
Biota: Jurnal Ilmiah Ilmu-Ilmu Hayati, Vol. 11(2): 132-144, Juni 2026   

p-ISSN 2527-3221, e-ISSN 2527-323X, https://ojs.uajy.ac.id/index.php/biota/issue/view/584   

DOI: 10.24002/biota.v11i2.13185  

 Copyright© 2026. Al Mira, Aji Wahyu Anggoro, Rian Prasetia, 

Nenik Kholilah, Nining Nursalim, Muhammad Danie Al Malik, 
Widyastuti Widyastuti, Dyah Sulistyari, Rully Rahardian, Sapto 

Purnomo Putro, Ni Kadek Dita Cahyani 

 
This work is licensed under a Creative Commons 

Attribution-NonCommercial 4.0 International License 

 How to Cite: Mira, A., Anggoro, A. W., Prasetia, R., 

Kholilah, N., Nursalim, N., Malik, M. D. A., 

Widyastuti, W., Sulistyari, D., Rahardian, R., Putro, S, 

P., & Cahyani, N. K. D. (2026). DNA Metabarcoding 

Reveals Marine Microbiota Composition as Indicators 

of Anthropogenic Impact in Karimunjawa National 

Park. Biota: Jurnal Ilmiah Ilmu-Ilmu Hayati, 

11(2),132-144. 

 

DNA Metabarcoding Reveals Marine Microbiota Composition as Indicators 

of Anthropogenic Impact in Karimunjawa National Park 

Al Mira1, Aji Wahyu Anggoro2, Rian Prasetia3, Nenik Kholilah4, Nining Nursalim5, 

Muhammad Danie Al Malik5, Widyastuti Widyastuti6, Dyah Sulistyari6, Rully 

Rahardian1, Sapto Purnomo Putro1, Ni Kadek Dita Cahyani1,5* 

1Department of Biology, Faculty of Science and Mathematics, Diponegoro University 

Jl.Prof. Jacob Rais, Tembalang Semarang, Jawa Tengah, Indonesia 
2Indonesia Ocean Program, Yayasan Konservasi Alam Nusantara 

Graha Iskandarsyah Lantai 3, Jalan Iskandarsyah Raya No. 66C, Jakarta Selatan, Indonesia 
3Ocean and Science Division, Yayasan Konservasi Indonesia 

Gedung Graha Inti Fauzi Lt. 9, Jl. Buncit Raya No.22 Pasar Minggu, Jakarta Selatan, Indonesia 
4Departement of Marine Science, Faculty of Agriculture, Mataram University 

Jl.Majapahit No. 62, Gomong, Selaparang, Mataram, West Nusa Tenggara, Indonesia 
5Diponegoro Biodiversity Project, Diponegoro University 

Jl. Prof. Soedarto, Tembalang, Kec. Tembalang, Kota Semarang, Jawa Tengah, Indonesia 
6Balai Taman Nasional Karimunjawa (BTNKJ) 

Jl. Sinar Waluyo Raya No.248, Kedungmundu, Kec. Tembalang, Kota Semarang, Jawa Tengah, Indonesia 

Email: nkdcahyani@gmail.com  *Corresponding Author 

Abstract  

The Karimunjawa Islands in Central Java, Indonesia, are a designated marine national park 

experiencing increasing anthropogenic pressures. To address these concerns, this study investigates 

the diversity of marine microbiota in the coastal waters of the Karimunjawa Islands, utilizing DNA 

metabarcoding techniques to assess their potential as indicators of environmental change. 

Environmental DNA (eDNA) samples were collected from both high and low human-impacted site. 

Samples were analysed using Next Generation Sequencing (NGS) technology targeting the 16S gene. 

