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Abstract. Kuncoro |, Zamani NP, Subhan B, Cahyani NKD. 2023. eDNA assessment of scleractinian diversity and distribution in
Lemukutan Island, Indonesia. Biodiversitas 24: 4185-4191. Coral reefs are one of the most degraded and endangered tropical marine
ecosystems. The study of biodiversity and its distribution is significant for biomonitoring. Lemukutan is an island that has a coral reef
ecosystem with high biodiversity in Bengkayang District, West Kalimantan, Indonesia. This study aims to examine the biodiversity of
coral species on Lemukutan Island using the Environmental DNA (eDNA) approach to survey scleractinian diversity across Lemukutan
Island. Surface seawater samples were taken from five sites. eDNA sample extracted from the filter paper used for filtration Polymerase
Chain Reaction (PCR) amplification was performed with Internal Transcribed Spacer (ITS2) primers, and Next Generation Sequencing
was used to examine the results. The result found 2,413 Amplicon Sequence Variance (ASVs) and 275,000 reads from seawater samples
from 5 sites. 87 ASVs from the eukaryotic group (146,378 reads) and 1,926 ASVs from unidentified taxa (128,622 reads) were
identified. The highest phylum of eukaryotic taxa obtained was Phylum Cnidaria, with 332 ASVs (72% of the total eukaryotic ASVs)
and 77,428 reads (85% of the total eukaryotic reads). There are 43 species of eukaryotes, including the Cnidaria group-based eDNA.
The results show 14 species of scleractinian and different species compositions from each sampling location. In conclusion, the eDNA
method has sensitive results in detecting 14 scleractinian species composition without destroying habitats and organisms. Knowledge
regarding species diversity and distribution of taxa with eDNA assessment can be used as a reference in monitoring coral reef

ecosystems on Lemukutan Island, Indonesia.
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INTRODUCTION

The biodiversity of the planet is experiencing a decline
in all types of ecosystems (McGill et al. 2015; Visconti et
al. 2016; Ceballos et al. 2017). At present, the global count
of species remains uncertain. Within marine environments,
biodiversity is diminishing as a result of climate events,
water pollution, acidification, soil pollution, overfishing,
resource extraction, and the intrusion of marine species
(Jackson et al. 2001; Halpern et al. 2008; Richards & Day
2018). The coral reef ecosystem is identified as one of the
marine ecosystems that contribute to the decline in
biodiversity. Global records indicate a decrease in the
biodiversity of coral reef ecosystems (Dugal et al. 2022).
Changes in coral reef ecosystems can be caused by
anthropogenic (Benkwitt et al. 2020). One-third of reef-
forming corals, particularly the order Scleractinia, are
categorized as high-risk on the International Union for
Conservation of Nature's (IUCN) red list (Carpenter et al.
2008). Scleractinian corals have a good role in shallow
marine ecosystems, which can help protect against coastal
erosion (Harrison et al. 2019) and provide a source of food
for marine biota (Bright et al. 2015; Welsh et al. 2015).

Indonesia is located within the coral triangle area in
Southeast Asia and is well known for having high marine
biodiversity. Several countries belong to this region,

including Malaysia, Timor Leste, the Philippines, Papua
New Guinea, and the Solomon Islands. This area has more
than 500 species of coral, including Scleractinian (Veron
2009; Marwayana et al. 2022), and is designated as the
most biologically diverse marine ecosystem in the world
(Roberts et al. 2002; Veron 2009). Indonesian waters
hosted 10% of the world's, including 574 coral species
(Veron 2009), 13 seagrass species (Burke et al. 2002), and
six species of turtles (Ario et al. 2016). More than 370
million people in the Coral Triangle region rely on the
region's ecosystems and services, with 120 million
benefiting from coastal and offshore fisheries and marine
tourism (Foale et al. 2013). Due to coral reefs' high socio-
economic and ecological impacts, several requirements for
monitoring biodiversity exist. The effectiveness of
monitoring coral reefs begins with the availability of data
on the distribution and biodiversity or species richness of
coral reefs (Deiner et al. 2017).

