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phytoplankton communities. The results obtained by several quality water parameters
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  11 

ABSTRACT 12 

Mining of sea sand in the water area of Tunda Island can result in changes in the quality 13 

of the aquatic environment. Phytoplankton may indicate changes due to their rapid 14 

reaction to external influences in water. The objective of this study is to determine the 15 

water quality condition in Tunda Island waters using phytoplankton communities. The 16 

sample collection included 20 observation stations in Tunda Island waters, Banten 17 

province. The analyzed water samples had parameters of depth, temperature, pH, DO, 18 

TDS, salinity, nitrates, and phytoplankton communities. The results obtained by several 19 

quality water parameters still meet the quality standards except for nitrates. The 20 

composition of phytoplankton consists of 3 classes: Cyanophyceae, Bacillariophyceae, 21 

and Dinophyceae. Eight phytoplankton genera of the Bacillariophyceae class 22 

dominated during observation: Bacteriastrum, Chaetoceros, Hemiaulus, Lauderia, 23 

Nitzschia, Rhizosolenia, Skeletonema, Thalassiosira, and Thalassiotrix. The 24 

phytoplankton biological index describes the phytoplankton diversity index as 25 

moderate diversity, phytoplankton evenness is classified as unstable communities, and 26 

phytoplankton dominance is at a moderate condition. Of the six water quality 27 

parameters tested, pH, DO, TDS, salinity, and nitrate are closely related to 28 

phytoplankton abundance. Variations within a phytoplankton group can reflect seasonal 29 

dynamics and the impact of changes in the aquatic environment. 30 

Keywords: bioindicator, phytoplankton, structure community, water quality, Tunda 31 

island 32 
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1. Introduction 33 

The coastal area of Serang Regency, Banten province, has a coastline length of 120 34 

km. Coastal resources owned by this region include fishery resources, biological 35 

resources such as mangroves, coral reefs, and seagrass beds, including other mining 36 

materials that have high economic value (Utina et al., 2018). Sea sand is a mining 37 

material with economic value and is currently being exploited in considerable quantities 38 

in the waters. The high potential of sea sand is because this area is at the confluence of 39 

the Karimata Strait and the Sunda Strait, which carries sediments from the area around 40 

the Strait (Wisha et al., 2015). Tunda Island is one of the islands on the coast of Serang 41 

Regency, which is a place for sea sand mining (Prameswara & Suryawan, 2019). 42 

However, sea sand mining activities cause environmental damage in the Tunda island 43 

water area (Wahyudi et al., 2018). In addition, Tunda Island waters are a water area 44 

busy with sea transportation, so many large ships go back and forth from Java to 45 

Sumatra or vice versa. It is also a well-known sport fishing area at the national level 46 

(Sasongko et al., 2020). 47 

Some negative impacts of sea sand mining are increasing coastal abrasion and 48 

erosion, reducing the quality of the marine and coastal aquatic environment, and 49 

increasing pollution on the beach. This condition that occurs every day can cause the 50 

ecosystem to be unable to recover and cause negative impacts. Research by Ernas et al. 51 

(2018) shows that sea sand mining has increased Total Suspended Solid (TSS) to 52 

exceed the threshold of environmental quality standards in Banten Bay waters, Serang 53 

regency (Tanuri, 2020).  54 

Phytoplankton is aquatic organisms floating on the water's surface and of 55 

microscopic size. Phytoplankton can respond to environmental changes, assess 56 

ecological changes, and reflect important systemic interactions  (Wu et al., 2019). 57 

Phytoplankton can indicate water change and productivity (Hutabarat et al., 2014; Yu 58 

et al., 2022). This organism is an object for assessing water quality through 59 

biomonitoring due to its rapid reaction to external influences (Bazhenova & Krentz, 60 

2018). In general, it can be used as a bioindicator of water quality. The picture of water 61 

quality and pollution conditions can be seen from the high and low values of the 62 

phytoplankton community structure.  63 

This study aims to determine the water quality condition in Tunda Island waters 64 

using phytoplankton communities. 65 
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2. Materials and Methods 66 

