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Abstract. Cengklik and Mulur reservoirs are two important inland water bodies
in Surakarta regency, serving as water sources and habitats for diverse fish
communities. Understanding the structure and composition of the fish
communities is vital for biodiversity monitoring and resource management. This
study aims to evaluate the performance of eDNA metabarcoding by comparing
current eDNA fish community data with traditional catch inventory records in
previous years. Water samples were collected using a 1 L sterilized bottle sampler
at a depth of 0.5 m. The water samples were filtered with a 0.45 pm mixed
cellulose ester filter paper, and the collected DNA was then extracted utilizing
the DNA miniprep kit. Amplification of the 12S rRNA gene was carried out with
the Mifish universal primer. Amplicon DNA was subsequently sequenced
employing Illumina MiSeq 2x250. The research indicated that the DNA
metabarcoding detected 13 fish species in Cengklik and 21 in Mulur. Both
reservoirs exhibited a medium diversity index and a high dominance index.
Moonlight gourami (7richopodus microlepis) was identified as the dominant
species in Cengklik, whereas Java barb (Barbonymus gonionotus) dominated the
fish community in Mulur. Compared to traditional methods, eDNA
metabarcoding identified more species in Cengklik (7 species) but slightly fewer
in Mulur (23 species). Although differences in sampling periods may affect
species presence due to temporal ecological shifts, this comparison demonstrates
the potential and limitations of eDNA metabarcoding as an effective tool for fish
biodiversity monitoring, provided that reference databases are comprehensive
and sampling protocols are optimized.
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1 Introduction

Fish are the dominant vertebrates in aquatic habitats, occupying various trophic levels
in the food web. They play a crucial role in maintaining ecosystem function and stabil-
ity [1, 2]. Aside from their ecological importance, fish hold significant economic and
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nutritional value as a major human food source. Therefore, evaluating both biological
and ecosystem aspects is vital for environmental studies and biodiversity conservation
[3]. One notable type of artificial aquatic habitat is the reservoir, which serves multiple
functions: it acts as a water reserve, a site for fish farming, and a location for recreation
[4, 5]. In the Solo Regency area, there are several reservoirs, including the Cengklik
Reservoir in Boyolali Regency, which covers approximately 327 hectares. Pura
Mangkunegara with Dutch colonial government built this reservoir in 1926 for irriga-
tion purposes but has since developed additional social and economic functions [6-8].
Another important reservoir is Mulur Reservoir, located in Mulur Village, Sukoharjo
Regency, with an area of about 120 hectares. Originally built during the colonial period,
it now serves as a historic conservation area and a tourism destination[9].

Research on fish species diversity has been conducted previously at Cengklik Res-
ervoir [10] and Mulur Reservoir [11]. Previously conducted fish diversity data collec-
tion involved traditional techniques. Traditional techniques generally involve morpho-
logical identification [12], netting, trapping, and electrocution [13]. These techniques
are invasive to the biological community and contradict biodiversity conservation. In
addition, morphology-based identification cannot be done by just anyone because it
requires special skills, reducing the potential for data collection errors [14].

One solution to these challenges is molecular-based data collection, particularly
through the use of environmental DNA (eDNA) metabarcoding [15]. eDNA represents
genetic material either mitochondrial or nuclear DNA that organisms release into their
environment. This genetic material can be obtained from various sources, including
cells shed from tissues such as skin and feces, as well as body fluids like urine, mucus,
eggs, and sperm, and even from decomposing carcasses [16].

There are a lot of benefits using eDNA metabarcoding in comparison with traditional
catch method. more environmentally friendly, making possible to sampling in challeng-
ing sites with minimal effort, higher identification capabilities, and data analysis that
can directly produce species identification through an integrated database without re-
quiring taxonomic work [17]. The drawbacks from this method that eDNA sampling
must be carried out carefully to obtain representative results, regarding the potential of
DNA sample degradation. In addition, the potential for contaminants such as proteins,
phenols, or cross-contamination, alongside bias caused by the use of inappropriate PCR
primers [18].

In mitochondrial, there are part of 12S rRNA gene that effectively used for gene
marker [19]. MiFish primers are one of the best universal fish primers between other
various primer for 12S rRNA gene. This primer demonstrates superior performenace
compared to other types of primers [20]. MiFish primer were specifically designed to
target a hypervariable region of mitochondrial 12S rRNA gene, located between two
high conserved regions. Also, these primers are supported by a specialized database of
fish mitochondrial DNA known as MitoFish [21].

