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ABSTRACT

Gaining extensive knowledge of prey sources is an essential approach for understanding trophic structure and
relationships, especially in highly diverse coral reef ecosystems. Epinephelus areolatus and E. malabaricus have
different characteristics based on niche selection, food items, and predatory behavior. This study was conducted
to investigate and compare the taxonomic classification and composition of prey in the diets of two common
species of groupers (Epinephelus areolatus and E. malabaricus) based on DNA metabarcoding of gut contents and
potential prey detection using environmental DNA tools at sites in the coral reefs of Raja Ampat, Indonesia.
Samples were collected by means of scuba diving and the use of spear guns. Water samples were filtered, while
gut content samples were obtained by dissecting the groupers samples, before being taken to the laboratory for
metabarcoding analysis. DNA recovered from the water column comprised taxa from the Classes Arthropoda,
Chordata, Cnidaria and Mollusca, several of which were also found in grouper guts, with Cnidaria as the most
abundant class. Diversity was high for potential prey species in the environment and prey consumed by each
grouper species. The highly overlapping in prey identified from gut contents indicated that the two epinephelids
have a similar feeding strategy. However, nMDS ordination showed segregation between the prey consumed by
each species and potential prey available in the environment. The results indicated a low likelihood of
competition between the two grouper species, related to the abundance and diverse choice of potential prey in
the highly biodiverse Raja Ampat coral reef ecosystem.
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INTRODUCTION commercial

The fishing  pressures

Reef fishes are in high demand as
commercial, recreational, and ornamental
commodities. In Asia, the reef fish trade is
mostly dominated by groupers, especially the
genus  Epinephelus. Grouper production in
Indonesia was recorded as 48,422,000 tonnes in
2012 (Yulianto et al. 2015a). Predatory fish such
as groupers play crucial ecological roles,
influencing or even regulating the behavior
(Roff et al. 2016) and abundance (Stier & White
2014) of their prey.

“Corresponding authot, email: budiprabowo25@gmail.com

groupers and their broad distributions, especially
in eastern Indonesia, can make them as
appropriate models for investigating species-
specific predator-prey relations in reef fishes
(Jefti et al. 2015; Yulianto ez a/. 2015b, a; Luiz ez
al. 2016). In Raja Ampat, Indonesia, local
fishermen apply Sasi Laut as a form of
mitigation against anthropogenic pressures. This
local wisdom can enable effective conservation
and maintain the structure of marine
communities, and can thereby help maintain the
sustainability of grouper fisheries (Harkes &
Novaczek 2002; McLeod ef al. 2009). Therefore,
Raja Ampat  offers  opportunities  for
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investigating predator-prey relationships in coral
reef communities with relatively low direct
human impacts.

Grouper predation can be influenced in
terms of both behavior and food composition
by their habitats and environmental conditions,
such as niche availability, prey dynamics, and
anthropogenic pressures (Kline ez a/ 2011;
Mahjoub e# al. 2011; Jo et al. 2013; Moran et al.
2015; Diopere et al 2018; Starr et al. 2018).
Several studies on grouper feeding habits (prey)
using visual gut content examination methods
provided useful yet incomplete information
(Leray et al. 2019), as much of the gut content is
generally unrecognizable (Berg 1979; Ruppert ez
al. 2019) and findings are rarely related to
comprehensive and timely data regarding the
prey availability in the surrounding environment
(Baker ez al. 2014).

Metabarcoding can detect DNA present in
degraded matter, such as much of fish gut
content (Harms-Tuohy e a/ 2016), while
environmental DNA (eDNA) methods can
provide information related to the inhabitants of
coral reef ecosystems, especially in complex
biotic communities (Thomsen et al 2012
Yamanaka & Minamoto 2010).

This  study investigated predator-prey
relationships of two common groupers in Raja

Ampat coral reefs (Epinephelus areolatus and E.
malabaricns) through DNA metabarcoding of gut
contents (actual prey composition samples) and
environmental DNA (eDNA) metabarcoding of
the water column (potential prey availability).
The aim of using these genetic tools was to
acquire in-depth information on grouper diets in
terms of species composition, to estimate
relative abundance and the potential for inter-
species competition, and to evaluate the relation
between observed diets and prey availability.
These data will inform the management of two
important grouper species and serve as a basis
for future research on trophic relations in reef
fish communities.

