|
Egyptian Journal of Aquatic Biology & Fisheries i
Zoology Department, Faculty of Science, \ -

Ain Shams University, Cairo, Egypt.
ISSN 1110 - 6131

Vol. 29(6): 175 — 190 (2025)
www.ejabf.journals.ekb.eg

Egyptian Journal
of
) Aquatic Biology
2 And
Fisheries

G825,

. _____________________________________________________________________________________________|
Comparative Assessment of Fish Biodiversity in the Coastal Waters of Eretan,
Indramayu Using eDNA and Traditional Methods

Jauhar Zainalarifin?, Hefni Effendi>®*, Ali Mashar?, Mita Aprilia?4, Rafi Subrata?, Khoirul
Nur Hidayat?, Adelia Rosita?, Amelia Amelia?, Karin Syahfitri?, Brilliant Jelang
Ramadhan?, Daffa Setoary Hernantoro?

! Doctoral Student of Coastal and Marine Resources Management Study Program, Department of Aquatic
Resources Management, Faculty of Fisheries and Marine Science, IPB University, Dramaga, Bogor, West

Java, Indonesia

2 Department of Aquatic Resources Management, Faculty of Fisheries and Marine Science, IPB University,
Dramaga, Bogor, West Java, Indonesia

3 Center for Environmental Research, International Research Institute for Environment and Climate
Change, IPB University, Dramaga, Bogor, West Java, Indonesia

4 Doctoral Student of Ecology, College of the Environment and Ecology, Xiamen University, Xiamen,
Fujian, China

“Corresponding Author: hefni.effendi@apps.ipb.ac.id

ARTICLE INFO ABSTRACT

Avrticle History: Coastal fishery resources are among the most vulnerable components of marine
Received: July 27,2025  ecosystems due to environmental changes and anthropogenic activities originating
Accepted: Oct. 6, 2025 from terrestrial areas. One of the key approaches to managing these resources is
Online: Nov. 7, 2025 through the assessment of fish biodiversity. Traditional sampling methods, however,
tend to cause habitat disturbances, necessitating more environmentally friendly

alternatives such as environmental DNA (eDNA). This study aims to compare fish
biodiversity detected using eDNA and traditional methods in the coastal waters of
Eretan, as well as analyzing biodiversity indices—including Shannon, Simpson,
Pielou, Berger—Parker, and species richness—across both approaches. The research
was conducted in October 2024 at three sampling stations along the Eretan coastal
area, Indramayu, West Java, Indonesia. Fish were collected using traditional mini
trawl fishing and seawater samples for eDNA analysis. Data processing and analysis
were carried out using R Studio software, encompassing comparative analysis,
relative abundance, and biodiversity index calculations with various statistical
packages. The results revealed that the eDNA method detected a total of 43 fish
species, whereas the traditional mini trawl method identified 31 species, with 15
species shared between both methods. Biodiversity indices were consistently higher
in the eDNA dataset, with Shannon index ranging from 2.00-2.32, Simpson index
from 0.75-0.86, and species richness between 27-39 species, compared to 1.79-
2.28, 0.75-0.83, and 16-28 species, respectively, for the traditional method. The
findings indicate that eDNA metabarcoding provides a broader representation of fish
community structure than conventional trawl sampling. Therefore, integrating
molecular and traditional approaches enhances the accuracy of biodiversity
assessment and offers a reliable foundation for sustainable management of the
Eretan coastal ecosystem within the WPPNRI 712 fisheries area.
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INTRODUCTION

Coastal ecosystems are among the most productive yet vulnerable environments,
providing essential habitats for diverse fish species that support local livelihoods and
fisheries. However, increasing anthropogenic activities such as pollution, habitat
degradation, and overfishing have significantly altered biodiversity patterns in many
Indonesian coastal areas, including the northern coast of Java. The coastal waters of
Eretan are part of the Java Sea, located in the northern region of West Java.
Rivers that flow into the coastal waters of Eretan include the Cimanuk River and the
Cipunagara River. The flow of these rivers serves as an input to the coastal waters,
influencing the concentration of organic matter and nutrients in the water (Wang et al.,
2023). These inputs can also affect the concentration of chlorophyll-a (Auricht et al.,
2022). Nutrient enrichment from river flow can increase the productivity of the
aquatic environment; however, if this condition occurs excessively, it may lead to
eutrophication (Ke et al., 2023).

