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Abstract 

 
Groupers (Family Serranidae) are well known as top predators in the coral reef ecosystem. This family is one of the 

most important ecological organisms in the food web at Raja Ampat reefs. The aim of this study, therefore, was to 

investigate the food composition as well as the inter and intra-specific competition of two Serranidae species, 

including Epinephelus malabaricus and Epinephelus areolatus in Waisai, Raja Ampat. This study is expected to fill 

gaps on groupers food preferences. A total sample were collected at the fish landing site was 6 fish (2 sample of 

Epinephelus areolatus and 4 sample of Epinephelus malabacrius). DNA Amplification was performed using the COI 

mithocondrial gene marker (HCOI12198 and LCOI1490 primers). Bioinformatics and data analysis using QIIME 2 

and R Software. This further comprised of α and β diversities. The results showed that Serranidae diet composition 

comprise of 13 species. Epinephelus malabaricus species demonstrated more diet composition varieties than 

Epinephelus areolatus. The most abundant diet found in all fishes’ gut samples was come from Scianidae family. 

The results indicate that there is an absence of any interspecific competition between the two species studied, due 

to a wide variation of diet composition. Conversely, intraspesific competitions existed amongst the Epinephelus 

malabaricus niches. This study highlighted DNA Metabarcoding application in trophic level and food web studies, 

as well as facilitating the development of information for ecological references. 
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Introduction 
 

Serranidae groupers, subfamily 

Epinephelinae, are economically and ecologically 

important fish. These carnivorous fish live in littoral 

and sub-littoral zones throughout the Indo-Pacific, 

East Atlantic, Mediterranean, and Subtropical Zones 

of the Americas (Heemstra et al., 1993; Huerlimann 

et al., 2024). These fish occupy the highest trophic 

level in the food chain and, as top predators, perform 

the most significant function in coral reef ecosystems 

(Randall et al. 1960; Ribeiro et al. 2021). They are 

typically found in isolated habitats. Groupers, as top 

predator in coral reefs usually feed on crustaceans 

and fish (Haq, 2016). 

The ecological function of large predators, 

such as groupers, is crucial in the preservation of the 

health, resilience, and biodiversity of coral reef 

ecosystems. Furthermore, the primary importance of 

predatory fish is their capacity to regulate the 

population dynamics of smaller fish (Syafruddin et al. 

2024). Consequently, the investigation of trophic 

ecology in groupers and food webs is crucial for the 

identification of the ecological and trophic levels of 

ecosystems, which can influence the interactions and 

ecological processes between species (Condini, 

2014). Energy recycling and trophic levels are also 

elucidated by food webs, which are the interactions 

between predators and prey in an ecological 

community (Allgeier et al. 2015; Thompson et al., 

2015). These networks naturally exhibit a wide range 
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of patterns, from intricate to the most basic 

interactions. Concurrently, it is crucial to conduct 

quantitative analyses of specific species (Pimm, 

2002). Additionally, because fish require nutrients for 

growth and survival, the availability of food supplies 

in this ecosystem is crucial. Several studies have 

been conducted on the feeding behavior, food 

categories of organisms, food digestion mechanisms, 

and trophic relationships of fish, based on the 

examination of gut contents and physiological studies 

in the laboratory (Eya et al., 2011). 

 

The dietary diversity of marine organisms, 

particularly fish, can be investigated by examining the 

contents of their digestive tracts, which permits the 

investigation of their trophic interactions. DNA 

metabarcoding is one of the numerous 

methodologies available for analyzing the contents of 

the digestive tract, and it offers certain advantages 

(Bohmann et al., 2009). Low-level and sympatric 

species' food consumption patterns can be identified 

through the use of the DNA metabarcoding approach 

in diet and food preference research. Moreover, this 

can be accomplished by comparing equivalent food 

categories between juvenile and adult forms 

(Takahashi et al., 2020). He et al. (2020) has also 

employed this method to ascertain the status of 

hybridization processes between species by 

employing COI markers. Additionally, Sow et al. 

(2020) reported the potential to qualitatively provide 

trophic networks and identify the dietary range and 

preferences of predatory organisms. 

 

According to Madduppa et al. (2023), DNA 

metabarcoding has the capacity to identify degraded 

material in the intestine of fish. Additionally, it is 

recognized for its ability to generate additional  

information regarding the potential applications of 

gut contents (digestive tract).  Therefore, the 

objective of this investigation is to assess the  

influence of food composition and grazing 

competition on groupers, as well as their correlation 

with trophic levels, in the Waisai coral reef in Raja 

Ampat, Indonesia, by employing the DNA 

Metabarcoding method.  This investigation aims to 

establish an ecological benchmark for the dietary 

patterns and food webs found within the coral reefs 

of the designated study area.  Recent reports have 

demonstrated the influence of diet partitioning on the 

advancement of ecosystem-based fisheries 

(Takahashi, 2020). 

 

Materials and Methods 

 

Figure 1 showed the sampling and purchase of fish. 

The research was conducted in Raja Ampat, 

Southwest Papua (00°37’42”S 130° 43’53”E). 

These samples were further prepared in the dive 

base. Prior to fish landing, the groupers at Waisai 

were obtained from local fishermen, using the 

provided fishing rods and bait food, in the form of 

large and small fish. In addition, the process was 

performed in a means to avoid the over exploitation 

of coral varieties. Therefore, the caught specimens 

were stored in a special box and placed on a special 

pond, before selling back to the landing. 