Analysis of these samples revealed a high diversity of marine microbiota, comprising 11 phyla, 11 

classes, 11 orders, and 12 families. In locations subjected to anthropogenic pressures, the microbial 

community was dominated by potentially pathogenic taxa, particularly those from the families 

Arcobacteraceae and Nitrincolaceae, which are commonly associated with degraded water quality 

and adverse conditions for aquatic life. Conversely, low human-impacted sites exhibited a 

predominance of Cyanobiaceae, a group known for its ecological roles that support a healthy aquatic 

environment. The study's findings underscore the importance of marine microbiota as a valuable 

bioindicator for monitoring environmental health in coastal areas. These results highlight the need 

for ongoing monitoring and conservation efforts to preserve the delicate balance of the marine 

ecosystems in the Karimunjawa Islands. 
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Introduction 

The Karimunjawa Islands, located in 

Jepara Regency, Central Java, are renowned for 

their rich underwater natural resources and form 

one of the region's national parks. Covering a 

total area of 111,625 hectares, the Karimunjawa 

region comprises 27 islands with a land area of 

1,507.70 hectares and a water area of 

110,117.30 hectares. This national park hosts 

various anthropogenic activities, including 

aquaculture (shrimp ponds), tourism (diving 

and snorkeling), capture fisheries, and harbours 

(Halim et al., 2022; Siagian et al., 2022). 

However, the high level of human activity poses 

mailto:nkdcahyani@gmail.com
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significant threats to the coastal areas, such as 

beach erosion, seawater intrusion, and 

environmental degradation. These impacts can 

lead to decreased water quality and a reduction 

in aquatic biodiversity  (Alwi et al., 2023; 

O’Hara et al., 2021; PÁez-Osuna, 2001). 

The Karimunjawa area is divided into 

eigh zones based on the letter of director general 

of natural resource and ecosystem conservation 

number SK48/KSDAE/RKK/KSA.0/2/2024, 

one of which is the marine cultivation zone 

designed to support the local community's 

economy through aquaculture activities. 

According to (Kadarusman et al., 2019), 

aquaculture involves the cultivation of aquatic 

organisms, encompassing hatching, breeding, 

rearing, and harvesting. However, 

anthropogenic activities in this zone pose risks, 

such as changes in the aquatic ecosystems 

characteristics, particularly concerning water 

quality and the diversity of marine microbiota. 

Research by (Iber & Kasan, 2021), revealed that 

water conditions near the aquaculture area have 

excessive nutrient content, leading to a 

distinctive aroma and color compared to other 

areas. Furthermore, high nutrient levels can 

impact the habitat and reproduction of 

organisms, ultimately resulting in decreased 

aquatic biodiversity (Rathore et al., 2016; Zhu 

et al., 2022). 

The collection of microorganisms that 

inhabit a particular environment is referred to as 

the microbiota, which includes bacteria, 

archaea, fungi, algae, and protists (Marchesi & 

Ravel, 2015). Identifying microorganisms can 

be achieved through traditional methods, 

biochemical analysis, and molecular-based 

analysis. Non-molecular identification 

techniques, such as observing morphological 

characteristics, Gram staining, and biochemical 

tests, can be time-consuming, require 

significant expertise, and depend on extensive 

reliable reference sources  (Adeyemo & 

Onilude, 2014; Morgan et al., 2009). Molecular 

identification techniques are widely favored by 

researchers due to their high accuracy, ability to 

estimate microbial phylogeny, and applicability 

to unculturable microorganisms, including 

pathogenic (Amin et al., 2023; Rolph et al., 

2001). However, these techniques are rarely 

used in Indonesia due to the need for high-

specification laboratory facilities, costly 

research expenses, and the requirement for 

specialized molecular knowledge and skills. 

Environmental DNA (eDNA) 

metabarcoding is a molecular approach that 

analyzes genetic material collected from 

environmental samples, such as water, 

sediment, and soil, using high-throughput 

sequencing (HTS) and bioinformatics to rapidly 

and accurately identify biological communities, 

including unculturable microorganisms that 

cannot be detected by conventional methods 

(Barnes & Turner, 2016; Ruppert et al., 2019; 

Gold et al., 2021; Acharya -Patel et al., 2022; 

Marwayana et al., 2022; Cahyani et al., 2024). 