Information related to species distribution is essential
for designing an area for conservation, especially for
MPAs. Therefore, this study examines marine biodiversity,
especially in coral reef ecosystems, and the distribution of
scleractinian corals found on Lemukutan Island.
Lemukutan Island has a high ecological value due to the
existence of coral reefs, coral fish, and seaweed, and it has
the potential for reef fish resources. The coral reef
community is one of the determining factors for the
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sustainability of existing benthic communities. The
environmental DNA (eDNA) metabarcoding method is a
rapidly developing method for studying biodiversity in an
ecosystem area (Deiner et al. 2017), a non-invasive method
that determines whether or not aquatic species are present
by looking for the DNA components that organisms make
and release into their habitats (Boussarie et al. 2018;
Garlapati et al. 2019). This method has been used to
provide insight into species diversity and was recently
combined with high-throughput sequencing (HTS)
technology to investigate the distribution of aquatic
macroorganism species (Fraija-Fernandez et al. 2020; Pukk
et al. 2021; Suter et al. 2021). This study aims to detect,
identify and explain the biodiversity pattern of scleractinian
on Lemukutan Island, especially for coral reef conservation
efforts.

MATERIALS AND METHODS

Study area

Five samples were collected in 3 L water bottles from 5
locations on Lemukutan Island, Bengkayang District, West
Kalimantan, Indonesia (Figure 1). In the five sites selected,
an attempt was made to choose sites that could represent
the diversity of ecosystems on the island. The samples
taken from these sites included enough variation to achieve
the research objectives. The sampling location is included
in an area with high scleractinian diversity. Water samples
were collected directly from the surface of seawater. All
samples were preserved and kept in the cool box until they
were brought into the laboratory and cooled until filtering.
Based on previous research, it is generally recommended to
filter samples as soon as possible after collection to
minimize the risk of sample degradation. Cold
temperatures can help slow down degradation processes,
but they are not a substitute for timely processing. For
DNA/RNA analysis, it is especially crucial to minimize the
delay between collection and filtering. DNA and RNA are
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sensitive molecules that can degrade over time, particularly
in warmer conditions. Cold temperatures can help preserve
the integrity of the samples to some extent, but it is still
advisable to filter them as soon as practically possible.
Samples should be filtered within a few hours of collection
to ensure the best preservation of DNA/RNA. However, if
immediate filtration is not feasible, the samples should be
stored at low temperatures (such as in a cool box or
refrigerator) to slow down degradation until they can be
filtered. It is important to note that the specific time
duration and temperature conditions may vary depending
on the sample type and target analysis, so it is always
recommended to consult relevant literature or protocols for
specific guidelines. The vacuum pump is used, and each
sample has to be filtered using a 0.45 m Pall Company
sterilized filter paper (47 mm in diameter). After filtering,
each filter paper was placed in a 1.5 ml zymoBIOMICS
DNA/RNA shield-filled 2 ml cryotube.

Laboratory processing

All eDNA extraction, quantification, and sequencing
were performed in dedicated sterile labs while wearing
nitrile gloves to minimize the risk of DNA contamination
at the Fisheries Laboratory of Pontianak Polytechnic,
Indonesia. Quantitative polymerase chain reaction (qQPCR)
was conducted in specialized UV-sterilized hoods. DNA
was extracted from each filtered water sample (DNeasy
Blood and Tissue Kit). Extraction controls were performed
on each processed batch to look for any cross-
contamination.  With ~ minimal  exceptions, the
manufacturer's extraction process was always followed.
ATL Buffer and Proteinase K volumes were increased. The
digested supernatant was put into a QIAcube for automated
DNA extraction sample preparation (Qiagen; Venlo,
Netherlands). The type and quantity of DNA in each
extract and dilution were determined using quantitative
PCR.
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Figure 1. eDNA Metabarcoding sampling locations in Lemukutan Island, Bengkayang District, West Kalimantan, Indonesia. ST-1:
Tanjung Porok, ST-2: Teluk Melano Timur, ST-3: Teluk Surau, ST-4: Teluk Panjang, and ST-5: Teluk Tanjung Meruhum
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Following denaturation at 95°C for 5 minutes, there
were 40 cycles of 95°C for 30 seconds, 30 seconds at a
temperature suitable for annealing the primers, and an
extension of 45 seconds at the ultimate extension of 72°C
for 10 minutes. Denaturation at 95°C for 5 minutes was
followed by 40 cycles of 30 seconds at 95°C, 30 seconds at
a temperature sufficient for annealing the primers, and 45
seconds at 72°C for 10 minutes. Through electrophoresis
on a 2% agarose gel, the quality of the PCR result was seen
(100 mL TAE buffer and 2 g agarose). Then, a 100 bp
DNA ladder was placed in one of the agarose wells along
with a 3 | aliquot of the PCR result. The results were
observed using a UV Fluorescent with an Alpha imager
Mini Gel documentation System after running the
electrophoresis machine at 50 Volts for 60 minutes (Protein
Simple Ltd, California, USA).