Subsequently, 6 individual adult-sized grouper 

samples were morphologically identified using an 

identification book (Allen et al., 2012) and measured 

with a calibrated board. Therefore, the gut was 

crushed and most of the 2 mL sample DNA Shield   

placed into the tube were filled with ethanol. The DNA 

shield was installed to save the water needed for 

filtration and isolation (Pachiadaki et al., 2014). 

 

 

 
Figure 1. The Location Map of Sampling Grouper Gut Metabarcoding in Raja Ampat, Indonesia 
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DNA extraction   

 

The extraction process was the first stage to 

obtain the biota’s DNA. This was initiated by sample 

preparation, and then extraction using the QIAGEN kit 

(DNEasy Blood and Tissue kit) based on QuickStart 

Protocol. Moreover, this tool has the advantage of 

being able to extract a much larger number of DNA 

Metabarcoding (Hinlo, 2017).  

 

DNA metabarcoding 

 

The universal primer designed as HCOI12198 

(5'-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA 

GTA AAC TTC AGG GTG ACC AAA AAA-'3) and LCOI1490 

(5'-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG 

CAA ATC ATA AAG ATA TTG G-3') were used for DNA 

amplification (Leray et al., 2013). Furthermore, 

QIAGEN was used in library preparations to purify PCR 

amplicon and Qubit Fluorometer for the PCR product 

concentration evaluated (Leray et al., 2013). The PCR 

stage for COI was Heat Lid at 110°C with start loop of 

30 cycles, where each proceeded with pre-

denaturated 94°C for 2 min, denaturation 98°C for 

5 sec, annealing 50°C 10 sec, and extension 72°C 

for 5 min. PCR products performed using 313 bp COI 

fragment (Heindler et al., 2019; Leray et al., 2013). 

Therefore, the cleaned products were sequenced to 

Illumina Miseq at the University of Rhode Island. 

 

Clustering methods 

 

Clustering of food composition required the 

use of Fuzzy C Mean methods. This involves the 

clustering approach developed by Dunn in 1973 and 

improved by Bezdek in 1981. In addition, the data 

was allowed to belong to two or more cluster. The 

subsequent interpretation involves partition based on 

the partial membership expressed by the degree of 

object (Zhang et al., 2016). 

 

Data analysis  

 

The sequencing data were analyzed using an 

online software to edit and align with the base chain 

sequence before running in a Linux system. 

Therefore, the paired end sequencing proceeded 

from Illumina Miseq, and cutadapt was used for 

trimming, before cleaning. Subsequently, QIIME2 was 

used to analyze the data of raw DNA sequence, as 

well as the output was observed in the form of 

statistic results. The characteristic features include 

a). Integrated and automatic tracking of original data, 

b). The semantic type system, c). Plug-in system to 

expand microbiome evaluation, and d). Support for 

multiple formats (ig. API). In addition, QIIME2 also 

encourages microbiome analysis from the first to the 

last DNA chain. In addition, FASTQC format was used 

and the sequence was trimmed using the cutadapt 

(command line), while MIDORI database was adopted 

for the taxonomic assignment. This functioned to 

collect information on the taxonomical classification 

of mitochondrial-gene sequences (Leray, 2018). 

Access of MIDORI (www.reference-midori.info/ 

download.php). This version was used for each of the 

fifteen unique mitochondrial-encoded gene 

reference, estimated to contain all haplotypes per 

species, and theLongest MIDORI, characterized by a 

single haplotype per species (Wang et al., 2007). 
 

In addition, BLAST onhttps://www.ncbi. 

nlm.nih.gov was used for identification purposes after 
the sequences were grouped by taxonomy. The 

organisms exposed to this evaluation were 
recognized as pisces and grouped into species and 

family. Therefore, the taxonomy was subsequently 
interpretated in the chart to show the food 

composition of groupers. 
 

Beta diversity analysis 
 

The β diversity was analyzed using software R 

with Package Vegan (Oksanen, 2015; Berry et al., 
2017). Jaccard and Bray-Curtis dissimilarity was 

counted, while the β diversity was visualized using 
Non-Metric Multidimensional Scaling (NMDS), with 

METAMDS function (Harper, 2020). In addition, a 
dataset was created for NMDS (METAMDS) function 

and stress plot, while significance data we used 
Adonis (PERMANOVA) to establish the relationship 

between the food composition of E. malabaricus and 
E. areolatus (Yeh, 2020). 

 
Trophic level analysis 

 
The trophic level analysis employed the R 

package Bipartite (Harper et al., 2020). This tool 

functioned to show semi-quantitative trophic level 
prey and predator. Moreover, the development of 

methods used for nested tags and description of 
ecological network relies on bipartite package 

indicators (Evans et al., 2016). This helps to visualize 
the food web, as well as the relationship between prey 

and predators at the trophic level. In addition, 
network level was used with the R package (Dormann 

et al., 2008). 
 

Result and Discussion 
 

The total identified taxa that serve as preferred 

prey for E. malabaricus and E. areolatus consist of 8 

families and 11 species, along with an additional 

group categorized as unidentified species. Figure 2 

illustrates the percentage composition of various prey 

families found in the stomach contents of the two 

grouper species. The highest percentage is derived 

from unidentified species, with a total composition 

reaching 64%, and even reaching 100% in sample 

EB122 and around 66% in EB133. Additionally, the 

http://www.reference-midori.info/download.php
http://www.reference-midori.info/download.php
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most frequently detected family is Sciaenidae, 

appearing consistently with a total composition 

reaching 24%. Opleghnatidae, Blennidae, and 

Chanidae were recorded in even smaller proportion, 

each contributing less than 1% of the overall prey 

composition.  