This study aims to (1) assess the fish community in Cengklik and Mulur Reservoirs
through eDNA metabarcoding, (2) compare the efficiency of eDNA in contrast to his-
torical traditional catch data under challenging circumstances, and (3) evaluate the prac-
tical challenges and potential of eDNA for routine monitoring of Indonesian.
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2 Materials and Methods

2.1  Water Sampling

Water sampling in Cengklik and Mulur Reservoirs was conducted from littoral zone at
a depth of 0.5 meters using a sterilized 1-liter bottle sampler [22]. Sampling was carried
out on October 30, 2024. A total of two samples were taken from each reservoir
(Cengklik: 7°30'21"S 110°43'44"E and 7°30'11"S 110°43'19"E, Mulur: 7°41'45"S
110°52'41"E and 7.41'26"S 110.52'50"E). Environmental DNA (eDNA) was isolated
from 1 liter of water for each replicate using a 0.45 pm mixed cellulose ester filter paper
and a Nalgene rapid flow device with peristaltic pump [23]. The filter paper containing
eDNA was stored in a 1.8 mL cryotube with 1.5 mL of Longmire buffer as a
preservative solution [24].

2.2 eDNA Extraction

The filter paper containing eDNA was cut into smaller pieces to enhance the release of
eDNA. The extraction of eDNA was conducted with the ZymoBIOMICS™ DNA Min-
iprep Kit (Zymo Research, USA), following the protocol guidelines provided by the
manufacturer. The eDNA extraction was checked by gel electrophoresis in 1% agarose
[25] at 85 volts for 45 minutes.

2.3 12S rRNA Gene Amplification and Sequencing

Samples amplified in two replicates per reservoirs. The primers used for amplification
included an added Illumina overhang, designated as Mi-Fish. The forward primer, U-
F, has the sequence 5’-
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGTCGGTAAAACTCGTGC
CAGC-3’, while the reverse primer, Mi-Fish  U-R, is 5°-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCATAGTGGGGTATCTA
ATCCCAGTTTG-3’. A 50 puL PCR reaction mixture, consisted of 25 pLL of 2x MyTaq
HS Redmix PCR master mix (Bioline, UK), 2 uL of 10 uM for each forward and reverse
primer, 19 puL of nuclease-free water, and 2 L of eDNA as the template. The polymer-
ase chain reaction (PCR) was conducted with the following settings: Initial denaturation
was performed at 95°C for 3 minutes. This was followed by 35 cycles, each consisting
of denaturation at 98°C (20 s), annealing at 62°C (30 s), and elongation at 72°C (20 s).
After completing 35 cycles, a final elongation step was performed at 72°C for 10
minutes [26]. The expected PCR product size was 300-400 bp, which was verified by
gel electrophoresis on a 1% of agarose gel at 85 volts for 45 minutes. The PCR product
was cleaned up using a gel extraction kit from Fermentas. Subsequently, the purified
PCR product was sent to Macrogen in Singapore for sequencing using the Illumina
MiSeq 2x250 platform.
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2.4  Bioinformatics Analysis

First, the raw data from the NGS platform was uploaded to the MiFish Pipeline. The
data was paired between the forward and reverse reads, and then the MiFish Pipeline
(version 4.09) was executed on the filtered reads with a length setting of 229 bp and a
similarity percentage of over 97%. Low quality sequence (Phred score <10) are
trimmed by DynamicTirm.pl. OTUs with a read length within +25 bp of the filter limit
(229 bp) and with less than 97% similarity were discarded to avoid potential
misidentification. BLASTn search was conducted against MitoFish database to identify
fish spesies with cutoff values of identity 97% and e-value 10321, 27, 28]. The average
reads from each replicate were calculated using Excel. Alpha diversity was analysed
using the PASTS application with the averaged reads from the Cengklik and Mulur
Reservoirs. Finally, a Venn diagram was created to compare the species identified
through environmental DNA (eDNA) with those identified using traditional methods,
based on secondary data, utilizing InteractiVenn [29].

3 Result and Discussion

3.1 eDNA Fish Diversity

Monitoring aquatic animals, including fish, is crucial as their diversity acts as an
indicator of water quality [30] Molecular-based approaches, such as environmental
DNA (eDNA) analysis, offer a modern alternative to traditional methods, which tend
to be invasive, time-consuming, and costly [31]. sampling was conducted in the littoral
zone at a depth of 0.5 meters to comparison with traditional fish catch data. This ap-
proach allows for assessing whether eDNA metabarcoding from littoral zone samples
can provide comparable or even superior results. If proven effective, this method can
serve as a model for monitoring fish diversity in other freshwater systems, including
those that are hard to access.