Every PCR result that passed the quality check by
electrophoresis conducted a second PCR for indexing
reasons. In the second PCR, 12.5 | of Kapa HotStart HiFi 2
ReadyMix DNA polymerase was used to add the IDT
double index and Illumina sequencing adaptor for Illumina
- Nextera DNA Unique Dual Index, Set A (catalog number
20027213) (lllumina, San Diego, USA) to the target
amplicon (Kapa Biosystems Ltd., London, UK) and the
PCR product that is 2 pl. In the PCR cycle, there were 9
cycles of 95°C for 30 seconds, 55°C for 30 seconds, 72°C
for 30 seconds, and a final extension at 72°C for 5 minutes.
The initial denaturation was placed at 95 °C for 3 minutes.
The first and second PCR products were purified using
AMPure XP from Beckman Coulter, Inc) before
proceeding to the next step. The Illlumina NovaSeq 6000
was used to sequence DNA in accordance with the Hllumina
MiSeq 16S metagenomic sequencing library technique.

Data analysis

The Quantification Insights Into Microbial Ecology 2
tool (https://giime2.org/), was used to analyze forward and
reverse FASTQ sequences for further analysis (Bolyen et
al. 2019). The DADA2 software (Divisive Amplicon
Denoising Algorithm 2) was incorporated into QIIME2 for
the quality filter, trim, de-noise, and merge of the data
(Callahan et al. 2017). Contaminating mitochondrial and
chloroplast sequences were filtered from the resulting
feature Amplicon Sequence Variants (ASVs) table.
Including data from Genbank and the Basic Local
Alignment Search Tool (BLAST) (Ismail, 2022; Altschul et
al. 1990) of the National Center for Biotechnology
Information, taxonomy was assigned to the ASVs (NCBI).
DNA amplicon data were analyzed and visualized using an
even sampling (rarefaction) depth per sample locale using
the core-metrics pipeline from the Phyloseq package
(McMurdie & Holmes 2014) plugin in R (R development
core team). The taxonomy barplots were constructed using
RStudio. The Venn diagram was created using RStudio.
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Alpha and Beta Diversity were calculated using RStudio (R
development core team).

RESULTS AND DISCUSSION

The study found 2,413 ASVs, and 275,000 readings
from five different seawater sample sites, with each site
taking 3 L of water. From those data, 487 ASVs from the
eukaryote group (146,378 reads) were identified and 1,926
ASVs of unidentified taxa (128,622 reads). All samples up
to an even depth of 33,678 sequences per sample were
refined to guarantee that variations in sequencing depth did
not affect the study of downstream diversity. Then refines,
filters for quality, and exclusion chimeras, 168,390 reads
were obtained and 2,199 Amplicon Sequence Variants
(ASVs). The new dataset consists of 458 ASVs of
eukaryote taxa (91,575 reads) and 1,728 ASVs of
unidentified taxa (76,815 reads). The eukaryote taxa cover
21% taxa from the total ASVs, and 54% reads from the
total reads from the results. The highest phylum from
eukaryote taxa is Cnidaria, with 332 ASVs (72% of total
eukaryote ASVs) and 77,428 reads (85% of total eukaryote
reads). The dominant taxa followed by Porifera (20% of
eukaryote ASVs and 14% of eukaryote reads), Placozoa
(5% of eukaryote ASVs and 1% of eukaryote reads), and
Stenophora (2% of eukaryote ASVs and 0.2% of eukaryote
reads). After being assigned to the NCBI database, the
results showed that the ASVs covered 22 families, 31
genera, and 44 species.

