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Abstract: The emergence of environmental DNA (eDNA) represents a recent 

methodological breakthrough for evaluating the presence of aquatic vertebrate 

species. This approach offers a relatively simple method with significant 

implications for conservation biology. Our study aim was to augment our 

understanding of marine fish biodiversity in Sulawesi waters. We employed 

eDNA metabarcoding to investigate fish biodiversity within Sulawesi waters, 

specifically focusing on the Makassar Strait, Bone Bay, and Flores Sea. The 

eDNA was extracted from 4-liter water samples obtained from the surface 

(0-1m depth) and the water column (15 m depth) at five distinct sites across the 

study area. Methodological reliability was evaluated using a primer set 

(MiFish-U) to estimate fish diversity in Sulawesi waters. Analysis of nine 

water samples collected from Sulawesi waters revealed the presence of  

36 marine fish taxa identified to the species level, representing 18 families 

across 13 orders. The majority of these taxa were associated with reef habitats, 

indicating the prevalence of coral reef ecosystems in the region. Among the 

surveyed regions, Bone Bay exhibited the highest species richness with  

27 taxa, followed by the Makassar Strait with 14 taxa and the Flores Sea with 

12 taxa. This investigation facilitated the estimation of fish diversity utilizing 

eDNA metabarcoding, thereby furnishing valuable baseline data.  
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Introduction  

Understanding the geographical range of a species is 

fundamental for comprehending ecological patterns and 

assessing extinction risk, thus playing a crucial role in 

population-level conservation efforts (Begon and 

Townsend, 2021). However, obtaining precise 

distribution estimates is often challenging due to complex 

microhabitat structures and vegetation, particularly in 

aquatic environments. Environmental DNA (eDNA) has 

become a valuable tool in recent years for mapping the 

geographic distributions of aquatic vertebrate species 

(Ficetola et al., 2008; Goldberg et al., 2011; Jerde et al., 

2011; Minamoto et al., 2012; Valentini et al., 2009). The 

capability to identify short DNA fragments from water 

samples enhances survey accuracy while reducing 

costs, thereby facilitating the detection of both rare and 

invasive species (Valentini et al., 2009).  

Indonesia, boasting over 17,000 islands, holds the 

esteemed title of the world's largest archipelagic nation. 

Situated within the tropical belt, it encompasses a diverse 

array of ecosystems and landscapes, ranging from deep 

seas to lowland and mountainous forests and even snowy 

peaks. Teeming with life, Indonesia is a haven for an 

astounding variety of living things, boasting nearly 17% 

of the world's richness of species. From 270 distinct kinds 

of mammals to 386 feathered creatures, 328 reptilian forms, 

204 amphibious wonders, and a staggering 280 species of 

fish, Indonesia thrives as a hotspot for biodiversity. 

Additionally, it encompasses 10% of all flowering plants, 

12% of mammals, 25% of reptiles, and vast unexplored 

reservoirs of microbial and genetic resources (Cleary and 

DeVantier, 2011). Furthermore, many living organisms 

exhibit endemism within specific regions of Indonesia 

(Hakim, 2017). 
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Situated at the heart of the global marine biodiversity 

triangle, Indonesia boasts some of the most diverse 

marine environments worldwide. The Wallace line 

demarcates distinct patterns of faunal diversity, 

morphology, and distribution. Sulawesi waters, including 

the Makassar Strait, Bone Bay, and Flores Sea, lie within 

the coral triangle, characterized by high biodiversity, and 

the Wallacea region, known for its high level of endemism 

(Ambo-Rappe and Moore, 2019). However, despite its 

ecological significance, Research investigating the 

efficiency of environmental DNA (eDNA) for identifying 

and quantifying marine fish species in this area is lacking. 

