THE RELATIONSHIP BETWEEN SURFACE WATER QUALITY AND MANGROVE DENSITY ON PASARAN ISLAND, EAST TELUKBETUNG DISTRICT, BANDAR LAMPUNG CITY
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ABSTRACT

The decline in mangrove land cover is a serious concern, because it can increase the possibility of sea water intrusion in coastal areas. This research aims to assess the relationship between surface water quality and mangrove density on Pasaran Island. The data obtained were analyzed using the multiple linear regression method to evaluate the simultaneous influence of mangrove density and sampling zone on various water quality parameters, including salinity, dissolved oxygen, electrical conductivity, total dissolved solids, and pH. The research results show that the denser the mangrove density, the lower the salinity level, but the density does not affect other water quality parameters, such as: dissolved oxygen, electrical conductivity, total dissolved solids, pH. The sampling zone also influences several water quality parameters, where zones closer to the coastline show higher parameter values ​​than transition zones or those further from the coast. External factors such as sea water intrusion and domestic waste pollution play a greater role in influencing water quality. The government should make efforts to conserve and rehabilitate forests and mangrove lands, especially in urban areas.
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Introduction
The mangrove ecosystem is a collection of distinctive plants, animals, and microorganisms that have adapted to the unstable and fluctuating environment of tropical coastal zones (Saha et al., 2022). Mangrove ecosystems play a crucial role in coastal protection and act as carbon sinks (Dash et al., 2024). Mangroves consist of shrubs or small trees that grow in sheltered tropical and subtropical coastal areas around the world, thriving in anoxic surface sediment conditions (Wang, 2013; Wang, 2019; Wang & Gu, 2021). Besides functioning as pollutant filters and feeding grounds for various species, coastal communities utilize mangrove fruits for food, collect dead branches for firewood (Febryano et al., 2014), and believe in their herbal medicinal properties as part of local wisdom (Duryat et al., 2024).
Globally, mangrove forests have experienced degradation and fragmentation over the past few decades due to anthropogenic threats such as deforestation for land conversion, overexploitation of resources, and pollution (Friess et al., 2019; Ahmed et al., 2022). While mangroves serve as vital natural phytoremediation systems, their ecosystems are highly sensitive to all forms of disturbance (Nguyen et al., 2020). Such disturbances can significantly impact coastal sustainability, particularly in relation to clean water availability. A study by Tiara et al. (2017) demonstrated that mangrove density and distance from the coastline influence water quality.
A healthy mangrove ecosystem supports community livelihoods by preventing abrasion and saltwater intrusion and by trapping pollutants (Turisno et al., 2021). The decline in mangrove cover is a critical concern, as it increases the risk of seawater intrusion into coastal areas. Therefore, this study aims to assess the relationship between surface water quality and mangrove density.

RESEARCH METHODS
This research was conducted in coastal areas adjacent to three districts: Telukbetung Timur, Telukbetung Selatan, and Bumi Waras, during August 2024. The tools used included a laptop, GPS (Global Positioning System), DSLR 
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camera, measuring tape, meter tape, tally sheet, water quality tester, dissolved oxygen meter, hand refractometer, sample bottles, tissues, and stationery. The materials used were surface water samples collected from the research sites and standard calibration solutions as required.
The study area was divided into three stations based on mangrove density. Each station comprised several observation plots, with the number of plots adjusted according to the area and characteristics of each station. The locations were categorized into:
1.Coastal Zone: The area closest to the shoreline, where water is most affected by seawater intrusion.
2. Middle Zone: Located within the central mangrove vegetation, where marine and terrestrial influences are more balanced.
3.Transition Zone: The area closest to land or residential settlements, where surface water is influenced by groundwater and human activities.
The method used to measure mangrove vegetation density was the vegetation analysis method using plots measuring 10 × 10 meters. These plots were systematically placed in three stations categorized based on the level of mangrove density: high, medium, and low. In each plot, the number of individual mangrove trees was counted, and the results were used to determine the vegetation density at each station.
The collected data were analyzed using multiple linear regression analysis to evaluate the simultaneous influence of mangrove density and sampling zone on various water quality parameters. The water quality parameters analysed included salinity, Dissolved oxygen (DO), Electrical Conductivity (DHL), Total Dissolved Solids (TDS), and pH. The mangrove density variable was measured in units of trees per hectare, while the sampling zone variable was categorised into transition zone, middle zone, and coastal zone, each of which was numerically coded. The water quality parameters analysedsalinity, dissolved oxygen (DO), electrical conductivity (EC), total dissolved solids (TDS), and pH—served as dependent variables. A multiple linear regression model was used to examine the relationship between mangrove density, sampling zone, and the water quality parameters, formulated as follows:

