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ABSTRACT 
This study analyzed the composition and density of mangrove species in Borong Kalukua and Bonto Bahari in Maros Regency. The research method involved a field survey using purposive sampling in several observation plots. The data obtained were analyzed using a quantitative descriptive method to calculate the averages and standard deviations. The results showed that the mangrove density in Borong Kalukua was higher than that in Bonto Bahari, with average densities of 450 and 350 trees/ha, respectively. The standard deviation value showed variations in density between plots, with Borong Kalukua showing more significant variation than Bonto Bahari. Environmental factors and anthropogenic pressures are considered the primary causes of these differences. This study highlights the importance of conservation and rehabilitation efforts in maintaining the balance of mangrove ecosystems, particularly in areas subjected to higher environmental pressures.
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INTRODUCTION
Mangroves are coastal ecosystems that play essential ecological and economic roles. Their existence supports major ecological processes, such as coastline protection, providing habitat for coastal biota, and providing significant blue carbon. Studies on the species composition and structure of mangrove communities have been widely conducted in various coastal areas of Indonesia, as this ecosystem is vulnerable to environmental change and anthropogenic pressure. These studies provide an essential picture of the influence of local environmental factors and human activities on the characteristics of mangrove communities at each location (Nugroho et al. 2023; Setiawan et al. 2022).
A study on the Composition of Mangrove Species and Community Structure in Various Regions, such as on the coast of Sumatra, Nugroho et al. (2023) reported that the composition of mangrove species is dominated by Rhizophora apiculata, Avicennia marina, and Sonneratia alba. Changes in land conditions due to conversion to ponds and coastal settlements reduce mangrove species diversity and density. Similar findings were reported by Prasetyo et al. (2022) on the coast of Lampung, who showed that areas that received conservation protection tended to have higher species diversity than degraded areas.
Meanwhile, Setiawan et al. (2022) found that hydrological conditions and sedimentation levels influence the structure of mangrove communities on the coast of Kalimantan. The dominant species in the area were Bruguiera gymnorrhiza and Xylocarpus granatum. Research in East Kalimantan by Putra et al. (2022) also revealed that variations in salinity and oxygen availability in the sediment significantly affect the dominance of certain species. Areas with stable salinity and muddy substrates tend to support the presence of Avicennia spp., whereas areas with sandy substrates support Sonneratia spp. 
Research in Sulawesi by Ramadhan et al. (2021) showed that anthropogenic activities, such as land conversion and mangrove logging, significantly affect changes in community structures. In locations under high pressure, mangrove density decreased drastically, whereas the conservation areas showed a more stable community structure. A similar study on the coast of Central Sulawesi by Rahmadani et al. (2021) revealed that the mangrove species composition was dominated by Rhizophora mucronata. However, this dominance decreased with increasing land-clearing activity.
In the coastal areas of Java, Lestari et al. (2021) showed that changes in soil pH and tidal levels affect mangrove species distribution. Species such as Avicennia alba dominate areas with high tides, whereas Rhizophora apiculata is more adaptive in areas with neutral pH. Additional studies by Hartanto et al. (2020) showed that tidal intensity and nutrient availability in the substrate also determine mangrove regeneration patterns on the northern coast of Java.
The Effect of Anthropogenic Pressure and Environmental Change on Mangrove Community Structure 
Several studies have highlighted how human activities directly and indirectly affect the composition and structure of mangrove communities. Yusuf et al. (2023) stated that land conversion into ponds and coastal settlements in Sumatra has drastically decreased mangrove density. A study by Nafisah et al. (2024) on the coast of East Java found that areas that received mangrove rehabilitation interventions showed an increase in density of up to 40% compared with unrehabilitated areas.
A study on the coast of Papua by Lestari et al. (2024) showed that areas with minimal human intervention tend to have higher species diversity. Conversely, in regions that have experienced land conversion into ponds or settlements, only a few pioneer species, such as Avicennia marina, have survived. Similar research on the coast of Maluku by Wibowo et al. (2023) also showed that mangrove communities in natural areas tend to be more diverse than those in degraded areas.
On the coast of Bali, Dewi et al. (2022) revealed that environmentally unfriendly tourism activities contribute to mangrove habitat degradation. The species composition in the area was dominated by species with high adaptability to disturbances, such as Avicennia alba and Rhizophora stylosa. A study on the coast of NTB by Mulyadi et al. (2023) found that areas with low anthropogenic pressure have a more balanced community structure, with an even distribution between species.
Relationship between Composition and Structure of Mangrove Communities with Ecological Functions 
In addition to being influenced by anthropogenic factors, the structure of mangrove communities is closely related to the ecological functions they support. A study by Sari et al. (2019) on the coast of Sumatra showed that mangrove areas with a more complex species composition can support higher biodiversity, including fish and shorebirds. Similar findings were reported by Rahmawati et al. (2023) on the coast of South Sulawesi, where high-density mangroves provide a habitat for mollusks and crustaceans that are important in the coastal food chain.
Research on the coast of Papua by Wibowo et al. (2021) showed that mangrove areas with suitable community structures serve as spawning grounds and shelter for commercial fish species. These findings suggest that maintaining the composition and structure of mangrove communities is essential for the sustainability of mangrove vegetation and coastal ecosystems as a whole.
Although many studies have been conducted in various coastal areas of Indonesia, studies on the species composition and community structure of mangroves in Borong Kalukua and Bonto Bahari, Maros Regency are still scarce. This area has excellent ecological potential and is a natural fortress that supports the coastal resilience of Maros Regency. Therefore, research on the species composition and community structure of mangroves in this area is urgently needed to fill this information gap and support efforts to conserve and sustainably manage mangrove ecosystems.
MATERIAL AND METHODS
Study sites 
This study was conducted in two coastal areas, Borong Kalukua and Bonto Bahari, Maros Regency (Figure 1). This area was selected based on the different conditions of the mangrove ecosystem and the potential environmental pressures affecting the sustainability of mangrove vegetation. Data collection was conducted in December 2024, considering seasonal factors and local environmental conditions to improve the accuracy of the research results.
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Figure 1. Map of research locations in Borong Kalukua and Bonto Bahari
Types of research
This quantitative study with a descriptive approach aimed to analyze the structure and composition of mangrove species in the Bonto Bahari and Borong Kalukua areas of Maros Regency using a survey method, namely, direct data collection in the field by measuring the density and height parameters of mangrove vegetation. The population in this study was mangroves found in the Bonto Bahari and Borong Kalukua areas, and the research sample was determined using a purposive sampling technique based on the representation of locations with different ecosystem conditions.
Data collection
Data were collected using the line transect method and plots measuring 10 m × 10 m. Each plot was observed to identify the type of mangrove, count the number of individual mangroves in each plot, and measure vegetation height. Observation sheets and vegetation height measurement tools were used to collect research data. Data validity was obtained by a combination of methods by comparing measurement results at several different points, whereas data accuracy was tested by repeating the measurements at the same point in different time periods.
Data analysis
[bookmark: _Hlk190613987]Data analysis techniques were used to determine the dominance of species at each research location, and descriptive statistical analysis was used to interpret the results in tabular form. Data accuracy was maintained by cross-checking between measurements, re-checking the calculation results, and ensuring the suitability of the research results with the actual conditions in the field. To determine the density value, average vegetation height, INP, and species dominance, the following formula was obtained (Rahman et al, 2020)  
Density (K) is calculated using the formula