Research indicates that eDNA metabarcoding 

surpasses traditional fish sampling methods in its 

effectiveness for studying fish distribution and diversity 

(Fujii et al., 2019; Sard et al., 2019). Moreover, it offers 

the advantage of surveying a larger number of locations 

in less time compared to conventional approaches, thus 

facilitating broader geographical coverage. Additionally, 

eDNA methods are non-invasive and obviate the need for 

euthanizing organisms (Kume et al., 2021). Detecting fish 

eDNA in water is indicative of the fish species present in 

that water body (Thomsen et al., 2012). While the 

relationship between fish presence and their DNA signal 

in water may change depending on location and time, 

eDNA offers promise for monitoring fish populations 

across different situations (Jerde et al., 2019). Research 

exploring the diversity of freshwater and marine fish in 

different settings has presented convincing proof 

endorsing eDNA metabarcoding as a strong method for 

monitoring aquatic ecosystems, aiding in their 

conservation and management (Andruszkiewicz et al., 

2017; Cilleros et al., 2019; Evans et al., 2016; Shaw et al., 

2016; Stat et al., 2019; Valentini et al., 2016). 

The primary aim of our research was to augment our 

understanding of marine fish biodiversity in Sulawesi 

waters. We initiated this endeavor by conducting eDNA 

metabarcoding analysis on water samples collected from 

three distinct regions within Sulawesi waters, utilizing the 

MiFish-U primer set. Subsequently, we scrutinized the 

Operational Taxonomic Units (OTUs) generated through 

the MiFish-U pipeline to assess their efficacy in 

identifying marine fish species present in Sulawesi 

waters. Finally, leveraging the eDNA metabarcoding 

results, we computed diversity indices, including Shannon 

and Simpson species richness, to evaluate fish biodiversity 

across the designated areas within Sulawesi waters. 

Materials and Methods 

Study Sites 

This research was carried out in three regions within 

Sulawesi waters (Makassar Strait, Flores Sea, and Bone 

Bay). We determined five representative sampling sites: 

Two each in the Makassar Strait and Bone Bay and one in 

the Flores Sea. The Makassar strait sampling sites were in 

Barru and Pangkep waters, the Flores Sea sampling site 

was in Bantaeng waters and the Bone Bay sampling sites 

were in Sinjai and Bone waters (Fig. 1). 

eDNA Sampling 

At designated stations, 4-liter water samples were 

gathered for eDNA metabarcoding. Samples were taken 

near the surface (0-1 mD) and at a depth of 15 m at each 

of the five stations, totaling 10 samples. Each 4-liter 

sample was placed in a fresh sterile polypropylene/HDPE 

container, properly labeled, and then cautiously placed in 

a coolbox due to the sensitivity of eDNA samples. 

Afterward, the samples were frozen at -20°C until eDNA 

extraction was performed.
 

 
 

Fig. 1: Map showing the eDNA sample collection sites (red dots) in Sulawesi waters
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DNA Extraction 

Each 4 L water sample underwent filtration using 47 mm 
diameter filter paper. Employing a multi-filter technique, 

we aimed to trap and retain the DNA present in each water 

sample, replacing the filters after filtering approximately 
2 L, thus resulting in two filters per sample. DNA 

extraction from each filter was performed following the 
CTAB method as detailed before. About 3 mL of CTAB 

buffer was poured onto each filter paper and the mixture 

was left to incubate in a water bath at 60°C for 3 h, with 
intermittent vortexing every half-hour. Phase separation 

was achieved by introducing 1 mL of chloroform, 
followed by vortexing for 30 sec and subsequent 

centrifugation at 12,000 rpm for 15 min. The resulting 
aqueous layer was carefully transferred to a fresh sterile 

tube and an equal volume of cold ethanol was added to 

precipitate the DNA, forming DNA pellets through 
centrifugation for 15 min. After two washes with 70% 

ethanol, the DNA pellet was dissolved in sterile Molecular 
Biology class water (Sigma Aldrich, USA) and stored at-

20°C. The quality of DNA extracted from each station was 

evaluated using agarose gel electrophoresis and 
spectrophotometry (Thermo scientific™ NanoDrop™ one 

microvolume UV-Vis spectrophotometer) for preparing the 
DNA for sequencing. 