Effective management of coastal resources requires accurate and efficient
biodiversity assessment methods. Traditional fish surveys, based on netting and visual
observation, often underestimate community diversity due to sampling bias and the
limited detection of cryptic or rare species. Recently, environmental DNA (eDNA) has
emerged as a promising molecular tool for biodiversity monitoring, allowing species
detection through DNA traces in water samples without direct observation or capture.
The use of the eDNA method in detecting fish diversity effectively reflects the patterns of
diversity, seasonality, and relative abundance of fish in coastal waters. Moreover, this
method is considered more effective and cost-efficient compared to traditional
approaches such as trawling (Stoeckle et al., 2021). This condition highlights the
advantages of the eDNA method, which is more environmentally friendly and does not
harm or disturb aquatic organisms. In addition, eDNA allows for non-invasive, rapid, and
large-scale monitoring of aquatic biodiversity, enabling researchers to detect both
resident and transient species that might be missed by conventional sampling (Deiner et
al., 2017; Miya et al., 2020). The sensitivity of eDNA also makes it possible to detect
rare, endangered, or early invasive species even at low population densities (Yamamoto
et al.,, 2017; Boussarie et al., 2018). Furthermore, eDNA can provide a more
comprehensive representation of community composition by integrating DNA signals
over time and space, reflecting both current and recent biological presence (Yang et al.,
2021). These strengths make eDNA a powerful complementary tool to conventional
surveys, particularly for biodiversity monitoring and conservation planning in complex
and dynamic environments such as coastal ecosystems.

Although eDNA-based assessments have been increasingly applied worldwide,
studies comparing eDNA and conventional methods in Indonesian coastal ecosystems
remain scarce. The Eretan coastal waters in Indramayu, West Java, represent an
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ecologically significant area with both artisanal fisheries and anthropogenic pressures,
making it an ideal site for method comparison. Based on the assessment, the coastal
waters of Eretan are generally categorized as moderately polluted, while the trophic level
of the area is classified as mesotrophic. The water quality parameters influencing this
status include TSS, turbidity, salinity, ammonia, nitrate, and nitrite (Rosita et al., 2025;
Zainalarifin et al., 2025). Meanwhile, in terms of fisheries resource utilization, the area
is part of Fisheries Management Area of the Republic of Indonesia (WPPNRI) 712, as
designated under the Decree of the Minister of Marine Affairs and Fisheries of the
Republic of Indonesia No. 19 of 2022. According to this decree, large pelagic fish and
demersal fish in WPPNRI 712 are categorized as overfished, indicating that their
exploitation levels exceed the sustainable threshold. In contrast, small pelagic fish are
considered underfished, suggesting potential for sustainable utilization. Other fishery
resources such as reef fish, penaeid shrimp, lobster, crab, swimming crab, and squid are
generally classified as being in a moderate exploitation status. These conditions reflect
the complex dynamics of fisheries utilization in the region and highlight the urgent need
for accurate biodiversity assessments and continuous monitoring to support sustainable
fisheries management in the Eretan coastal ecosystem.

Based on the conditions described above, it is important to develop accurate and
efficient methods for assessing fish biodiversity in coastal ecosystems such as the Eretan
coastal waters. The integration of eDNA and traditional methods is expected to provide a
more comprehensive understanding of fish community composition and environmental
conditions. Therefore, this study aims to compare the fish biodiversity detected using
eDNA and traditional sampling methods in the coastal waters of Eretan, Indramayu.
Specifically, it seeks to analyze biodiversity indices, including Shannon, Simpson, Pielou,
Berger—Parker, and species richness, at different methods.