eDNA metabarcoding has become an effective 

tool for biodiversity assessment, species 

identification, and biomonitoring of aquatic 

ecosystems under anthropogenic pressures 

(Gold et al., 2021; Cahyani et al., 2024; Fahma 

et al., 2024). In Karimunjawa National Park, 

previous studies have mainly evaluated 

environmental degradation through physical 

and chemical parameters, including shoreline 

changes, nutrient enrichment from shrimp 

aquaculture, water quality deterioration, and 

biodiversity loss associated with tourism, 

fisheries, and coastal development (Iber & 

Kasan, 2021; Halim et al., 2022; Siagian et al., 

2022; Alwi et al., 2023). However, the 

application of eDNA metabarcoding to 

characterize marine microbial communities as 

sensitive bioindicators of anthropogenic 

disturbance remains largely unexplored in this 

protected marine ecosystem. In particular, no 

previous study has comprehensively linked 

shifts in bacterial community composition with 

different levels of human activities while 

simultaneously assessing the occurrence of 

potential pathogenic taxa using 16S rRNA 

metabarcoding. Therefore, this study addresses 

this research gap by applying eDNA 

metabarcoding to investigate microbial 

community responses across contrasting 

anthropogenic impact gradients, providing a 

sensitive and efficient approach for long-term 

environmental monitoring and conservation 

management in Karimunjawa National Park. 

Karimunjawa provides an ideal 

sampling sites because it encompasses a 

gradient of anthropogenic disturbances, ranging 

from relatively pristine islands to coastal areas 

influenced by settlements, aquaculture, tourism, 

and harbor activities. This environmental 

heterogeneity enables direct comparisons 

between high- and low-impact sites, allowing 

the effects of human activities on microbial 
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community composition and the distribution of 

potential bioindicator taxa to be evaluated 

within the same protected marine 

ecosystem.This research aims to identify the 

diversity of marine microbiota in the coastal 

area of the Karimunjawa Islands, Jepara, to 

detect indications of environmental changes at 

two distinct locations: areas high to human-

impacted (close to residency or wastewater 

shrimp pond) and far from aquaculture activity 

areas. The goal is to introduce a new approach 

for environmental monitoring in the 

Karimunjawa Islands. 

Materials and Methods 

Field sampling and filtering 

Sampling was conducted at 

Karimunjawa National Park on June 10, 2023, 

in three-point locations (Figure 1). Two points 

represent the locations of areas high to human-

impacted (DBP012537 and DBP012538) and 

one point represents areas with the low human-

impacted (DBP011622). One liter of seawater 

was collected with a sterile sampling bottle 

from the sea surface from each sampling point. 

Water samples were then filtered using a 

vacuum pump with 0.45 µm membrane filter 

(Pall Corporation). Milipore membrane filter 

then preserved in RNA/DNA Shield™ and 

stored in -20°C. 

DNA Extraction, Library Preparation and 

Sequencing 

DNA from marine water was extracted 

using Quick-DNA™ Fecal/Soil Microbe 

MiniPrep Kit from ZymoBIOMICS™ 

following the manufacturing protocol. The 

genomic DNA were amplify using the 16S 

rRNA gene using primers 515f 5′-GTG CCC 

AGCMGCC GCG GTAA-3′ and 806r 5′-GGA 

CTA CHVGGG TWT CTAAT-3′ which target 

the V4 region (Caporaso et al., 2011) to assess 

microbial diversity. Library preparation for 16S 

rRNA amplicons followed a single indexing 

approach. Sequencing was conducted with the 

Next Sequencing Generation (NGS) technology 

and MGI Tech platform. 

 

 

 

Figure 1. Map of sampling location in the Coastal Area of Karimunjawa Island, Jepara District, Central Java, 

Indonesia. The red dot represents the areas high to human-impacted in Karimunjawa Islands, and yellow dot is 

Genting Island that represents the areas of low human-impacted as comparison site.
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Analysis Data 

Forward and reverse fastq data were 

preprocessed, merged, quality filtered, and 

analyzed using QIIME2 version 2019.1.0. (The 

Quantitative Insights into Microbial Ecology 2 

program, https://qiime2.org/). The Divisive 

Amplicon Denoising Algorithm 2 (DADA2) 

software, wrapped in QIIME2, were used to 

filter, trim, de-noise, and merge the data, 

removing chimeric sequences using the 

consensus method (Callahan et al., 2016). To 

assign taxonomy to the resulting ASVs 

(amplicon sequence variants), we trained a 

feature classifier in QIIME2 against the SILVA 

SSU non-redundant database (132 release) 

