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INTRODUCTION  

Dumai is one of the Riau provinces directly adjacent to the strait of Malacca, an 

international shipping lane (Ariani et al., 2021). The development of all sectors in Dumai 

City continues to increase, making Dumai City an industrial area on the east coast of 

Sumatra. Several large industries with international capacity have been established in the 
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Environmental degradation caused by industrial development and 

urbanization poses significant threats to aquatic ecosystems, emphasizing the 

urgent need for effective monitoring tools. Diatoms, highly adaptable 

microalgae, serve as bioindicators of environmental change due to their 

sensitivity to variations in water quality. This study aimed to investigate the 

diversity of epipelic diatoms in sediment layers of intertidal waters in Dumai 

City, Riau, to assess their potential as indicators of aquatic environmental 

health. This research was conducted from May to October 2022 in the intertidal 

waters of Dumai City, Riau. The method used was the survey method, and 

purposive sampling was conducted at four stations, namely Dumai River 

Estuary (ST1), Masjid River Estuary (ST2), Bangsal Aceh Industrial Area 

(ST3), and Koneng Beach (ST4). Sediment samples were collected from ten 

depth intervals (0–5cm to 46–50cm) to evaluate species distribution, diatom 

abundance, and ecological indices, including diversity (H'), dominance (D), and 

uniformity (E). Results revealed 25 diatom species, with the highest abundance 

in the 0–5cm sediment layer, particularly at ST2, which exhibited elevated 

nitrate and phosphate levels. The diversity index (2.06–2.98) indicated balanced 

biotic communities, while dominance and uniformity indices suggested an 

absence of competitive exclusion and a stable ecological state. These findings 

highlight the value of diatom diversity as a bioindicator for monitoring nutrient 

pollution and environmental health. Water quality in Dumai City is still in the 

tolerable range for diatom abundance and survival. This study highlights the 

potential of epipelic diatoms as biological indicators for assessing the impact of 

anthropogenic activities and environmental changes on Dumai's aquatic 

ecosystems. 
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Dumai coastal area, such as Pertamina Dumai oil refinery, PT Chevron Indonesia, palm 

oil processing companies and wood raw material processing, and port activities for 

loading and unloading goods and people (Aini et al., 2019). These activities generate 

waste for the environment that can adversely affect the survival and growth of aquatic 

organisms and impact the cleanliness of drinking water (Acholonu et al., 2023). 

The Dumai waters support various economic and industrial functions, making it an 

area of ecological and environmental significance, such as settlements and housing, 

settlements, small-scale fishing activities and industries, as well as tourism and mangrove 

areas. Organic matter that enters the waters can come from household waste, agricultural 

waste, and oil refining. Pollution of water bodies by industrial effluents affects aquatic 

flora and fauna and poses a significant risk to human health by contaminating 

groundwater and agricultural products. This can disrupt the ecology and can pose a 

severe risk. Ecological changes can be seen based on biological indicators, such as the 

presence and ability of aquatic biota to survive in their habitat, one of which is diatoms. 

Diatoms, unicellular eukaryotic microalgae, are widely recognized as effective 

bioindicators for assessing water quality due to their sensitivity to environmental changes 

(Sharma et al., 2023). These organisms respond quickly to variations in nutrient 

availability, ion concentrations, and organic content, making them valuable for 

monitoring the condition of a water body and for detecting anthropogenic impacts, such 

as pollution from domestic sewage and industrial effluents (Madhankumar & 

Venkatachalapathy, 2023). Physical and chemical conditions largely determine the 

presence of diatoms in waters, as diatoms have certain tolerance limits. Environmental 

factors, such as depth, influence the type and distribution of diatoms in a water body. For 

example, in Bolshoe Lake of the sub-arctic store, water depth significantly influences 

diatom diversity, with unique taxonomic compositions observed in nearshore and 

lagoonal locations and phylogenetic solid clustering in deeper waters (Stoof-

Leichsenring et al., 2020).  