The frequency (F) is calculated as



Importance Value Index (IVI)  
Where:
KR = Relative Density, 
FR = Relative Frequency,
DR = Relative Dominance.
Vegetation height was calculated from the average height of the trees of each species in each plot.
RESULTS AND DISCUSSION
The results of this study present data on the structure and composition of mangrove species in the Borong Kalukua and Bonto Bahari areas of the Maros Regency. The collected data included mangrove species density, importance value index, and vegetation height at each research location.
Density of Mangrove Species
The density of mangrove species observed at the two research locations differed in terms of the number of individuals per plot. The mangrove density data are presented in Table 1.
Table 1. Mangrove Density in Borong Kalukua and Bonto Bahari
	Location
	Average Trees/Ha
	Standard Deviation

	Kalukua Wholesale
	450
	200

	Marine Bonto
	350
	180


Table 1 shows that Borong Kalukua has a higher mangrove density than Bonto Bahari. The average mangrove density in Borong Kalukua was 450 trees/ha with a standard deviation of 200, whereas in Bonto Bahari, it was 350 trees/ha with a standard deviation of 180. 
Composition of Mangrove Species
Table 2. The composition of mangrove species at the study site is shown in. Table 2 shows that five mangrove species were found at the research location: Rhizophora mucronate, Avicennia marina, Rhizophora apiculata, Avicennia alba, and Sonneratia alba. These five species belong to the classes Magnoliopsida and Angiospermophyta, respectively.
Table 2. Composition of Mangrove Species at the Research Location
	[bookmark: _Hlk191250741]Kingdom
	Division
	Class
	Order
	Family
	Genus
	Species