(https://github.com/qiime2/q2-feature-

classifier/), employing a default confidence 

threshold of 0.7. To limit results to microbes, 

we filtered out all mitochondrial and chloroplast 

sequences from the resulting feature table. To 

summarize the taxonomic composition of each 

sample, we used phyloseq (McMurdie & 

Holmes, 2013) in R Studio (R development core 

team). The rarefaction curves were created with 

the Ranacapa package using the grade 

command (Kandlikar et al., 2018). Stacked bar 

plots summarizing taxonomic composition and 

sequence abundance were generated using 

ggplot2 (Wickham, 2009) in R Studio (R 

development core team). 

Result dan Discussion 

Microbial Diversity 

A total of 40,161 reads and 629 ASVs 

were obtained from this study. We then only 

retrieved the Kingdom bacteria and archaea and 

exclude the Order Chloroplast and Family 

Mitochondria. The data then rarefied to get the 

equal number of reads to 9,615 with total 548 

ASVs. The rarefied plot shows that the curves 

for all the samples have reach a plateau, 

indicating that the study provide enough 

sequencing depth to take account of most of the 

amplified taxa (Figure 2). 

 

 

 
 

Figure 2. Rarefaction curve of species richness indicating the sequence depth. Three sampling points are 

DBP011622: Genting Island as low human-impacted areas, DBP012537 and DBP012538: Karimunjawa Island as 

areas high to human-impacted  
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Marine microbiota plays a crucial role 

in maintaining the stability of aquatic 

ecosystems, serving as both the primary 

producers of oxygen and nutrients and as 

indicators of environmental change. Then, the 

microbiome has a significant role in symbiont 

with other organisms that underpin the health of 

Earth’s most threatened marine ecosystems 

(Wilkins et al., 2019). Shifts in microbial 

composition can signal ecological disturbances, 

prompting necessary mitigation efforts to 

preserve these vital organisms. Additionally, 

marine microbes hold significant potential in 

the biotechnology sector. They can function as 

bioagents to reduce pollutants in contaminated 

environments and produce bioactive 

compounds for use in pharmaceuticals, 

cosmetics, and bioenergy production (Khan & 

Malik, 2021; Michán et al., 2021). 

At the phylum level, a slightly different 

composition can be seen between locations that 

high to human-impacted (close to residency or 

wastewater shrimp pond) and the low human-

impacted site. Several phyla found in both 

locations with read abundance of more than 5% 

include Actinobacteriota, Bacteroidota, 

Cyanobacteria, Proteobacteria (Figure 3A). The 

marine microbiota identified in the three 

samples, at class level (Figure 3B), included 

Acidimicrobiia, Alphaproteobacteria, 

Bacteroidia, Cyanobacteriia, and 

Gammaproteobacteria. Alphaprotebacteria and 

Gammaproteobacteria. 

Proteobacteria dominate marine sites due to 

their cosmopolitan nature and metabolic 

versatility, which includes driving the sulfur 

cycle for climate regulation and performing 

environmental remediation by efficiently 

degrading organic matter (Giovannoni & 

Stingl, 2005; Moran et al., 2022). Within this 

group, Alphaproteobacteria provide essential 

community nutrients through 

dimethylsulfoniopropionate (DMSP) 

degradation (Moran et al., 2022; Curson et al., 

2017), while Gammaproteobacteria, 

particularly members of the SAR86 clade, 

flourish as abundant heterotrophs in the marine 

photic zone (Dupont et al., 2012; Giovannoni & 

Stingl, 2005). Additionally, Cyanobacteria are 

highly prevalent as primary producers that 

sustain aquatic food webs by contributing 

substantially to global oxygen production and 

driving marine carbon and nitrogen 

cycling (Flombaum et al., 2013; Scanlan et al., 

2009). 

