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ABSTRACT

	Pangandaran Beach is a coastal area utilized for fishing, tourism, and residential activities, which have the potential to put pressure on water quality. This study aims to analyze the plankton community structure and physical-chemical parameters of the waters to determine the condition of the Pangandaran Beach aquatic ecosystem. The study was conducted from July to September 2020 at three stations (west coast, white sand, and east coast) with observations of biological (plankton), physical (temperature, current, light transparency), and chemical (pH, DO, salinity, CO₂, ammonia, phosphate, and COD) parameters. Plankton found in Pangandaran Beach waters amounted to 16 classes consisting of 4 classes of phytoplankton and 12 classes of zooplankton. The results of the plankton analysis showed that the plankton community structure was classified as moderate with plankton abundance ranging from 2120-2571 ind/L. The diversity index is 2.42–2.48 (moderate), the uniformity index is 0.59–0.60 (quite evenly distributed), and the dominance index is 0.193–0.2078 (no dominant species). In general, the water quality of Pangandaran Beach is still within the seawater quality standards for marine tourism as stipulated in Government Regulation No. 22 of 2021. The parameters of light transparency, ammonia, and phosphate exceed the seawater quality standards for marine tourism, but are still within the quality standards for marine biota.
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1. INTRODUCTION

Pangandaran Beach is divided into three locations: the west coast, the white sand beach, and the east coast, each with its own distinct functions. The west coast serves as a swimming spot for tourists and a fishing spot. The east coast is primarily used for fishing and tourism. The white sand beach, on the other hand, is primarily used for tourism. Pangandaran District is a coastal district with significant tourism and fisheries potential (Suryadi et al. 2017). The numerous activities taking place in the Pangandaran Beach area are suspected to be contributing to increased marine pollution, as the waste generated ends up in the sea. The amount and type of pollutants entering the marine environment will increase along with increasing human activity in various sectors (Sulistiowati et al. 2016). Over time, and with increasing anthropogenic activity in Pangandaran, the environmental quality of the area is gradually declining (Rosada et al. 2017).

Pollution is suspected of causing damage to aquatic ecosystems, so that if it continues, aquatic organisms will be threatened with extinction. According to Sulistiowati et al. (2016), the extinction of aquatic organism populations or reduced diversity of organisms such as benthos, periphyton, and plankton can be caused by marine pollution. Changes in the aquatic environment due to pollution can be seen physically, biologically, and chemically. Biological indicators are indicators for determining the level of pollution in a body of water and can control water conditions sustainably (Ilham et al. 2020). Types of organisms that can be used as biological indicators are organisms whose presence can respond to environmental changes, such as plankton. Sulistiowati et al. (2016) stated that one organism that can be used as a biological indicator and plays an important role in waters is plankton. Plankton are microscopic organisms that are very effective as bioindicators of aquatic environmental quality because they are very responsive to changes in environmental conditions. The condition of Pangandaran waters can be seen from the presence of certain organisms in the waters, namely the structure of the plankton community, which is influenced by the physical-chemical parameters of the waters.

2. material and methods

The research method used was a survey with a purposive sampling technique, which is data collection with certain considerations deliberately to obtain samples that represent the research location. The sampling locations were determined by dividing the research into three stations based on their location and utilization. Station one was on the west coast, station two was on the white sand beach, and station three was on the east coast. At each station, there were two sampling points 1 km apart. Therefore, the samples obtained were composite samples. Data collected in the study were conducted in situ and ex situ. The study was conducted from July to September 2020. Sampling was carried out four times over a 14-day period.
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Fig. 1. Research Location Map

2.1 Water Quality Measurement

Measurement of physical and chemical parameters of water such as temperature, light transparency, current, salinity, pH, Dissolved Oxygen (DO), and  were measured in situ. While the parameters of ammonia (), phosphate () and Chemical Oxygen Demand (COD) were measured ex situ at the Water Quality Laboratory of the Faculty of Civil and Environmental Engineering, Bandung Institute of Technology. Water sampling for ex situ measurements was done by taking seawater using a Water sampler at a depth of one meter and five meters, then the water was mixed in a bucket to obtain a composite sample.