Preparing Libraries and Conducting Next-

Generation Sequencing 

Library preparation involved two stages of PCR. Both 

the PCR products from the first and second stages were 

purified using AMPure XP beads before proceeding to 

the subsequent step. The first PCR was employed to 

amplify the target region of 12S rRNA mitochondrial 

DNA (mtDNA), a molecular marker recognized for its 

utility in identifying fish and other marine vertebrates 

(Suarez-Bregua et al., 2022), using the MiFish-U primer 

set (Miya et al., 2015). Each PCR reaction consisted of 

12 Kapa HotStart HiFi 2× ReadyMix DNA polymerase, 

1 μL of each 10 nM primer (F and R), 8 μL of dd H2O, 

and 2 μL of DNA template. The DNA amplification PCR 

protocol involved: (1) Initial denaturation of the template 

DNA at 95°C for 5 min; 35 cycles of (2) Denaturation at 

98°C for 30 sec, (3) Annealing at 65°C for 30 sec, (4) 

Primary extension at 72°C for 30 sec and (5) Final extension 

at 72°C for 5 min. Contamination was assessed using the 

96 universal peqStAR PCR machine with negative controls 

(blank template). PCR product integrity was assessed via 

electrophoresis on a 2% agarose gel (100 mL TAE buffer and 

2 g agarose). Each agarose well was loaded with a 3 μL 

aliquot of PCR product and a 100 bp DNA ladder. 

Electrophoresis was conducted at 50 volts for 60 min and the 

outcomes were observed using UV fluorescence in an alpha 

imager mini gel documentation system. 

PCR products that successfully passed the 
electrophoresis quality assessment underwent a secondary 
PCR step for indexing purposes. Library markers, such as 
the IDT double index and Illumina sequencing adapters 
for Illumina-Nextera DNA unique dual index, set B, were 
introduced to the target amplicons during this second PCR 
phase. Each reaction comprised 12.5 μL of 2× ReadyMix 
and 2 μL of PCR product. The PCR cycle involved an 
initial denaturation at 95°C for 3 min, followed by 9 cycles 
of denaturation at 95°C for 30 sec, annealing at 55°C for 
30 sec, extension at 72°C for 30 sec, and a final extension 
at 72°C for 5 min. The purified indexed amplicon libraries 
were subsequently subjected to sequencing using an 
Illumina iSeq100 platform. 

Bioinformatics and Data Analysis 

We processed the raw sequence data output from the 
iSeq platform to generate FASTQ files, followed by 
data preprocessing using the fastp software developed 
by Chen et al. (2018). Upon applying error correction to 
the overlapping region between the paired-end reads, 
we assembled the paired-end dataset using FLASH 

1.2.11, an assembly tool introduced by Magoč and 
Salzberg (2011). Sequences shorter than 100 base pairs 
or longer than 200 base pairs were filtered out from the 
assembled dataset. Subsequently, we classified the 
resulting sequences into taxonomic units with the tools of 
the CD-HIT with a similarity threshold of ≥97%, 

employing the mean relationship algorithm in search 
(Li et al., 2012). To assign representative OTU sequences 
to reference taxa, BLASTn analysis (version 2.9.0) was 
conducted to identify the closest matches in terms of 
sequence similarity (Zhang et al., 2000). To focus 
specifically on the eukaryotic community, bacterial OTUs 

were removed. 

To quantify marine fish biodiversity based on the 

eDNA OTU dataset generated by the bioinformatics 

pipeline, we utilized assigned OTU taxa and their relative 

abundance (number of reads per OTU). Biodiversity 

indices, including Shannon and Simpson species richness, 

were estimated using primer-E version 5. The fish OTU 

datasets were consolidated and processed to create a 

pairwise distance matrix employing bray-Curtis 

dissimilarity. This facilitated the comparison of fish 

community composition across distinct regions. Non-

Metric Multidimensional Scaling (NDMS) was employed 

to visually illustrate the dissimilarity between samples, 

while Analysis of Similarity (ANOSIM) was utilized to 

assess whether statistically significant differences in 

species composition existed among the different regions. 

Results 

eDNA Metabarcoding 

The metabarcoding process produced sequence data 
from 9 of the 10 samples collected at the five sites in three 
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Sulawesi water bodies. We obtained 10,165 valid reads 
(Table 1) from the MiFish-U eDNA metabarcoding 
pipeline (Miya et al., 2015). These reads were assigned to 
36 species-level marine fish OTUs with 98.22-100% 

identity with reference sequences.  

The species assigned encompassed 36 genera from 

18 families and 13 orders. The identity and relative 

abundance of species detected from surface water (0-1 m) and 

water column (15 mD) samples varied between sites (Fig. 1). 