Research sampling was conducted at 20 (twenty) points around Tunda Island, 67 

Serang Regency, Banten Province (Figure 1).  68 

 69 

Figure 1. Research location on Tunda Island, Banten Province 70 

Data were collected in July and November 2020 on Tunda Island waters. The study 71 

used the purposive sampling method, determining a sample based on the station chosen 72 

as the survey subject (Yusal et al., 2019). In addition to phytoplankton sampling, six 73 

water quality parameters were also measured, namely temperature (°C), pH, DO 74 

(mg/L), TDS (gr/L), salinity (ppt), and nitrate (mg/L). Furthermore, phytoplankton 75 

samples taken using plankton net No. 25 were preserved using a 4% lugol solution and 76 

identified at the Plankton Laboratory, Research institute for fisheries enhancement, 77 

Jatiluhur. Every 1 ml of concentrate was observed under a microscope with a 78 

magnification of 10 x and was calculated using Sedgwick Rafter Counting (Moncheva 79 

& Parr, 2010). 80 

Phytoplankton abundance is calculated using the calculation of  the Stirling  formula 81 

(Baird et al., 2017; Effendi et al., 2016): 82 

 83 

𝑁 = 𝑛 𝑥 
𝑝1

𝑝2
 𝑥 

𝑣1

𝑣2
 𝑥 

1

𝑊
 84 

 85 

N : phytoplankton abundance (cell/l) 86 

n : number of observed phytoplankton 87 
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p1 : total area/container area of sedgwick rafter counting cell (mm2) 88 

p2 : observation area (mm2) 89 

V1 : volume of filtered water (ml)  90 

V2 : concentrate volume of Sedgwick rafter counting cell (ml) 91 

W : volume of filtered water sample (l) 92 

 93 

The structure of phytoplankton communities was analyzed using diversity, 94 

evenness, and dominance index based on (Odum & Barret, 1971) with the following 95 

formula: 96 

𝐻′ =  ∑ 𝑃𝑖 ln 𝑃𝑖
𝑠

𝑡=𝑖
 97 

 98 

H’ : diversity index of Shannon Wiener 99 

Pi : ni/N 100 

Ni : total number of species i 101 

N : phytoplankton abundance  102 

s : number of species 103 

 104 

𝐸 =  
𝐻

𝐻′𝑚𝑎𝑘𝑠
 105 

 106 

E  : evenness index 107 

H’ maks : Ln s (s is number of species) 108 

H  : diversity index 109 

 110 

𝐶 =  ∑(
𝑛𝑖

𝑁
)2

𝑠

𝑖=1

 111 

 112 

C : dominance index of Simpson 113 

N : general quantity of species 114 

 115 

Bioindicators of phytoplankton were assessed under the following conditions  (Morris 116 

et al., 2014):  117 

 Diversity: H'≤ 2 low; 2 < H'≤ 3 moderate; H' > 3 high;  118 
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 Dominance: 0 < C ≤ 0.5 low; 0.5 < C ≤ 0.75 moderate; 0.75 < C ≤ 1 high;  119 

 Evenness Index: 0 < E ≤ 0.5 under pressure; 0.5 < E ≤ 0.75 unstable; 0.75 < E ≤ 1 120 

stable. 121 

 122 

The relationship between water quality and the structure community of 123 

phytoplankton was analyzed using Minitab version 16.  124 

 125 

3. Results and Discussion 126 

3.1.Water Quality Parameters 127 

The results of measuring several water quality parameters that affect phytoplankton 128 

growth (temperature, pH, DO, TDS, salinity and nitrates) in Tunda island waters are 129 

presented in Table 1.  130 

Table 1. Water quality parameters during observations on Tunda island 131 

Parameter Depth  

(cm) 

Water 

Temperature 

(°C) 

pH DO 

(mg/L) 

TDS 

(gr/L) 

Salinity 

(ppt) 

Nitrate 

(mg/L) 

Quality 

standards 

 28-30*) 7,0-8,5*) >5*) 80*) 30-35*) 0.002-

0.008*) 

Mean 67.50 29.53 7.92 6.45 24.47 32.78 0.06 

SD 8.66 0.16 0.72 0.85 0.24 0.26 0.00 

Description: *) Decree of the Minister of the Environment No. 51 of 2004 concerning marine quality standards 132 

At the time of observation, it was in the typical range for tropical Indonesia, where the 133 

optimum temperature for phytoplankton growth ranged from 25-30 °C (Febriansyah et 134 

al., 2022). The pH value obtained with an average of 7.92 is in good condition to support 135 

aquatic survival. Likewise, the DO, TDS and salinity parameters are still under marine 136 

quality standards. The standard refers to the annexe to the Decree of the Minister of 137 