Table 1. Observed Parameters
	Parameter
	Analysis tools/methods
	Measurement

	Fisik
	
	

	Temperature (°C)
	Termometer (accuracy 0,1)
	Insitu

	Brightness (m)
	Secchi disk, meteran
	Insitu

	Current (m)
	Current meter
	Insitu

	Kimiawi
	
	

	pH
	pH meter (accuracy 0,1)
	Insitu

	DO (mg/l)
	DO meter (accuracy 0,1)
	Insitu

	Salinity (‰)
	Refraktometer
	Insitu

	 (mg/l)
	Erlenmeyer 500 ml, measuring cup 500 ml, pipette
	Insitu

	COD (mg/l)
	Metode SMEWW-5220-B, Reflux, Blender
	Exsitu 

	Amonia (mg/l)
	Metode SMEWW-4500--F, Spektrofotometer
	Exsitu

	Phosfat (mg/l)
	Metode SMEWW-4500--D, Spektrofotometer
Filter photometer, filter tool, filter papper
	Exsitu



2.2 Plankton Sampling

Plankton sampling was conducted horizontally at each research station using a plankton net with a mesh size of 0.5 mm and a diameter of 30 cm. The net was towed along with the boat moving at moderate speed for 1 km to the next point at the same station. The filtrate was then placed in a small bottle and treated with Lugol's solution until the sample turned brown to preserve the plankton sample, before being placed in a coolbox.

2.3 Identification of Plankton Samples

Plankton sample identification was conducted at the Tropical Marine Fisheries Laboratory of Padj Adjaran University. Identification and counting of individual plankton were performed using a microscope at 10x magnification. Identification of plankton species on Pangandaran Beach was conducted using the book "Illustrations of the Marine Plankton" by Isamu Yamaji. Plankton counting used the direct count method and was identified to the species level, followed by calculations for composition, abundance, diversity index, evenness index, and dominance index.

Plankton composition is expressed in percentage units (%) and is calculated using the following formula: 




Plankton abundance is calculated using the following formula:


Information:
 : Abundance of plankton (ind/L)
 : Number of individuals identified
π : Constant value (3,14)
 : Radius of the mouth circle of a plankton net ()
 :  Net draw distance (m)
 : Total volume of filtered water (L)
 : Volume of water sample analyzed (L)

The diversity index is calculated using the following formula (Odum 1998):


Information:
 	: Diversity index
 	: Number of genus to -i
 	: Total number of genera
Shannon-Weiner diversity index range:
H < 2,3026 = low diversity and low community stability
2,3026 < H < 6,9078 = moderate diversity and moderate community stability
H > 6,9078 = high diversity and high community stability

The uniformity index is calculated using the following formula (Odum 1998):


Information:
 	: Uniformity index
 	: Diversity index
 	: Maximum diversity index
 	  : Jumlah genus

The dominance index is calculated using the following formula (Odum 1998):



Information:
 	: Simpson's dominance index
 	: Number of individuals of the same type to-i
 	: The total number of individuals identified to-i
The dominance index value ranges from 0 to 1. A value close to 0 indicates no dominant species. Conversely, a value close to 1 indicates a dominant species. 

2.4 Data Analysis

Water quality data was analyzed using comparative descriptive analysis, namely by comparing each physical and chemical water parameter with the seawater quality standards for marine tourism in Government Regulation Number 22 of 2021. Meanwhile, plankton data analysis was carried out by calculating the diversity index, uniformity index, and dominance index.

3. results and discussion

3.1 Water Quality Parameters

The temperature measurements in the waters of Pangandaran Beach at each station ranged from 26.5°C to 26.86°C. The temperature measurements showed differences in the average temperature at each station, as these measurements were conducted during sunny and cloudy weather. The temperature in waters is strongly influenced by weather factors and the intensity of sunlight entering the waters. The temperature varies depending on the location of the waters. Open waters and those close to land have higher temperatures because sunlight is more effective in increasing seawater temperature (Prasetyawan et al. 2017). Based on the results of water quality measurements, the average temperature of Pangandaran Beach waters is within a good temperature range for marine tourism activities and the growth of marine biota. This range is also within the optimum value for phytoplankton growth. This is in accordance with Effendi (2003) who stated that a good temperature for phytoplankton growth is in the range of 20-30°C.

