Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

DNA barcoding reveals species diversity, cryptic
lineages, and new records of marine fishes in East
Coast EEZ of Peninsular Malaysia

Noorul Azliana Jamaludin
Fisheries Research Institute Kampung Acheh

Jamsari Amirul Firdaus Jamaluddin

Jamsariaf j@email . com

Fisheries Research Institute Kampung Acheh

Mohd Hans Afifi Hassan
Fisheries Research Institute Kampung Acheh

Hashim Shuhaimi
Fisheries Research Institute Kampung Acheh

Nurul Nadwa Abdul Fatah
Fisheries Research Institute Kampung Acheh

Nabilah Mustafha
Fisheries Research Institute Kampung Acheh

Nor Bariah Omaruddin
Fisheries Research Institute Kampung Acheh

Ryon Siow
Fisheries Research Institute Kampung Acheh

Haryati Abd Wahab
Department of Fisheries Malaysia

Research Article

Keywords: Marine fishes, East Coast of Peninsular Malaysia, DNA barcode, COI, species delimitation
Posted Date: July 20th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-10324186/v1

License: @ ® This work is licensed under a Creative Commons Attribution 4.0 International License.

Read Full License

Page 1/25


https://doi.org/10.21203/rs.3.rs-10324186/v1
https://doi.org/10.21203/rs.3.rs-10324186/v1
https://doi.org/10.21203/rs.3.rs-10324186/v1
https://creativecommons.org/licenses/by/4.0/

Additional Declarations: No competing interests reported.

Page 2/25



Abstract

The South China Sea is one of the world's most biodiverse shallow-water marine ecosystems, yet its true
species richness remains underestimated owing to the continued discovery of new species, cryptic
diversity, and unresolved taxonomic groups. Although molecular approaches have increasingly been
applied to marine biodiversity studies, research in the South China Sea remains geographically biased
toward its northern regions, with comparatively few investigations conducted in Malaysian waters. This
study employed cytochrome c oxidase subunit | (COI) DNA barcoding to assess marine fish diversity
within the Exclusive Economic Zone (EEZ) of the east coast of Peninsular Malaysia. A total of 508
specimens representing 225 species, 141 genera, 69 families, 25 orders, and two classes
(Elasmobranchii and Actinopterygii) were analysed. Three species, Engyprosopon xystrias, Ostorhinchus
septemstriatus, and Synodus nigrotaeniatus, are reported as new records for Malaysia and/or the South
China Sea. Consensus species delimitation analyses identified 230 Molecular Operational Taxonomic
Units (MOTUs), revealing cryptic diversity within Pomadasys maculatus, Turrum coeruleopinnatum,
Nemipterus peronii, Maculabatis gerrardi, and Netuma thalassina. These findings demonstrate COI DNA
barcoding complements traditional taxonomy, establishing a comprehensive COl-based reference library
supporting biodiversity assessment, species identification, conservation planning, and sustainable
management of marine fish resources in the region for research.

Introduction

The South China Sea is approximately 3.5 million km? marginal sea located between the Pacific and
Indian Oceans, spanning the subtropical and tropical zones of China, Malaysia, Brunei, Indonesia, the
Philippines, Vietnam, and Thailand (Wang et al. 2014; Tang et al. 2023). Its depth ranges from shallow
Sunda Shelf (less than 200 m) to the deep waters of the Manila Trench (more than 5000 m), and it is
studded with numerous islets, atolls, and reefs, many of which are just awash at low tide, as well as
extensive seagrass, mangrove coverage, and estuarine environments (Morton and Blackmore 2001).

Due to its location at the boundary between two oceans, dynamic Quaternary morphological changes,
and tremendous diversity of natural ecosystems, the South China Sea supports highly productive
biological resources, with more than 8,600 estimated species of plants and animals occurring in the
region (Ng and Tan 2000), making it one of the world’'s most diverse shallow-water marine areas (Morton
and Blackmore 2001). This biodiversity encompasses not only species richness and intraspecific genetic
diversity, but also habitat and functional diversity across ecosystems. Collectively, these biological
resources provide a vital foundation for the livelihoods and well-being of local communities, supporting
approximately 270 million people living within the coastal subregions of the South China Sea (Ke et al.
2022). However, there is growing concern over the overexploitation of these biological resources,
particularly given the number of nations that depend on and utilize them, making the conservation and
management of this species rich diversity essential for sustaining these resources. Information on a
species, covering its occurrence, breeding, population structure, and demographic history, as well as its
distribution patterns, habitat preferences, and responses to environmental change, is crucial for
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understanding its ecology, evolution, and conservation needs (Gonzalez et al. 2024; Amos 2025; Ng et al.
2025). Therefore, an integrated and multidisciplinary approach incorporating modern techniques is
needed to gather critical information in a race against time before it becomes too late to prevent stock
depletion and species extinction (Ward et al. 2005; Xiong et al. 2022; Seijas-Diaz and Presa 2025).