For both sites in Bone Bay, more marine fish species 

were assigned from surface eDNA samples (0-1 mD) 

than from water column (15 mD) samples. Only the 

water column sample provided valid data for the Flores 

Sea, while all Makassar Strait samples had similar and 

relatively low numbers of species (Fig. 1). At the 

family level, the Pomacanthidae had the highest 

percentage of reads at all sites, while 9 families 

(Acanthuridae, Ambassidae, Apogonidae, Belonidae, 

Engraulidae, Gobiidae, Mugilidae, Sciaenidae and 

Zenarchopteridea) had very few reads, each accounting 

for 2.8% of the total (Figs. 2-4). 

Overall, at the family level, the Pomacanthidae family 

appeared to be dominant (13.9%), followed by the 

Leiognathidae and Mullidae (11.1%) and the Balistidae 

and Dorosomatidae (8.3%). However, there were 

variations in the proportions of species within these 

families between areas. In Bone Bay (Bone and Sinjai 

sites), the Caesionidae accounted for 7.4%, while in the 

Makassar Strait (Barru and Pangkep sites) the 

Zenarchopteridae accounted for 7.1%, and in the Flores 

Sea, the Ambassidae accounted for 8.3% of reads. Based 

on reads obtained from eDNA metabarcoding, the most 

abundant orders varied with depth and between sampling 

sites (Fig. 5). Clupeiformes was the most abundant fish 

order in surface water (0-1 mD) while Perciformes was 

the most abundant fish order in the water column (15 mD). 

In Bone Bay and the Flores Sea, Perciformes was the most 

abundant order, while Clupeiformes was the most 

abundant order in the Makassar Strait. 

Species Assemblages and Composition as Revealed 

by the eDNA Dataset 

The marine fish species composition varied 

substantially between locations (Fig. 6). The yellowtail 

fusilier Caesio cuning was a dominant species in Bone 

Bay (Bone and Sinjai sites), while the spoon-fin garfish 

Zenarchopterus dispar was dominant in the Makassar 

Strait (Pangkep and Barru sites) and Ambassis urotaenia 

was the dominant species in the Flores Sea (Bantaeng 

site). The highest number of reads was Zenarchopterus 

dispar accounting for 1432 and species and 

Grammatorcynus bilineatus (found at the Bantaeng site) 

had the least (14 reads). A phylogenetic tree at species and 

family level was constructed from the eDNA OTU 

sequences (Fig. 7). 

The nMDS plot based on species assemblages in the 

eDNA OTU dataset showed significant between-site 

differences as well as segregation between the sea areas 

(Fig. 8). ANOSIM SIMPER results indicate that Bone Bay 

and Flores Sea are quite similar in terms of fish species 

composition, with a dissimilarity percentage of 52.09%.  

This result is likely linked to the high abundance of 

Caesio cuning in Bone Bay and the Flores Sea. 

Conversely, species composition differed significantly 

between the Makassar Strait and Bone Bay, with a 

dissimilarity percentage of 87.56%. The three species 

contributing most to the differences between these sea 

areas were Caesio cuning, Encrasicholina punctifer, and 

Grammatorcynus bilineautus.
 

 
 
Fig. 2: Proportion of marine fish OTU reads assigned to each species-level taxon by the MiFish eDNA metabarcoding pipeline by site 

and depth. Site codes: BN = Bone, SJ = Sinjai (Bone Bay), BR = Barru, PK = Pangkep (Makassar Strait), BT = Bantaeng  
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Table 1: List of marine fish species identified through the eDNA metabarcoding method, along with the corresponding count of reads and their relative proportions 

    Identity Total Read proportion  

Order Family Species Distribution (%) reads (%) 

Acanthuriformes Acanthuridae Ctenochaetus striatus Indo-pacific 100.00 15 0.1 

Acanthuriformes Leiognathidae Deveximentum indicium Western pacific 100.00 312 3.1 

Acanthuriformes Leiognathidae Nuchequula gerreoides Indo-west pacific 98.82.00 55 0.5 

Acanthuriformes Leiognathidae Photopectoralis aureus Western PACIFIC 98.84.00 53 0.5 