MATERIALS AND METHODS

1. Sample collection

The study was conducted in October 2024 in the coastal waters of Eretan,
Indramayu, West Java, Indonesia (Fig. 1). eDNA sampling was carried out
simultaneously with fish collection using mini trawl fishing gear, which was operated by
a 4 GT fishing vessel equipped with a 4-inch mesh size net (Fig. 2). The eDNA samples
were obtained by collecting 2 liters of surface seawater along the operational route of the
fishing gear. Each 2-liter sample was filtered through a 0.45um sterile membrane using a
water filtration system. After filtration, the membrane filters were placed in 2mL
cryotubes prefilled with 1.5mL of DNA Shield (ZymoBIOMICS DNA/RNA Shield). To
prevent contamination, all sampling tools were thoroughly sterilized at every stage using
a 10% commercial bleach solution. A negative control containing sterilized ddH-O was
included to check for potential contamination during the filtration process. The samples
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were subsequently transported to the Oceanogen Laboratory in Bogor, Indonesia, for
further analysis.

2. Laboratory analysis

Laboratory analysis of eDNA samples was conducted following the analytical
workflow described by Madduppa et al. (2021). The eDNA samples and blank DNA
controls were extracted using the Qiagen DNeasy Blood and Tissue DNA Extraction Kit
according to the manufacturer’s instructions. The extracted DNA was eluted in a final
volume of 100uL of nuclease-free water. Amplification was performed using the
polymerase chain reaction (PCR) method targeting the 12S gene to generate amplicon
products. Each sample underwent triplicate PCR runs, accompanied by two negative
controls (NC) per run. eDNA samples that failed to amplify during the PCR process were
excluded from subsequent sequencing. Successfully amplified (positive) PCR products
were then subjected to DNA sequencing using the Illumina sequencing platform.
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Fig. 1. Research maps location at Eretan coastal waters, Indramayu, West Java

3. Bioinformatics and data analysis

The sequencing data were analyzed using QIIME2 (Quantitative Insights into
Microbial Ecology 2; https://giime2.org/) for quantitative processing (Leray &
Knowlton, 2016). The workflow included several main steps: filtering, denoising, non-
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chimeric checking, and clustering. Filtering removed primer sequences and reads shorter
than ~313 bp (Martin 2011), while denoising corrected low-quality sequences using the
DADA2 pipeline (Callahan et al., 2016). The non-chimeric step eliminated mixed
sequences from different organisms to ensure accuracy, and clustering grouped similar
sequences into Operational Taxonomic Units (OTUs) (He et al., 2015). Taxonomic
identification of COI sequences was performed up to the species level using the CRUX
database, which provides a well-organized and comprehensive reference collection,
facilitating easier data retrieval and management (Curd et al., 2019).

Data analysis in this study was performed using R Studio software. Comparative
analysis and visualization of species overlap between eDNA and traditional methods
were conducted using the VennDiagram package. Relative abundance analysis was
calculated as the percentage of each species from the total number of individuals in a
community (Li et al. 2022). Each DNA read sequence was assumed to represent one
individual and was visualized using the ggplot2 and pheatmap packages. Biodiversity
indices, including Shannon, Simpson, Pielou, Berger—Parker, and species richness across
different methods, were analyzed using the vegan package.

RESULTS

Fish biodiversity

A total of 43 fish species were detected using the eDNA approach, compared to 31
species identified through the traditional method (Fig. 2). Fifteen species were shared
between both methods, including chacunda gizzard shad (Anodontostoma chacunda),
goatee croaker (Dendrophysa russelii), fourfinger threadfin (Eleutheronema
tetradactylum), white sardine (Escualosa thoracata), deep-bodied mojarra (Gerres
erythrourus), false trevally (Lactarius lactarius), lunar-tailed puffer (Lagocephalus
lunaris), common ponyfish (Leiognathus equula), moonfish (Mene maculata), Indian
pellona (Pellona ditchela), short mackerel (Rastrelliger brachysoma), goldstripe
sardinella (Sardinella gibbosa), greater lizardfish (Saurida tumbil), spotted scat
(Scatophagus argus), and narrow-barred Spanish mackerel (Scomberomorus
commerson). These findings reveal that 48% of the species recorded by the traditional
method were also captured through eDNA analysis. Additionally, the eDNA technique
successfully detected 28 species that were not identified by conventional sampling.