In addition, diatom diversity and abundance can reduce erosion and can maintain 

habitat structure for other marine organisms (Poulickova et al., 2014), indicate the level 

of pollution in waters (Guardia et al., 2024). In addition, its diversity and abundance can 

maintain nutrient balance and support diverse aquatic life (Tekwani et al., 2014). The 

advantages of using epipelic diatoms as bioindicators in this study, compared to other 

bioindicators, include the following: Epipelic diatoms are ubiquitous in aquatic 

environments, ensuring broad applicability across different ecosystems (Poulickova et 

al., 2014). Epipelic diatoms in sediment layers provide insights into past environmental 

conditions, offering a temporal dimension to water quality assessment (Thacker & 

Karthick, 2024). 

Despite their known effectiveness as bioindicators, there is limited information on 

the diversity and distribution of epipelic diatoms in Dumai’s sediment layers. This 

research aimed to fill that gap by examining diatom diversity across sediment depths and 
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linking their abundance and distribution to water quality parameters. The findings are 

critical for establishing a baseline for monitoring the ecological health of Dumai’s 

intertidal waters and for assessing sustainable management strategies. 

 

MATERIALS AND METHODS  

 

Time and place 

This research was conducted from May to October 2022 in the intertidal waters of 

Dumai City, Riau Province (Fig. 1). Biological parameters (community structure and 

diatom abundance) were analyzed in the Marine Biology Laboratory, and 

physicochemical parameters were conducted at the Chemistry Laboratory of the 

Department of Marine Science, Faculty of Fisheries and Marine Sciences, Universitas 

Riau. 

 
Fig. 1. Research location 

Methods 

The method used in this study is a survey method carried out by observation, 

measurement, and sampling directly in the field, then continued with the identification of 

plankton samples in the Marine Biology Laboratory, Department of Marine Sciences, 

Faculty of Fisheries and Marine Sciences, Universitas Riau. 

 

Procedures 

Determination of sampling locations 

The sampling location of biological (diatom) physical and chemical parameters was 

determined by purposive sampling. Stations and sampling points of plankton samples 

were determined by purposive sampling based on anthropogenic activities around the 

waters. In this study, three observation stations were set, which were considered to 

represent the environmental conditions of the study. Each station is divided into three 

sampling points based on the intertidal zone, namely in the highest tide zone (upper 

zone), the highest tide limit zone with the lowest tide (middle zone), and the lowest tide 

limit zone (lower zone). Diatom samples based on water depth for sampling locations can 

be seen in Table (1). 
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Table 1. Sampling location 

Station Description  

I At the Estuary of the Dumai River Urban settlements, domestic 

wastewater, and small-scale 

fishing activities 

II In the Estuary of the Dumai Mosque 

River 

Dominated by mangrove 

ecosystems 

III In the Industrial Area of Bangsal Aceh Industrial area 

IV In the Koneng Beach area A recreational area 

 

Epipelic diatom sampling 

The diatom sampling technique was carried out vertically in the sediment, using a 

modified corer with stainless steel (1m long and 5cm in diameter) (Fig. 2) and from the 

samples obtained, taken per layer, namely at a depth of 0 - 5cm, 6 - 10cm, 11 - 15cm, 16 - 

20cm, 21 - 25cm, 26 - 30cm, 31 - 35cm, 36 - 40cm, 41 - 45cm, and 46 - 50cm. This 

study's selection of depth intervals (0–5cm, 6–10cm, and 11–15cm) was based on 

sediment layers' biological and ecological relevance in influencing diatom diversity and 

abundance. Sediment depth can significantly impact the microhabitat characteristics, 

including light penetration, organic matter availability, and nutrient concentration, which 

are critical for epipelic diatoms' survival and distribution. These intervals capture the 

vertical stratification of diatoms and their response to environmental changes.  

At the depth limit, the sediment is still in mud and diatoms, while at a depth of > 

50cm, the sediment is already in the form of hard soil and is difficult to reach. After that, 

5cm thick sediment samples were taken from each layer. Sediment samples were put into 

plastic and were then given a sample code. The remaining sediment samples were used 

for organic matter and sediment fraction tests. Sediment samples of 5cm thick from each 

layer were placed in a sample bottle containing 100ml of distilled water and were gently 

shaken clockwise. Samples were preserved using 4% Lugol, labeled, and put in an ice 

box for observation. 