Acanthuriformes Leiognathidae Photopectoralis bindus Indo-west pacific 100.00 145 1.4 

Acanthuriformes Sciaenidae Johnius belangerii Indo-west pacific 100.00 13 0.1 

Beloniformes Belonidae Tylosurus melanotus Indo-pasific 100.00 401 3.9 

Beloniformes Zenarchopteridae Zenarchopterus dispar Indo-pacific 100.00 1751 17.2 

Carangiformes Carangidae Carangoides hedlandensis Indo-west Pacific 98.82-99.41 397 3.9 

Carangiformes Carangidae  Selar crumenophthalmus Pasific and Atlantic 99.41.00 30 0.3 

Clupeiformes Dorosomatidae Amblygaster sirm Indo-west pacific 100.00 280 2.8 

Clupeiformes Dorosomatidae Sardinella gibbosa Indo-west pacific 100.00 168 1.7 

Clupeiformes Engraulidae Encrasicholina punctifer Indo-PACIFIC 98.22-100 1306 12.8 

Clupeiformes Dorosomatidae Sardinella jussieu Western Indian ocean 100.00 605 6.0 

Gobiiformes Gobiidae Cryptocentrus melanopus Western PACIFIC 100.00 30 0.3 

Kurtiformes Apogonidae Jaydia striatodes Indo-west pacific 98.25.00 234 2.3 

Labriformes Labridae Halichoeres argus Indo-west pacific 100.00 48 0.5 

Labriformes Labridae Thalassoma amblycephalum Indo-Pacific 100.00 91 0.9 

Mugiliformes Mugilidae Planiliza subviridis Indo-pacific 100.00 81 0.8 

Ovalentaria Ambassidae Ambassis urotaenia Indo-pasific 98.21-99.4 164 1.6 

incertae sedis 

Ovalentaria Pomacentridae Stegastes lacrymatus Indo-pacific 100.00 31 0.3 

incertae sedis 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

    Identity Total Read proportion 

Order Family Species Distribution (%) reads (%) 

Perciformes Caesionidae Caesio caerulaurea Indo-west pacific 100.00 35 0.3 

Perciformes Caesionidae Caesio cuning Indo-west pacific 99.41-100 2019 19.9 

Perciformes Pomacanthidae Neopomacentrus anabatoides Western central pacific 98.81.00 85 0.8 

Perciformes Pomacanthidae Pomacentrus alexanderae Western pacific 100.00 120 1.2 

Perciformes Pomacanthidae Pomacentrus moluccensis Western pacific 100.00 165 1.6 

Perciformes Pomacanthidae Centropyge eibli Eastern Indian ocean 100.00 76 0.7 

Scombriformes Scombridae Grammatorcynus bilineatus Indian and pasific 100.00 462 4.5 

Scombriformes Scombridae Auxis thazard Atlantic, mediterranean, 100.00 24 0.2 

   Indian and pacific 

Syngnathiformes Mullidae Parupeneus heptacanthus Indo-West pacific 100.00 221 2.2 

Syngnathiformes Mullidae Upeneus sulphureus Indo-West pacific 100.00 139 1.4 

Syngnathiformes Mullidae Upeneus tragula Eastern Indian ocean 100.00 33 0.3 

   to western pacific 

Syngnathiformes Mullidae Upeneus vittatus Indo-pacific 98.25.00 120 1.2 

Tetraodontiformes Balistidae Odonus niger Indo-pacific 100.00 76 0.7 

Tetraodontiformes Balistidae Pseudobalistes flavimarginatus Indo-pacific 97.08-100 230 2.3 

Tetraodontiformes Balistidae Sufflamen sp. Western Indian Ocean 100.00 150 1.5

 

 
 
Fig. 3: The ratio of each fish family within the aggregated reads from eDNA samples gathered at the five research locations across 

three Sulawesi marine areas 
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Fig. 4: Proportion of marine fish OTU reads assigned to each family-level taxon by the MiFish eDNA metabarcoding pipeline by site 

and depth. Site codes: BN = Bone, SJ = Sinjai (Bone Bay), BR = Barru, PK = Pangkep (Makassar Strait), BT = Bantaeng 