The eDNA method revealed a greater number of species with higher taxonomic
diversity compared to the traditional method, as indicated by the larger variety of color
segments in each eDNA bar (Fig. 3). This suggests that eDNA captures a broader
spectrum of fish biodiversity, including species that might be rare, cryptic, or not easily
caught by fishing gear. Across all stations, eDNA consistently detected more species and
showed higher evenness in the relative abundance distribution. In contrast, traditional
sampling was dominated by a few taxa, as reflected by the larger segments representing
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certain species, indicating lower evenness and a more skewed community structure. The
variation among stations in eDNA data suggests spatial heterogeneity in fish community
composition, while the traditional method showed more uniformity, likely due to
selective gear bias.

Fig. 2. Venn plot of fish diversity based on eDNA and traditional methods
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Fig. 3. Relative abundance of fish diversity based on eDNA and traditional methods
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Some species such as chacunda gizzard shad (Anodontostoma chacunda), fourfinger
threadfin (Eleutheronema tetradactylum), and white sardine (Escualosa thoracata)
appeared consistently across both methods, indicating that they are common or dominant
species in the study area. However, several species detected through eDNA, such as
sunrise goatfish (Upeneus sulphureus), toothpony (Gazza minuta), and golden threadfin
bream (Nemipterus virgatus), were absent in the traditional catches, emphasizing the
greater sensitivity of eDNA in detecting species present in low abundance or outside the
effective range of the mini trawl fishing gear.

The heatmap illustrates the distribution and relative abundance of fish species
identified from both eDNA and traditional sampling methods across three stations in the
coastal waters of Eretan, Indramayu (Fig. 4). The color gradient from blue to red
represents increasing relative abundance, where darker blue indicates lower abundance
and warmer colors (yellow to red) indicate higher relative abundance. The eDNA method
shows a broader detection spectrum of fish species across all stations, whereas the
traditional method reveals fewer dominant species with relatively higher abundance
values. This pattern indicates that eDNA captures a wider variety of taxa, including rare
and low-abundance species, while traditional sampling tends to reflect species that are
physically caught more easily by the mini trawl fishing gear.
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Biodiversity indices

The violin plots illustrate broader data distributions for eDNA (Fig. 5), confirming
higher variability and richness in biodiversity indices, while radar charts highlight the
overall advantage of eDNA across most metrics (Shannon, Simpson, Richness) (Fig. 6).
Conversely, the traditional method shows relatively higher values only for Pielou’s
evenness and Berger—Parker indices, suggesting dominance by fewer species but with
higher individual abundance.
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Fig. 5. Violin plot of biodiversity indices
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Species richness exhibited the most pronounced difference between the two
methods. The eDNA method detected 27-39 species, while the traditional method
recorded 1628 species across stations. This pattern is consistent with the violin and radar
plots, where eDNA consistently showed broader and higher richness values.

The Shannon index ranged from 1.79-2.28 for traditional samples and 2.00-2.32
for eDNA samples. Higher Shannon values in eDNA indicate greater diversity and
evenness in the fish community detected by molecular methods. Simpson’s index values
showed similar trends between methods, ranging from 0.75-0.86, but were slightly higher
in eDNA-derived data. This pattern indicates that both methods captured communities
with moderate to high diversity; however, the eDNA method provided a more balanced
detection of species without the dominance of a few taxa, reducing bias caused by gear
selectivity.

Pielou’s evenness index values ranged from 0.61-0.71 for the traditional method
and 0.60-0.66 for eDNA. Although the difference is not substantial, the slightly lower
evenness in eDNA may reflect the inclusion of rare or low-abundance species, which
tends to reduce evenness but increase richness. This indicates that eDNA captures both
common and uncommon species, resulting in a more complete but uneven community
representation.

