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Abstract: Mangrove ecosystems play a crucial role in maintaining coastal stability and supporting local 
livelihoods. However, increasing anthropogenic pressures have led to significant degradation in many coastal 
areas. Previous studies have predominantly focused on large-scale mapping and land cover changes, while local-
scale ecological assessments integrating vegetation structure and environmental parameters remain limited. This 
study aims to analyze mangrove degradation by combining vegetation structure analysis and environmental 
measurements at a local scale. Field data were collected in October 2023 using a line transect–quadrat method 
(10 m × 10 m plots). Vegetation parameters included species composition, density, frequency, dominance, and 
Importance Value Index (IVI), while environmental variables included salinity, temperature, pH, and substrate 
moisture. Statistical analyses (independent t-test and Pearson correlation) were applied to examine differences 
and relationships among variables. The results show a low survival rate of 33.20%, significantly below the 
optimal rehabilitation threshold (60–80%). Environmental factors, particularly salinity and substrate conditions, 
showed significant correlations with survival and growth parameters (p < 0.05). IVI analysis indicates 
dominance of specific species with limited regeneration capacity. These findings suggest that mangrove 
degradation in the study area is driven by both ecological constraints and inappropriate rehabilitation practices. 
This study contributes to the development of an ecologically based restoration approach by integrating 
vegetation and environmental indicators at the local scale. 
 
Keywords: Mangrove Degradation; Vegetation Structure; Coastal Ecosystem; Ecological Restoration; 
Environmental Parameters 
 
1. INTRODUCTION 

Indonesia is recognized as the country with the largest mangrove ecosystem area in the world. According 
to data from the Ministry of Environment and Forestry (KLHK) in 2024, the total mangrove area in Indonesia 
reaches approximately 3.44 million hectares, distributed across various coastal regions of the archipelago. This 
area represents a significant proportion of global mangrove coverage and places Indonesia in a strategic position 
in maintaining the sustainability of global coastal ecosystems (Heriamsal & Amin, 2024). Mangrove ecosystems 
play a crucial ecological role, including acting as a natural barrier that protects coastlines from abrasion, 
stabilizing sediments, providing habitat for various marine organisms, and serving as one of the most effective 
natural carbon sinks within the blue carbon system (Alongi et al., 2020). In addition, mangroves also provide 
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important socio-economic benefits for coastal communities by supporting fisheries productivity, conserving 
biodiversity, and increasing coastal resilience to the impacts of climate change (Suriadi et al., 2024). 

Despite their significant ecological and socio-economic importance, mangrove ecosystems are currently 
facing various pressures due to human activities and environmental changes. Over the past three decades, 
Indonesia is estimated to have lost approximately 800,000 hectares of mangrove forests due to land conversion, 
resource exploitation, and coastal development (Ilman, 2016; Sasmito et al., 2023). Mangrove degradation can 
lead to serious ecological impacts, including biodiversity loss, increased coastal vulnerability to erosion, reduced 
carbon sequestration capacity, and disruption of ecological functions in coastal ecosystems (Da Costa et al., 
2023). Ultimately, these impacts can affect the livelihoods of coastal communities that heavily depend on the 
sustainability of mangrove resources. 

Aceh Singkil Regency is one of the coastal regions located in the western part of Sumatra Island that 
possesses a relatively extensive mangrove ecosystem and plays an important role in maintaining coastal 
environmental stability (Manik et al., 2023). However, several mangrove areas in this region have begun to face 
considerable pressure from human activities. One of the areas facing this issue is Gosong Telaga Barat Village. 
Various activities, such as mangrove wood harvesting, land conversion, and unsustainable use of coastal 
resources, have become major drivers of mangrove ecosystem degradation in this region (Efriyeldi et al., 2018). 
In addition, low ecological awareness and limited information regarding the importance of mangrove functions 
have also accelerated the degradation process. In some cases, local communities use mangrove wood for 
household needs, such as fencing or simple construction, without accompanying replanting efforts (Cahyani et 
al., 2024). 