 
Among the E. malabaricus samples, there is a 

striking variation in prey diversity. EB133 shows the 
highest diversity, with total eight families. The highest 

family was Scianidae with percentage 24,66% and 
the lowest with total Opleghnatidae with percentage 

less than 1%. Conversely, EB122 shows no diversity 
at all, as its stomach contents consist entirely of 

unidentified species. The E. areolatus samples also 
display differences in dietary composition. EB127 

contains a large proportion of Sciaenidae with 
percentage 67% along with a substantial number of 

unidentified species with percentage 33%.  
 

Stomach content analysis revealed that the 

majority of prey found in the stomachs of Epinephelus 

malabaricus and E. areolatus belonged to 

unidentified species, accounting for 64% of the total, 

and reaching 100% in sample EB122 and 66% in 

EB133. The presence of unidentified prey is primarily 

attributed to the rapid digestive process, which leads 

to the degradation of soft tissues and the loss of key 

morphological traits, making visual identification 

difficult (Berry et al., 2015; Paquin et al., 2014). 

Furthermore, the stomach environment contains 

various proteolytic enzymes and digestive bacteria 

that accelerate the breakdown of biological material, 

including prey DNA, which can hinder the success of 

molecular techniques such as DNA barcoding or 

metabarcoding (Symondson, 2002). Chuaykaur et al. 

(2020) emphasized that zooplankton, small shrimp, 

and fish larvae constitute important dietary 

components for marine and brackish water groupers, 

particularly during the juvenile stage, and identified 

fish larvae as a dominant food source for E. areolatus. 

These findings suggest that many of the unidentified 

items could have been soft-bodied organisms such as 

larvae or planktonic prey that were digested beyond 

recognition. In general, groupers are omnivorous and 

display dietary flexibility, often exploiting peaks in 

prey availability. Additionally, the body shape and 

mouth gape of individual fish influence their foraging 

success, with larger fish and wider mouth openings 

being associated with the ingestion of larger prey 

(Paul et al., 2017; Chuaykaur et al., 2020). The 

variation in prey composition among individuals in 

this study may reflect differences in body size and 

feeding capacity. Moreover, fishing practices such as 

baited hook capture, commonly used by local fishers 

in Raja Ampat prior to fish landings, may influence the 

stomach contents, as bait type can introduce bias in 

diet studies (Kihia et al., 2015). Therefore, both 

natural foraging behavior and capture methods must 

be considered when interpreting stomach content 

data. Overfishing also poses a serious threat to 

grouper biodiversity and may indirectly affect trophic 

dynamics by altering prey availability (Jefri et al., 

2015). 

 

 

 

Figure 2. Percentage composition of prey families found in the stomach contents of two grouper species E.malabaricus and E. 

areolatus 

Grouper Species 
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Based on Figure 3, the stacked histogram by 

species illustrates the variation in diet composition 

across fish samples. It is evident that the majority of 

individuals belong to the Species_Unidentified 

category, particularly in sample EB133, which 

recorded the highest abundance compared to the 

other samples. Additionally, species from the 

Serranidae family such as Epinephelus lanceolatus, 

E. malabaricus, and E. fuscoguttatus were also 

detected in lower numbers but still contributed to the 

overall diet composition. Other samples such as 

EB122, EB123, and EB132 showed considerably 

lower abundances compared to EB133. 

 

At the class level (Figure 4), the stacked 

histogram demonstrates that Species_Unidentified 

again dominated the composition in sample EB133. 

The Serranidae class was among the most prominent 

groups after the unidentified category, followed by 

Sciaenidae, Holocentridae, and Oplegnathidae. This 

indicates that although several families were 

identified, the largest proportion still came from 

unidentified taxa, with Serranidae making a relatively 

significant contribution. This is evident from the high 

proportion of unidentified prey in this study (up to 

64%), likely representing morphologically 

unrecognizable prey such as zooplankton or larval 

fishes (Chuaykaur et al., 2020). 

 

Two species sample from the family 

Serranidae, Epinephelus malabaricus and E. 

areolatus, were identified as dominant predators in 

the coral reef ecosystem, with a notable dietary 

preference for fish species such as Larimichthys 

crocea and Myripristis murdjan. DNA metabarcoding 

analysis further revealed the presence of diverse prey 

taxa, including Mollusks, Echinoderms, and Polychaetes, 

consistent with previous findings by Al Kamel et al. 

(2019).  

 

The dominance of Serranidae aligns with the 

ecological role of groupers as top predators in coral 

reef ecosystems. Their presence is crucial for 

maintaining reef fish community balance. 

Additionally, the diversity of prey items supports the 

notion that groupers are opportunistic feeders flexible 

predators capable of adjusting their diet based on 

prey availability. They are observed to shift prey 

consumption, as revealed by DNA metabarcoding 

method (Canals et al., 2024). These dietary 

components were detected through genetic traces 

obtained from stomach content tissues, although 

some prey tissues may have been lost during the 

extraction process, potentially affecting detection 

efficiency (Sousa et al., 2016). The results indicated 

that E. malabaricus exhibited a broader prey 

spectrum, with genetic evidence from 10 prey 

families, while E. areolatus showed significantly lower 

prey diversity, with only 2 families identified through 

COI markers. This disparity suggests a potential 

interspecific competition for food resources. The 

application of DNA metabarcoding has proven to be a 

powerful tool for elucidating trophic interactions in   

marine ecosystems, offering higher resolution than 

conventional morphological methods (Bessey et al., 

2019). However, challenges remain in molecular diet 

studies, including suboptimal diagnostic sensitivity, 

incomplete reference databases, and the risk of 

 

Figure 3. Food composition at species level between E. malabaricus (EB122, EB123, EB132 and EB133) and E. areolatus 

(EB127 and EB129) based on OTuS data per species  
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Figure 4. Food composition at species level between E. malabaricus (EB122, EB123, EB132 and EB133) and E. areolatus 

(EB127 and EB129) based on OTuS data per class 

 

 

sample contamination, which may lead to undetected 

or false-negative results (Traugott et al., 2021). 