The Berger—Parker index ranged from 0.27-0.39, with higher values in traditional
catches, particularly at St2 (0.39), indicating stronger dominance of a few species. In
contrast, eDNA showed lower dominance (0.25-0.34), suggesting a more evenly
distributed community. This supports the view that traditional gear tends to overrepresent
dominant or larger-bodied species that are more easily captured, while eDNA detects a
more proportionate array of taxa.
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DISCUSSION

Comparasion between methods

The findings confirm that eDNA-based monitoring detects higher species diversity
than traditional mini trawl sampling in the coastal waters of Eretan, Indramayu. This
aligns with previous research by Yamamoto et al. (2017) and Boussarie et al. (2018),
indicating that eDNA can capture species that are elusive or present at low abundance.
eDNA metabarcoding has been particularly effective in detecting cryptobenthic, pelagic,
and rare fishes that are often overlooked by classical visual surveys (Boulanger et al.,
2021). The detection of 28 unique species by eDNA, including Pampus liuorum, a cryptic
species of silver pomfret (Wei et al., 2021), and small benthopelagic species such as
various ponyfishes (Leiognathidae), as well as large pelagic species such as talang
queenfish (Scomberoides commersonnianus), demonstrates the method’s superior
sensitivity for comprehensive biodiversity assessment. This finding is also consistent with
studies in other coastal regions by Stoeckle et al. (2021), which have reported similar
advantages of eDNA in capturing a broader spectrum of fish diversity compared to
conventional methods.

The traditional trawling method, although detecting fewer species overall, provided
valuable information on dominant and commercially important species such as goldstripe
sardinella (Sardinella gibbosa) and short mackerel (Rastrelliger brachysoma). The higher
Berger—Parker index values in traditional samples reflect the gear’s efficiency in
capturing abundant, school-forming species that dominate the catch. This methodological
complementarity underscores the importance of employing both approaches to obtain a
comprehensive understanding of fish community structure, as each method contributes
unique and valuable insights into different aspects of the ecosystem.

Ecological implications

Moderate evenness and relatively high dominance indicate a potential community
imbalance, possibly driven by environmental stressors. The fish community structure
revealed in this study provides important insights into the ecological status of Eretan
coastal waters. The moderate biodiversity indices and the dominance of a few species
suggest that the community may be experiencing environmental pressure, consistent with
previous findings that characterize these waters as mesotrophic and moderately polluted
due to riverine inputs from the Cimanuk and Cipunagara rivers (Rosita et al., 2025;
Zainalarifin et al., 2025). The correlation between biodiversity and water quality
parameters further underscores the importance of maintaining coastal ecological integrity
through effective pollution control and habitat protection.

The findings of Pampus liuorum, a cryptic species of silver pomfret using eDNA
method, vs P. argenteus only from traditional method using conventional visual fish
identification may show eDNA method urgency. This is because highly similar external
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morphologies between Pampus genus then may cause the species misidentification (Wei
et al., 2021). This may also show thas species stock for silver pomfret from Eretan waters
is actually for Pampus liuorum, not Pampus argenteus.

The detection of species such as lunar-tailed puffer (Lagocephalus lunaris), which
is often associated with disturbed habitats, along with the general pattern of moderate
diversity indices, highlights the need for continued monitoring and adaptive management
of these coastal ecosystems. Moreover, the presence of both estuarine-dependent species
such as fourfinger threadfin (Eleutheronema tetradactylum) and marine species such as
the narrow-barred Spanish mackerel (Scomberomorus commerson) emphasizes the
ecological importance of Eretan waters as a transitional zone linking freshwater and
marine environments.

Methodological considerations

While eDNA offers superior detection efficiency for biodiversity assessment,
several methodological considerations must be acknowledged. The success of eDNA
metabarcoding depends on various factors including DNA degradation rates, water
movement patterns, and the completeness of reference databases (Deiner et al., 2017;
Mashar et al., 2025). In this study, some taxa could only be identified to genus level
(e.g., Eubleekeria sp., Photopectoralis sp.), highlighting the need for continued
development of comprehensive DNA reference libraries for Indonesian marine fishes.