Efforts to understand the extent of mangrove ecosystem degradation cannot rely solely on the analysis 
of changes in land cover area; they also require assessments of the structure and condition of mangrove 
vegetation. Vegetation structure, which includes species composition, density, frequency, dominance, and 
diversity, is an important ecological indicator for assessing the health and stability of mangrove ecosystems 
(Bunting et al., 2022). Vegetation analysis can provide a more detailed understanding of the extent of ecosystem 
damage, regeneration capacity, and the sustainability potential of mangrove ecosystems in a particular area. 
Therefore, a vegetation-based analytical approach is essential for a more comprehensive evaluation of mangrove 
ecosystem conditions. 

Previous studies on mangrove ecosystems have generally focused on mapping mangrove distribution, 
changes in mangrove forest extent, and analyses of ecological and economic benefits at broader regional scales 
(Ebeler et al., 2025). However, studies that specifically analyze the extent of mangrove degradation based on 
vegetation structure at the local scale, particularly at the village level, remain relatively limited, especially in the 
coastal areas of Aceh Singkil Regency. This limitation indicates a research gap in understanding the actual 
ecological conditions of mangrove ecosystems at the local scale, which is often the primary location where 
degradation processes occur. 

Local-scale studies are therefore crucial, as they can provide more detailed, context-specific ecological 
information to support more effective mangrove management and rehabilitation planning. Without specific 
information on vegetation structure and mangrove species composition, mangrove rehabilitation programs 
often fail to address the actual ecological problems occurring in the field (Marquez & Olavides, 2024). 
Consequently, research that examines mangrove vegetation conditions in greater depth is required to determine 
the level of mangrove ecosystem degradation in a coastal region. 

However, studies integrating vegetation structure and environmental parameters at the local scale remain 
limited. This gap is important because degradation processes often occur at site-specific levels, directly 
influencing rehabilitation success. Therefore, this study offers a novel contribution by integrating vegetation 
structure analysis (IVI) with environmental parameters to identify the main drivers of mangrove degradation 
and rehabilitation failure at the local scale. 

Based on this research gap, this study aims to analyze the extent of mangrove degradation in Gosong 
Telaga Barat Village, Aceh Singkil Regency, using mangrove vegetation conditions as a basis. The novelty of 
this research lies in using a mangrove vegetation structure analysis approach as an ecological indicator to assess 
mangrove ecosystem degradation at the local scale. The findings of this study are expected to contribute to the 
scientific understanding of mangrove ecosystem conditions and to serve as a basis for developing more 
sustainable mangrove management and conservation strategies in coastal areas. 
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2. RESEARCH METHODS 
Study Area 

This research was conducted in October 2023 in Gosong Telaga Barat Village, Aceh Singkil Regency, 
Aceh Province, Indonesia. This area is one of the coastal regions with relatively extensive mangrove ecosystems 
and plays an important role in maintaining coastal environmental stability while supporting local community 
economic activities, particularly in the fisheries sector. In recent years, mangrove areas in this region have 
experienced increasing pressure from coastal resource-use activities, such as mangrove logging and land 
conversion, which may lead to ecosystem degradation. Therefore, this study area was selected to monitor the 
condition of mangrove vegetation as an ecological indicator of mangrove ecosystem degradation in the coastal 
area of Gosong Telaga Barat Village. 

 
Vegetation Monitoring Design 

This study employed a quantitative descriptive approach using a mangrove vegetation monitoring 
method to evaluate the structure of the mangrove community at the study site. Vegetation data were collected 
using the line transect–quadrat method, which is commonly applied in mangrove ecological studies. Transects 
were established perpendicular to the shoreline and extended inland to represent the natural zonation of 
mangrove vegetation. The Importance Value Index (IVI) was calculated as the sum of relative density, relative 
frequency, and relative dominance for each species. 

 

 
Figure 1. Observation plot (Source: Fitria, 2022) 

 
Along each transect, 10 m × 10 m observation plots were established to monitor mangrove trees. Within 

each plot, all mangrove individuals were recorded by identifying species, counting individuals, measuring stem 
diameter at breast height (DBH), and recording tree height. Species identification was conducted based on 
morphological characteristics using relevant mangrove identification guides. In addition, the coordinates of 
each plot were recorded using a Global Positioning System (GPS) device to ensure accurate observation 
locations and to support spatial documentation of the study.  