 
Fig. 2. Diatom sampling corer 
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Diatom sample observation 

Observations of diatoms were carried out using an Olympus CX 21 microscope 

with a magnification of 10 x 10 used to find diatoms and 10 x 40 used for identification. 

Observations using the field of view method with one observation of 12 fields. 

Observations were made three times for each sample bottle; epipelic diatom water 

samples were stirred so that the diatoms were evenly distributed and had the same 

opportunity. The observed diatoms were identified using an identification book 

(Bainbridge & Davis, 1956). 

 

Data analysis 

Calculation of abundance of epipelic diatoms 

The abundance of diatoms was calculated using the modified Lackey Drop 

Microtransecting Methods formula.  

 
Where: 

N = Number of epipelic diatoms per unit area (individuals/cm2) 

Oi = Area of cover glass (25 x 25 mm = 625 mm2) 

Op = Unit area of view of Olympus CX 21 microscope magnification 10x10 (1.306 

mm2) 

Vr = Volume of sample water in sample bottle (100 mL) 

Vo = The volume of 1 drop of the sample (0.06 mL) 

A = Area of the scallop field (25 cm2) 

n = The number of epipelic diatoms counted 

P = Number of field of view (12) 

  
Species diversity index (H') 

The species diversity index was used to see the diversity of diatom species using 

the Shannon-Winner formula (Odum, 1971): 

 
Where: 

Log2 = 3,3219 

H'   = Species diversity index 

Pi = Share of individuals of the i-th species to total individuals of all species (pi = 

ni/N) 

Ni = Total number of individuals of the i-th species (individuals/cm2) 

N = Total individuals of all species (individuals/cm2) 
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S = The number of individuals 

 

With criteria: H' < 1= Biota community is not balanced, or water quality is 

heavily polluted; 1< H'<3 = Biota community balance is moderate, and water quality is 

moderately polluted; H' > 3 = Biota balance is in excellent condition and water quality is 

clean. 

 

Dominance index (D) 

The dominance index was used to calculate the dominance index of diatoms in 

sediments using Simpson's formula (Odum, 1971) as follows: 

 
Where:   

Ni = Total number of individuals of the i-th species (individuals/cm2) 

N = Total individuals of all species (individuals/cm2) 

 

With criteria: D close to 0 (< 0.5) = No dominant species; D close to 1 (> 0.5) = 

Dominant species. 

 

Species diversity index (E) 

The species uniformity index was used to see if the uniformity of epipelic diatom 

organisms was in a balanced state or not, which was calculated using Pilou's formula 

(Odum, 1971) as follows: 

 
Where:   E = Species uniformity index 

 H' = Species diversity index 

 S = number of species encountered 

 

With the criteria, if the value of E: Approaching 1 (> 0.5), then the uniformity of 

organisms is in a balanced state, and there is no competition for both place and food; 

Approaching 0 (< 0.5) means that the uniformity of organisms in the waters is not 

balanced, and there is competition for food. 

 

Water quality 

The water quality parameters measured include brightness, temperature, current 

velocity, salinity, pH nitrate, and phosphate. Before sampling, each station was measured 

three times at low tide. 

 

 



1193 
Dataset on the Diversity of Epipelic Diatoms in Sediment Layers as Bioindicators  

of Aquatic Environment 
 

 

 

Data analysis 

Data from the abundance of epipelic diatom measurements were collected and 

tabulated in Table. Next, they were analyzed statistically using the SPSS version 26 

application and One-way ANOVA. If the analysis results showed an influence, a further 

test was carried out using Student Newman Keuls (SNK). 

 

RESULTS  

 

1. Species, distribution, and abundance of epipelic diatoms 

Based on depth, 25 species of epipelic diatoms were found in the waters of Dumai 

City. 