The results of light transparency measurements at each station were in the range of 3.45 – 3.54 m. The higher light transparency measurement results were due to the increased light intensity entering the coastal waters due to brighter weather conditions than other stations. Meanwhile, the low measurement results were due to cloudy weather which caused the intensity of sunlight entering the waters to be suboptimal. Based on the measurement results, the average value of light transparency in the waters of Pangandaran Beach is not optimal for marine tourism based on seawater quality standards because it is less than 6 m. The low light transparency is thought to be due to the turbidity of the waters caused by sedimentation stirring.

Current parameter measurements in Pangandaran Beach waters range from 0.13 to 0.15 m/s. The differences in measured current speeds are not significant at each station because each station is in open waters, resulting in relatively similar winds. Ocean currents are a concrete reflection of the prevailing wind patterns at that time (Sulistiowati et al. 2016). The average measured current is very weak due to the influence of weak winds. The current speed in Pangandaran Beach waters is classified as a slow current. This is because the winds that blow are also slow.

Dissolved Oxygen (DO) measurements in Pangandaran Beach waters range from 7.09 to 8.1 mg/l. The low DO value is due to the availability of oxygen in the waters not only being used by living creatures but also to oxidize organic matter in the form of beach waste that enters the sea. According to Effendi (2003) and Wibisono (2011) in Sulistiowati, et al. (2016), dissolved oxygen levels in seawater are influenced by waste containing organic matter originating from domestic industrial, mining, and agricultural activities. Meanwhile, the high DO value is due to hot weather, which increases the intensity of sunlight entering the waters, allowing phytoplankton to photosynthesize properly. The DO value in Pangandaran Beach waters is in accordance with seawater quality standards for marine tourism and marine biota, where the threshold value based on Government Regulation No. 22 of 2021 is >5 mg/l. This indicates that these waters support marine tourism activities and plankton development.

The results of measurements of the degree of acidity (pH) in Pangandaran Beach waters ranged from 8.14 to 8.77. The high average pH value is due to the photosynthesis process of phytoplankton that utilizes carbon dioxide, thereby reducing the acidity of the water. Meanwhile, the lowest average value is due to fishery cultivation activities, namely floating net cages in the area. The results of measurements of the average pH value of Pangandaran Beach waters are within the range of seawater quality standards for marine tourism and marine biota. Except at station 2, the average pH value exceeded the quality standard limit. The seawater quality standard value of PP No. 22 of 2021 for marine tourism and marine biota is 7-8.5. This is in accordance with Effendi's (2003) statement that aquatic biota are very sensitive to pH and tend to prefer a pH around 7-8.5. The pH value of marine waters is influenced by other factors such as temperature and waste discharge.

The results of the salinity parameter measurements of Pangandaran Beach waters are in the range of 33-35‰. The high and low salinity values ​​are also influenced by rainfall, water circulation patterns, and mixing. According to Patty et al. (2021), other factors that influence salinity are weather and wind. Based on the results of water quality measurements, the average salinity value of Pangandaran Beach waters is still within the quality standards according to Government Regulation No. 22 of 2022 for marine tourism activities and marine biota growth. These results are also in accordance with those stated by Yuliana and Ahmad (2017) that the salinity range of 34-35‰ is an appropriate value for phytoplankton growth. Sachlan (1982) stated that salinity >20‰ is an appropriate value for phytoplankton to carry out photosynthesis (Yuliana and Ahmad, 2017).

The results of carbon dioxide ) measurements in the waters of Pangandaran Beach are in the average range of 51 – 59 mg/l. The results of the average CO₂ measurement value in the waters of Pangandaran Beach show a high value. According to Asmawi (1986) in Kasry and Fajri (2012), the CO₂ content in the waters is in the range of >2 mg/l – 12 mg/l.

The results of ammonia () measurements in Pangandaran Beach waters are in the average range of 0.09 – 0.11 mg/l. High ammonia values ​​are caused by decay, feces and food waste of marine animals such as fish as well as high pH values. High pH content in waters will increase ammonia concentration (Hutabarat et al. 2013). The ammonia content in Pangandaran Beach waters exceeds the threshold of seawater quality standards for marine tourism. The high ammonia content is thought to be due to the large load of waste input into the waters originating from various anthropogenic activities around the coast.