 
Environmental Parameters and Data Analysis 

Environmental, physical, and chemical parameters were also measured at each observation plot to 
support the interpretation of mangrove vegetation conditions. The parameters observed included water 
temperature, salinity, water pH, and substrate moisture, which were measured directly in the field using portable 
measuring instruments. The vegetation data obtained were then analyzed to describe the structure of the 
mangrove community as an indicator of ecosystem condition and the level of mangrove degradation at the 
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study site. Vegetation analysis was conducted by calculating species density, frequency, and dominance for each 
identified mangrove species. These parameters were subsequently used to calculate the Importance Value Index 
(IVI) to assess the dominance and ecological role of each species within the mangrove community. 
Environmental parameter data were analyzed descriptively using the ranges of values obtained from field 
measurements. The results were then interpreted alongside the vegetation analysis to provide a comprehensive 
overview of the condition of the mangrove ecosystem and the extent of degradation in Gosong Telaga Barat 
Village, Aceh Singkil Regency. Statistical analysis was conducted using an independent t-test to compare 
differences between locations and Pearson correlation to examine relationships between environmental 
variables and vegetation parameters. 

 
3. RESULTS AND DISCUSSION 
a. Mangrove Survival Rate 

The monitoring results indicate that the mangrove survival rate at the study sites is relatively low. The 
survival rate was calculated by comparing the number of living plants with the total number of planted 
mangroves at each study site, while the mortality rate was calculated as the percentage of damaged or dead 
plants relative to the total number of planted mangroves. The detailed results are presented in the following 
Table 1. 

Table 1. Results of Mangrove Survival Monitoring 
Location Total Planted Alive Damage/Dead Survival Rate (%) Mortality Rate (%) 

Location 1 24.777 9.502 15.275 38,36 61,64 
Location 2 27.802 7.957 16.765 28,63 71,37 

Total 52.579 17.459 32.040 33,20 66,80 
(Source: Data Processing, 2023) 
 
 Based on Table 1, the mangrove survival rate at Location 1 was 38.36%, while Location 2 showed a 
lower rate of 28.63%. Overall, the survival rate of mangroves in the study area reached only 33.20%, while the 
mortality rate reached 66.80%. These values indicate that most planted mangrove seedlings did not survive 
during the monitoring period. The low survival rate suggests that the regeneration process of mangrove 
vegetation in the coastal area of Gosong Telaga Barat Village is facing considerable ecological pressure. This 
condition may reflect limitations in habitat suitability, environmental disturbances, or other external factors 
affecting the success of mangrove growth during the early stages of rehabilitation. 

Compared with previous studies such as (Wodehouse & Rayment, 2019), the optimal success rate of 
mangrove rehabilitation generally ranges between 60–80% during the early growth phase, particularly when 
planting activities consider habitat suitability, hydrological dynamics, and substrate characteristics that support 
mangrove growth. Therefore, the survival rate observed in this study is considerably lower than the commonly 
reported success rates in coastal ecological literature. This difference suggests that ecological conditions at the 
study sites may not fully support optimal mangrove rehabilitation processes. 

In addition to environmental factors, the success of mangrove rehabilitation is also strongly influenced 
by planting techniques and the selection of species that match the natural zoning of mangrove ecosystems. A 
study (Asbridge et al., 2024) shows that planting activities that do not account for substrate characteristics, tidal 
patterns, and hydrodynamic conditions can lead to high mortality rates during early growth stages. Mismatches 
between planted mangrove species and their suitable habitat conditions are also frequently reported as a major 
cause of mangrove rehabilitation failure in many coastal regions (Muhammad et al., 2025). 

Therefore, the low survival rate found in this study not only reflects local environmental constraints 
but may also indicate early signs of mangrove ecosystem degradation in the coastal area of Gosong Telaga Barat 
Village. These findings suggest that mangrove rehabilitation efforts in this area require a more ecologically based 
management approach, taking into account habitat suitability, the restoration of natural hydrological conditions, 
and the selection of mangrove species that align with coastal environmental zoning. Such an approach is 
expected to improve rehabilitation success while supporting the sustainable recovery of mangrove ecosystem 
functions. The independent t-test results indicate a significant difference in survival rates between Location 1 
and Location 2 (p < 0.05), suggesting that local environmental conditions strongly influence mangrove survival. 
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b. Spatial Variation in Mangrove Vegetation Damage 
 Plot-scale analysis shows that mangrove vegetation damage was not evenly distributed across the study 
sites. Detailed monitoring results for mangrove vegetation at each plot are presented in the following table. 