	
	
	
	Laminles
	Acanthaceae
	[bookmark: _Hlk191275883]Avicennia
	Avicennia alba

	
	
	
	Rhizophorales
	Rhizophoraceae
	Rhizophora
	Rhizophora apiculata

	Plantae
	Magnoliophyta
	Magnoliopsida
	Myrtle
	Rhizophoraceae
	Rhizophora
	Rhizophora mucronata

	
	
	
	Laminles
	Acanthaceae
	Avicennia
	Avicennia alba
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Figure 2. Composition of mangrove species

Figure 2 shows that Avicennia marina was the most dominant species, with a 54.1% contribution. This shows that this species has excellent adaptability, especially in the Bonto Bahari location, which supports its growth. Rhizophora mucronata was in second place with a percentage of 22.6% and was found in both research locations, Borong Kalukua and Bonto Bahari. Rhizophora apiculata contributed 20.8% and was only found at the Borong Kalukua location. This showed that this  species  was  better  suited  to  the  environmental 
conditions in Borong Kalukua than in Bonto Bahari. Avicennia alba had the lowest percentage of seedlings (2.5 %). This species was found only slightly in Borong Kalukua and was not found in Bonto Bahari.
Importance Value Index (IVI)
The importance value index was used to determine species dominance in an area. The results of the IVI calculations are listed in Table 4.
Table 4. Importance Value Index of Mangrove Types in Borong Kalukua and Bonto Bahari
	Location
	R. mucronata
	R. apiculata
	A. alba
	A. marina
	
	Total

	Marine Bonto
	34.4
	-
	-
	265.6
	
	300

	Kalukua Wholesale
	76.4
	102.4
	12.5
	-
	
	300



Table 4 showed that A. marina has a higher dominance in Bonto Bahari of 265.6, while in Borong Kalukua, R. apiculata has a value of 102.4 and R. mucronata 76.4 which have a greater importance value compared to other species. While A. alba had the lowest importance value in both locations, in Borong Kalukua of 12.5 while in Bonto Bahari it had no value at all in Borong Kalukua. 
Mangrove Vegetation Height
The heights of the mangrove vegetation at the research location are listed in Table 4.
Table 5. Height of Mangrove Vegetation in Borong Kalukua and Bonto Bahari
	Location
	Average Height (m)
	Standard Deviation