Based on the eDNA metabarcoding method using MiFish Pipeline, a total of 24 fish
species from both reservoirs were identified. The quality filtering process of MiFish
pipeline obtained 286,649 reads in Cengklik Reservoir and 161,366 reads in Mulur
Reservoir. The fish diversity observed in Cengklik Reservoir comprised 13 species
from 8 families. The most predominant fish species was Trichopodus microlepis,
accounting for 24.19% of the total catch, followed closely by Oreochromis sp. IL1 at
24.09% and Gambusia affinis at 10.44%. In contrast, Mulur Reservoir exhibited a
greater diversity with 21 species from 11 families. The dominant species in Mulur
Reservoir was Barbonymus gonionotus, which comprised 42.73% of the catch,
followed by Labiobarbus sp. CBM-ZF-11750 at 20.03% and Osteochilus sp. CBM-ZF-
12420 at 13.88% (Fig. 1).

These two reservoirs displayed distinct compositions of fish diversity. In Cengklik
Reservoir, fish from the Cichlidae family were the most abundant and had the greatest
types of species. Conversely, in Mulur Reservoir, the Cyprinidae family had the most
species. This is closely related to habitat. Cichildae family, especially tilapia fish are
invasive fish that can survive in extreme conditions, causing their population to become
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dominant and suppress the populations of other fish [32]. Meanwhile, Barbonymus
gonionotus from the Cyprinidae family usually lives in supportive environmental
conditions such as food availability and ideal and healthy abiotic conditions [33]. This
also shows that the aquatic environment of the Mulur reservoir is more stable. However,
it should be noted that in this study, relative species abundance is based on the total
number of reads, and is therefore referred to as relative read abundance (RRA). Often,
to strengthen the RRA data obtained, it is necessary to combine it with other
information such as historical catch records.
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Fig. 1. Relative read abundance (RRA) of fish in Cengklik and Mulur reservoirs

Four fish species can only be identified up to the genus level: Labiobarbus sp. CBM-
ZF-11750, Oreochromis sp. IL1, Oreochromis sp. TW2, and Osteochilus sp. CBM-ZF-
12420. This identification is based on the percentage of similarity obtained from
BLASTN matches on GenBank during the MiFish pipeline process. Species with a sim-
ilarity percentage between 97% and 98% are classified at the genus level, while those
with a percentage greater than 99% are classified at the species level [34].

The Shannon-Wiener index indicates that the fish diversity at Cengklik Reservoir is
2.09, while Mulur Reservoir has a value of 1.87. Both reservoirs are categorized as
having a medium diversity index. In contrast, Simpson's index shows high dominance
for both locations, with values of 0.85 for Cengklik and 0.75 for Mulur. The diversity
of fish in an area is considered high when there is a wide variety of species and no
single species dominates excessively. Generally, a community will consist of many
species, but only a few will be dominant [35].
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3.2  Comparison of eDNA metabarcoding with traditional methods

The effectiveness of using eDNA metabarcoding as a data collection and monitoring
method has been demonstrated in the detection of various fish species, including both
freshwater [36] and marine species [37]. These studies indicate that the eDNA method
has superior detection capabilities compared to traditional techniques. In the previous
studies with the traditional method, a total of 7 fish species from 6 families were found
in Cengklik Reservoir [10], while Mulur Reservoir yielded 23 species from 12 families
[11]. A detailed comparison of fish species detected through metabarcoding from this
research versus traditional eDNA methods can be seen in Table 1.

Table 1. Comparison of fish species in Cengklik and Mulur Reservoirs by eDNA and Tradi-
tional methods

eDNA Traditional
Cengklik  Mulur  Cengklik  Mulur

Family Species name

Anabantidae Anabas cobojius
Channidae Channa striata

Channa micropeltes
Osphronemi- Trichopodus microlepis
dae

v v
v

NENENEY
N NN

Trichopsis vittata
Osphronemus gouramy NG
Cichlidae Oreochromis sp. IL1
Oreochromis sp. TW2
Oreochromis sp. 'red tilapia'

NENENEY
RN

Amphilophus amarillo
Oreochromis niloticus
Oreochromis mossambicus

&
SNENEN
NENEN

Cyprinidae Barbonymus gonionotus

NN

Systomus orphoides
Labiobarbus sp. CBM-ZF-
11750

Osteochilus ~ sp. CBM-ZF-
12420

Labiobarbus lineatus
Barbonymus schwanefeldii
Puntius cf. brevis CBM ZF
15213

Barbodes balleroides

N NN

Barbodes collingwoodi
Hampala macrolepidota

NENENEY

Cyprinus carpio
Danionidae Rasbora argyrotaenia v
Rasbora caudimaculata
Aplocheilidae  Aplocheilus panchax v
Poeciliidae Gambusia affinis v N4 N4