 
Table 2. Mangrove Vegetation Monitoring Results at Each Plot in the Study Locations 

Plot Location 1 
Planted 

Location 1 
Alive 

Location 1 
Damage/Dead 

Location 2 
Planted 

Location 2 
Alive 

Location 2 
Damage/Dead 

1 2.567 2.483 84 2.395 1.924 471 
2 2.709 2.652 57 2.783 243 2.540 
3 3.139 3.075 64 2.117 253 1.864 
4 3.005 278 2.727 2.336 116 2.220 
5 2.534 638 1.896 2.448 1.950 498 
6 2.787 86 2.701 2.075 286 1.789 
7 2.965 93 2.872 3.045 2.738 307 
8 2.660 114 2.546 2.177 295 1.882 
9 2.411 83 2.328 1.455 46 1.409 
10 – – – 3.891 106 3.785 

Total 24.777 9.502 15.275 27.802 7.957 16.765 
(Source: Field Survey, 2023) 

 
At Location 1, the highest levels of mangrove damage were observed in plots 6-9. In these plots, the 

number of damaged or dead plants was significantly higher than the number of surviving plants. For example, 
in plot 6, only 86 plants survived out of 2,787 planted seedlings, indicating an extremely high mortality rate. 
Similar conditions were also observed in plots 7, 8, and 9, where damaged plants dominated over surviving 
plants. This suggests that several areas within Location 1 experience considerable environmental pressure that 
limits mangrove growth during the early rehabilitation stage. 

At Location 2, the condition of mangrove damage appears even more severe in some plots. Plot 10 
recorded the highest damage level, where only 106 plants survived out of 3,891 planted seedlings, while 3,785 
plants were damaged or died. In addition, plots 2, 3, and 4 showed relatively low survival rates. This pattern 
indicates that ecological conditions in certain areas of Location 2 may be less favorable for the growth of young 
mangrove plants compared with Location 1. 

The spatial variation in mangrove vegetation damage suggests that mangrove degradation in the study 
area is not uniform but is influenced by local environmental conditions within each observation area. Ecological 
factors such as substrate characteristics, tidal dynamics, sedimentation rates, and wave intensity can affect 
mangrove adaptability and growth during the early planting stages (Fillyaw et al., 2021). In addition, unstable 
hydrological conditions may alter sediment moisture and increase physiological stress in young mangrove plants 
(Medina-Calderón et al., 2021). 

Anthropogenic pressure also contributes to mangrove damage in several research plots. Human activities 
such as mangrove wood extraction, coastal fishing, and land-use changes may disturb newly planted mangroves, 
particularly in areas easily accessible to coastal communities. Continuous disturbances may cause ecological 
stress in mangrove plants and increase the risk of damage. These findings are consistent with (Sunkur et al., 
2024), who reported that mangrove degradation generally occurs in a spatially heterogeneous pattern, where 
damage levels can vary significantly within a single coastal area. Therefore, plot-based monitoring approaches, 
such as those used in this study, are important for identifying patterns of mangrove vegetation damage in greater 
detail at the local scale. 

 
c. Mangrove Vegetation Growth Based on Height and Diameter 

Mangrove vegetation conditions were also analyzed using growth parameters, including plant height and 
stem diameter. These parameters were used to assess the development of mangrove plants that survived in the 
study area. The average height and diameter values for mangrove plants in each observation plot are presented 
in Table 3. 
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Table 3. Average Plant Height and Diameter Values 

Plot Average Height (cm) 
Location 1 

Average Diameter 
(cm) Location 1 

Average Height (cm) 
Location 2 

Average Diameter 
(cm) Location 2 

1 41,44 3,09 31,86 2,48 
2 36,29 2,92 33,42 2,57 
3 46,80 3,13 47,11 3,16 
4 53,64 3,21 41,64 2,80 
5 56,19 3,30 44,12 3,00 
6 61,27 3,66 51,40 3,25 
7 47,80 3,13 44,90 3,10 
8 62,04 3,71 33,20 2,49 
9 53,05 3,13 34,10 2,61 
10 – – 41,89 2,88 

(Source: Field Survey, 2023) 
 

Based on Table 3, the average height and diameter of mangrove plants differ between the two study 
locations. At Location 1, the average plant height ranged from 36.29 cm to 62.04 cm, with diameters ranging 
from 2.92 cm to 3.71 cm. The highest value was found in plot 8, suggesting that environmental conditions there 
are relatively more favorable for mangrove growth. Meanwhile, at Location 2, the average plant height ranged 
from 31.86 cm to 51.40 cm, and the average diameter ranged from 2.48 cm to 3.25 cm. In general, growth 
values at Location 2 tend to be lower than those at Location 1, suggesting that environmental conditions at 
Location 2 may be less optimal for mangrove development. 