Phosphate (PO4) measurements in Pangandaran Beach waters range from 0.03 to 0.04 mg/l. The average measured phosphate value exceeds the seawater quality standard for marine tourism according to Government Regulation No. 22 of 2021. The high phosphate content in the waters is caused by the many activities around Pangandaran Beach waters. This is in accordance with the statement by Qadriya et al. (2024) that the high phosphate value is triggered by increased tourism activities.

The results of Chemical Oxygen Demand (COD) measurements in Pangandaran Beach waters ranged from an average of 12.74 to 20.27 mg/l. The results of the average COD measurement at each station indicated that the waters of Pangandaran Beach were not polluted. According to Sudinno et al. (2015), an average COD value of <40 mg/l indicates that the waters were not polluted. This is also in accordance with the statement by Pebrianti et al. (2023) that the COD value is used as a measure of the level of organic material pollution.

The results of measuring water quality parameters in Pangandaran Beach waters can be seen in the following table.

Table 2. Water Quality Measurement Results
	Parameters
	Stasiun

	
	1
	2
	3

	Fisik
	
	
	

	Temperature (°C)
	26,86
	26,50
	26,81

	Brightness (m)
	3,54
	3,45
	3,51

	Current (m)
	0,15
	0,13
	0,15

	Kimiawi
	
	
	

	pH
	8,2
	8,77
	8,14

	DO (mg/l)
	7,09
	7,88
	8,1

	Salinity (‰)
	33,5
	34,5
	34,5

	 (mg/l)
	51,7
	55,55
	59,4

	COD (mg/l)
	20,27
	12,74
	15,91

	Amonia (mg/l)
	0,11
	0,12
	0,09

	Fosfat (mg/l)
	0,03
	0,04
	0,04




3.2 Plankton Community Structure

3.2.1 Plankton Composition 
The composition of plankton in Pangandaran Beach waters consists of 16 classes consisting of 4 classes of phytoplankton and 12 classes of zooplankton. The classes found include Bacillariophyceae, Cyanophyceae, Dinophyceae, Ulvophyceae, Oligotrichea, Globothalamea, Sticholonchea, Copepoda, Sagittoiea, Gastropoda, Polyplacophora, Maxillopoda, Litostomatea, Thecofilosea, Pleistoannelida. The most abundant plankton found throughout the observation area was the Bacillariophyceae class at 76.26%. While the least abundant class was the Sagittoiea class at 0.004%. The following is the composition of plankton in Pangandaran Beach waters as seen in Figure 2.


Fig. 2. Plankton Composition

The Bacillariophyceae class is the most abundant class found in coastal waters. The dominance of Bacillariophyceae (diatoms) indicates that Pangandaran Beach waters have a relatively high nutrient content, as diatoms generally thrive in nutrient-rich waters (high in nutrients such as nitrogen and phosphorus). However, the percentage of Bacillariophyceae is still below 80%, indicating that despite the high fertility levels, these conditions remain within reasonable limits and are not excessive, thus preventing excessive eutrophication that can damage the ecosystem.

Low levels of Cyanophyceae and Ulvophyceae indicate the absence of severe pollution. Cyanophyceae (blue-green algae) typically thrive in conditions of heavy pollution or eutrophication, particularly those caused by organic waste and excess nutrients. The low levels of these two groups indicate that the Pangandaran Coastal waters are relatively clean and not experiencing major ecological stressors such as heavy domestic or industrial waste pollution.


3.2.2 Plankton Abundance

The results of the analysis of plankton abundance in Pangandaran Beach waters can be seen in the following image.

Fig. 3. Plankton abundance

Based on Figure 3, the highest plankton abundance was found at station 2, at 2,571 individuals/L. Meanwhile, the lowest plankton abundance was at station 3, at 2,120 individuals/L. This is due to the low light transparency of the waters and the limited nutrient availability, which results in suboptimal phytoplankton photosynthesis.

The species with the highest abundance at each station was Skeletonema costatum, indicating that the waters contain organic matter. This is consistent with the statement of Sudinno et al. (2015) that Skeletonema sp. populations will be abundant in waters rich in organic matter. The high abundance of plankton is influenced by the physicochemical factors of the waters. Yuliana (2017) stated that physicochemical parameters of the waters influence the growth and development of phytoplankton. High abundance values ​​can indicate productive water conditions. The abundance of plankton in Pangandaran Coastal waters indicates that the waters have a high level of productivity.