Table 2. Types of epipelic diatoms found at Station I 

No Species name 
Station I 

5 10 15 20 25 30 35 40 45 50 

1 Amphipleura sp. + + + + + + + + + + 

2 Aulacoseira sp. - - - - - - + - - - 

3 Cocconeis sp. - - - - - + - + + + 

4 Coscinodiscus sp. + + + + + + + + + + 

5 Cymbella sp. - - - - - - + + - - 

6 Diadesmis sp. + + - - - - - - - - 

7 Diplemonera sp. - - - - + - - - - - 

8 Epithemia sp. + + + + + + - + + + 

9 Gyrosigma sp. +  + + - - - - - - 

10 Isthmia sp. + + + + + + + + - - 

11 Navicula sp. + + + + + - - + - - 

12 Nitzschia sp. - - - + + - - - - - 

13 Pinnularia sp. - - + + + + + - + + 

14 Pleurosigma sp. + + + + - - - - - - 

15 Rhizosolenia sp. - + + + - + - - + + 

16 Sellaphora sp. - - - - + - + - + + 

17 Skeletonema sp. - - - - - - - - + - 

18 Stauroneis sp. - - - + + - - - - - 

19 Stephanodiscus  + - + + + - + + + - 

20 Striatella sp. - - - - - - - - - + 

21 Surirella sp. - + - - + + - - - - 

22 Synedra sp. + + + + + + + + + + 

23 Thalassiosira sp. + + - - - - - - - - 

24 Triceratium sp. - - + + + + + + + + 

25 Ulnaria sp. + - - - - + + + + + 

 Total 12 11 12 14 14 11 11 11 12 11 
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Table 3. Types of epipelic diatoms found at Station II 

No Species name 
Station II 

5 10 15 20 25 30 35 40 45 50 

1 Amphipleura sp. + + + + + + + + + + 

2 Aulacoseira sp. + - + + - + + + + + 

3 Cocconeis sp. - + + + - + + - + + 

4 Coscinodiscus sp. + + + + + + + + + + 

5 Cymbella sp. - - + + - - - - - - 

6 Diadesmis sp. + - - - - - - - - - 

7 Diplemonera sp. + - - - - - - - - - 

8 Epithemia sp. + + + + + + + + + + 

9 Gyrosigma sp. + + + - - + - + + - 

10 Isthmia sp. + + - + + + + + + + 

11 Navicula sp. + + + + + + + + + - 

12 Nitzschia sp. + + - - - - - - - - 

13 Pinnularia sp. + + + + + + + + + + 

14 Pleurosigma sp. + + + + + + + + + - 

15 Rhizosolenia sp. + + - - - - - + - + 

16 Sellaphora sp. + + - - + - + - - + 

17 Skeletonema sp. + + + + + + - - - - 

18 Stauroneis sp. + - - + + - + - + + 

19 Stephanodiscus  + + + + + + + + + + 

20 Striatella sp. - - - - + + - - - - 

21 Surirella sp. + - - - - - - - - - 

22 Synedra sp. + + + + + + + + + + 

23 Thalassiosira sp. - + + + + + + + + + 

24 Triceratium sp. - + + + - - + - + - 

25 Ulnaria sp. + + - - + - + - - - 

 Total 23 20 15 19 16 17 17 14 16 15 

 

Table 4. Types of epipelic diatoms found at Station III 

No Species name 
Station III 

5 10 15 20 25 30 35 40 45 50 

1 Amphipleura sp. + + + + + - - - + - 

2 Aulacoseira sp. + + + + + + + + + + 

3 Cocconeis sp. + - - - + - + - - - 

4 Coscinodiscus sp. - - - - - - - + - - 

5 Cymbella sp. + + + + + + + + + + 

6 Diadesmis sp. + + + + + + + + + + 

7 Diplemonera sp. + - + - + - - - - - 

8 Epithemia sp. + + + + + - + + - - 

9 Gyrosigma sp. + + + + + + + - + + 

10 Isthmia sp. + + + + + + + + + - 

11 Navicula sp. + + - + + + + - - - 

12 Nitzschia sp. + + + + + + + + + - 

13 Pinnularia sp. - - + - - - - - - - 

14 Pleurosigma sp. + + + + - + + - - - 

15 Rhizosolenia sp. + + + + + + + + + + 
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16 Sellaphora sp. + + + + + + + + - + 

17 Skeletonema sp. - - - - - + + + + - 

18 Stauroneis sp. - - + - + + + - - - 

19 Stephanodiscus  - + - + - - - - + - 

20 Striatella sp. + + + + + + + + + + 

21 Surirella sp. - - - - - - - - + - 

22 Synedra sp. + + + + + + + + + + 

23 Thalassiosira sp. + + + + + + + + + + 

24 Triceratium sp. + + - - - - - - - - 

25 Ulnaria sp. - - + + - + - + - - 

 Total 18 17 18 17 17 16 17 14 14 9 

 