In the coastal waters of the 

Karimunjawa Islands, marine microbiota 

exhibits high diversity, encompassing 2 

kingdoms, 11 phyla, 11 classes, 11 orders, and 

12 families. Proteobacteria are classified as 

cosmopolitan organisms that live in both 

terrestrial and aquatic environments and are 

involved in the sulfur cycle (Dong et al., 2020). 

Alphaprotebacteria and Gammaproteobacteria 

belong to the phylum Proteobacteria (Kersters 

et al., 2006).The existence of 

Alphaproteobacteria is commonly found in 

marine waters, has an important role in the 

sulfur cycle which contributes to climate 

regulation, is involved in the degradation of 

DMSP (dimethyl-sulfonio-propionate) which 

plays a role in providing the main nutrients for 

marine microbiota, and contributes to 

environmental remediation, namely being able 

to degrade organic matter (Huang et al., 2011; 

Namirimu et al., 2022; Williams et al., 2019). 

Microbial Indicator of Anthropogenic 

Impact 

Taxa that are only found in locations 

near to human-impacted are the phyla 

Campilobacterota, Desulfobacterota, and 

Firmicutes. Several orders of the same 

microbiota were found in the low human-

impacted site, namely Campylobacterales 

(32.9%), Chitinophagales (8.3%), 

Oceanospirillales (14.43%), and 

Rhodobacterales (13.39%) (Figure 3C). The 

Campylobacterales order consists of the 

Arcobacteraceae family which has a total 

relative abundance of 31.27%. The 

Chitinophagales order consists of the 

Saprospiraceae family. The family belonging to 

the order Oceanospirillales is Nitrincolaceae 

(7.02%). The Rhodobacterales order consists of 

the Rhodobacteraceae family with a total 

relative abundance of 13.39%. Arcobacteraceae 

belonging to the order Camyplobacterales 

(class Campilobacteria, phylum 

Campylobacterota) are Gram-negative bacteria 

that are widespread in aquatic ecosystems and 

are well known as pathogenic bacteria 

(Uljanovas et al., 2023). Based on research 

conducted by (Collado et al., 2008) which 

proves that the presence of Arcobacteraceae in 

marine waters is caused by the entry of 
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freshwater waste contaminated with human or 

animal feces. 

Meanwhile, in samples located of low 

human-impacted, 4 taxa were found from the 

phylum Marinimicrobia, Planctomycetota, 

SAR324, and Thermoplasmatota. At the family 

level (Figure 3D) there are microbiota that were 

only identified in sample DBP011622, namely 

SAR86_clade (7.19%), SAR16_clade (8.74%) 

and Marine_Clade_I (7.55%). SAR86 is known 

as a heterotrophic bacterium belonging to the 

Gammaproteobacteria class with its abundant 

presence in the marine photic zone (Dupont et 

al., 2012). Marine Group II (MGII) belongs to 

the Archaea class Thermoplasmata which is 

commonly found in the photic zone of oxygen-

rich marine waters (Qu et al., 2024). 

The results of the diversity index 

calculation show index values ranging from 4.5 

to 4.76, indicating that diversity at each research 

location is relatively high. According to (Gaines 

et al., 1999), the value of the Shannon index 

ranges from 1.5 to 3.5, and does not rule out the 

possibility of reaching 4.5. In the three samples, 

the dominance index value was classified as 

low, as evidenced by the dominance index value 

in samples that high to human-impacted areas 

being 0.03, while sample from low human-

impacted site activity had an index value of 

0.02, indicating that there were no dominant 

taxa at the research location. The Pielou 

evenness index describes how evenly 

distributed individuals are among species in a 

community. Calculation of the evenness index 

for the sample shows a value of 0.67 to 0.71 

which is included in moderate evenness, thus 

illustrating that the number of individuals is 

evenly distributed among the species at each 

research location.  

