

and enhance environmental governance. These findings indicate that ecological restoration cannot be separated 

from social and institutional dimensions. Restoration programs that actively involve local communities are more 

likely to achieve long-term success because they foster local stewardship, increase compliance with conservation 

regulations, and promote sustainable resource management practices. 

The opportunities identified through stakeholder analysis, particularly ecotourism development and 

government-supported conservation programs, provide important mechanisms for integrating conservation 

objectives with local economic development. Sustainable ecotourism initiatives can generate alternative income 

sources for coastal communities while simultaneously increasing public awareness of mangrove conservation 

[89]-[91]. Such approaches can create positive feedback between environmental protection and community 

welfare, thereby enhancing the sustainability of restoration outcomes. 

Furthermore, mangrove restoration in Kepetingan has broader relevance to climate change adaptation 

and mitigation efforts. Healthy mangrove ecosystems play a critical role in reducing coastal vulnerability by 

stabilizing shorelines, attenuating wave energy, and protecting coastal communities from erosion and extreme 

weather events. At the same time, mangroves are recognized as important blue carbon ecosystems due to their 

ability to sequester and store large amounts of carbon in both biomass and sediments. Restoring degraded 

mangrove habitats can therefore contribute simultaneously to biodiversity conservation, climate resilience, and 

carbon management objectives [92], [93]. 

The results of this study also support the growing recognition of ecosystem-based management 

approaches in coastal conservation. Rather than focusing solely on reforestation activities, restoration initiatives 

should incorporate habitat protection, hydrological maintenance, environmental monitoring, community 

participation, and adaptive management. Such an integrated approach is essential for ensuring that restoration 

efforts generate long-term ecological benefits and remain resilient to future environmental and socio-economic 

changes. 

Overall, the integration of ecological assessment, environmental quality evaluation, and stakeholder-

based planning provides a comprehensive foundation for sustainable mangrove landscape conservation in the 

Kepetingan Coastal Area. The study highlights that effective restoration requires a balance between ecological 

recovery and socio-economic considerations. By combining habitat rehabilitation, community engagement, and 

institutional support, restoration programs can enhance ecosystem resilience and contribute to the long-term 

sustainability of tropical coastal landscapes. 

 

3.6 Relevance of Mangrove Restoration to Contemporary Conservation Challenges 

Mangrove restoration has increasingly become a global conservation priority due to its capacity to 

address multiple environmental challenges simultaneously. The ecological degradation identified in the 

Kepetingan Coastal Area reflects broader patterns observed throughout tropical coastal regions, where rapid 

land-use change, population growth, aquaculture expansion, pollution, and climate-related disturbances continue 

to threaten the integrity of mangrove ecosystems. Consequently, the restoration of degraded mangrove 

landscapes is now recognized as a critical strategy for achieving both biodiversity conservation and sustainable 

development goals. 

The substantial decline in mangrove cover documented in this study highlights the vulnerability of 

coastal ecosystems to human-induced disturbances. The loss of 31.34 ha of mangrove habitat between 2010 and 

2015 not only reduced vegetation cover but also diminished the ecological functions that support coastal 

resilience and local livelihoods. Similar trends have been reported across Southeast Asia, where mangrove 

conversion for aquaculture and coastal development remains one of the leading causes of habitat degradation 

[60], [61]. These findings underscore the urgency of implementing restoration measures before ecosystem 

degradation reaches irreversible levels. 

One of the most important contemporary perspectives in ecosystem restoration is the concept of Nature-

based Solutions (NbS). Nature-based Solutions refer to actions that protect, restore, and sustainably manage 

ecosystems while simultaneously addressing societal challenges. In coastal environments, mangrove restoration 

represents one of the most effective NbS approaches because restored mangrove forests can reduce shoreline 

erosion, attenuate wave energy, enhance biodiversity, and improve ecosystem services. The favorable 

environmental conditions observed in the Kepetingan Coastal Area indicate that restoration initiatives can 

function as effective nature-based solutions for enhancing coastal resilience and reducing environmental risks. 

The findings of this study also have important implications for climate change adaptation and 

mitigation. Coastal communities worldwide are increasingly exposed to sea-level rise, coastal flooding, saltwater 

intrusion, and extreme weather events. Healthy mangrove ecosystems serve as natural buffers that protect 

coastlines from these hazards [94], [95]. By stabilizing sediments and reducing wave energy, mangroves can 

significantly decrease the vulnerability of coastal settlements and infrastructure. Therefore, restoration efforts in 
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Kepetingan should be viewed not only as ecosystem rehabilitation activities but also as investments in climate 

adaptation and disaster risk reduction. 