The relatively limited growth indicates that most surviving mangroves are still in the early vegetative 
growth stage. At this stage, mangrove growth is strongly influenced by environmental factors such as nutrient 
availability, substrate stability, and water salinity. Unstable substrates, excessive salinity, and nutrient limitations 
may inhibit plant growth and increase the risk of mortality during the early stages of rehabilitation (Ahmed et 
al., 2022). These findings suggest that mangrove vegetation in Gosong Telaga Barat Village is still in the early 
stage of ecosystem recovery. This indicates that the success of mangrove rehabilitation programs is determined 
not only by the number of surviving plants but also by their ability to grow and develop optimally over a longer 
period (Jamil et al., 2025). 

 
d. Environmental Parameters of the Mangrove Ecosystem 

Environmental measurements indicate variations in physical and chemical conditions between the two 
study locations. The values of the observed environmental parameters are presented in Table 4.  

 
Tabel 4. Physical and Chemical Environmental Conditions at the Study Sites 

Physical and Chemical Conditions of the Environment Location 1 Location 2 
Substrate Moisture (%) 4% 5% 

Substrate pH 3,6 7,8 
Substrate Temperature (°C) 37,8 °C 39,2 °C 

Air Temperature (°C) 32,7 °C 33,5 °C 
Salinity (‰) 21 ‰ 23 ‰ 

(Source: Field Survey, 2023) 
 

Differences in environmental parameters indicate variations in ecosystem conditions that may influence 
mangrove growth. At Location 1, the relatively low substrate pH indicates acidic sediment conditions, which 
may affect nutrient availability and plant nutrient uptake. In contrast, the higher substrate temperature observed 
at Location 2 may increase physiological stress on young mangrove plants, particularly during early growth 
stages. Ecologically, environmental parameters such as salinity, temperature, and pH play a crucial role in 
determining mangrove distribution, growth, and survival rates. High salinity levels can cause osmotic stress in 
plants and may inhibit mangrove growth by reducing nutrient availability (Barik et al., 2017). 
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Temperature also plays an important role, as temperatures below 25°C can reduce growth rates and 
increase plant respiration. Meanwhile, environmental pH influences the growth rates of mangrove-associated 
microorganisms as well as plant physiological processes, with pH values around 6–7 generally supporting better 
growth than higher pH levels (Su et al., 2020). Seasonal fluctuations in salinity caused by rainfall and tidal 
dynamics can also produce periodic growth patterns in some mangrove species, indicating high physiological 
adaptability to environmental changes (Feng et al., 2020). Therefore, monitoring environmental parameters, as 
conducted in this study, is important for identifying ecological factors that influence mangrove growth success 
and for developing more effective mangrove rehabilitation strategies in coastal areas. 

 
e. Indications of Mangrove Degradation and Its Global Ecological Implications 

The relatively low mangrove survival rate observed in this study indicates potential degradation of the 
mangrove ecosystem in Gosong Telaga Barat Village. The recorded survival rate of 33.20% is significantly lower 
than the commonly reported success rates of mangrove rehabilitation in international studies. This suggests 
that the regeneration of mangrove vegetation in the study area has not yet occurred optimally due to 
environmental constraints and external pressures that affect plant growth during the early rehabilitation stages. 

Mangrove degradation at the local scale can have broader ecological implications for global coastal 
systems. Mangrove ecosystems are recognized as among the largest carbon storage systems in coastal 
environments through blue carbon sequestration, in which mangrove sediments store large amounts of carbon 
for long periods (Choudhary et al., 2024). The degradation or loss of mangrove vegetation can release stored 
carbon into the atmosphere, potentially increasing carbon emissions and accelerating global climate change 
(Adame et al., 2021). 