Therefore, careful methodological design and data 

interpretation are essential to reconstruct food web 

dynamics in complex reef environments accurately.  
 

Figure 5 presents a cluster plot illustrating two 
distinct dietary groupings among the grouper species, 
with the family Sciaenidae positioned in the second 
cluster. To assess dietary variation between 
Epinephelus malabaricus and E. areolatus, β-
diversity analysis was conducted as described by 
Holyoak (2019), providing insight into the dissimilarity 
of prey composition across individuals. Furthermore, 
prey diversity within samples was evaluated using 
Shannon and Simpson indices, calculated and 
visualized through the ggplot function in R. The 
Shannon index revealed clear differences in alpha 
diversity, where E. malabaricus (EB132) exhibited the 
highest diversity value (1.6), while EB122 and E. 
areolatus (EB127) showed the lowest values (0.0), 
suggesting highly uniform or limited prey intake in 
these individuals. The Simpson index, which 
quantifies dominance patterns, showed that E. 
areolatus (EB127) had a value of 1.0—indicating 
complete dominance by a single prey type—while E. 
malabaricus (EB122) recorded a value of 0.0, 
indicating a lack of dominance. According to Morris et 
al. (2014) and Magurran (2021), Simpson index 
values approaching 1 indicate strong dominance by 
one or a few taxa. In contrast, values close to 0 reflect 
high evenness and more balanced prey diversity. 
These findings suggest that E. malabaricus exhibits 
more variable and diverse dietary habits compared to 

E. areolatus, potentially reflecting differences in 
ecological roles, feeding strategies, or habitat use 
within the coral reef ecosystem.  

 

This study revealed a β-diversity pattern 

between E. malabaricus and E. areolatus, supported 

by alpha diversity values derived from Shannon and 

Simpson indices. E. malabaricus exhibited a more 

diverse diet, which may reflect higher intraspecific 

competition within its population. Meanwhile, 

potential interspecific competition between the two 

species could be driven by overlapping trophic niches 

or habitat use, as previously proposed by Donaldson 

et al. (1995). Such competitive interactions among 

reef fish are known to induce ecological stress, 

particularly under conditions of food scarcity and 

increased mortality, where predation further 

exacerbates individual vulnerability (Forrester, 2015). 

 

To evaluate food preferences, this study 

employed modified HCOI12198 and LCOI1490 

primers (Leray, 2013), which successfully identified 

12 fish species across 8 families using COI-based 

high-throughput sequencing (~313 bp). This 

molecular approach has been widely validated for 

detecting fish and arthropod DNA in gut content 

studies, allowing for precise species-level resolution. 

Leray (2013) highlighted the effectiveness of COI 

primers in diverse trophic analyses, and recent 

findings by Clarke (2020) reported over 90% prey 

detection in single fish samples, confirming the utility 

of this method for gut content biodiversity 

assessments. 
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The dietary analysis of E. malabaricus and E. 

areolatus based on metabarcoding and diversity 

indices reveals clear interspecific differences in prey 

composition. As visualized in Figure 5, alpha diversity 

metrics showed that E. malabaricus exhibited higher 

prey diversity than E. areolatus. Specifically, sample 

EB132 (from E. malabaricus) recorded the highest 

Shannon index value (1.6), suggesting a more 

balanced and diverse prey intake. In contrast, both 

EB122 (E. malabaricus) and EB127 (E. areolatus) 

showed Shannon index values of 0.0, indicating very 

limited or highly homogeneous prey composition—

likely a result of either consumption of a single 

dominant prey taxon or advanced digestion obscuring 

prey identity. 

 

Simpson index values supported these 

findings. EB127 (E. areolatus) showed a Simpson 

index of 1.0, reflecting strong dominance by a single 

prey item. Meanwhile, EB122 showed a Simpson 

value of 0.0, indicating no dominance detected, 

possibly due to fully digested content or degraded  

DNA. According to Morris et al. (2014) and Magurran 

(2021), such patterns suggest differences in feeding 

strategies, where high Simpson values reflect dietary 

specialization and low values imply generalist or 

evenly distributed diets. 

 

The observed variation may reflect 

intraspecific differences in prey availability, hunting 

success, or individual foraging behavior, especially 

among E. malabaricus, whose individuals showed 

more diverse dietary profiles. The possibility of 

interspecific competition also arises, especially when 

both species occupy overlapping ecological niches 

and exploit similar prey taxa. Although the data did  

not show explicit prey overlap at the species level, the  

presence of shared families and spatial proximity in 

sampling suggests the potential for trophic overlap, 

as proposed by Donaldson et al. (1995). 

 

 

 

 
Figure 5. Alpha diversity indices (Shannon and Simpson) of stomach content composition in E. malabaricus (green) and E. 

areolatus (red) across individual samples (EB122–EB133). The Shannon index (left) measures prey richness and 

evenness, while the Simpson index (right) reflects dominance patterns. E. malabaricus exhibited higher overall diversity 

(e.g., EB132 with Shannon = 1.6), whereas E. areolatus showed greater dominance in certain samples (e.g., EB127 

with Simpson = 1.0), indicating variation in prey specialization between species. 
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Figure 6. Sankey diagram illustrating the prey–predator relationships between identified prey species (left) and grouper stomach 

content samples (right) from E. malabaricus and E. areolatus. The width of each flow represents the relative detection 

frequency of prey taxa in individual stomach samples based on COI metabarcoding. The diagram highlights dominant 

prey such as Larimichthys crocea and Lateolabrax maculatus, with multiple shared prey taxa found across several E. 

malabaricus samples, suggesting broader dietary range. In contrast, E. areolatus (EB127) exhibited more restricted prey 

diversity, consistent with lower Shannon index values. 