 
 

Figure 3. Taxonomy bar plot showing the relative abundance of microbial communities in each sample of: (A) 

Phylum, (B) Class, (C) Order, and (D) Family level 
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In areas impacted by human activities, 

certain taxa, such as those from the 

Arcobacteraceae and Nitrincolaceae families, 

are pathogenic, yet they also contribute to 

environmental bioremediation by degrading 

various pollutants, including complex organic 

matter and chemical waste, as seen with 

Rhodobacteraceae and Saprospiraceae. The 

presence of Arcobacteraceae and 

Nitrincolaceae in the coastal waters of 

Karimunjawa is directly linked to 

anthropogenic activities, as these families were 

found exclusively in impact sites near 

residential areas and aquaculture wastewater 

(Collado & Figueras, 2011; Orel et al., 2022; 

Pérez-Cataluña et al., 2018). These microbial 

groups serve as critical indicators of human-

induced disturbance, with Arcobacteraceae 

signaling fecal contamination and both families 

containing pathogenic taxa that pose severe 

risks to public health and marine ecosystem 

stability (Collado & Figueras, 2011; Pérez-

Cataluña et al., 2018; Zhang et al., 2020). In 

contrast, taxa in areas far from aquaculture 

activity tend to have beneficial ecological roles, 

like those of the Cyanobiaceae, which support 

aquatic biogeochemical cycles, reduce carbon 

dioxide levels, provide essential nutrients and 

oxygen for other organisms, and produce 

bioactive compounds applicable in diverse 

biotechnological fields. 

Arcobacteraceae are bacteria typically 

introduced into marine environments through 

freshwater waste streams contaminated with 

human or animal feces from residential areas. 

These bacteria are pathogenic, causing human 

illnesses such as diarrhea, abdominal pain, 

nausea, vomiting, fever, bacteremia, and 

peritonitis (Venâncio et al., 2022). 

Additionally, Arcobacteraceae contribute to the 

denitrification process in aquatic environments 

(Isokpehi et al., 2024). The Nitrincolaceae 

family inhabits marine waters and requires 

sodium ions for survival. These bacteria are 

particularly active during phytoplankton 

blooms, where they degrade complex organic 

matter, thus playing a crucial role in nutrient 

cycling within marine ecosystems. While they 

are beneficial in degrading pollutants like oil 

spills, the genus Balneatrix, a member of 

Nitrincolaceae, is a potential pathogen that can 

cause meningitis and pneumonia in humans 

(Satomi & Fujii, 2014). 

Saprospiraceae, predominantly found 

in aquaculture areas, are not free-living but tend 

to attach to marine sediments and associate with 

eukaryotic organisms. Research by 

(Hernández-Zulueta et al., 2024) has confirmed 

their presence in sponges, marine algae, and 

diseased sea urchins. Saprospiraceae contribute 

to the degradation of complex organic matter in 

wastewater, making them potential agents for 

controlling Cyanobacteria blooms and serving 

as an alternative ingredient in aspartame 

production (McIlroy & Nielsen, 2014; Shan et 

al., 2024). Recent studies have also highlighted 

the ecological of Saprospiraceae in nitrogen 

transformation processes, particularly in 

aquaculture environments. Their interactions 

with other microbial communities contribute to 

the regulation of nitrogen compounds, which is 

essential for maintaining balanced aquatic 

ecosystems (Shan et al., 2024). 

Rhodobacteraceae, originating from 

marine environments and requiring sodium ions 

for growth, are notable for producing secondary 

metabolites, degrading various pollutants (such 

as sulfur and methane), and participating in 

biogeochemical cycle (Bischoff et al., 2020; 

Pujalte et al., 2014; Zada et al., 2021). The 

adaptability of Rhodobacteraceae to changing 

environmental conditions, particularly in 

estuarine ecosystems, where they exhibit 

dynamic shifts in abundance and metabolic 

activity in response to variations in temperature, 

salinity, and nutrient availability (Ahmed & 

Campbell, 2025). Furthermore, research has 

shown that a significant portion of active 

Rhodobacteraceae in marine sediments belongs 

to uncultured genera, suggesting a hidden 

diversity with potentially novel ecological 

functions (Pohlner et al., 2019). Their ability to 

thrive under varying redox conditions further 

emphasizes their role in maintaining 

environmental balance and supporting marine 

biodiversity. 