In addition to their role in the carbon cycle, mangroves also provide essential ecological functions as 
natural coastal protection systems. Mangrove degradation reduces the ability of these ecosystems to dissipate 
wave energy, prevent coastal erosion, and protect coastal areas from storms and sea-level rise (Temmerman et 
al., 2023). Several studies have shown that coastal regions experiencing mangrove loss tend to be more 
vulnerable to climate change impacts and coastal hazards (Foggia et al., 2025). 

Therefore, the mangrove degradation identified in this study not only reflects local environmental 
dynamics but also highlights broader challenges in mangrove ecosystem management and conservation at the 
global scale. Consequently, mangrove rehabilitation efforts in Gosong Telaga Barat Village should adopt an 
ecological restoration approach that considers habitat suitability, the restoration of natural hydrological 
conditions, and the selection of mangrove species appropriate to coastal ecosystem zoning. Furthermore, the 
involvement of local communities in sustainable coastal resource management is crucial for supporting long-
term rehabilitation success. 

 
4. CONCLUSION 

Based on the results of this study, the survival rate of mangroves in Gosong Telaga Barat Village was 
relatively low, at 33.20%, with a mortality rate of 66.80%, indicating that most planted mangrove seedlings did 
not survive during the monitoring period. This value is considerably lower than the mangrove rehabilitation 
success rates commonly reported in international studies, suggesting that the ecological conditions at the study 
site may not fully support optimal mangrove regeneration. The spatial variation in vegetation damage observed 
across several plots indicates that mangrove degradation in the study area is not uniform but is influenced by 
local environmental factors, including substrate characteristics, hydrological dynamics, salinity levels, and 
anthropogenic pressures from coastal community activities. 

Furthermore, the relatively low vegetation growth parameters observed across several plots indicate that 
most surviving mangroves are still in the early stages of vegetative development. This condition suggests that 
the success of mangrove rehabilitation is not solely determined by the number of seedlings planted, but also by 
the suitability of environmental conditions that support long-term vegetation growth and development. 
Therefore, more effective mangrove rehabilitation efforts are needed through an ecological restoration 
approach that considers habitat suitability, the restoration of natural hydrological conditions, and the selection 
of mangrove species appropriate to the coastal ecosystem zonation. In addition, strengthening periodic 
monitoring of mangrove vegetation and promoting local community involvement in coastal ecosystem 
management are important recommendations to improve the success of rehabilitation programs and support 
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the sustainability of mangrove ecological functions, including coastal protection and carbon sequestration, in 
the context of global climate change. This study highlights that the success of mangrove rehabilitation is 
strongly influenced by environmental suitability rather than by planting intensity alone. Therefore, ecosystem-
based restoration approaches that consider hydrological conditions, substrate characteristics, and species 
suitability are essential for improving rehabilitation outcomes. 

 
5. REFERENCE LIST 
Adame, M. F., Connolly, R. M., Turschwell, M. P., Lovelock, C. E., Fatoyinbo, T., Lagomasino, D., Goldberg, 

L. A., Holdorf, J., Friess, D. A., Sasmito, S. D., Sanderman, J., Sievers, M., Buelow, C., Kauffman, J. B., 
Brown, D. B.-, & Brown, C. J. (2021). Future carbon emissions from global mangrove forest loss. Global 
Change Biology Wiley, 1(1), 2856–2866. https://doi.org/10.1111/gcb.15571 

Ahmed, S., Kumar, S., Friess, D. A., Jacobs, M., Islam, A., Alam, A., Jamil, M., Hossain, N., Dey, T., Sullibie, 
C., Naabeh, S., & Pretzsch, H. (2022). Science of the Total Environment Salinity reduces site quality and 
mangrove forest functions . From monitoring to understanding. Science of the Total Environment, 853(9), 1–
14. https://doi.org/10.1016/j.scitotenv.2022.158662 

Alongi, D. M., Coastal, T., & Consultants, M. (2020). Daniel M . Alongi Blue Carbon Coastal Sequestration for Climate 
Change. January 2017. 