The traditional trawling method, while subject to gear selectivity bias, provides
essential biological data including size distribution, maturity stages, and biomass
estimates that are crucial for fisheries management. While eDNA metabarcoding allows
the detection of a wider range of species compared to conventional methods, it still falls
short of providing reliable abundance estimations (Yao et al., 2022). The higher evenness
values (Pielou's index) in traditional samples likely reflect the gear's tendency to
guantitatively sample dominant species while missing rare taxa. Hence, integrative
monitoring combining eDNA and capture-based approaches is recommended for robust
biodiversity assessment.

Management relevance

The findings of this study have significant implications for fisheries management
within Fisheries Management Area (WPPNRI) 712, where several key stocks, including
large pelagic and demersal fishes, have been categorized as overfished. The ability of the
eDNA method to rapidly and comprehensively assess biodiversity makes it a valuable
tool for routine stock assessment and the implementation of ecosystem-based fisheries
management. For effective management of Eretan coastal waters, an integrated
monitoring approach that combines eDNA metabarcoding with traditional surveys is
recommended.
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The use of eDNA enables rapid assessment of biodiversity patterns and facilitates
the detection of rare or endangered species, while traditional methods remain essential for
collecting biological data and validating fishery resource information (Aprilia et al.,
2025). Establishing long-term eDNA monitoring stations would further allow the tracking
of temporal changes in biodiversity and community composition. The detection of both
overfished species, such as the narrow-barred Spanish mackerel (Scomberomorus
commerson), and underutilized species, including various small pelagics, through both
methods demonstrates the potential for developing more targeted and adaptive
management strategies based on comprehensive biodiversity data. Overall, this study
underscores the potential of eDNA as a rapid, non-invasive, and cost-effective
biomonitoring tool for coastal fisheries management, particularly in data-deficient
regions such as northern Java. Routine implementation of eDNA-based surveys could
enable early detection of biodiversity loss and support timely adaptive management
interventions to ensure the sustainability of coastal fishery resources.

CONCLUSION

This study concludes that eDNA methods detected a significantly higher number of
fish species (43 species) compared to the traditional sampling (31 species) in the Eretan,
Indramayu coastal waters. Among them, 15 species were shared between both methods,
while 28 species were uniquely identified through eDNA analysis. Biodiversity indices
(Shannon, Simpson, and richness) were consistently higher in eDNA datasets, with
Shannon index values ranging from 2.00-2.32, Simpson index from 0.75-0.86, and
species richness between 27-39 species, compared to 1.79-2.28, 0.75-0.83, and 16-28
species for the traditional method. The integration of molecular and conventional
methods enhances the accuracy of biodiversity monitoring and provides a reliable
framework for coastal ecosystem management.

ACKNOWLEDGMENTS

This work was supported by the Directorate General of Research and Development,
Ministry of Education, Higher Education, Science, and Technology of Indonesia, in
accordance with the Research Program Implementation Contract for Fiscal Year 2025,
under the master’s to Doctoral Program for Outstanding Graduates (Program Magister
menuju Doktor untuk Sarjana Unggul, PMDSU) Number: 006/C3/DT.05.00/PL/2025,
dated May 28, 2025.



188
Comparative Assessment of Fish Biodiversity in the Coastal Waters of Eretan, Indramayu Using
eDNA and Traditional Methods

REFERENCES

Aprilia, M.; Effendi, H. and Permatasari, P. A. (2025). Assessment of fish eDNA in
river systems and the correlation with water quality parameters. Journal of
Experimental Biology and Agricultural Sciences, 13(3): 309-318. doi:
10.18006/2025.13(3).309.318.

Auricht, H.; Mosley, L.; Lewis, M. and Clarke K. (2022). Mapping the long-term
influence of river discharge on coastal ocean chlorophyll- a. Scales K, Ling F,
editor.[editorial]. Remote Sens. Ecol. Conserv., 8(5): 629-643. doi:
10.1002/rse2.266.

Boulanger, E.; Loiseau, N.; Valentini, A.; Amal, V.; Boissery, P.; Dejean, T.; Deter,
J.; Guellati, N.; Holon, F. and Juhel, J-B. (2021). Environmental DNA
metabarcoding reveals and unpacks a biodiversity conservation paradox in
Mediterranean marine reserves. Proc. R. Soc. B., 288: 20210112. doi:
10.1098/rspb.2021.0112.