MATERIALS AND METHODS

Sample Collection and Processing on the
Field

This research was conducted in Raja Ampat,
Indonesia with a focus on Cape Kri and
Arborek  (Fig. 1). On-site
performed during the dry and transitional
seasons, in order to avoid rough sea conditions
(Fahlevy e# al. 2019; Prabowo ef al. 2019).

sampling  was
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Figure 1 Location of Cape Kri and Arborek in Raja Ampat, the two study sites
having different coral reef ecosystem typology
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Specimens of the two most common grouper
species in Raja Ampat, Epinephelus areolatus and
Epinephelus malabaricus, were collected from each
site by fishermen wusing spear guns, and
processed immediately after capture in fresh
condition. The fish were immediately dissected
to remove the guts to avoid post-mortality
voiding and decomposition. All  preyed
organisms were removed from the gut content.
After removing the preyed organisms, the gut
contents from each sample were ground and
placed in 5 mL cryotubes pre-filled with 4 mL
ZymoBIOMICS DNA/RNA  shield (Zymo
Research Corp. USA).

Seawater samples were collected directly
from the water column near the substrate to

represent the coral reef ecosystem biotic
community. Divers using  Self-Contained
Underwater Breathing Apparatus (SCUBA)

equipment collected the water in 4 L bottles and
brought the water samples to the surface where
each sample was then filtered through a 0.4 pm
sterilized Pall filter membrane (Pall Corporation,
USA) wusing a peristaltic pump. Each filter
membrane was placed in a 2 mL cryotube pre-
filled with 1 mL. ZymoBIOMICS DNA/RNA
shield  (Zymo  Research  Corp.  USA).
Contamination was prevented through the
sterilization of all the sampling equipment used
at each stage of the sampling procedure with a
10% solution of commercial bleach.

Molecular Analysis

Fish gut content and eDNA samples were
extracted using Qiagen DNeasy Blood and
Tissue Kits following the manufacturer’s manual
instruction. Polymerase Chain Reaction (PCR)
was conducted to obtain partial gene of
Cytochrome C oxidase subunit I (COT1)
mitochondrial DNA (mtDNA) fragments. The
targeted fragment of 313 bp were amplified
using the universal primer pair dgHCO2198 (5’ -
TAA ACT TCA GGG TGA CCA AAR AAY
CA — 3) and mlICOlintF (5° - GGW ACW
GGW TGA ACW GTW TAY CCY CC - 3) to
reveal mock community of metazoan (Meyer
2003; Leray ez al. 2013).

The PCR reaction comprised 0.6 pL each of
10 pM forward and reverse universal primers
(dgHCO2198 and mICOlintF), 0.2 pL. Biolase
taq polymerase (Bioline) 5 U.plL-1, 0.8 pLL of 50

mM MG2+, 1 yL. of 10 uM dNTP and 1 uL of
DNA template. Thermocycle was performed by
following initial denaturation for 5 minutes at
95 °C and followed by 35 cycles of denaturation
at 94 °C for 1 minute, annealing for 45 seconds
at 48 °C, and extension for 30 seconds at 72 °C,
with final extension at 72 °C for 10 minutes
(Leray ez al. 2016). The PCR product was then
checked using 2% gel electrophoresis.

The amplicon products were then prepared
to Next Generation Sequencing by following
Illumina procedure. The dual indices and
Illumina sequencing adapters from the IDT for
Illumina - Nextera DNA Unique Dual Indexes,
Set A (catalog number 20027213) (Illumina, San
Diego, USA) were added to the target amplicons
in a second PCR step using Kapa HotStart Hili
2X  ReadyMix DNA polymerase (Kapa
Biosystems Ltd., London, UK). Cycle conditions
were 95 °C (3 minutes), then 9 cycles of 95 °C
(30 seconds), 55 °C (30 seconds), 72 °C (30
seconds), then a final extension of 72 °C
(5 minutes).

Libraries were quantified on a fluorometric
Qubit. The barcoded amplicon libraries were
combined in equal concentrations into a single
pool according to their quantification
measurement. The library pool was diluted and
denatured according to the Illumina MiSeq
library preparation guide. The amplicon library
(10 pM) was spiked with 20% denatured and
diluted PhiX Illumina control library version 3.
The sequencing was conducted on the Illumina
MiSeq using the MiSeq reagent kit V3 600 cycle
at the University of Rhode Island, Kingston,
USA.

Bioinformatics Pipeline

Sequence data obtained were trimmed using
Cutadapt software (Martin 2011) to remove the
unique dual Illumina indexes and primer
sequences. All sequences were then filtered,
merged, and de-noised using DADA2 pipeline
(Callahan 2016). DADAZ2 is the commonly used
pipeline in amplicon sequencing study with the
Next Generation Sequencing method to
produce Amplicon Sequence Variance (ASV).