 

 

In addition to visual-based gut content 

observation, this study successfully employed COI 
metabarcoding using modified primers (HCOI12198 

and LCOI1490; Leray, 2013) to identify 12 fish 

species across 8 families from the stomach contents. 
The application of high-throughput sequencing (~313 

bp COI fragments) enabled precise detection of prey 
DNA even in cases of advanced digestion. This 

method's efficiency aligns with previous studies (e.g., 
Clarke, 2020), which reported more than 90% 

detection rates in highly digested gut samples using 

similar approaches. 
 

However, despite the strength of 

metabarcoding, some samples—particularly EB122—
yielded no identifiable prey. This is likely due to rapid 

digestive enzyme activity and the presence of 
proteolytic microbes in the gastrointestinal tract, 

which degrade both morphological structures and 
nucleic acids (Symondson, 2002; King et al., 2008; 
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Morris et al., 2014). These findings highlight a 

limitation in molecular diet analysis, especially under 
conditions of advanced digestion or sample 

contamination (Traugott et al., 2021). 
 

Figure 6 illustrates a bipartite trophic network 

consisting of 12 prey taxa and four individual predator 

samples. Among these, E. malabaricus (EB133, 

EB123, and EB132) was shown to have the highest 

prey diversity, supporting its role as a generalist 

feeder. In contrast, E. areolatus (EB127) exhibited a 

narrower prey spectrum, targeting primarily 

Larimichthys crocea. The observed pattern may 

suggest intraspecific competition within E. 

malabaricus, as several individuals shared prey 

types. Shared prey resources between the two 

species could also indicate potential interspecific 

competition. Similar trophic overlaps were previously 

documented by Speed et al. (2022), who reported 

dietary convergence between E. areolatus and other 

grouper species, possibly due to morphological 

similarities. 

 

Grouper species (family Serranidae) are known 

carnivores inhabiting coral reefs, seagrass beds, and 

reef crevices (López, 2005). E. malabaricus is 

reported to feed on a wide range of prey, including 

macroplankton and other fishes (Haq et al., 2015), 

while E. areolatus consumes crustaceans, mollusks, 

and small fishes, sometimes including juvenile 

groupers (Heemstera et al., 1993). Interestingly, E. 

malabaricus was detected preying upon other 

serranids such as E. coioides, E. bruneus, E. 

fuscoguttatus, and even conspecifics. Similar 

behavior has been documented in other groupers, 

where larger individuals (e.g., E. striatus) consume 

smaller groupers (e.g., C. fulva) (Stalling, 2008; Hixon, 

2015). These observations support the potential for 

cannibalism and trophic cascade effects within 

grouper communities. 

 

Taken together, the observed variations in prey 

composition, dietary overlap, and trophic interactions 

between E. malabaricus and E. areolatus underscore 

the complex ecological dynamics shaping their 

feeding strategies. These insights reinforce the utility 

of DNA metabarcoding in resolving predator–prey 

relationships, particularly where conventional 

morphological methods fall short. However, the 

ecological implications of shared resources, potential 

cannibalism, and competition require further 

investigation through expanded sampling and 

integrative ecological modeling. 

 

Conclusion  
 

Groupers caught from fish landings in Raja 

Ampat consisted of different samples, including E. 

malabaricus and E. areolatus, and only 8 families or 

12 species were read through the OTU dataset as the 

diet of the previously mentioned groupers. These 

were subdivided into two groups, where the first 

group presented the highest food composition values, 

and the second group consisted of the lowest. 

Moreover, the dominant diet observed belonged to 

the Scaniaedae family, with E. malabaricus as the 

most significant prey, which also occurred 

sequentially among species. This study identified 

both studied species as prey for groupers, which was 

corroborated by the presence of interactions with 

predation. In addition, there was competition 

between the two species and individuals, with E. 

malabaricus showing the ability to prey on both small 

and large groupers. This suggests the need to create 

a database for the analysis of abundance and food 

preferences. We recommend that this database be 

enhanced with species abundance according to 

fisheries biogeography data in the region. This is 

some reading done in general.  

 

References 

Al Kamel, N.A.M. & Kara, M.H., 2019. Diet 

composition and trophic interactions of nine fish 
species from Mocha water, southern Red Sea, 

Yemen. Reg. Stud. Mar. Sci., 29: p.100693. 
https://doi.org/10.1016/j.rsma.2019.100693 

Allen, G.R. & Erdmann, M.V., 2012. Reef fishes of the 

East Indies. Volumes I–III. Perth, Australia: 
Tropical Reef Research. 

Allgeier, J.E., Wenger, S.J., Rosemond, A.D., Schindler, 

D.E. & Layman, C.A., 2015. Metabolic theory and 

taxonomic identity predict nutrient recycling in a 

diverse food web. Proc. Natl. Acad. Sci. U.S.A., 

112(20): E2640-E2647. https://doi.org/10.10 

73/pnas.1420819112 

Berry, O., Bulman, C., Bunce, M., Coghlan, M., Murray, 

D.C. & Ward, R.D. 2015. Comparison of 

morphological and DNA metabarcoding analyses 

of diets in exploited marine fishes. Mar. Ecol. 

Prog. Ser., 540: 167-181. https://doi.org/10. 