Boussarie, G.; Bakker, J.; Wangensteen, O. S.; Mariani, S.; Bonnin, L.; Juhel, J-B.;
Kiszka, J. J.; Kulbicki, M.; Manel, S. and Robbins, W. D. (2018).
Environmental DNA illuminates the dark diversity of sharks. Sci. Adv., 4(5):
eaap9661. doi: 10.1126/sciadv.aap9661.

Callahan, B. J.; McMurdie, P. J.; Rosen, M. J.; Han, A. W.; Johnson, A. J. A. and
Holmes, S. P. (2016). DADAZ2: High-resolution sample inference from Illumina
amplicon data. Nat Methods., 13(7): 581-583. doi: 10.1038/nmeth.3869.

Curd, E. E.; Gold, Z.; Kandlikar, G. S.; Gomer, J.; Ogden, M.; O’Connell, T.;
Pipes, L.; Schweizer, T. M.; Rabichow, L. and Lin, M. (2019). Anacapa
Toolkit: An environmental DNA toolkit for processing multilocus metabarcode
datasets. Yu, D. (Ed). Methods Ecol Evol. 10(9): 1469-1475. doi: 10.1111/2041-
210X.13214.

Deiner, K.; Bik, H. M.; Michler, E.; Seymour, M.; Lacoursiére-Roussel, A.;
Altermatt, F.; Creer, S.; Bista, I.; Lodge, D. M. and De Vere, N.(2017).
Environmental DNA metabarcoding: Transforming how we survey animal and
plant ~communities.  Molecular  Ecology, 26(21): 5872-5895. doi:
10.1111/mec.14350.

He, Y.; Caporaso, J.G.; Jiang, X-T.; Sheng, H-F.; Huse, S. M.; Rideout, J. R;;
Edgar, R. C.; Kopylova, E.; Walters, W. A. and Knight, R. (2015). Stability of
operational taxonomic units: an important but neglected property for analyzing
microbial diversity. Microbiome, 3(1): 20. doi: 10.1186/s40168-015-0081-x.

Ke, S.; Cal, Z.; Zhang, P.; Zhang, J. and Zhang, J. (2023). Effects of river input flux
on spatiotemporal patterns of total nitrogen and phosphorus in the Pearl River
Estuary, China. Front. Mar. Sci., 10: 1129712. doi: 10.3389/fmars.2023.1129712.



Comparative Assessment of Fish Biodiversity in the Coastal Waters of Eretan, 189
Indramayu Using eDNA and Traditional Methods

Leray, M. and Knowlton, N. (2016). Visualizing Patterns of Marine Eukaryotic
Diversity from Metabarcoding Data Using QIIME. In: “Marine Genomics”
Bourlat, S. J. (Ed). Springer New York, New York, Vol. 1452.

Li, C.; Long, H.; Yang, S.; Yu, Z.; Tang, F.; Jin, W.; Wang, G.; Pi, Y.; Gao, L.; Ma,
L.; Zhao, M.; Zheng, H.; Gong, Y.; Liu, Y. and Jiang, K. (2022). eDNA
assessment of pelagic fish diversity, distribution, and abundance in the central
Pacific Ocean. Regional Studies in Marine Science. 56: 102661. doi:
10.1016/j.rsma.2022.102661.

Madduppa, H.; Cahyani, N. K. D.; Anggoro, A. W.; Subhan, B.; Jefri, E.; Sani, L.
M. 1.; Arafat, D.; Akbar, N. and Bengen, D. G. (2021). eDNA metabarcoding
illuminates species diversity and composition of three phyla (chordata, mollusca
and echinodermata) across Indonesian coral reefs. Biodivers Conserv., 30(11):
3087-3114. doi: 10.1007/s10531-021-02237-0.

Martin, M. (2011). Cutadapt removes adapter sequences from high-throughput
sequencing reads. EMBnet j., 17(1): 10 .doi: 10.14806/ej.17.1.200.