The ASV was then imported to MEGA X
software (Kumar ef al. 2018) as a Fasta file to
identify each sequence through the NCBI
BLAST (https://www.ncbi.nlm. nih.gov/). The
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organism  blasting options used excluded
“insecta” from the sequence identification
process. Several marine arthropods were

identified as terrestrial arthropod species when
this option was not applied.

Highly similar sequences obtained from the
BLAST algorithm were used for identification to
the nearest match among the taxa in the
database. Fach sequence in the final database
produced represented one individual species/
taxon.

Ecological Statistical Analysis

Individual and sample-based
curves were produced to assess the effect of
sequencing effort. This method works by
separately calculating many curves using random
samples and data reads at increasing degrees of
accumulation and was implemented in
EstimateS software (Colwell 2013). Sequencing
reads were used to determine the relative
abundance of identified species (Lacoursiere-
Roussel e7 al. 2016; Pont ez al. 2018).

Multivariate —environmental analysis was
performed in PRIMER 7 (Kruskal 1964; Clarke
& Gorley 2015) to examine the composition of
food (prey) items found in the environment and
in grouper guts. A nonmetric multidimensional
scaling (nMDS) comparison of taxa present in
gut content and the environment were
developed from the Bray-Curtis similarity index.
This nMDS analysis was performed to visualize
patterns of food items from each source using
quadratic root transformation. This
transformation was wused to reduce the
discrepancy between the abundant and the
uncommon  species by  down-weighting

rarefaction
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abundant species relative to uncommon species
(Clarke 1993). Venn diagrams were built using
InteractiVenn (Hebetle ez @/ 2015) to identify
similar species found in different data sets, even
those with little intersection shown in the nMDS

analysis.

Differences in food item composition
between the two species were evaluated from
the gut content and eDNA data using

PERMANOVA with 1,000 permutations to test
the robustness of the ecological patterns from
the nMDS analysis (Anderson & Walsh 2013;
Ruppert ¢t al. 2017). The most abundant or
predominant food items were determined using
Similarity Percentage (SIMPER) analysis. This
method  provides information on  the
characteristics and the relationships between
sampled items (Leray e a/ 2019). The gut
content data for each of the two grouper species
were then examined separately using SIMPER
with a 50% cut-off.

RESULTS AND DISCUSSION

Diversity and Abundance of Prey Items
from Gut Content and Environmental DNA

Out of 27,000 reads trimmed and validated
by the de-noising process, the MEGA BLAST
routine matched 26,100 sequences with barcode
accessions in the GenBank or BOLD databases,
of which 11,584 identified as Epznephelus areolatus
or Epinephelus malabaricus, the fish from which
the gut specimens were collected. There were
517 reads representing contamination or

microbes (Homw sapiens, bacteria, proteobacteria,
etc.) and 383 unidentified reads (Fig. 2a).
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The identified reads were identified as taxa
belonging to 15 phyla, of which 15 phyla were
found in the gut content samples and 5 in the
eDNA samples. The phylum with the most
reads was Chordata (2,001 reads, 264 species),
followed by Mollusca (2,227 reads, 236 species),
and Arthropoda (1,304 reads, 248 species).
Annelida, Cnidaria, and other phyla comprised
less than 5% of the gut content reads. In the
eDNA samples, Cnidaria was the phylum with
the highest number of reads (4,265 reads, 213
species), followed by Chordata (1,298 reads, 83
species), Mollusca (1,233 reads, 209 species), and
Arthropoda (1,120 reads, 123 species).

The prey items identified from the gut
contents of both E. areolatus and E. malabaricus
belonging to the phylum Chordata were mostly
fishes (Fig. 2b) from several families. Phylum
Arthropoda was the second most preferred
grouper’s prey group, comprising crabs and
shrimps as well as members of the Classes
Amphipoda and Isopoda. Prey from the phylum
Mollusca  comprised — bivalves, gastropods
(including nudibranchs) and cephalopods, such
as squids and octopuses. The phylum Annelida
was present with low read numbers in E.
areolatns gut samples and some Cnidaria were
present in E. malabaricus gut samples.