Asbridge, E., Clark, R., Denham, P., Hughes, M. G., James, M., Mclaughlin, D., Turner, C., Whitton, T., Wilde, 
T., & Rogers, K. (2024). Tidal Impoundment and Mangrove Dieback at Cabbage Tree Basin , NSW : 
Drivers of Change and Tailored Management for the Future. Estuaries and Coasts, 47(8), 2190–2208. 
https://doi.org/10.1007/s12237-024-01426-8 

Barik, J., Mukhopadhyay, A., Ghosh, T., & Mukhopadhyay, S. K. (2017). Mangrove species distribution and 
water salinity : an indicator species approach to Sundarban. Journal of Coastal Conservation, 1(1), 1--8. 

Bunting, P., Rosenqvist, A., Hilarides, L., Lucas, R. M., Thomas, N., Tadono, T., Worthington, T. A., Spalding, 
M., Murray, N. J., & Rebelo, L.-M. (2022). Global Mangrove Extent Change 1996 – 2020: Global 
Mangrove. MDPI, 14(3657), 1–32. 

Cahyani, N., Siregar, A. W., & Anhar, A. (2024). Komposisi dan Keanekaragaman Jenis Mangrove di Desa 
Gosong Telaga Utara Kecamatan Singkil Utara Kabupaten Aceh Singkil. Jurnal Ilmiah Mahasiswa Pertanian, 
9(1), 827–834. https://doi.org/10.17969/jimfp.v9i1.28954 

Choudhary, B., Dhar, V., & Pawase, A. S. (2024). Blue carbon and the role of mangroves in carbon 
sequestration : Its mechanisms , estimation , human impacts and conservation strategies for economic 
incentives. Journal of Sea Research, 199(April), 1–22. https://doi.org/10.1016/j.seares.2024.102504 

Da Costa, M. G. S., Costa, S. S., Baraúna, R. A., Castilho, B. P., Pinheiro, I. C., Silva, A., Schaan, A. P., Ribeiro-
dos-santos, Â., & Assis, D. (2023). Effects of Degradation on Microbial Communities of an Amazonian 
Mangrove. Microorganisms Article MDPI, 1(1), 1–14. 

Dalimunte, S. M., Ginting, M. R. P., Damayani, W. N., Furqona, U. N., & Abdi, M. (2025). Analysis of the 
Mangrove Forest Degradation Level in Pasar Rawa Village , Gebang Subdistrict. YKP Journal, 1(1), 34–
43. 

Ebeler, L., Balke, T., Laurie, E., Le, H., Nguyen, T., & Renaud, F. G. (2025). Local-scale impacts of mangrove 
restoration and conservation on coastal communities in two Vietnamese deltas: Socio-economic and 
institutional dynamics. Ocean and Coastal Management, 269(1), 1–11. 
https://doi.org/10.1016/j.ocecoaman.2025.107812 

Efriyeldi, Ahmadryadi, & Amin, B. (2018). Kondisi Morfometrik Rhizophora apiculata pada Kawasan dengan 
Aktivitas Antropogenik Berbeda di Pesisir Timur Indragiri Hilir, Sumatera. Asian Journal of Environment, 
History and Heritage, 2(1), 113–121. 

Feng, X., Xu, S., Li, J., Yang, Y., Chen, Q., Lyu, H., Zhong, C., He, Z., & Shi, S. (2020). Molecular adaptation 
to salinity fluctuation in tropical intertidal environments of a mangrove tree Sonneratia alba. BMC Plant 
Biology, 20(8), 1–14. 

Fillyaw, R. M., Donnelly, M. J., Litwak, J. W., Rifenberg, J. L., & Walters, L. J. (2021). Strategies for Successful 
Mangrove Living Shoreline Stabilizations in Shallow Water Subtropical Estuaries. Sustainability MDPI, 
1(1), 1–24. 

Foggia, C., Attorre, F., Bourgeois, C., Candeago, E., Ramoni-perazzi, P., & Malatesta, L. (2025). Shields of the 

https://creativecommons.org/licenses/by-sa/4.0/


 YKP Journal, Vol. 1, No. 4 (2026) 
Yani Kusuma Perkasa Company 

183 
doi: http://doi.org/   
Creative Commons Attribution (CC BY-SA 4.0)  

shore : mangrove ecosystem shifts and climate vulnerability in Mozambique. Frontiers in Forest and Global 
Change, 11(October), 1–16. https://doi.org/10.3389/ffgc.2025.1648754 

Heriamsal, K., & Amin, A. (2024). Konservasi Mangrove Sebagai Sarana Diplomasi Publik Indonesia di World 
Water Forum 2024. Jurnal Hubungan Luar Negeri, 9(2), 157–181. https://doi.org/10.70836/jh.v9i2.74 

Jamil, K., Najih, M. R., Amiluddin, M., Suleman, Y., Sabilah, A. A., & Jarir, D. V. (2025). Assessment of 
Mangrove Seedling Growth Performance in a Rehabilitated Coastal Area in Lantebung, Makassar. 
Egyptian Journal of Aquatic Biology & Fisheries, 29(5), 1517–1533. 