The study investigates 63 ASVs of Order Scleractinia
with a total of 1,926 reads. There are seven family levels
identified from the samples, including Acroporidae,
Merulinidae, Fungiidae, Poritidae, Agariciidae, Mussidae,
and Fungiacyathidae. There were 14 species identified as
belonging to scleractinian from Lemukutan Island using
eDNA metabarcoding as follows Montipora tuberculosa,
Gardineroseris planulata, Mussa angulosa, Porites lutea,
Scapophyllia cylindrica, Danafungia scruposa, Astreopora
listeri, Porites sp., Goniastrea sp., Anacropora sp.,
Alveopora sp., Fungiacyathus sp., Montipora angulata, and
Acropora millepora (Figure 2).

The Venn diagram shows that most of the taxa are
unique to every sampling location, and there are no shared
taxa between locations. Sample from station 3 has 60
unique ASVs, station 4 has 51 ASVs, station 5 has 58
ASVs, station 1 has 76 ASVs, and station 2 has 109 unique
ASVs (Figure 3). Compared to all the sampling locations,
station 2 has the highest richness with 698 ASVs, followed
by station 5 (582 ASVs), station 1 (538 ASVs), and station
3 (461 ASVs). Station 4 has the lowest richness with 330
ASVs. Beta diversity shows that station 2 and station 4 are
different in composition. Meanwhile, station 3, station 5,
and station 1 were grouped together and separated from
both station 2 and station 4.
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Figure 2. Taxonomy barplot based on the reads relative abundance of: A) Family and, B) Species level obtained from five sampling
locations. The five sampling points are ST-1: Tanjung Porok, ST-2: Teluk Melano Timur, ST-3: Teluk Surau, ST-4: Teluk Panjang, and
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Figure 3. The Venn diagram shows the number of unique and shared ASVs (Amplicon Sequence Variance) from five sampling
locations. The five sampling points are ST-1: Tanjung Porok, ST-2: Teluk Melano Timur, ST-3: Teluk Surau, ST-4: Teluk Panjang, and

ST-5: Teluk Tanjung Meruhum

The primer Coral ITS2 was used in this research
approach to detect scleractinian corals. From the results
obtained, the metazoan range of taxa was seen. This shows
that the eDNA approach can be used to monitor coral reef
ecosystems. Scleractinian detection using ITS 2 primer is
the first in Indonesia country. In Indonesia, there was a lack
of information and databases on scleractinian detection
using ITS2 in Indonesia. In the past, studies have been
conducted using ITS2 primers on the Cocos (Keeling)

Islands, located between the shores of Indonesia and
Australia. The findings of the Coral 1TS2 study revealed
the presence of 49 Operational Taxonomic Units (OTUs)
belonging to 11 families and 16 genera (Alexander et al.
2020). The current research investigates the application of
eDNA metabarcoding as a method for monitoring
biodiversity. A total of 2,413 ASVs and 275,000 reads
were recovered in this research. There were 14 species
identified as belonging to scleractinian from Lemukutan
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Island using Environmental DNA (eDNA) metabarcoding
as follows M. tuberculosa, G. planulata, M. angulosa, P.
lutea, S. cylindrica, D. scruposa, A. listeri, Porites sp.,
Goniastrea  sp., Anacropora sp., Alveopora sp.,
Fungiacyathus sp., M. angulata, and A. millepora.
Differences in the number of reads and community
composition of eDNA are caused by various factors,
including water quality, biological circumstances, chemical
oceanography, and physical oceanography (Anton et al.
2019; Holman et al. 2019). The phylum Cnidaria, which
has 21 orders consisting of 98 families and 145 genera, was
discovered through previous research in Jakarta Bay using
eDNA metabarcoding (Magbul et al. 2021). The results
obtained showed fewer results compared to the research
locations in Jakarta Bay. This is because Lemukutan Island
is outside the coral triangle zone. However, Lemukutan
Island is included in the marine protected area by having
several coral reef ecosystem areas that must be preserved.
The success of detecting scleractinian corals through
surface seawater samples, this study demonstrates that the
eDNA metabarcoding method effectively identifies
biodiversity in the sea (Guardiola et al. 2015; Cowart et al.
2018). Nevertheless, the test (barcoding area) and the
availability of sequence reference data influence the
accuracy of the metabarcoding results (Pompanon et al.
2012).