3.2.3 Diversity Index

The results of the analysis of the plankton diversity index in Pangandaran Beach waters can be seen in Figure 4.

Fig. 4. Plankton Diversity Index
	
Based on Figure 4, the highest diversity index is found at station 3. This is due to the relatively wide DO range, allowing for higher diversity in that area. Meanwhile, the lowest diversity index is found at station 2, due to the high ammonia content of the water.

The high plankton diversity index is influenced by the concentration of dissolved oxygen in the water. Increasing DO concentrations are not always accompanied by increased plankton diversity; however, diversity can decrease at higher DO concentrations. This causes certain species to become more dominant, thus suppressing overall diversity. Adequate DO (generally above 4 mg/L) can increase plankton diversity because it meets the respiratory needs of the majority of plankton, especially phytoplankton, which also play a role as oxygen producers through photosynthesis. Waters with active circulation (waves or currents) typically have higher DO and moderate to high plankton diversity (Putra and Purnomo 2025).

Based on the results of the plankton diversity index analysis, Pangandaran Beach waters have a moderately diverse plankton community. This also aligns with the statement by Iswanto et al. (2015) that a diversity index value between 1 and 3 indicates moderate community stability.

3.2.4 Uniformity Index

The results of the analysis of the plankton uniformity index in Pangandaran Beach waters can be seen in Figure 5.

Fig. 5. Plankton Uniformity Index
	
The plankton uniformity index in Pangandaran Beach waters ranges from 0.59 to 0.60, indicating a balanced distribution of individuals within each species. This indicates an uneven distribution of individuals within each species, or a tendency for one species to dominate. A uniformity index value approaching zero indicates an unstable community, while a value approaching one indicates a stable community.

According to Odum (1998), the uniformity index ranges from 0 to 1, with the following categories: E > 0.6 indicates high uniformity; 0.6 ≥ E ≥ 0.4 indicates moderate uniformity; and E < 0.4 indicates low uniformity. Several factors can influence this index, including pH, temperature, and tides (Rosada, Sunardi, et al. 2017). The plankton community in Pangandaran Beach waters is generally quite even, does not show dominance, and indicates moderate to good ecosystem quality. This is also related to the location of the east and west coasts, which are open ecosystems and are frequently visited by tourists, while the white sand is more protected by conservation status. This condition affects water quality, which impacts community diversity and stability, which tend to be better in conservation areas.

3.2.5 Dominance Index
The results of the analysis of the plankton dominance index in Pangandaran Beach waters can be seen in Figure 6.

Fig. 6. Plankton Dominance Index

Based on Figure 6, the lowest dominance index value with a value of 0.1923 is at station 1, while the highest dominance index value is at station 2 at 0.2078. In general, dominance is classified as low to moderate, indicating that the plankton community is quite diverse. The results of the dominance index analysis in Pangandaran Coastal waters show a value of <0.25 at all stations. According to (Odum 1998) this value indicates the absence of dominance by a particular species. There is a tendency for a dominant species (Skeletonema costatum), although it does not dominate absolutely. A similar study was conducted in the East Coast area of ​​Pangandaran by observing community structure based on depth conducted by Rosada et al. (2017), the results showed that the East Coast of Pananjung Pangandaran is included in the waters with a low level of dominance.

There was no dominant plankton in Pangandaran Beach waters, meaning the number of each species was fairly even at each station. A dominance index value approaching 0 indicates no dominance within a community. A dominance index value approaching 1 indicates the dominance of a species within the community.


4. Conclusion

The plankton community structure in Pangandaran Coastal Waters is classified as moderate. The results of plankton analysis obtained 16 classes consisting of 4 classes of phytoplankton and 12 classes of zooplankton with an abundance of 2120 – 2571 ind/l. The diversity index is classified as moderate (H’=2.73 – 3.06), the uniformity index is moderate (E’= 0.54–0.66) and does not show dominance with a C' value <0.25.

The water quality in Pangandaran Beach waters is still within the seawater quality standards for marine tourism based on Government Regulation No. 22 of 2021. Except for light transparency parameters, ammonia and phosphate have exceeded the quality standards, but are still within reasonable limits for marine life.
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