The potential prey identified in eDNA
samples were similar to those identified from
the grouper gut content samples (Fig. 2c). The
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main difference was the abundance of jellyfish
(phylum Cnidaria). The reads from eDNA
samples (collected from the water column) were
mostly identified as slow or passive moving
organisms, such as phytoplankton, zooplankton,
and jellyfish (Harvey & Menden-Deuer 2012;
van Elden e al 2014; Nath e al. 2017). The
identified Mollusca from the eDNA samples
included shellfish (bivalves and gastropods),
nudibranchs, squid, and octopus, while the
Chordata comprised fishes and tunicates, and
Arthropods included crabs (e.g., blue swimming
crabs) and shrimps.

Rarefaction curves produced for individual
samples and aggregated data (Fig. 3a) showed a
flattening of the curves at around 2,000 to 2,500
total reads, which indicated that the sequencing
data were sufficiently representative. The same
as the individual-based rarefaction analysis, the
intercalation of samples resulted in the
increasing of sequences reads (Fig. 3b). The
rarefaction analysis indicated that the number of
samples used was sufficient to produce
representative sequence data. Therefore, the
data obtained from the gut content and eDNA
samples can be considered adequate and
sufficient to illustrate the diversity of grouper
food items consumed, as well as the potential
prey items present in Raja Ampat coral reefs

ecosystems and to enable meaningful
comparisons between them.
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Figure 3 Rarefaction curves representing sequencing depth based on random re-sampling of sequences for: (a)
individual samples and (b) the three sample types and all samples combined
Note: the rarefaction curves indicate that the sequencing was adequate to describe the diversity of grouper gut

contents.
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The relationship between each species and
their food items illustrates the mechanisms and
dietary character of coral reef fishes, and also
creates high predation network, due to the level
of diversity (Veron et al. 2009; Grol et al. 2011;
2014; Miller ez al. 2016). The lack of food items
shown by taxonomic methods and high
potential food resources in coral reefs, aid in
identifying and quantifying their dietary
differences. This study showed that molecular
analysis using metabarcoding methods can
provide a substantial amount of information,
especially for groupers with a high diversity of
food items. Focused on the dietary composition
of two grouper species, the study was able to
access a large metazoan sequence database to
identify taxa present within their guts and,
through the DNA traces left in the water
column, in their habitat. Overall, 1,428 species
were identified, belonging to 42 classes and 15
phyla.

The Epinephelus grouper food items were
highly diverse, including not only nekton, such
as smaller fishes, but also small cryptic species
that live between corals and other benthic
substrate, such as crabs, shrimps, and
nudibranchs. Based on reads proportion, the
moon crab  Matuta planipes was the most
abundant crustacean found in the guts of both
groupers, followed by the blue swimming crab
Portunus sanguinolentus. Moderate-sized demersal
invertebrates are considered as potential grouper
prey (Koenig e# al. 2011; Artero et al. 2015). As
top predators, grouper predation patterns
generally involve waiting for prey to approach
their territory before chasing them (Luckhurst
2010; Bessa 2011).

Groupers are also known as territorial fishes
that tend to dwell in crevices within the coral
reef structure (Farmer & Ault 2011; Wall ez /.
2011; Koeck et al. 2014). Examples of grouper
prey that can be found in reef crevices include
Hippocampus  pontobi, a species of sea horse.
Gobiidae was found to be the most dominant
fish family, and possessed the behavior of
staying on substrates, with minimal movement
compared to other fish families (Choi & Suk

2012; Bo et al 2014; Teichert et al 2014;
Laramie ef al. 2015). This indicated that the
groupers do not wander distantly from its
territory. The moderate-sized reef fishes were
also found as groupers prey, such as those from
families Acanthuridae, Apogonidae, Carangidae,
Scaridae, and Siganidae. The variety of fish taxa
found in grouper guts confirms the high
biodiversity, especially for fishes, reported from
visual surveys of coral reefs in Raja Ampat
(Veron et al. 2009; Bachtiar e a/. 2011; Carpenter
et al. 2011).

Groupers can feed on different prey in
different regions. For example, groupers in
Brazil and Tanzania mostly feed on molluscs,
especially nektonic  cephalopods,
octopus, squid, and moderate-size cuttlefish
(Condini et al. 2015; Gaspare et al. 2015). The
variety of species consumed by groupers from

such as

different taxa can also be influenced by the
feeding behavior and morphology of each
species (Wainwright ez a/. 1995; St John 1999). In
this study, the two carnivorous groupers could
readily coexist as, despite an overlap in prey
species, they each consumes different groups of
species available in the coral reef environment.
Although there was an overlap of 238 taxa in the
gut contents of the two grouper species, these
comprised mostly species with low biomass and
non-prey items.