Table 5. Types of epipelic diatoms found across Station IV 

No Species name 
Station IV 

5 10 15 20 25 30 35 40 45 50 

1 Amphipleura sp. + + + + + - - - + - 

2 Aulacoseira sp. + + + + + + + + + + 

3 Cocconeis sp. + - - - + - + - - - 

4 Coscinodiscus sp. - - - - - - - + - - 

5 Cymbella sp. + + + + + + + + + + 

6 Diadesmis sp. + + + + + + + + + + 

7 Diplemonera sp. + - + - + - - - - - 

8 Epithemia sp. + + + + + - + + - - 

9 Gyrosigma sp. + + + + + + + - + + 

10 Isthmia sp. + + + + + + + + + - 

11 Navicula sp. + + - + + + + - - - 

12 Nitzschia sp. + + + + + + + + + - 

13 Pinnularia sp. - - + - - - - - - - 

14 Pleurosigma sp. + + + + - + + - - - 

15 Rhizosolenia sp. + + + + + + + + + + 

16 Sellaphora sp. + + + + + + + + - + 

17 Skeletonema sp. - - - - - + + + + - 

18 Stauroneis sp. - - + - + + + - - - 

19 Stephanodiscus  - + - + - - - - + - 

20 Striatella sp. + + + + + + + + + + 

21 Surirella sp. - - - - - - - - + - 

22 Synedra sp. + + + + + + + + + + 

23 Thalassiosira sp. + + + + + + + + + + 

24 Triceratium sp. + + - - - - - - - - 

25 Ulnaria sp. - - + + - + - + - - 

 Total 18 17 18 17 17 16 17 14 14 9 

 

Epipelic diatoms were distributed at several depths, with the highest number found 

at 0-5cm depth, namely Station 2 (23 species). Epipelic diatoms are generally found in 

the surface layer (0-5cm). While the depth> 36cm, the number of diatoms found 

continues to decline. More details can be seen in Fig. (3). 
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Fig. 3. Distribution of epipelic diatoms by depth 

The abundance of epipelic diatoms at each station fluctuated between 23,729 & 

275,706 ind/cm2. The highest abundance of epipelic diatoms was found at 0-5cm depth, 

and the lowest at 46-50cm depth. More details can be seen in Fig. (4). 

 

 
Fig. 4. Abundance of epipelic diatoms 

 

2. Epipelic diatom community structure 

The community structure of epipelic diatoms in Dumai City Waters obtained 

species diversity values ranging from 2.06-2.98, which indicates a moderate biota 

balance. Furthermore, the dominance index in the waters of Dumai City ranges from 

0.15-0.41 (<0.5), indicating no dominant species. The species evenness index in the seas 

of Dumai City ranged from 0.53-0.90 (E>0.5), indicating the uniformity of organisms in 

a state of balance and no competition in obtaining food (Table 6). 
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Table 6. Diversity index (H'), dominance index (D), and index (E) of epipelic diatoms 

 

3. Water quality parameters 

Water quality is one of the crucial factors in the presence of diatoms in a water 

body. The presence of diatoms reflects the impact of pollutants and other anthropogenic 

activities in a body of water. Water quality parameters in several waters in Dumai City 

are illustrated in Table (7). 

 

Table 7. Measurement of water quality in Dumai City 

 Parameter 
Station Quality standard 

1 2 3 4 

Temperature (°C) 28,33 27,33 28 33 20-30 (Mesquita et al. 2023) 

Current speed (m/s) 0,27 0,10 0,32 30,12 
0.15- 0.4 (Lamb and Lowe, 

1987) 

Brightness (cm) 33,5 68,6 63,7 57,3 33.5–68.6 (Prasiska et al. 2020) 

Salinity (‰) 24,33 13,33 16 17,6 13.33–24.33 (Bak et al. 2020) 

pH 7 8,4 6,3 8,13 
6.5-8.5 (Madhankumar and 

Venkatachalapathy, 2023) 