3354/meps11524 

Berry, T.E., Osterrieder, S.K., Murray, D.C., Coghlan, 

M.L., Richardson, A.J., Grealy, A.K., Stat, M., 

Bejder, L. & Bunce, M., 2017. DNA 

metabarcoding for diet analysis and biodiversity: 

A case study using the endangered Australian 

sea lion (Neophoca cinerea). Ecol. Evol., 7(14): 

5435-5453. https://doi.org/10.1002/ece3.3123 

Bessey, C., Jarman, S.N., Stat, M., Rohner, C.A., 

Bunce, M., Koziol, A., Power, M., 

Rambahiniarison, J.M., Ponzo, A., Richardson, 

A.J. & Berry, O., 2019. DNA metabarcoding 

assays reveal a diverse prey assemblage for 

https://doi.org/10.10
https://doi.org/


  

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December2025 Vol 30(4):507-518 

 

516 Identification of Dietary Preferences in Groupers (H.R. Erlangga et al.) 

 

Mobula rays in the Bohol Sea, Philippines. Ecol. 

Evol., 9(5): 2459-2474. https://doi.org/10.10 

02/ece3.4858 

Bohmann, K., Monadjem, A., Lehmkuhl, N.C., 

Rasmussen, M., Zeale, M.R.K., et al., 2011. 

Molecular diet analysis of two African free-tailed 

bats (Molossidae) using high throughput 

sequencing. PLoS One, 6(6): e21441. 

https://doi.org/10.1371/journal.pone.0021441 

Canals, O., Lanzén, A., Mendibil, I., Bachiller, E., 

Corrales, X., Andonegi, E., Cotano, U. & 

Rodríguez-Ezpeleta, N., 2024. Increasing marine 

trophic web knowledge through DNA analyses of 

fish stomach content: a step towards an 

ecosystem-based approach to fisheries 

research. J. Fish Biol., 105(2): 431-443. 

https://doi.org/10.1111/jfb.15754 

Chuaykaur, K., Hajisamae, S., Ruangchuay, R., Dinh, 

T.D. & Fazrul, H., 2020. Diet and food partitioning 

between juvenile of Epinephelus coioides 

(Perciformes: Epinephelidae) and other co-

existing juvenile fishes in shallow waters of 

Thailand and Malaysia. Aquat. Living Resour., 

33: 12. https://doi.org/10.1051/alr/2020013 

Clarke, L.J., Trebilco, R., Walters, A., Polanowski, A.M. 

& Deagle, B.E., 2020. DNA-based diet analysis of 

mesopelagic fish from the southern Kerguelen 

Axis. Deep Sea Res. Part II Top. Stud. Oceanogr., 

174: 104610. https://doi.org/10.1016/j.dsr2. 

2018.09.001 

Condini, M.V., Albuquerque, C.Q. & Garcia, A.M., 

2014. Age and growth of dusky grouper 

(Epinephelus marginatus) (Perciformes: 

Epinephelidae) in the southwestern Atlantic, with 

a size comparison of offshore and littoral 

habitats. Fish. Bull., 112(4): 311-321. 

https://doi.org/10.7755/FB.112.4.7 

Donaldson, T.J., 1995. Partitioning behavior and 

intra-and interspecific interactions: a 

comparison between male and female groupers, 

Cephalopholis spiloparaea (Pisces: Serranidae: 

Epinephelinae). Mar. Biol., 121(3): 581-584. 

https://doi.org/10.1007/BF00349292 

Dormann, C.F., Gruber, B. & Fründ, J., 2008. 

Introducing the bipartite package: analysing 

ecological networks. R. News, 8(2): 8-11. 

Evans, D.M., Kitson, J.J., Lunt, D.H., Straw, N.A. & 

Pocock, M.J., 2016. Merging DNA metabarcoding 

and ecological network analysis to understand 

and build resilient terrestrial ecosystems. Funct. 

Ecol., 30(12): 1904-1916. https://doi.org/10. 

1111/1365-2435.12659 

Eya, A.A.A., Lacuna, D.G. & Espra, A.S., 2011. Gut 

content analysis of selected commercially 

important species of coral reef fish in the 

southwest part of Iligan Bay, Northern Mindanao, 

Philippines. Publ. Seto Mar. Biol. Lab., 41: 35-

49. https://doi.org/10.5134/159484 

Forrester, G.E., 2015. Competition in reef fishes. 

In: Ecology of fishes on coral reefs. Cambridge, 

UK: Cambridge University Press, pp. 34-40. 

https://doi.org/10.1017/CBO9781316105412

.006 

Haq, M.A., Srinivasan, M., Tiwary, C., Vaitheeswari, S., 

Kalaiselvi, M. & Sikder, M.N.A., 2016. Food and 

feeding Biology of Fish Epinephelus malabaricus 

of Palk Bay and Gulf of Mannar coastal 

waters (Doctoral dissertation, MERAL Portal). 

Harper, L.R., Watson, H.V., Donnelly, R., Hampshire, 

R., Sayer, C.D., Breithaupt, T. & Hänfling, B., 

2020. Using DNA metabarcoding to investigate 

diet and niche partitioning in the native 

European otter (Lutra lutra) and invasive 

American mink (Neovison vison). Metabarcoding 

Metagenom., 4: e56087. https://doi.org/10. 