Y = β0 + β1 X1 + β2 X2 + ϵ

Where : Y1 = Water Quality; β0 = Intercept;
β1 = Regression coefficient for mangrove density; β2 = Regression coefficient for sampling zone; X1 = Mangrove density; X2 = Sampling zone; ϵ   = Error term in the model

In this multiple regression analysis, the hypotheses tested for each water quality parameter were:
1. H0 = There is no significant effect of mangrove density and sampling zone on the water quality parameters (salinity, DO, EC, TDS, pH).
2. H1 =  At least one of the variables, mangrove density or sampling zone, has a significant effect on the water quality parameters.
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Figure 1. Research Location

RESULT AND DISCUSSION

General Condition of the Research Site
The remaining mangrove community in Kelurahan Kota Karang is located along the coastal area of Kota Karang, adjacent to the pedestrian bridge leading to Pasaran Island (Kurnia & Hasana, 2016). The mangrove forest area in the Kota Karang coast has increased annually despite the mangrove community facing significant pollution pressure. According to Maharani et al. (2021), the mangrove area increased from 2017 to 2019 (Figure 2) due to planting efforts by various Non-Governmental Organizations (NGOs) and related agencies committed to the preservation of the Kota Karang Bandar Lampung mangrove ecosystem.
The mangrove species growing in this area include Avicennia alba, Avicennia marina, Bruguiera cylindrica, Lumnitzera racemosa, Rhizophora apiculata, and Sonneratia alba. Among these, Avicennia alba or api-api is the most dominant species. The condition of the mangrove community is concerning due to the accumulation of waste settled in the mud or substrate where the mangroves grow, compounded by the presence of many fishing boats. Numerous settlements have been established on muddy land, which is the natural habitat of mangroves. The local community has yet to fully realize the importance of mangrove conservation due to limited information and ecological awareness regarding mangrove forests (Permata et al., 2021).
The marine waters around Pasaran Island are polluted mainly by plastic waste. This pollution theoretically has the potential to disrupt the aquatic ecosystem if it persists over a certain period. The pollution level in the waters around Pasaran Island has been classified as heavily to severely polluted (Hamid et al., 2023). The waste accumulation on Pasaran Island results from reclamation activities by residents for residential purposes, making it susceptible to incoming debris during high tides (Noor et al., 2021)

Relationship Between Water Quality and Mangrove Density
The condition of the mangrove ecosystem on Pasaran Island varies across the three observed research stations. Station 1, with a mangrove density of 1,385.71 trees/ha dominated by Avicennia alba, falls into the moderate density category. Station 2 has a density of 966.66 trees/ha dominated by Avicennia marina, categorized as low density. Station 3 has an even lower density of 733.33 trees/ha dominated by Lumnitzera racemosa, indicating slower mangrove growth.
Understanding the relationship between water quality and mangrove density is crucial for comprehending the role of the mangrove ecosystem in maintaining coastal environmental stability. Each increase of 1 tree/ha in mangrove density reduces salinity by 0.0178 ppt, indicating that higher mangrove density effectively reduces seawater intrusion and lowers salinity in the surrounding area (Figure 3). This finding aligns with the characteristic role of mangroves as buffer ecosystems that play a critical role in mitigating seawater intrusion (Umadji et al., 2023). In this context, mangroves function as natural filters that help maintain water quality by reducing salt content.
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Source: Maharani et al. (2021)

Figure 2. Mangrove Area from 2012 to 2019
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Figure  3.	Relation Between Mangrove Density and Salinity 