Environment No. 51 of 2004 concerning seawater quality standards for the survival of 138 

marine life.  139 

While the average value of nitrate during observation is 0.06 mg / L, higher than 140 

the set quality standard of 0.002-0.008 mg / L. Nitrate itself is very necessary for the 141 

growth of phytoplankton and aquatic plants (Astuti et al., 2022). However, if the content 142 

isn't too much, it will stimulate the growth of phytoplankton and cause an uncontrolled 143 
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explosion of phytoplankton (Ikhsan et al., 2020; Takarina et al., 2019). This condition 144 

can result in the death of other aquatic organisms in the environment. 145 

3.2.Phytoplankton Composition 146 

Phytoplankton has been identified in three classes. In general, phytoplankton in 147 

Tunda island is dominated by Bacillariophyceae (85%) and Dinophyceae (12%). 148 

Meanwhile, the least found at the study site is Cyanophyceae (3%) (Figure 2).  149 

 150 

Figure 2. The composition of the phytoplankton class during observations on Tunda 151 

Island 152 

Based on the study's results, 34 genera from 3 classes were found, Cyanophyceae 1 153 

genus, Bacillariophyceae 29 genus, and Dinophyceae 4 genus (Table 2).  154 

Table 2. Types of phytoplankton found in Tunda Island waters 155 

Class Phytoplankton genus % 

Cyanophyceae Trichodesmium  0.001 

Bacillariophyceae Asterionella  0.013 

 Amphiprora  0.000 

 Bacillaria  0.002 

 Bacteriastrum  0.057 

 Biddulphia  0.001 

 Cerataulina  0.006 

 Chaetoceros  0.192 

Cyanophyceae
3%

Bacillariophyceae
85%

Dinophyceae
12%

Cyanophyceae Bacillariophyceae Dinophyceae
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Class Phytoplankton genus % 

 Climacodium  0.001 

 Coscinodiscus  0.004 

 Cyclotella  0.000 

 Cylindrotheca  0.000 

 Diatoma  0.000 

 Dytilum  0.003 

 Eucampia  0.010 

 Guinardia  0.003 

 Hemiaulus  0.089 

 Lauderia  0.008 

 Leptocylindrus  0.002 

 Melosira  0.001 

 Navicula  0.000 

 Nitzchia  0.187 

 Planktonella  0.000 

 Pleurosigma  0.002 

 Rhizosolenia  0.078 

 Skeletonema  0.157 

 Strepthoteca  0.007 

 Thalassionema  0.004 

 Thalassiosira  0.107 

 Thalassiothrix  0.058 

Dinophyceae Ceratium  0.004 

 Dinophysis  0.000 

 Protoperidinium  0.001 

 Prorocentrum  0.000 

 156 

Overall, the composition of phytoplankton on Tunda Island waters is almost the 157 

same as the composition on the coast of South Sulawesi. As is known, the most diverse 158 

organism in phytoplankton communities in tropical coastal systems is the 159 

Bacillariophyceae class (Conceição et al., 2021). The results of Lestari et al. (2021) 160 

showed that the Bacillariophyceae class was the dominating phytoplankton class, 161 
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followed by the Dinophyceae and Cyanophyceae classes. These three classes of 162 

phytoplankton become the main groups that may be empowered by inorganic nitrogen 163 

contamination (El Gammal et al., 2017). Phytoplankton from the Bacillariophyceae 164 

class can adapt to their aquatic environment, has good tolerance, and has a high 165 

resistance to environmental changes (Takarina et al., 2019). In addition, phytoplankton 166 

of this class has the characteristic of forming chains and colonies (Otero et al., 2020) 167 

3.3.Phytoplankton Community Structure 168 

Phytoplankton of the Bacillariophyceae class is generally the most common 169 

producers in trophic waters (Hasan et al., 2022). The highest phytoplankton abundance 170 

during the observation was found in station 4 (73150 cells/l), with the predominantly 171 

community being a genus of phytoplankton from the Bacillariophyceae class. 172 

 173 

Table 3. Phytoplankton abundance during observations on Tunda Island 174 

Station  Phytoplankton abundance (cells/litre) 