Proximity Patterns between Grouper Diet
Composition and Food Availability in the
Environment

The nMDS represents the food
between the three sample groups (Fig. 4).
However, there was one similarity between
Epinephelus areolatus and environmental DNA,
which had narrow differences with Epinephelus
malabaricus. The pattern seen in the nMDS plot
was well supported by the PERMANOVA
statistical tests, with significant differences
between the two grouper species and between
the sample types (grouper gut content and
eDNA) (Table 1).

items
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Figure 4 Non-metric Multi Dimensional Scaling (nMDS) ordination plot comparing the composition of identified reads
from grouper gut contents and the surrounding environment (eDNA)

Table 1 Permutational multivariate analysis (PERMANOVA) analysis of differences in composition between (inter-
specific) and within (intra-specific) taxa identified through metabarcoding gut contents of two grouper species

(E. areolatus and E. malabaricus)

Source of variation df SS F Model R? P value
Intra-specific Individual fish 2 12113 45278 0.1 0.005
Residuals 6 8025.6 0.9
Inter-specific (Raw Data Type) Species 1 9876.6 67,372 0.22 0.012
Residuals 7 10262 0.78
The nMDS ordination plot did to show clear majority of the taxa identified through

grouping patterns, however, the Venn diagram
based on species composition showed overlaps
in the taxa identified from each sample type
(Fig. 5). Collectively, 63 taxa identified in the
surrounding environment (eDNA samples) were
also detected in the guts of one or both grouper
species, while 238 species (of which only 27
were detected in the environment) were found
in the guts of both grouper species. The
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environmental DNA metabarcoding (90%, 577
species) were not consumed by any of the
sampled Epinephelus groupers. Conversely, the
majority of taxa identified in grouper guts
(92.6%, 788) were not identified from the
eDNA samples. Of the 851 taxa found in
grouper guts, 28% were identified from both
grouper species, 22% only from E. areolatus and
50% only from E. malabaricus.
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Figure 5 Venn diagram showing the overlap in taxa identified from metabarcoding the gut contents of Epinephelus
areolatus (n = 3) and E. malabaricus (n = 3) and environmental DNA (n = 3), from Raja Ampat reefs

The phyla contributing the most species were
Chordata, Arthropoda, and Mollusca. From the
Chordata, Cottoperco gobio contributed the highest
number of reads. Another grouper species,
Epinephelus fuscoguttatus, was also one of the most
abundant taxa, followed by other bony fishes.

Reads of molluscan taxa were mostly shellfish,
from E. malabaricus gut and eDNA samples.
Crabs, including blue swimming crabs,
contributed the most reads from the phylum
Arthropoda, with jellyfish making the highest
contribution to cnidarian reads (Table 2).

Table 2 Taxa which highly contribute to Similarity Percentage (SIMPER) pairwise comparison differences

Contribution (%) to difference

Phylum Lowest taxon E. areolatus versus E. areolatus versus  E. malabaricus versus
E. malabaricns eDNA eDNA
Chordata Cottoperca gobio *7.91 #0.14 *3.09
Chordata Epinephelus fuscognttatus *4.3 #0.45 *1.8
Chordata Lateolabrax: maculatus *4.1 x0.12 *1.29
Chordata Sparus aurata *3.01 x0.23 *0.86
Chordata Myripristis murdjan *3.48 #0.36 *0.62
Mollusca Conus stupa *2.4 0 *0.64
Mollusca Conus litoghphus *2.39 x0.19 *0.54
Arthropoda Matuta planipes #1.69 #1.34 *0.42
Arthropoda Portunus sangninolentus *1.46 0 0
Chordata Echeneis nancrates *1.34 #0.11 0
Chordata Ascidia abodor: 0 x4.13 x3.46
Mollusca Sulcospira paludiformis 0 x3.94 x3.29
Cnidaria Oulastrea crispata 0 x3.3 x2.76
Cnidaria Caryophyllia smithii 0 x2.91 x2.43
Arthropoda Munida taenia #0.27 x1.98 x1.02
Cnidaria Chytia gracilis 0 x1.84 x1.74
Cnidaria Chrysaora melanaster #0.09 x1.78 x1.54
Mollusca Kurtiella bidentata 0 x1.48 x1.23
Cnidaria Chrysaora pacifica *0.09 x1.22 x0.95

Notes: The sample type with the highest relative abundance (%) for each compatison is indicated by the symbols: # =

E. areolatus; * = E. malabaricus; x = eDNA.
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The Venn diagram shows considerable
differences between the diets of each grouper
species and the potential prey available in the
environment (Fig 5), but there is no clear group
segregation in the nMDS ordination (Fig. 4).
The high diversity of prey species in the
environment is the most likely explanation for
the lack of clustering in the nMDS diagram.