The closer an area is to the sea, the higher its salinity, due to greater exposure to seawater intrusion (Figure 4), considering that coastal zones are directly exposed to seawater which naturally has a high salt content. Zones farther from the sea, such as inner mangrove forest areas or near settlements, tend to have lower salinity because the direct influence of seawater is reduced (Kuminah & Aadziima, 2018).
Both mangrove density and sampling zone significantly affect salinity (Figures 3 and 4). An R-squared value of 0.979 indicates that 97.9% of the variation in salinity can be explained by density and zone. The significance value or p-value for density is 0.002 and for zone is <0.001, both less than 0.05, thus the Null Hypothesis (H₀), which states that density and zone have no effect on salinity, is rejected. The Alternative Hypothesis (H₁), which states that these two variables have a significant effect, is accepted. This finding aligns with Budhiawan et al. (2022), who stated that mangrove vegetation acts as a natural barrier reducing the rate of seawater intrusion.
Mangrove density positively influences dissolved oxygen (DO) levels (Figure 5). The denser the mangrove vegetation, the higher the dissolved oxygen content in the water. This can be explained by several mechanisms. First, mangroves perform photosynthesis which produces oxygen. Second, mangrove roots slow water flow, so calmer water tends to absorb more oxygen from the atmosphere. Additionally, mangroves create more balanced aquatic conditions that support aquatic biota contributing to increased dissolved oxygen levels (Pinontoan et al., 2023).
The zone plays an important role in determining dissolved oxygen levels (Figure 6). Zones closer to the sea tend to have lower DO levels because seawater has a lower capacity to absorb and retain oxygen. Conversely, zones farther from the sea, especially areas with high mangrove density, tend to have higher dissolved oxygen levels. This is because freshwater or brackish water can retain dissolved oxygen better than saline water (Patty & Huwae, 2023).
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Figure 4. 	Relationsip between sampling zone and salinity
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Figure 5.	Relationship between mangrove density and dissolved oxygen
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Figure 6.	Relationship between Sampling Zone and Dissolved Oxygen

Mangrove density and sampling zone do not have a significant effect on dissolved oxygen (Figures 5 and 6). The significance values for density and zone are 0.104 and 0.827, respectively, both greater than 0.05, thus the Null Hypothesis (H₀) is accepted, meaning that mangrove density and zone do not significantly influence dissolved oxygen levels.
The R-squared value of 0.383 indicates that only 38.3% of the variation in DO can be explained by this model, suggesting that other factors such as water temperature, biological activity, and water currents may have a greater influence on dissolved oxygen levels. Regression results confirm that mangrove density and zone do not significantly affect DO. According to Sumangando et al. (2022), dissolved oxygen is more influenced by biological activity and aquatic conditions, such as temperature and currents.
Mangrove density also has a negative correlation with Electrical Conductivity (EC) (Figure 7). The denser the mangrove vegetation, the lower the electrical conductivity in the water. Mangroves function as filters that trap nutrients and pollutants, leading to a reduction in dissolved ion concentrations that increase electrical conductivity (Marolop & Herawati, 2020). This explains why locations with high mangrove density tend to have slightly lower EC values.
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Figure 7.	Relationship between Mangrove Density and Electrical Conductivity
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Figure 8.	Relationship between Sampling Zone and Electrical Conductivity