&
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Poecilia reticulata N4

Xiphophorus helleri v
Eleotridae Oxyeleotris marmorata N4 N4 N4 N4
Notopteridae Notopterus notopterus v
Clariidae Clarias batrachus N4 N4 N4

Clarias gariepinus v
Loricariidae Pterygoplichthys disjunctivus v

Pterygoplichthys pardalis v
Pangasiidae Pangasius hypophthalmus v v

Pangasius djambal v
Chraracidae Colossoma macropomum v
Bagridae Mystus nigriceps v

In Cengklik Reservoir, the eDNA method can detect a greater diversity of fish species,
identifying six additional species compared to traditional methods. However, in Mulur
Reservoir, the eDNA method yielded contrasting results, detecting two fewer species
than those found using conventional sampling techniques. In Cengklik Reservoir, both
methods identified three fish species. Additionally, the eDNA method revealed ten spe-
cies absent from results obtained with traditional methods, while four species were
identified solely through conventional sampling. In Mulur Reservoir, a total of seven
species were identified by both methods, with fourteen species detected only through
the eDNA method, and sixteen species identified exclusively by traditional methods
(see Fig. 2).

eDNA Traditional eDNA Traditional
(13) ] @n 23)

(A) (B)

Fig. 2. Venn diagrams illustrating the shared fish species detected by the two methods eDNA
metabarcoding and traditional catch methods in (A) Cengklik Reservoir and (B) Mulur Reservoir.
The overlapping area represents the fish species detected by both methods, while the non-over-
lapping areas show species unique to each method.

The large number of identified species is related to the sampling effort, which
impacts the results obtained. Sampling in this study was conducted with two replicates
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in the littoral zone on the edge of the reservoir. In contrast, a previous study [11],
involved sampling at four locations, including one in the middle of the reservoir, an
area utilized for aquaculture activities, which resulted in the identification of more fish
species. Similar findings were reported in another previous study [38], a case where
eDNA revealed a lower number of species compared to traditional methods. However,
it also revealed some fish species that were not detected by traditional techniques. Not-
withstanding this, the outcomes from eDNA metabarcoding may be considered favor-
able because with only two replicates closely matching the outcomes by traditional
methods, which involved a greater sampling effort.

A manual search of the MitoFish database was conducted to identify any undetected
fish species. However, the following species were not found: Barbodes balleroides,
Pangasius djambal, Colossoma macropomum, and Mystus nigriceps. This suggests that
the fish database may be incomplete, particularly regarding these four species, which
could explain why they were not detected using the eDNA method. One limitation of
eDNA metabarcoding is that its results are heavily influenced by the completeness of
the database. Thus, the accuracy of target detection and the potential for
misidentification are significantly affected by any gaps in the database [39]. Moreover,
the considerable time gap between this study and earlier research using traditional
methods could have contributed to the differences in the results. Changes in the reser-
voirs because ecological shift, such as sediment accumulation and their utilization for
aquaculture, may also have played a role to changes fish populations in these environ-
ments [9, 10, 40]. These habitat changes have led to changes in fish community
composition, including the effects of aquaculture, which causes eutrophic conditions
due to feed waste, potentially leading to algal blooms [41] and ecosystem disruption
promotes the dominance of adaptable species, whereas those unable to tolerate the eco-
logical shifting may experience population decline or local extinction.

There are advantages offered by using eDNA metabarcoding detection method, as it
can identify fish species that are hard to capture using traditional methods. These results
provide an overview of eDNA metabarcoding capabilities to detect unique species in
both reservoirs. However, optimization of sampling effort is still needed to achive
broader species coverage such as more replications and sampling with different depth
for each replication. Furthermore, Indonesia still necessary to expanding the freshwater
fish database so that the data presented will be more accurate in the future.
Notwithstanding, this study offers a comprehensive review of the use of eDNA
metabarcoding as a more ecofriendly method of data collection and monitoring of fish
diversity.

4 Conclusion

This study highlights that eDNA metabarcoding is a powerful yet imperfect tool for
assessing fish diversity in Cengklik and Mulur Reservoirs. A total of 13 species were
identified in Cengklik Reservoir, while 21 species were found in Mulur Reservoir. Both
sites exhibited a medium diversity index and a high dominance index. Although the
results differ from previous conventional data, eDNA was still capable of identifying
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species that were not recorded by traditional methods. However, its limitations mainly
arise from incomplete reference databases and limited sampling replication. Therefore,
optimizing sampling protocols and enhancing reference databases are essential for im-
proving the accuracy of eDNA as an efficient and environmentally friendly biological
monitoring method for set as a standard and reliable approach for freshwater biodiver-
sity monitoring in Indonesia, particularly in challenging or hard to access site.
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