(Flores Sea). Final code letter: A = surface waters (0-1 m depth); B = water column (15 m depth) 
 

 
 
Fig. 5: Proportion of marine fish OTU reads assigned to each order-level taxon by the MiFish eDNA metabarcoding pipeline by site 

and depth. Site codes: BN = Bone, SJ = Sinjai (Bone Bay), BR = Barru, PK = Pangkep (Makassar Strait), BT = Bantaeng 

(Flores Sea). Final code letter: A = surface waters (0-1 m depth); B = water column (15 m depth) 

 

 
 
Fig. 6: Marine fish assigned OTU read abundance and site/depth cluster analysis. Site codes: BN = Bone Waters, SJ = Sinjai Waters (Bone 

Bay), BR = Barru Waters, PK = Pangkep Waters (Makassar Strait), BT = Bantaeng Waters (Flores Sea). Final code letter: A = 

surface waters (0-1 m depth); B = water column (15 m depth) 
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Fig. 7: Neighbor-joining phylogenetic tree based on OTU sequences produced through eDNA metabarcoding from 5 sites in Sulawesi waters 
 
Table 2: Shannon Index (H’) based on eDNA metabarcoding data from five locations within Sulawesi waters 

 Bone bay Makassar strait 

 ------------------------------ ----------------------------------- Flores sea 

Source of sample Bone  Sinjai  Barru  Pangkep  Bantaeng  Average 

Surface 0.978 0.981 0.535 0.286 No data 0.556 

Water column 0.000 0.878 0.310 0.492 1.009 0.538 

 

 
 
Fig. 8: An nMDS plot illustrates the dissimilarities in fish 

community composition among sites and sea areas based 

on the eDNA OTU dataset 
 

Fish Biodiversity in Sulawesi Waters Based on 

eDNA Metabarcoding 

The fish community biodiversity in the three Sulawesi 
waters (Makassar Strait, Bone Bay, and Flores Sea) 

examined in this study was different for each area, with 
variations in the identity and proportions of species within 
higher-level taxonomic groups between areas. The highest 

number of species was recorded in Bone Bay (27 
species), followed by Makassar Strait (14 species) 
and Flores Sea (12 species). Three species were 
found in all three Sulawesi water areas, namely: 
Encrasicholina punctifer, Grammatorcynus 

bilineatus, and Sardinella jussieu .  

The Shannon index (H’) varied between sites and 

depths (Table 2). Bantaeng site (Flores Sea) had the 

highest Shannon index with 1.009 from the 15 m water 

column sample, followed by the Bone Bay (Sinjai and 

Bone) surface water samples with values approaching 

one, while the highest value in the Makassar strait was 

from the Barru surface site with just over 0.5. Species 

richness (Table 3) also varied between sites and depths. 

Species richness was highest in the Sinjai 15 m water 

column sample (0.973). For both indices, the lowest value 

(0.000) was from the Bone 15 m depth water column 

sample, where just one species (Caesio cuning) was 

detected. The average values across the five sites were 

slightly lower at the 15 m depth, despite the highest site-

level values also occurring at this depth. 

Fish assemblages_eDNA

Bone Bay

Makassar Strait

Flores Sea

Stress: 0,01
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Table 3: Simpson Species richness Index (SI) calculated using eDNA metabarcoding in five locations within Sulawesi waters 

 Bone bay Makassar strait 

 ------------------------------ ---------------------------------- Flores sea 

Source of sample Bone  Sinjai  Barru  Pangkep  Bantaeng  Average 

Surface 0.813 0.834 0.889 0.599 No data 0.627 

Water column 0.000 0.973 0.443 0.633 0.935 0.597 

 

Discussion 

Molecular identification is a valuable tool for precise 

species recognition and enjoys widespread usage, although 

it can have limitations stemming from incomplete 

databases (Teletchea, 2009). At present, metabarcoding 

stands as a highly effective method for gauging the species 

present in a habitat, bypassing the necessity for costly and 

time-intensive surveys (Foote et al., 2012; Piggott, 2016; 

Rees et al., 2014; Roussel et al., 2015). Difficulties endure 

in implementing metabarcoding, encompassing worries 

regarding its vulnerability to contamination from non-

target DNA, biases linked with the primers utilized, 

sequencing irregularities, possible misidentification of 

species, and sampling biases (Sato et al., 2017). 