Nitrate (mg/L) 0,84 1,13 0,74 0,97 0.5-2 (Tampubolon et al. 2020) 

Phosphate (mg/L) 0,77 1 0,93 1,05 0.1 – 2 (Beranda et al. 2020) 

 

 

 

Depth H D E 

I II III IV I II III IV I II III IV 

0-5 2.18±

0.93 

2.94±

0.39 

3.07±

0.30 

2.87±

0.29 

1.28±

1.57 

0.16± 

0.05 

0.13±

0.04 

0.17±

0.02 

0.60±

0.24 

0.75±

0.10 

0.91±

0.04 

0.89±

0.02 

6-10 2.36±

0.28 

2.90±

0.50 

2.99±

0.32 

2.70±

0.34 

0.23±

0.04 

0.20± 

0.07 

0.15±

0.04 

0.19±

0.04 

0.60±

0.07 

0.74±

013 

0.89±

0.08 

0.87±

0.05 

11-15 2.05±

0.19 

2.50±

0.51 

3.01±

0.18 

2.64±

0.15 

0.30±

0.06 

0.27± 

0.10 

0.14±

0.01 

0.20±

0.02 

0.55±

0.09 

0.64±

0.13 

0.96±

0.04 

0.88±

0.05 

16-20 2.13±

0.29 

2.97±

0.26 

3.10±

0.36 

2.51±

0.04 

0.27±

0.05 

0.18± 

0.05 

0.14±

0.04 

0.22±

0.03 

0.55±

0.07 

0.76±

0.07 

0.91±

0.04 

0.84±

0.06 

21-25 2.28±

0.55 

2.52±

0.69 

2.92±

0.29 

2.69±

0.23 

0.29±

0.13 

0.27± 

0.14 

0.16±

0.04 

0.18±

0.03 

0.58±

0.14 

0.65±

0.18 

0.87±

0.02 

0.94±

0.04 

26-30 1.63±

0.10 

1.03±

1.46 

3.06±

0.22 

2.73±

0.43 

0.43±

0.06 

0.20± 

0.14 

0.14±

0.03 

0.17±

0.04 

0.42±

0.06 

0.70±

0.06 

0.92±

0.04 

0.92±

0.06 

31-35 1.81±

0.10 

2.80±

0.12 

3.10±

0.04 

2.41±

0.57 

0.37±

0.07 

0.17± 

0.12 

0.13±

0.04 

0.22±

0.08 

0.46±

0.03 

0.72±

0.03 

0.94±

0.03 

0.95±

0.02 

36-40 2.07±

0.14 

2.49±

0.21 

2.81±

0.05 

2.47±

0.51 

0.27±

0.02 

0.25± 

0.07 

0.17±

0.05 

0.20±

0.06 

0.53±

0.04 

0.64±

0.05 

0.92±

0.04 

0.92±

0.06 

41-45 2.16±

0.16 

2.61±

0.23 

2.71±

0.33 

2.04±

0.44 

0.29±

0.05 

0.22± 

0.07 

0.18±

0.04 

0.27±

0.07 

0.55±

0.04 

0.67±

0.06 

0.89±

0.03 

0.95±

0.02 

46-50 1.97±

0.17 

2.46±

0.54 

2.52±

0.41 

1.74±

0.21 

0.34±

0.02 

0.23± 

0.07 

0.21±

0.06 

0.32±

0.05 

0.50±

0.04 

0.63±

0.14 

0.91±

0.02 

0.94±

0.06 

Avera

ge 

2.06±

0.38 

2.52±

0.74 

2.93±

0.32 

2.48±

0.45 

0.41±

0.51 

0.21±

0.07 

0.15±

0.04 

0.21±

0.06 

0.53±

0.10 

0.69±

0.10 

0.90±

0.04 

0.90±

0.05 
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DISCUSSION 

 

Species, distribution, and abundance of epipelic diatoms 

Epipelic diatoms are attached to the bottom substrate of aquatic environments, 

showing different distribution patterns based on depth, and they are influenced by various 

environmental factors. Diatoms are used as bioindicators due to their sensitivity to 

environmental changes. There were 25 epipelic diatom species found in the waters of 

Dumai City, namely Aulacoseira sp., Nitzschia sp., Isthmia sp., Coscinodiscus sp., 

Cymbella sp., Synedra sp., Diadesmis sp., Stephanodiscus sp., Ulnaria sp., Melosira sp., 

Stauroneis sp., Frustulia sp., Gyrosigma sp., Navicula sp., Pinnularia sp., Pleurosigma 

sp., Sellaphora sp., Oscillatoria sp., Rhizosolenia sp., Epithemia sp., Striatella sp., 

Surirella sp., Skeletonema sp., Thalassiosira sp., and Triceratium sp. (Table 1). 