	Wholesale kalukua
	8.5
	1.0

	Marine Bonto
	9.0
	1.5


Table 5 shows that the height of mangrove vegetation at each location also varied significantly. The average height of vegetation in Borong Kalukua was 8.5 m with a standard deviation of 1.0, while in Bonto Bahari, the average height was higher, namely 9.0 m with a standard deviation of 1.5. 
The results of this study showed that mangrove density in Borong Kalukua was higher than that in Bonto Bahari. This can be attributed to the more stable environmental conditions in Borong Kalukua, such as muddy substrates and tidal levels that are more optimal for the growth of Rhizophora mucronate, according to Rahman et al. (2015)
The main factors affecting mangrove density are sediment availability, salinity, and anthropogenic pressure. Borong Kalukua may have lower levels of disturbance compared to Bonto Bahari, which may explain this difference in density. Alongi (2018) stated that the presence of nutrients and the level of erosion are important factors in determining mangrove forest density.
The composition of mangrove species showed that Rhizophora mucronata was the dominant species at both research locations. Rhizophora mucronata is more commonly found on muddy substrates with stable tidal conditions (Duke et al., 2019). Avicennia marina is more abundant in Bonto Bahari, and it is suspected that 
this area has a sandier substrate and higher salinity than the other areas. According to Kusmana (2017). This difference in species composition is consistent with the findings of Giri et al. (2011), who stated that the distribution of mangrove species is strongly influenced by environmental characteristics, including oxygen availability and inundation levels. Sonneratia alba, which is more common in Bonto Bahari, shows better tolerance to mixed mud-sand substrates and fluctuating salinity conditions (Primavera et al., 2015). Rhizophora mucronate had the highest INP at both study sites, indicating its ecological dominance. Dahdouh-Guebas et al. (2016) stated that this species has fast growth and high regeneration ability, making it more dominant than other species. Avicennia marina and Sonneratia alba also have significant INP values, reflecting their essential role as habitat providers for various biota in mangrove ecosystems (Friess et al., 2019).
The difference in mangrove vegetation height between Borong Kalukua and Bonto Bahari is likely due to the different environmental conditions at these locations. Wang et al. (2020) showed that nutrient availability and the level of anthropogenic disturbance play significant roles in determining the height of mangrove vegetation. Bonto Bahari, which has taller vegetation, can be associated with more optimal growth due to lower competition levels than Borong Kalukua. Anthropogenic pressures, such as land conversion and timber exploitation, may contribute to the observed differences in vegetation structure. Brander et al. (2020) emphasized the importance of mangrove forest conservation in maintaining coastal ecosystem balance. Therefore, stricter management of Bonto Bahari is needed to prevent further degradation, and rehabilitation efforts in Borong Kalukua must continue to maintain its ecosystem. Based on the results of the species composition analysis, A. alba had the lowest proportion compared to Rhizophora apiculata and Rhizophora mucronata. This indicates that the structure of the mangrove community at the research location was dominated by Rhizophora. Previous studies have shown that Rhizophora dominance generally occurs in ecosystems with stable mud substrates and optimal salinity levels (Putra et al. 2022). In addition, Rhizophora has a strong root system that allows it to survive in environments with high waves and tides (Rahman et al., 2015). In terms of canopy cover, the dominance of Rhizophora generally contributes to a denser level of cover than Avicennia because this species has denser branches and leaves. A study conducted by Ramadhan et al. (2021) showed that high canopy cover can reduce light penetration into the lower part of the stand, which can affect seedling growth and the natural regeneration of mangroves. A recent study in Youtefa Bay Nature Tourism Park revealed that Rhizophora has a wider canopy cover than Avicennia, which allows more carbon to be stored in the mangrove biomass (Sari et al., 2019).
In terms of basal area, Rhizophora species tend to have larger stem diameters than Avicennia species; therefore, their contribution to the total basal area at the research site is likely to be higher. A large basal area indicates the dominance of large trees, which is related to the potential carbon reserves of mangrove ecosystems (Alongi, 2018). Research conducted by Primavera et al. (2015) showed that mangrove ecosystems with large basal areas have greater carbon absorption capacities than ecosystems with small basal areas. Thus, the low proportion of Avicennia alba may be associated with different habitat preferences and competition with other species in mangrove communities. The dominance of Rhizophora contributes to a more stable community structure with higher canopy cover and larger basal area (Friess et al., 2019).
The results of studies on mangrove community structure are greatly influenced by abiotic environmental conditions, such as substrate type, salinity, and anthropogenic pressures that occur around the ecosystem (Dahdouh-Guebas et al., 2016). Community structure refers to the condition of mangrove vegetation, which is assessed using density parameters, canopy cover, basal area, species composition, and the important value index (INP) (Giri et al., 2011). Measuring community structure is important for understanding ecosystem dynamics and determining appropriate management steps (Salam et al., 2022).
CONCLUSION
The results showed that Borong Kalukua had a higher mangrove density than Bonto Bahari. The species composition at both locations was also different, with the dominance of Rhizophora mucronata in Borong Kalukua and Avicennia marina in Bonto Bahari. In addition, mangrove vegetation in Bonto Bahari was higher than that in Borong Kalukua. This difference was likely influenced by environmental factors and anthropogenic pressure at each location. More specific conservation measures are required to maintain the balance of mangrove ecosystems in both areas. Based on these results, it can be concluded that the density and composition of mangrove species in Borong Kalukua are higher than those in Bonto Bahari. The average mangrove density in Borong Kalukua is 450 trees/ha, whereas that in Bonto Bahari is 350 trees/ha. This difference indicates that the mangrove ecosystem in Borong Kalukua is better than that in Bonto Bahari. The higher variation in mangrove density in Borong Kalukua reflects the presence of environmental factors that support the sustainability of the mangrove ecosystem. Therefore, conservation and rehabilitation efforts are needed to improve the condition of the mangrove ecosystem, especially in Bonto Bahari, to maintain its ecological function in coastal environments.
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