Mashar, A.; Iskandar, I.; Krisanti, M.; Darmarini, A. S.; Ayu, I. P.; Aprilia, M.;
Zulmi, R.; Musti’atin; Susilo, V. E.; Auliaputri, T.; Zainalarifin, J.;
Farajallah, A. and Wardiatno, Y. (2025). Comparative eDNA assessment of
aquatic biodiversity in intertidal zones using 12S rRNA, 18S rRNA, and COI
Markers. Egyptian Journal of Aquatic Biology & Fisheries, 29(1): 2837-2854.
doi: 10.21608/ejabf.2025.415217.

Miya, M.; Gotoh, R. O. and Sado, T. (2020). MiFish metabarcoding: a high-throughput
approach for simultaneous detection of multiple fish species from environmental
DNA and other samples. Fish Sci., 86(6): 939-970. doi: 10.1007/s12562-020-
01461-x.

Rosita, A.; Ervinia, A.; Effendi, H. and Zainalarifin, J. (2025). Spatiotemporal
distribution of phytoplankton and water quality to evaluate the productivity of
Eretan Waters, Indramayu, West Java. Effendi, H. and Ferse, S. (Ed). BIO Web
Conf., 188: 04007. doi: 10.1051/bioconf/202518804007.

Stoeckle, M. Y.; Adolf, J.; Charlop-Powers, Z.; Dunton, K. J.; Hinks, G. and
VanMorter, S. M. (2021). Trawl and eDNA assessment of marine fish diversity,
seasonality, and relative abundance in coastal New Jersey, USA. Bradbury, I.
(Ed). ICES Journal of Marine Science, 78(1): 293-304. doi:
10.1093/icesjms/fsaa225.

Wang, G.; Feng, X.; Zhang, J.; Huang, Z.; Bai, Y.; Song, W. and Xu, H. (2023). A
numerical study on the responses of coastal water quality to river runoff after
heavy rainfall in the case of a complex coastline with two artificial islands. Front.
Mar. Sci., 10: 1143925. doi: 10.3389/fmars.2023.1143925.

Wei, J.; Wu, R.; Xiao, Y.; Zhang, H.; Jawad, L. A.; Wang, Y.; Liu, J. and Al-
Mukhtar, M. A. (2021). Validity of Pampus liuorum Liu & Li, 2013, Revealed



190
Comparative Assessment of Fish Biodiversity in the Coastal Waters of Eretan, Indramayu Using
eDNA and Traditional Methods

by the DNA Barcoding of Pampus Fishes (Perciformes, Stromateidae). Diversity,
13(12): 618. doi: 10.3390/d13120618.

Yamamoto, S.; Masuda, R.; Sato, Y.; Sado, T.; Araki, H.; Kondoh, M.; Minamoto,
T. and Miya, M. (2017). Environmental DNA metabarcoding reveals local fish
communities in a species-rich coastal sea. Sci Rep., 7(1): 40368. doi:
10.1038/srep40368.

Yang, J.; Zhang, X.; Jin, X.; Seymour, M.; Richter, C.; Logares, R.; Khim, J. S. and
Klymus, K. (2021). Recent advances in environmental DNA-based biodiversity
assessment and conservation. Diversity and Distributions, 27(10): 1876-1879.
doi: 10.1111/ddi.13415.

Yao, M.; Zhang, S.; Lu, Q.; Chen, X.; Zhang, S-Y.; Kong, Y. and Zhao, J. (2022).
Fishing for fish environmental DNA: Ecological applications, methodological
considerations, surveying designs, and ways forward. Molecular Ecology, 31(20):
5132-5164. doi: 10.1111/mec.16659.

Zainalarifin, J.; Effendi, H.; Mashar, A. and Aprilia, M. (2025). Relationship between
parameters and pollution status in the coastal waters of Eretan, Indramayu
Regency, West Java. Effendi, H. and Ferse, S. (Ed). BIO Web Conf., 188: 04006.
doi: 10.1051/bioconf/202518804006.