EC values tend to increase in zones closer to the sea because seawater contains higher concentrations of ions that can increase electrical conductivity (Figure 8). Conversely, zones farther from the sea tend to have lower EC values due to lower ion content (Lestari et al., 2021). Therefore, different sampling zones may exhibit variations in EC values, with coastal zones showing the highest values, and zones farther from the sea or protected by mangrove forests showing lower values.
Sampling zone has a significant effect on EC with a significance value of 0.038, while mangrove density is not significant with a value of 0.914 (Figures 7 and 8). Therefore, the Null Hypothesis (H₀) is rejected for zone but accepted for density. This indicates that changes in zone significantly affect electrical conductivity, whereas mangrove density does not have a meaningful impact.
Higher electrical conductivity in coastal zones can be explained by the elevated ion concentration due to seawater intrusion. An R-squared value of 0.539 indicates that 53.9% of the variation in EC can be explained by this model. Regression results show that sampling zone significantly affects EC, while mangrove density does not. In coastal areas, seawater intrusion increases the concentration of dissolved ions in groundwater, as seawater entering the aquifer contains higher amounts of salts and dissolved minerals compared to freshwater (Terinathe et al., 2023).
Mangrove density has a positive effect on Total Dissolved Solids (TDS), meaning that with increasing mangrove density, TDS also increases (Figure 9). In this case, mangroves do not contribute to a reduction in TDS, possibly due to other factors such as erosion and variations in pollution at different stations, even when some stations have higher mangrove density. TDS reduction may be more influenced by other environmental factors such as human activities, erosion, and sedimentation resulting from mangrove forest damage, which affect TDS levels in the water (Argiantini et al., 2021).
The influence of zonation on TDS indicates a tendency for areas closer to the sea to have higher TDS levels (Figure 10). Conversely, zones located farther inland—especially those protected by mangrove vegetation—tend to exhibit lower TDS levels due to the reduced influence of seawater intrusion. Generally, TDS concentrations increase as the distance to the shoreline decreases. However, the distribution pattern of TDS may also be affected by other factors such as local geological conditions and human activities (Snalles et al., 2023).
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Figure 9.	Hubungan antara Kerapatan Mangrove dengan Total Dissolved Solid
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Figure 10.	Relationship between Mangrove Density and Total Dissolved Solids (TDS)
The sampling zone has a highly significant effect with a significance level of 0.005, while mangrove density does not have a significant effect, with a significance level of 0.645 (Figure 9 and Figure 10). Based on this, H1 is accepted for the zone and H₀ is accepted for mangrove density, indicating that the sampling zone affects the total dissolved solids (TDS) in the water, while mangrove density does not have a significant effect.
The R-squared value of 0.755 indicates that 75.5% of the variation in TDS can be explained by this model. The coastal zone has a much higher TDS compared to the transition and central zones, suggesting that this area is more affected by seawater intrusion, which brings more dissolved substances into the water. The regression results show that the sampling zone has a significant effect on TDS, while mangrove density is not significant. The increase in dissolved solids in the water is also caused by the presence of organic materials in the form of ions, such as: calcium, phosphate, nitrate, sodium, potassium, magnesium, bicarbonate, carbonate, and chloride (Manune et al., 2019).
The effect of mangrove density on pH tends to be weaker compared to its effect on other parameters such as salinity (Figure 11). Regression analysis shows that an increase in mangrove density does not significantly affect changes in pH. This may be because pH is more influenced by biological factors such as microbial activity and organic matter in the water than by mangrove density itself (Darwati et al., 2022). Nevertheless, mangroves still play a role in stabilizing pH by absorbing organic matter and pollutants that can affect the water’s acid-base balance.
The sampling location zones tend to be more stable in terms of pH compared to mangrove density (Figure 12). Seasonal fluctuations, such as rainfall and biological activity in the water, can influence CO₂ levels and thus affect pH. However, despite these variations, pH values tend to remain relatively stable over longer periods (Alimby & Triajie, 2021).
Neither mangrove density nor the sampling zone had a significant effect on water pH, with significance values of 0.346 for mangrove density and 0.480 for the sampling zone (Figures 11 and 12). Since both significance values are greater than 0.05, the Null Hypothesis (H₀) is accepted, indicating that neither mangrove density nor the sampling zone has a significant effect on water pH.
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Figure 11.	The Relationship Between Mangrove Density and pH
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Figure 12.	Relationship Between Sampling Zone and pH

The R-squared value of 0.212 indicates that only 21.2% of the variation in pH can be explained by this model. Regression results show that mangrove density and zone do not have significant effects. pH in coastal waters tends to fluctuate greatly depending on the input of freshwater from land and seawater. Open waters generally have higher pH values compared to more enclosed waters (Radja et al., 2023).
The sampling zone has a significant effect on several water quality parameters, especially salinity, electrical conductivity (EC), and total dissolved solids (TDS). Coastal zones closer to the sea tend to have water quality more affected by seawater intrusion, resulting in increased salinity, EC, and TDS in these areas. Mangrove density only had a significant effect on salinity, indicating that higher density can help resist seawater intrusion and lower salinity, but is not significant in affecting other parameters such as dissolved oxygen (DO), EC, TDS, or pH.
Persistent pollution can reduce the capacity of mangroves to function effectively in filtering surface water (Matitaputy et al., 2024). Groundwater pollution refers to changes in groundwater composition caused by human activity or natural processes, leading to a decline in groundwater quality to levels that are no longer suitable for its intended use (Khoiriyah & Widiyanti, 2023). Thus, the sampling zone plays a more dominant role in influencing variations in water quality at the study sites, while mangrove density only significantly contributes to reducing salinity. This is due to the high level of pollution from waste and dissolved contaminants at various research stations, limiting the mangroves' ability to effectively filter the water.

CONCLUSION
The higher the mangrove density, the lower the salinity levels at the study sites. Mangrove density does not significantly affect other water quality parameters such as electrical conductivity, total dissolved solids, pH, or dissolved oxygen. In contrast, the sampling zone does influence several water quality parameters. Zones closer to the coast show higher values for each parameter compared to transition zones or zones farther inland. External factors such as seawater intrusion and domestic waste pollution are more dominant in affecting water quality. The government needs to take action in restoring mangrove areas, especially in urban regions.
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