Additionally, this method necessitates adequate 

equipment support and the processing of bioinformatic 

data. The benefits of eDNA metabarcoding are enhanced 

when combined with other approaches, especially when 

the majority of the species-level OTUs identified exhibit 

similarity values falling within the range of 95-100%, 

with a substantial portion sharing 100 or 99% identity with 

GenBank voucher sequences (Andriyono et al., 2019). 

The Perciformes was the most speciose order based on 

the eDNA metabarcoding identification process (Table 1). 

Within this order, the Pomacanthidae family is commonly 

found among reef fish in Indonesia, as are other fish 

families associated with coral reefs identified in this study 

including the Acanthuridae, Gobiidae, Carangidae, and 

Scombridae (Wiadnya et al., 2023). We also detected 

economically valuable fish from the order Clupeiformes, 

as four distinct OTUs within the Clupeidae family were 

assigned to species level: Sardinella Jussieu, Sardinella 

gibbose, Amblygaster sirm, and Encrasicholina punctifer. 

When it comes to identifying species, our study 

revealed a comparatively limited number of fish species 

(36) compared to a previous investigation conducted by 

Andriyono et al. (2019), which identified 53 marine fish 

species (with a sequence identity of 99-100%). These 

36 species we found belong to 18 families, which is fewer 

than the 27 families documented in the study by 

Andriyono et al. (2019). The discrepancies in the tallies 

of identified fish species and families can be attributed to 

various factors, including the utilization of different 

genetic markers, variances in the geographical regions 

under scrutiny, and the array of species present at our 

research sites. It's worth noting that prior studies typically 

utilized water sample volumes of less than 1 L, whereas 

this study employed 4 L. For instance, Thomsen et al. 

(2012) collected 500 mL water samples during each 

sampling occasion, while Yamamoto et al. (2017); 

Andruszkiewicz et al. (2017) used 1L water samples. In 

our initial experiment, we demonstrated that collecting a 

4 L water sample was sufficient for consistently achieving 

successful PCR amplification. This suggests that akin to 

other tropical environments, it may be essential to collect 

relatively larger water samples to ensure the success of 

high-throughput sequencing. Enhancing the detection 

capacity of eDNA metabarcoding at a specific location relies 

on the quantity of DNA present in a sample (Schultz and 

Lance, 2015). Generally, the greater the volume of water 

sampled, the more species can be identified (Miya et al., 

2016). Replicates as well as total volume, may also be a 

factor, as the collection of 31 L replicate samples yielded 

different and additional taxa from each sample in an 

eDNA study in the Banggai Islands, Central Sulawesi 

(Moore et al., 2021). 

The relatively low number of species identified is 

likely due to the incomplete DNA barcoding dataset for 

local fish species within the GenBank online database, a 

concern noted by several other studies (Madduppa et al., 

2021; Marwayana et al., 2022; Moore et al., 2021). We 

anticipate that the eDNA technique holds the potential to 

reveal a greater number of documented fish species than 

currently feasible, given the limitations of the existing 

database. This issue can be better addressed with the 

establishment of a more comprehensive DNA barcoding 

database for local marine organisms. Nonetheless, the 

DNA sequences obtained from the eDNA samples in this 

study are valuable as they provide baseline data collected 

in the present timeframe. With the anticipation of 

additional DNA barcoding sequences being generated 

for local marine species in the future, we may be able 

to clarify the identities of previously uncertain or 

unidentified species that have been the subject of study 

thus far. The fluctuation in environmental conditions 

across seasons can also be expected to affect eDNA 

concentration. This is because the behavior of species, 

water stratification, temperature, and exposure to 

ultraviolet radiation undergo changes (Pilliod et al., 

2014; Zhu, 2006). 