Navicula sp., Coscinodiscus sp., Pinnularia sp., Synedra sp., and Thalassiosira sp. 

were distributed at each station at the surface (0-5cm). According to Shaimaa et al. 

(2023), 161 species were found in the Tigris River, with genera such as Nitzchia and 

Navicula reflecting water quality and pollution levels. Synedra sp., identified in Muara 

Suwung, can be used as a bioindicator due to its sensitivity to environmental changes 

(Supono & Hudaidah, 2018). Furthermore, Thalassiosira sp. was found in surface 

waters and was used as a bioindicator of the aquatic environment (Petrov & Nevrova, 

2020). 

The highest abundance was found in the surface layer (0-5cm) at each observation 

station. This is due to light availability, sediment type, and anthropological activities. 

Prasiska et al. (2020) stated that the abundance of diatoms is higher in the surface layer 

compared to deeper waters. This is related to photosynthetic activity and the availability 

of light underwater (Xu et al., 2022). Besides, the highest abundance of epipelic diatoms 

was found at the mouth of the Dumai Mosque River (ST2). This is thought to be due to 

the high content of nutrients, such as nitrate (1.13mg/ L) and phosphate (1.00mg/ L) 

compared to other stations (Table 4). Diatom abundance is influenced by nitrate and 

phosphate content, such as in Sungaitohor waters (Beranda et al., 2020) and the waters 

of Nirvana Beach, West Sumatra (Tampubolon et al., 2020). Then, the current speed 

also affects the abundance of diatoms. At ST2, the current speed is relatively calmer than 

at other stations. According to Wang et al. (2022), the abundance of diatoms in calm 

waters is higher than in high current waters so that it can reduce the abundance and 

diversity of species. In general, the distribution and types of epipelic diatoms are closely 

related to depth factors such as light availability, substrate type, nutrient concentration, 

and physical disturbance, highlighting the complexity and adaptability of this community 

in different aquatic environments. 

The water quality in Dumai City supports a balanced and diverse diatom 

community, as evidenced by species diversity indices (2.06–2.98) and dominance indices 

below 0.5. These values are consistent with observations in other tropical and subtropical 
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water bodies (Li et al., 2022; Shang et al., 2023). In addition, the uniformity index (>0.5) 

indicates balanced species distribution and reduced competition for resources, aligning 

with the findings in comparable environments (Dionfriski et al., 2021). 

Diatoms respond rapidly to environmental factors such as nutrient availability, light 

penetration, pH, and salinity variations. This study found that nitrate and phosphate 

concentrations were closely linked to diatom abundance, particularly in the surface layers 

(0–5cm), where nutrient input from anthropogenic sources is most pronounced. This 

concurs with the findings of Madhankumar and Venkatachalapathy (2023) and 

Shaimaa et al. (2023), highlighting diatoms as indicators of nutrient pollution. The 

study’s stratified that sampling by sediment depth provides insights into environmental 

gradients. The observed decline in diatom abundance and diversity with increasing depth 

reflects reduced light availability and nutrient gradients, consistent with findings in lakes 

and estuarine systems globally (Stoof-Leichsenring et al., 2020; Shang et al., 2023). 

 

Community structure of epipelic diatoms 

The species diversity index is a measure used to describe the variation of species in 

an ecosystem. The highest level of species diversity was found in ST3 at a depth of 16-

20cm, indicating a balance of biota and clean water quality. According to Li et al. (2022), 

diatom diversity is relatively constant in the open deep water zone but varies in the 

shallow water zone due to bathymetry and sediment subsidence. Wang et al. (2012) 

postulated that the diversity of diatom species in Lugu Lake decreased from the shallow 

zone to deeper water, with a shift from periphytic to planktonic assemblages at >30m 

depth.  