Cyanophyceae Bacillariophyceae Dinophyceae 

Mean SD Mean SD Mean SD 

1 80 113.1 15100 10323.8 200 141.4 

2 100 141.4 15050 5161.9 150 70.7 

3 150 212.1 16900 7778.2 100 141.4 

4 150 212.1 73150 31749.1 500 282.8 

5 50 70.7 63650 71205.7 200 141.4 

6 80 113.1 64500 19516.1 250 70.7 

7 100 141.4 34650 40234.4 50 70.7 

8 100 141.4 32000 26445.8 100 141.4 

9 150 212.1 13650 6858.9 150 70.7 

10 0 0.0 20800 20647.5 100 0.0 

11 0 0.0 12350 8697.4 150 70.7 

12 0 0.0 26950 11950.1 100 0.0 

13 0 0.0 26300 12869.3 50 70.7 

14 60 84.9 24550 10394.5 150 70.7 

15 50 70.7 45400 19091.9 300 141.4 

16 0 0.0 35100 40870.8 250 212.1 

17 60 84.9 58950 57204.9 150 70.7 

18 300 0.0 31850 5020.5 100 0.0 
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 175 

 176 

The genus of such phytoplankton belongs to the Bacillariophycea class. Eight of the 177 

34 genus identified were found at each station: Bacteriastrum, Chaetoceros, Hemiaulus, 178 

Lauderia, Nitzschia, Rhizosolenia, Skeletonema, Thalassiosira, and Thalassiotrix. Of 179 

the eight genus, 6 of them had the highest abundance during observation (Figure 3). 180 

These results are in line with the research of Rozirwan et al.(2022), which found several 181 

genus phytoplankton such as Bacteriastrum, Chaetoceros, Rhizosolenia, and 182 

Thalassiosira are also found in almost all observation stations of Muara Banyuasin.  183 

 

Chaetoceros  

 

Nitzschia  

 

Rhizoselenia  

 

Skeletonema  

  

19 0 0.0 47750 48719.7 450 212.1 

20 0 0.0 15750 9828.8 100 141.4 
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Thalassiosira  Thalassiotrix  

 

Figure 3. The highest phytoplankton abundance genus is found in Tunda island waters 184 

Based on the calculation of the Shannon-Wiener diversity index (H'), the value of 185 

H' in Tunda Island waters indicates a range of 1.78-2.36, categorized as moderate 186 

diversity. The phytoplankton evenness index (E) is classified as a community in an 187 

unstable condition, while the phytoplankton dominance index (C) is in a moderate 188 

condition (Figure 4). The diversity of a species depends on critical ecological processes 189 

such as competition, predation, and succession. Therefore, changes in this process can 190 

change the species diversity index through a shift in its evenness (Effendi et al., 2016).  191 

 192 

 193 

Figure 4. Phytoplankton biological index during observations on Tunda Island 194 

 195 

3.4.The relationship of phytoplankton abundance with water quality parameters 196 

Statistical tests show that phytoplankton abundance has a positive relationship with 197 

pH, DO, TDS, salinity, and nitrates. These five water quality parameters strongly 198 

influence the phytoplankton abundance at the 12 observation stations (Figure 5).   199 
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Figure 5. The relationship of phytoplankton abundance with water quality parameters 200 

at the Tunda Island observation station 201 

The parameters of pH, DO, TDS, salinity, and nitrate play an essential role as limiting 202 

factors on phytoplankton abundance. In line with research (El Gammal et al., 2017), 203 

salinity, DO, and nitrogen is limited factors for phytoplankton diversity in the Arabian 204 

Gulf, Saudi Arabia. Variations in phytoplankton groups reflect the seasonal dynamics 205 

of the impact of changes occurring in the aquatic environment. The production of 206 

phytoplankton demonstrates the supply of resources into the ecosystem. In addition, 207 

phytoplankton of the Bacillriophyceae class showed moderate to high levels of 208 

nutrients. On Tunda island, many activities such as ports, tours, sea sand mining, 209 

settlements, and fishing result in anthropogenic discharges into the water. The nutrient 210 

increase of anthropogenic release stimulates the growth of phytoplankton through 211 

photosynthesis. 212 

4. Conclusion 213 

Phytoplankton communities can be used as an indicator of water quality. On Tunda 214 

island, phytoplankton communities fall into unstable communities, indicated by the 215 

presence of phytoplankton dominance of the class Bacillriophyceae.   Bacillariophyceae 216 

is the most diverse and highly abundant class because it has a variety of environmental 217 

variables. The diversity and abundance of phytoplankton communities reflect the 218 

supply of resources into the ecosystem. Variations in a single phytoplankton group can 219 

skip the seasonal dynamics of the impact of changes occurring in the aquatic 220 

environment. 221 
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