The existence of an abundance of taxa that cannot be
identified shows that the taxa obtained from this study have
not been recorded in a global database (Madduppa et al.
2021). However, this shows the high marine biodiversity in
the region. Some ASVs that cannot be identified can also
be described as marine organisms with unknown scientific
names, which have the potential to be further specified in
the future. The accuracy of reference sequences and
databases impacts the metabarcoding eDNA results, which
can improve taxonomic resolution (Zinger et al. 2019).
eDNA approach is still relatively new. However, it has the
potential to quickly and accurately identify species to
determine the biodiversity of an ecosystem area. In this
study, we have successfully detected several scleractinian
taxa found on Lemukutan Island. This shows the parts of
the essential components of marine biodiversity.
Environmental DNA emerges as a solution, useful for
biodiversity assessment surveys. This method relies on a
molecular approach that includes high-level genetic
markers, which results in more precise identification
findings. It is based on the division of organisms into
species according to the arrangement of their nucleotide
bases. As a result, the genetic code of the species is
revealed. Identified in the database (e.g., National Center
for Biotechnology Information) and recognized as a
barcode (Sani et al. 2021).

The type of substrate, as well as the biological and
physical characteristics of taxonomic identification, are
some of the elements that contribute to the variation in the
composition of the community structure as determined by
eDNA. In investigating marine life using eDNA, the type
of substrate is a crucial factor (Turner et al. 2015). Because
these taxa spend their whole lives in the substrate, samples
from sediments are ideal for identifying benthic

4189

macrofaunae like sponges, echinoderms, and cnidarians
(Turner et al. 2015; Leduc et al. 2019). Sediments will
therefore accumulate genetic material that has been
released into the environment. Nevertheless, the genetic
material will be stirred into the water column due to
physical causes causing the silt to mix (Turner et al. 2015).

The eDNA approach also has several limitations,
including reliance on the availability and concentration of
eDNA in the seawater sample, sample interference (such as
inhibition), assay sensitivity, and sample capture and
extraction (Goldberg et al. 2016). Seawater eDNA samples
can degrade beyond the detection threshold within one day
to weeks (Dejean et al. 2011; Thomsen et al. 2012). High
temperatures, a high pH, and UV-B radiation all tend to
accelerate the destruction of eDNA in water (Strickler et al.
2015). In metabarcoding research, a common issue is the
unavailability of a comprehensive reference sequence
database. GenBank reference sequences' quality and
amount also limit how well eDNA data may be interpreted
(Strickler et al. 2015; Alexander et al. 2020). As observed
in eDNA studies from ecosystems with lower diversity, a
comprehensive database would enable eDNA to collect and
detect local variety in biodiversity hotspots with greater
efficiency (Thomsen et al. 2012; Kelly et al. 2014; Miya et
al. 2015; Andruszkiewicz et al. 2017), increases the
usefulness of eDNA for ecosystems monitoring. The
potential of marine eDNA research to provide more
diversity than conventional survey methods in comparisons
is a common characteristic (Kelly et al. 2017). However,
the focus of our study is on eDNA in various scleractinian.
The discovery of these other species demonstrates how
eDNA can improve the conventional visual survey,
regardless of the sampling effort (Marwayana et al. 2022).

The research successfully utilized the eDNA technique,
explicitly employing the Coral ITS2 primer, to detect
scleractinian corals. The findings significantly enhance our
understanding and monitoring of the biodiversity of coral
reefs on Lemukutan Island. The eDNA metabarcoding
method demonstrated its efficacy in species identification
and showcased its potential for conducting surveys to
assess biodiversity. However, it is essential to acknowledge
certain limitations associated with the eDNA approach,
such as the availability and concentration of eDNA,
potential sample interference, assay sensitivity, and the
process of capturing and extracting samples. In conclusion,
this study offers valuable insights into the biodiversity and
distribution patterns of coral reefs on Lemukutan Island. It
underscores the significance of preserving these
ecosystems and emphasizes the promising prospects of
utilizing the eDNA approach for future monitoring
endeavors.
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