Manik, R. W. P., Olfan, W., Barat, B., & Sinaga, M. P. (2023). Macrozoobenthoc Diversity on The Mangrove 
Ecosystem in The Gosong Telaga Selatan Mangrove Ecotourism , Singkil Utara District , Aceh Singkil 
District. Journal Of Applied Geospatial Information, 7(2), 1011–1016. 

Marquez, G. P. B., & Olavides, R. D. (2024). Integrating science-based and local ecological knowledge: a case 
study of mangrove restoration and rehabilitation projects in the Philippines. Disasters, 48(1), 1–17. 
https://doi.org/10.1111/disa.12630 

Medina-Calderón, J. H., Mancera-Pineda, J. E., Castañeda-Moya, E., & Rivera-Monroy, V. H. (2021). 
Hydroperiod and Salinity Interactions Control Mangrove Root Dynamics in a Karstic Oceanic Island in 
the Caribbean Sea ( San Andres, Colombia). Frontiers in Marine Science, 7(1), 1–19. 
https://doi.org/10.3389/fmars.2020.598132 

Muhammad, F., Marsum, M., Putro, S. P., Hadi, M., Murningsih, M., Hidayat, J. W., Ahmad, W., Nabiha, P. I., 
& Wardoyo, S. (2025). Vulnerability analysis and sustainable rehabilitation strategies for mangrove 
ecosystems in Bedono coastal area , Central Java. BMC Ecology and Evolution, 7(2), 1–9. 

Sasmito, S. D., Basyuni, M., Kridalaksana, A., Saragi-Sasmito, M. F., Lovelock, C. E., & Murdiyaso, D. (2023). 
Merestorasi hutan mangrove Indonesia dengan benar dapat membantu pencapaian Sustainable 
Development Goals (SDGs). In PUI Mangrove (Vol. 1, Issue Januari). 

Su, C., Hsieh, S., Chiang, M. W., & Pang, K. (2020). Salinity , pH and temperature growth ranges of 
Halophytophthora isolates suggest their physiological adaptations to mangrove environments. Mycology 
An International Journal on Fungal Biology, 11(3), 256–262. 
https://doi.org/10.1080/21501203.2020.1714768 

Sunkur, R., Kantamaneni, K., Bokhoree, C., Rathnayake, U., & Fernando, M. (2024). Mangrove mapping and 
monitoring using remote sensing techniques towards climate change resilience. Scientific Reports, 1(1), 1–
14. https://doi.org/10.1038/s41598-024-57563-4 

Suriadi, L. M., Denya, N. P., Shabrina, Q. A., Yuliana, R., Agustina, G., Kuspraningrum, E., & Asufie, K. N. 
(2024). Perlindungan Sumber Daya Genetik Ekosistem Mangrove Untuk Konservasi Lingkungan dan 
Keseimbangan Ekosistem. Jurnal Analisis Hukum, 7(2), 234–253. 
https://doi.org/10.38043/jah.v7i2.5206 

Temmerman, S., Horstman, E. M., Krauss, K. W., Mullarney, J. C., Pelckmans, I., & Schoutens, K. (2023). 
Marshes and Mangroves as Nature-Based Coastal Storm Buffers. Annual Reviwe of Marine Science, 1(1), 1–
26. 

Wodehouse, D. C. J., & Rayment, M. B. (2019). Mangrove area and propagule number planting targets produce 
sub-optimal rehabilitation and afforestation outcomes. Estuarine, Coastal and Shelf Science, 1(1), 1–11. 
https://doi.org/10.1016/j.ecss.2019.04.003 

 
 

https://creativecommons.org/licenses/by-sa/4.0/