The diatom dominance index, which measures the relative abundance of diatoms 

compared to other phytoplankton, such as dinoflagellates, varied significantly with water 

depth due to different environmental conditions. Observations in Dumai City Waters 

showed the presence of diatoms dominating the surface waters of ST 1 (Table 3). 

Research conducted in Kelly Lake showed that water depth strongly influenced diatom 

assemblages, with different communities forming in the shallow, middle, and deep water 

zones (Han et al., 2023). In addition, the dominance of diatoms at different depths varied 

significantly, influenced by light availability, substrate type, and hydrological conditions 

(Li et al., 2022). The diatom dominance index is influenced explicitly by water depth, 

especially at depths below 10m (Shang et al., 2023). Generally, the dominance index at 

each depth at each station has a value <0.5, indicating no dominant species. This is due to 

the availability of nutrients and environmental conditions. 

Observations showed that the species uniformity index at each depth at each station 

ranged from 0.5308 to 0.9042 (E>0.5), indicating a balanced state and no competition for 

either space or food. In Mengkapan Waters, the uniformity index of epipelic diatoms 

ranged from 0.6736 to 0.7755, indicating a relatively balanced distribution of species at 

different stations (Dionfriski et al., 2021). In contrast, in Sungaitohor Waters, the 
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uniformity index was lower, averaging 0.3643, indicating an uneven distribution of 

diatom species. This difference in uniformity could be attributed to differences in nitrate 

and phosphate concentrations (Beranda et al., 2020). According to Wasmund et al. 

(2017), a high uniformity index reflects a good environmental status. However, diversity 

indices often correlate poorly with environmental factors, limiting their use to control 

environmental quality (Blanco et al., 2012). In general, epipelic diatom uniformity is a 

complex interaction of environmental factors, nutrient levels, and water quality 

parameters. 

 

Water quality 

Temperature plays a vital role in determining the presence and distribution of 

epipelic diatoms in aquatic ecosystems. Temperature measurements during the study 

ranged from 28-33oC, and diatoms can still tolerate this range. High temperatures can 

affect diatom communities due to competition among phytoplankton species (Mesquita 

et al., 2020). In natural environments, diatom abundance and diversity are influenced by 

various environmental factors, including light and water turbidity, which affect light 

penetration. Fluctuating light conditions affect diatoms' photosynthetic efficiency and 

survival (Blommaert et al., 2018). 

Salinity significantly affects the presence and diversity of epipelic diatoms in 

aquatic environments, and increased salinity can affect photosynthetic activity, pigment 

content, growth rate, metabolism, and toxin synthesis, suggesting their acclimatization 

ability through adjustments in turgor pressure and ion homeostasis (Stenger-Kovács et 

al., 2023). Diatom species diversity tends to decrease with increasing salinity, as 

observed in the rivers of Upper Silesia, Poland, where higher salinity levels due to mining 

activities resulted in lower taxonomic richness and the dominance of brackish or marine 

species (Bąk et al., 2020). Furthermore, the presence of diatoms in estuarine 

environments reflects their high tolerance to salinity fluctuations, with many species 

thriving in conditions ranging from freshwater to highly saline waters. However, this 

broad tolerance makes them unreliable indicators for salinity assessment in some regions  

(Bate et al., 2013). 

 

CONCLUSION 

 

The study concluded that environmental factors significantly influence the diversity 

and distribution of epipelic diatoms in Dumai’s intertidal waters. A total of 25 species 

were identified, with the highest abundance observed in surface sediment layers (0–5cm), 

indicating the importance of light availability and nutrient concentration. Water quality 

parameters, including nitrate, phosphate, pH, and salinity, were crucial in shaping the 

diatom community structure. The species diversity index revealed balanced ecological 

conditions, and the low dominance index reflected the absence of dominant species, 

ensuring an evenly distributed ecosystem. These findings emphasize the potential of 
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epipelic diatoms as effective bioindicators for monitoring water quality and informing 

sustainable management practices in industrial and ecological areas like Dumai. 
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