In addition to their adaptation benefits, mangrove ecosystems play a significant role in climate change 

mitigation through blue carbon sequestration. Mangroves are among the most efficient carbon-storing 

ecosystems on Earth because they accumulate large amounts of carbon in both aboveground biomass and 

belowground sediments [96], [97]. When mangrove forests are degraded or converted, substantial quantities of 

stored carbon released into the atmosphere. Conversely, successful restoration can enhance carbon storage 

capacity and contribute to national and global climate mitigation targets. Although carbon stocks were not 

directly measured in this study, the restoration of degraded mangrove areas in Kepetingan may provide 

additional benefits through long-term carbon sequestration and climate regulation. 

The study further highlights the importance of community-based conservation in achieving restoration 

success. Contemporary restoration science increasingly recognizes that ecological interventions alone are 

insufficient to ensure long-term sustainability. Restoration programs that actively involve local communities 

generally achieve higher success rates because they foster local stewardship, strengthen environmental 

awareness, and improve compliance with conservation regulations. The SWOT analysis demonstrated that 

stakeholder participation, capacity building, and institutional support are critical factors for restoration success in 

Kepetingan. These findings are consistent with current international restoration frameworks that emphasize 

participatory governance and collaborative management. 

Another important aspect of contemporary conservation is the emphasis on ecosystem resilience. 

Ecosystem resilience refers to the capacity of ecosystems to resist, recover from, and adapt to environmental 

disturbances. The presence of natural regeneration observed in the Kepetingan mangrove ecosystem suggests 

that ecological resilience remains partially intact despite ongoing degradation. Protecting naturally regenerating 

areas and maintaining environmental quality can therefore strengthen ecosystem resilience and improve the 

effectiveness of restoration interventions. Such strategies are particularly important under future climate 

scenarios, where ecosystems will face increasing environmental uncertainty. 

The outcomes of this study also contribute to several global sustainability agendas. Mangrove 

restoration directly supports Sustainable Development Goal (SDG) 13 (Climate Action) through climate 

adaptation and carbon sequestration, SDG 14 (Life Below Water) through the conservation of coastal and marine 

habitats, and SDG 15 (Life on Land) through ecosystem restoration and biodiversity conservation. Moreover, 

restoration initiatives that generate alternative livelihood opportunities through ecotourism and sustainable 

resource management can contribute indirectly to poverty reduction and community well-being. 

Overall, the ecological assessment, environmental evaluation, and stakeholder analysis conducted in 

this study demonstrate that mangrove restoration in the Kepetingan Coastal Area has significance beyond local 

conservation efforts. The findings illustrate how integrated restoration planning can simultaneously address 

biodiversity loss, ecosystem degradation, climate change, and socio-economic challenges. As such, the 

restoration framework developed in this study may serve as a practical model for other degraded tropical coastal 

landscapes seeking to balance ecological recovery with sustainable development objectives. 

 

 

4 CONCLUSION 

The mangrove ecosystem in the Kepetingan Coastal Area exhibited degraded ecological conditions, as 

reflected by low tree density ranging from 300 to 600 trees ha⁻¹ and the dominance of several species, 

particularly Rhizophora stylosa, Avicennia marina, and Bruguiera gymnorrhiza. Assessment of mangrove 

degradation revealed a critical ecosystem status, with a critical land assessment score of 285 and a decline in 

mangrove cover from 140.54 ha in 2010 to 109.20 ha in 2015. Despite the degraded condition, environmental 

parameters, including temperature, salinity, dissolved oxygen, and pH, remained within suitable ranges for 

mangrove growth, indicating favorable conditions for restoration activities. 

The study further demonstrated that the Kepetingan mangrove ecosystem retains natural regeneration 

potential, providing an important foundation for ecosystem recovery. Stakeholder-based SWOT analysis 

identified the Weakness–Opportunity (WO) strategy as the highest-priority restoration approach, emphasizing 

ecological rehabilitation, community capacity development, environmental monitoring, stakeholder 

collaboration, and government-supported conservation programs. These findings indicate that restoration success 

depends not only on ecological suitability but also on effective institutional support and community 

participation. 

Overall, this study highlights the importance of integrating ecological assessment, environmental 

quality evaluation, degradation analysis, and stakeholder-based planning to establish restoration priorities for 

sustainable mangrove landscape conservation. The proposed framework contributes to ecosystem resilience, 

biodiversity conservation, and climate adaptation efforts, while providing practical guidance for the restoration 

and management of degraded tropical coastal ecosystems. 
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