3897/MBMG.4.56087 

He, S., Mork, J., Larsen, W.B., Møller, P.R. & Berumen, 

M.L., 2020. Morphology and genetic 

investigation of flatfish interspecies hybrids 

(Pleuronectes platessa X Platichthys flesus) from 

the Baltic Sea. Fish. Res., 225: 105498. 

https://doi.org/10.1016/j.fishres.2020.105498 

Heemstra, P.C. & Golani, D., 1993. Clarification of the 

Indo-Pacific groupers (Pisces: Serranidae) in the 

Mediterranean Sea. Isr. J. Zool., 39(4): 381-390. 

https://doi.org/10.1080/00212210.1993.106

88729 

Heindler, F.M., Maes, G.E., Delerue-Ricard, S., Vanden 

Baviere, A., Hostens, K. & Volckaert, F.A., 2019. 

Diet composition and gut microbiome of 0-group 

European plaice Pleuronectes platessa L.-Strong 

homogeneity and subtle spatial and temporal 

differences. J. Sea Res., 144: 67-77. 

https://doi.org/10.1016/j.seares.2018.11.004 

Hinlo, R., Gleeson, D., Lintermans, M. & Furlan, E., 

2017. Methods to maximise recovery of 

environmental DNA from water samples. PLoS 

One, 12(6): e0179251. https://doi.org/10. 

1371/journal.pone.0179251 

Hixon, M.A., 2015. Predation: piscivory and the 

ecology of coral reef fishes. In: Ecology of fishes 

on coral reefs, pp. 41-53. https://doi.org/10.10 

17/CBO9781316105412.007 

https://doi.org/10.1051/alr/
https://doi.org/10.1016/
https://doi.org/10
https://doi.org/10
https://doi.org/10
https://doi.org/10.10


  

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December2025 Vol 30(4):507-518 

 

 

Identification of Dietary Preferences in Groupers (H.R. Erlangga et al.) 517 

 

Holyoak, M., 2019. Metacommunities. Davis, CA: 

University of California. 

Huerlimann, R., Roux, N., Maeda, K., Pilieva, P., 

Miura, S., Chen, H.C., Izumiyama, M., Laudet, V. 

& Ravasi, T. 2024. The transcriptional landscape 

underlying larval development and metamor-

phosis in the Malabar grouper (Epinephelus 

malabaricus). Elife, 13: RP94573. https:// 

doi.org/10.7554/eLife.94573 

Jefri, E., Zamani, N.P., Subhan, B. & Madduppa, H.H., 

2015. Molecular phylogeny inferred from 

mitochondrial DNA of the grouper Epinephelus 

spp. in Indonesia collected from local fish 

market. Biodiversitas, 16(2): 254-263. 

https://doi.org/10.13057/biodiv/d160221 

Kihia, C.M., Hendrick, Y., Muthumbi, A., Okondo, J., 

Nthiga, A. & Njuguna, V.M., 2015. Diet and 

trophic status of fish landed by tropical artisanal 

bait fishermen, Mida Creek Kenya. Int. J. Mar. 

Sci., 5(42): 1-9. https://doi.org/10.5376/ijms. 

2015.05.0042 

Leray, M., Ho, S.L., Lin, I.J. & Machida, R.J., 2018. 

MIDORI server: a webserver for taxonomic 

assignment of unknown metazoan 

mitochondrial-encoded sequences using a 

curated database. Bioinformatics, 34(21): 

3753-3754. https://doi.org/10.1093/bioinfor 

matics/bty454 

Leray, M., Yang, J.Y., Meyer, C.P., Mills, S.C., Agudelo, 

N., Ranwez, V., Boehm, J.T. & Machida, R.J., 

2013. A new versatile primer set targeting a 

short fragment of the mitochondrial COI region 

for metabarcoding metazoan diversity: 

application for characterizing coral reef fish gut 

contents. Front. Zool., 10: 34. https://doi.org/ 

10.1186/1742-9994-10-34 

López, V.G. & i Orvay, F.C., 2005. Food habits of 

groupers Epinephelus marginatus (Lowe, 1834) 

and Epinephelus costae (Steindachner, 1878) in 

the Mediterranean Coast of Spain. 

Hidrobiológica, 15(1): 27-34. 

Madduppa, H., Prabowo, B., Bengen, D.G., Ayu, I.P., 

Subhan, B. & Sani, L.M.I., 2023. Detecting 

Grouper (Epinephelinae) Diet Composition And 

Prey Availability In Raja Ampat Coral Reefs 

Through DNA And eDNA Metabarcoding. 

BIOTROPIA, 30(1): 37-50. https://doi.org/10.11 

598/btb.2023.30.1.1729 

Magurran, A.E., 2021. Measuring biological 

diversity. Curr. Biol., 31(19): R1174-R1177. 

https://doi.org/10.1016/j.cub.2021.07.049 

Morris, E.K., Caruso, T., Buscot, F., Fischer, M., 

Hancock, C., Maier, T.S., Meiners, T., Müller, C., 

Obermaier, E., Prati, D. & Socher, S.A., 2014. 

Choosing and using diversity indices: insights for 

ecological applications from the German 

Biodiversity Exploratories. Ecol. Evol., 4(18): 

3514-3524. https://doi.org/10.1002/ece3.1155 

Oksanen, J., 2015. Vegan: community ecology 

package. R package version 2.3. 

Pachiadaki, M.G., Yakimov, M.M., LaCono, V., 

Leadbetter, E. & Edgcomb, V., 2014. Unveiling 

microbial activities along the halocline of Thetis, 

a deep-sea hypersaline anoxic basin. ISME J., 

8(12): 2478-2489. https://doi.org/10.1038/is 

mej.2014.100 

Paquin, M.M., Buckley, T.W., et al., 2014. DNA-based 

identification methods of prey fish from stomach 

contents of 12 species of eastern North Pacific 

groundfish. Deep Sea Res. Part I Oceanogr. Res. 