A coral reef environment that provides a
diverse and abundant diet is likely to result in
high intra-species (individual) variation in diet,
as well as (and potentially confounding)
between-species differences. This indicates that
competition for food in these two species is
likely to be low, at least in such high quality
habitat.

Groupers share a similar feeding mechanism,
engulfing prey by means of their extensible jaws,
which enable them to greatly expand their oral
cavity (Kohno ez al. 1997; Dierking et al. 2009;
Collins & Motta 2017). It can take several hours
for groupers to swallow and digest larger prey,
such as moderate-sized reef fishes (Hseu ef al.
2007). Both species in this study are reported to
be ambush predators employing suction feeding
(Randall 1967; Gibran 2007; Artero ez al. 2015).
Based on the nekton taxa found in gut content
samples, both groupers can chase pelagic prey
within the water column, as reported by Oufiero
et al. (2012) and Collins and Motta (2017).

Groupers have also been found to have
different feeding patterns, depending on the
environmental conditions of the coral reefs
where they live (Frisch ez al 2010).
Environmental DNA taken from the water
column near coral reefs can represent the types
of food available. The Cnidaria, especially
jellyfish, are one of the most dominant potential
food sources generally found in the water
column (Ki ez al. 2010; Lucas e al. 2016). Pelagic
cnidarians mostly use their tentacles to move
(Strachler-Pohl & Jarms 2011).

Coral species can also be found in eDNA, as
in this study. Other studies using eDNA
metabarcoding have succeeded in detecting a
high proportion of species present (Alexander ef
al. 2020; Holman ez al. 2019; West ez al. 2020).
Taxa recovered from the eDNA and also found
in the grouper gut samples included arthropods,
chordates and molluscs. However, read
abundances in the eDNA samples were lower
for these taxa than for the cnidarians.
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Some results from this study could
potentially indicated the presence of species
originating from outside the Indonesian region,
based on the reads obtained from both the
grouper gut contents and the eDNA samples.
One of these species is Cottoperca gobio, a goby
with a reported distribution around Chile and
Argentina  (Froese & Pauly 2000). Others
include Lateolabrax maculatus, with a reported
distribution in Japanese waters (Froese & Pauly
2000) and Sparus awrata from New Zealand
(Froese & Pauly 2000).

One reason that such cases can occur in
metabarcoding-based  research because the
metabarcoding method matches relatively short
DNA sequences with the data contained in
GenBank, sometimes resulting in spurious
matches (Thomsen e al. 2012; Jo et al. 2013;
Leray et al 2016, 2019). Based on the
unidentified sequence reads, it is clear that there
are taxa for which no reference sequences are
available, indicating that the genetic data in
GenBank and BOLD repositories are still
incomplete, especially for highly biodiverse areas
such as the reefs of Raja Ampat.

Those three non-native fish species are
morphologically and taxonomically similar to
fishes that live in the waters of Raja Ampat. One
possibility is that, due to the lack of genetic
information for some organisms living in the
waters of Raja Ampat, their sequences were
most closely matched with those of other
species deposited in the GenBank database. This
study also showed that eDNA can identify
several cryptic species that take shelter in coral
reefs and are considered as grouper prey.

CONCLUSION

The identified reads were identified as taxa
belonging to 15 phyla, of which 15 phyla were
found in the gut content samples and 5 in the
eDNA samples. The phylum with the most
reads was Chordata with 2,601 sequences
representing 264 species, followed by Mollusca
(2,227 reads, 236 species), and Arthropoda
(1,304 reads, 248 species). Annelida, Cnidaria,
and other phyla comprised less than 5% of the
gut content reads. In the eDNA samples,
Cnidaria was the phylum with the highest
number of reads (4,265) and species (213),
followed by Chordata (1,298 reads, 83 species),
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Mollusca (1,233 reads, 209 species), and
Arthropoda (1,120 reads, 123 species). The prey
items identified from the gut contents of both
E. areolatus and E. malabaricus belonging to the
phylum Chordata were mostly fishes from
several families. The potential prey identified in
eDNA samples were similar to those identified
from the grouper gut content samples.
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