The efficacy of eDNA metabarcoding has been 

successfully demonstrated and supported in studies 
involving various aquatic organisms that are challenging 
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to collect, such as endangered species (Ikeda et al., 2016; 
Laramie et al., 2015; Thomsen et al., 2012), as well as 
those that are endemic (Jerde et al., 2011) or invasive 
(Dejean et al., 2012; Takahara et al., 2013). Moreover, 

eDNA offers the capability to provide an overview of 
biodiversity in a region, facilitating periodic assessments and 
comparisons with diversity in other areas (Thomsen et al., 
2012). Notably, this approach is environmentally friendly, 
reduces survey expenses that can be substantial due to the 
need for extensive equipment, and is, in other words, 

highly cost-effective (Smart et al., 2016). Additional 
research employing eDNA metabarcoding may also 
have relevance in acquiring data beyond biodiversity, 
including the quantitative assessment of fish species 
(Alam et al., 2020). 

To conduct a quantitative investigation, it is essential 

to establish standardized techniques for collecting and 

pre-treating samples meant for NGS sequencing analysis. 

One of the key strengths of eDNA metabarcoding in 

biodiversity assessment lies in its capacity to generate 

substantial amounts of information compared to 

traditional surveys, as extensive datasets are valuable for 

statistical analyses. However, research teams from diverse 

countries have amassed substantial data volumes 

employing different methods for water collection, eDNA 

preparation techniques, sequencing protocols, and 

bioinformatic analysis platforms. 

In this study, we found that most identified marine 

fishes were reef fish which belong to several families 

namely: Pomacanthidae, Acanthuridae, Gobiidae, 

Carangidae, and Scombridae. In this study, the use of the 

eDNA approach demonstrates the efficiency of molecular 

methods in biodiversity research. This technique allows 

for the relatively rapid collection of data on species 

diversity in the Sulawesi waters region. A study 

conducted in the southern region of Java Island reported 

reef fish group composition similar to our findings 

obtained through eDNA metabarcoding in Sulawesi 

waters. In Prigi Bay, Trenggalek, nine marine fish 

families were identified: Serranidae, Caesionidae, 

Acanthuridae, Lutjanidae, Mullidae, Nemipteridae, 

Scaridae, Haemulidae and Carangidae (Wibowo and 

Adrim, 2014). Additionally, it was noted that 

Chaetodontidae fish serve as bioindicators for coral reefs' 

health (Reese, 1981). In our study, we detected this 

particular group of fish using the eDNA metabarcoding 

method, suggesting that coral reefs prevail as the 

dominant ecosystem in this region. Moreover, the 

phylogenetic trees and species-based site clusters can 

assist in identifying sites that best represent the study area 

for representative surveys (Bessey et al., 2020; Sato et al., 

2017; Sigsgaard et al., 2020). 

One limitation of our current eDNA metabarcoding 

investigation is the uncertainty regarding the native or 

potentially invasive status of several common fish 

species. In recent times, there have been advancements in 

eDNA techniques that enhance detection precision for 

evaluating intraspecific genetic diversity (Tsuji et al., 

2020; Uchii et al., 2016). Consequently, these approaches 

may prove valuable for appraising native invasive fish 

populations and their impact on native biodiversity. 

Conclusion 

The eDNA metabarcoding technique, utilizing the 

MiFish-U primer, facilitated the effective detection of 

tropical marine fish species in the waters surrounding 

Sulawesi. This eDNA approach offers enhanced insights 

into the fish species present in three areas within Sulawesi 

waters. Our study found 36 fish species from 13 orders 

and 18 families, with the majority falling within the 

categories of economically valuable fisheries resources, 

many of which are reef-dwelling fish. The eDNA 

metabarcoding method is poised to play a foundational 

role in providing the necessary data for understanding the 

diversity of marine fish in Sulawesi waters, 

complementing traditional survey and monitoring 

techniques. However, addressing the discrepancies and 

gaps in eDNA results will necessitate further 

investigation, potentially involving alternative sampling 

methods and considering water circulation in and out of 

Sulawesi waters, as well as efforts to enhance the reference 

sequence databases. Research focusing on seasonal 

variations in fish community structures through eDNA 

metabarcoding could enrich our understanding of the 

relationship between these communities and anthropogenic 

factors. Expanding the use of eDNA metabarcoding, 

increasing sampling frequency and site coverage, enables 

comprehensive analysis of eDNA from entire water 

bodies. This reveals patterns for specific species and 

groups, including their occurrence frequencies on a 

monthly, yearly, and location-specific basis. 
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