Cyanobiaceae are the most abundant 

bacteria found in pristine marine environments, 

particularly on the ocean surface, and are 

renowned for being the largest producers of 

oxygen in the atmosphere. These bacteria offer 

significant potential, including the production 

of biofuels, degradation of organic matter and 

oil spills, absorption of CO2, and serving as a 

vital nutrient source for other organisms (Singh 

et al., 2016; Zahra et al., 2020). However, 

according to the Cyanobiaceae family can also 
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cause diseases in humans and coral species. 

Then, this family could also cause harmful 

blooms. The harmful blooms from this family 

can negatively impact the environment, 

organisms, and human health by displacing 

beneficial phytoplankton, reducing oxygen 

levels when the blooms decay, and releasing 

various toxic secondary metabolites, including 

cyanotoxins (Paerl & Otten, 2013). 

The presence of Arcobacteraceae in the 

human-impacted areas indicates degraded water 

quality, which is generally unfavorable for the 

survival of aquatic life. Arcobacteraceae are 

often associated with fecal contamination and 

are known to include pathogenic species that 

can affect both marine organisms and humans. 

The dominance of Arcobacteraceae may reflect 

the introduction of nutrient-rich waste and 

reduced environmental quality. In contrast, the 

presence of Cyanobiaceae in the low human-

impacted areas suggests good water quality, 

supporting the overall health of aquatic 

ecosystems. This Cyanobiaceae is known for its 

primary production, oxygen generation, and 

contribution to carbon and nitrogen cycling, all 

of which are critical to sustaining marine 

biodiversity. Their abundance in pristine waters 

aligns with their ecological role as indicators of 

healthy, balanced environments. 

This research underscores the vital role 

of continuous monitoring in safeguarding water 

quality for both humans and ecosystems. The 

presence of harmful bacteria in marine waters 

not only threatens the delicate balance of coral 

reef ecosystems (Fifer et al., 2022; Terzin et al., 

2024) but also poses significant risks to human 

health, particularly in communities dependent 

on these waters for livelihood and recreation 

(Fleisher et al., 2010; Oh et al., 2023; Stewart 

et al., 2008). As marine biodiversity faces 

increasing environmental pressures, the need 

for efficient and rapid assessment methods 

becomes ever more crucial. One promising 

solution is the use of environmental DNA 

(eDNA), a cutting-edge technique that enables 

the detection of microbial and aquatic species 

by analyzing genetic material present in water 

samples (Chang et al., 2025; Liu et al., 2024).  

By capturing traces of DNA shed by 

organisms, this method allows researchers to 

identify potential threats, such as pathogenic 

bacteria or shifts in microbial communities, 

before they escalate into larger ecological 

problems. Looking ahead, the integration of 

eDNA-based monitoring could serve as a 

reliable tool for assessing and maintaining 

water quality in Karimunjawa National Park. Its 

ability to provide real-time insights into 

ecosystem health makes it an invaluable 

resource for conservation efforts, ensuring the 

long-term sustainability of marine biodiversity. 

Conclusion 

In the coastal area of the Karimunjawa 

Islands, a diverse marine microbiota was 

identified, comprising 2 kingdoms, 11 phyla, 11 

classes, 11 orders, and 12 families. In high to 

human-impacted areas, most taxa are 

potentially pathogenic, whereas in the low 

human-impacted site, the majority of taxa have 

varied ecological roles that are beneficial to the 

aquatic environment. The presence of marine 

microbiota from the families Arcobacteraceae 

(phylum Campilobacterota) and Nitrincolaceae 

(phylum Proteobacteria) at human-impacted 

areas, particularly near human settlements or 

wastewater shrimp pond, suggests degraded 

water quality caused by anthropogenic 

disturbance that is unfavorable for the survival 

of aquatic life. In contrast, the presence of 

Cyanobiaceae (phylum Cyanobacteria) in areas 

of low human-impacted indicates good water 

quality, supporting a healthy aquatic ecosystem. 

These findings demonstrate the potential of 

marine microbiota as sensitive indicators of 

anthropogenic disturbance in coastal 

ecosystems. Further studies incorporating 

seasonal sampling and functional analysis of 

microbiota are recommended to support long-

term conservation strategies in marine protected 

areas. 
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