Pap., 85: 110-117. https://doi.org/10.10 

16/j.dsr.2013.12.002 

Paul, M., Pradit, S., Hajisamae, S., Prengmak, P., 

Hisam, F. & Chaibundit, S., 2017. Relationships 

of body lengths with mouth opening and prey 

length of nemipterid fishes (Regan, 1913) in the 

Gulf of Thailand. Egypt. J. Aquat. Res., 43(4): 

297-302. https://doi.org/10.1016/j.ejar.2017. 

11.002 

Pimm, S.L., 2002. Food Webs. Chicago, Illinois: 

University of Chicago Press. 

Randall, J.E. & Brock, V.E., 1960. Observations on the 

ecology of Epinepheline and lutjanid fishes of 

Society Islands, with emphasis on food 

habits. Trans. Am. Fish. Soc., 89(1): 9-16. 

https://doi.org/10.1577/1548-8659(1960)89 

[9:OOTEOE]2.0.CO;2 

Ribeiro, D., Gkenas, C., Gago, J. & Ribeiro, F., 2021. 

Variation in diet patterns of the invasive top 

predator Sander lucioperca (Linnaeus, 1758) 

across Portuguese basins. Water, 13(15): 2053. 

https://doi.org/10.3390/w13152053 

Sousa, L., Xavier, R., Costa, V., Humphries, N.E., 

Trueman, C., Rosa, R., Sims, D.W. & Queiroz, N., 

2016. DNA barcoding identifies a cosmopolitan 

diet in the ocean sunfish. Sci. Rep., 6: 28762. 

https://doi.org/10.1038/srep28762 

Sow, A., Haran, J., Benoit, L., Galan, M. & Brévault, T., 

2020. DNA metabarcoding as a tool for 

disentangling food webs in agroecosystems. 

Insects, 11(5): 294. https://doi.org/10.33 

90/insects11050294 

https://doi.org/10.5376/ijms
https://doi.org/10.1093/bioinfor
https://doi.org/
https://doi.org/10.11
https://doi.org/10.1002/ece3
https://doi.org/10.1038/is
https://doi.org/10.10
https://doi.org/10.1016/j.ejar.2017
https://doi.org/10.1577/1548-8659(1960)
https://doi.org/10.33


  

   

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December2025 Vol 30(4):507-518 

 

518 Identification of Dietary Preferences in Groupers (H.R. Erlangga et al.) 

 

Speed, C.W., Meekan, M.G., Birt, M.J., Parsons, M.J., 

McLean, D., Taylor, B.M., Thomas, L., McCauley, 

R., Semmens, J.M. & Newman, S.J., 2022. 

Trophic structure and diet of predatory teleost 

fishes in a tropical demersal shelf ecosystem. 

Front. Mar. Sci., 9: 871611. https://doi.org/10. 

3389/fmars.2022.871611 

Syafruddin, R., Tolen, N., Yusuf, Y., Rusli, M.U., 

Bachok, Z. & Abdullah, M.M., 2024. Diversity And 

Abundance of Coral Reef Fishes, Giving 

Emphasis on The Large Predators at Chagar 

Hutang Bay, Redang Island. Universiti Malaysia 

Terengganu J.Undergraduate Res., 6(3): 40-49. 

Symondson, W.O.C., 2002. Molecular identification of 

prey in predator diets. Mol. Ecol., 11(4): 627-

641. https://doi.org/10.1046/j.1365-294X.20 

02.01471.x 

Takahashi, M., DiBattista, J.D., Jarman, S., Newman, 

S.J., Wakefield, C.B., Harvey, E.S. & Bunce, M., 

2020. Partitioning of diet between species and 

life history stages of sympatric and cryptic 

snappers (Lutjanidae) based on DNA 

metabarcoding. Sci. Rep., 10(1): 4319. 

https://doi.org/10.1038/s41598-020-60779-9 

Thompson, P.L., Davies, T.J. & Gonzalez, A., 2015. 

Ecosystem functions across trophic levels are 

linked to functional and phylogenetic 

diversity.  PLoS One, 10(2): e0117595. 

https://doi.org/10.1371/journal.pone.0117595 

Traugott, M., Thalinger, B., Wallinger, C. & Sint, D., 

2021. Fish as predators and prey: DNA‐based 

assessment of their role in food webs. J. Fish 

Biol., 98(2): 367-382. https://doi.org/10.111 

1/jfb.14400 

Wang, Q., Garrity, G.M., Tiedje, J.M. & Cole, J.R., 2007. 

Naive Bayesian classifier for rapid assignment of 

rRNA sequences into the new bacterial 

taxonomy. Appl. Environ. Microbiol., 73(16): 

5261-5267. https://doi.org/10.1128/AEM.00 

062-07 

Yeh, H.D., Questel, J.M., Maas, K.R. & Bucklin, A., 

2020. Metabarcoding analysis of regional 

variation in gut contents of the copepod Calanus 

finmarchicus in the North Atlantic Ocean. Deep 

Sea Res. Part II Top. Stud. Oceanogr., 180: 

104738. https://doi.org/10.1016/j.dsr2.2019. 

104738 

Zhang, B., Qin, S., Wang, W., Wang, D. & Xue, L., 

2016. Data stream clustering based on Fuzzy C-

Mean algorithm and entropy theory. Signal 

Process., 126: 111-116. https://doi.org/10.10 

16/j.sigpro.2015.10.014 

 

https://doi.org/10
https://doi.org/10.1046/j.1365-294X.20
https://doi.org/10.111
https://doi.org/10.1128/AEM
https://doi.org/10.1016/j.dsr2.2019
https://doi.org/10.1