Knowledge of marine fish diversity in the South China Sea has progressively expanded through both
traditional taxonomic surveys (Vidthayanon 1999a, 1999b; Muda et al. 2001; Adrim et al. 2004;
Matsunuma et al. 2011; Afig-Firdaus et al. 2021; Li et al. 2022; Ng et al. 2024) and more recent molecular
studies (Zhang 2011; Wang et al. 2012; Zhang and Hanner 2012; Thu et al. 2019; Xu et al. 2019, 2021;
Azahar et al. 2022; Li et al. 2023; Zhang et al. 2023; Abidin et al. 2024, Jiang et al. 2024). Current
assessments estimate that approximately 3,365 to 3,857 marine fish species, representing nearly 20% of
the world’s approximately 19,800 marine fish species, have been recorded from the region, highlighting
the South China Sea as a major global biodiversity hotspot (Randall and Lim 2000; Froese and Pauly
2026). With approximately 21% of global marine fish species still remaining undescribed (Mora et al.
2008), together with the ongoing discovery of new species (Chang et al. 2025; Huang et al. 2025; Mat
Jaafar et al. 2025), new distributional records (Yusri et al. 2021), and cryptic taxa (Abidin et al. 2024), the
documented marine fish diversity of the South China Sea is expected to increase further. Nevertheless,
comprehensive understanding of species composition and distribution in the region remains incomplete
due to the limitations of morphology-based identification, particularly for cryptic and closely related taxa.
Furthermore, the presence of unresolved taxa and gaps in genetic reference databases highlights the
need for continued integrative research combining traditional taxonomy, molecular approaches, and
ecological data to achieve a more comprehensive understanding of regional ichthyofaunal diversity.

Despite increasing research efforts, studies on marine fish diversity in the South China Sea have been
dominated mainly by traditional taxonomic surveys, while molecular-based studies remain comparatively
limited despite their growing application in recent years. In addition, most molecular studies have
focused on the northern South China Sea, with fewer studies conducted in the southern region,
particularly along the Malaysian coast. Knowledge of marine fish diversity in Malaysia has been
documented through numerous pictorial guides, reference books, and research publications. Mohsin and
Ambak (1996) reported 710 marine fish species from Malaysia and adjacent seas, while Ambak et al.
(2012) estimated approximately 2,243 marine fish species in Malaysian waters. Chong et al. (2010) also
documented 428 coral reef-associated fish species representing 109 families and 504 genera. In the
broader South China Sea region, Vidthayanon (1999a, 1999b) recorded 300 fish species representing 89
families from the Gulf of Thailand and the east coast of Peninsular Malaysia, as well as 518 species
representing 108 families from the waters of Sarawak, Sabah, and Brunei Darussalam. Matsunuma et al.
(2011) later catalogued 441 marine and estuarine fish species from Terengganu, including four new
records for the South China Sea. Similarly, Du et al. (2019) documented 314 species from 51 families in
the Redang Archipelago, including five new records for Malaysian waters. Seah et al. (2020) reported
169 marine fish species from 62 families near Bidong Island, including nine new records for the South
China Sea, while Seah et al. (2021) documented 256 species from 79 families in Kuantan, including 12
new regional records. Collectively, about 1,389 marine fish species associated with the South China Sea
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have been recorded from Malaysian waters (Froese and Pauly 2026). More recently, molecular
approaches have increasingly been applied in the Malaysian sector of the South China Sea. Abidin et al.
(2024), using DNA taxonomy, identified 93 species representing 41 families along the east coast of
Peninsular Malaysia, including two new records and evidence of cryptic species. Similarly, Azahar et al.
(2022) DNA barcoded 83 species from 36 families in Pulau Tinggi, Johor, highlighting the value of
molecular approaches for improving species identification and biodiversity assessment in the region.

Accurate fish species identification is essential for sustainable resource management because each
species possesses unique biological and ecological characteristics, while understanding the factors that
maintain high marine fish diversity is equally important (Li et al. 2023). Traditional taxonomy based on
morphological traits remains widely used for species identification; however, it can be challenging for
complex species groups due to phenotypic plasticity, cryptic species, hybridization, and convergent
evolution, which may lead to misidentification (Human 2007; Vrijenhoek 2009; Cerutti-Pereyra et al.
2012). To overcome these limitations, DNA barcoding was introduced as a standardized molecular
method for accurate species identification (Hebert et al. 2003). This technique uses a partial fragment of
the mitochondrial cytochrome c oxidase subunit | (COIl) gene (~ 650 bp) as a universal marker to
distinguish species based on genetic variation (Ward et al. 2005). The COI gene is particularly suitable
because of its high mutation rate, maternal inheritance, and lack of recombination, making it efficient
and reliable for species-level identification (Xing et al. 2025). Since its introduction, DNA barcoding has
become a rapid and cost-effective tool for resolving taxonomic uncertainties and detecting cryptic
diversity across many taxa, including fishes, insects, crustaceans, birds, and mammals (Alam et al. 2024,
Shneyer et al. 2025). Its effectiveness is further supported by the Barcode of Life Data Systems
(BOLDSystems), which integrates DNA sequences with specimen and geographic information to support
standardized species identification (Ratnasingham and Hebert 2007, 2013). DNA barcoding has
contributed greatly to biodiversity assessment, environmental monitoring, food authentication, forensic
studies, invasive species detection, and environmental DNA (eDNA) research (Staats et al. 2016; Ruppert
et al. 2019; Filonzi et al. 2023; Jamaluddin et al. 2022; Suhailan et al. 2025). Although challenges such as
incomplete reference databases and insufficient sampling still exist, DNA barcoding remains a powerful
complementary tool to traditional taxonomy and has significantly improved the accuracy and efficiency
of biodiversity research and conservation efforts.

In this study, specimens of marine fishes were collected from the waters within the Exclusive Economic
Zone (EEZ) of the east coast of Peninsular Malaysia to investigate species diversity and distribution
using DNA barcoding. This approach enables accurate species identification and provides valuable
insights into regional fish diversity. The resulting DNA barcode reference dataset serves as an important
scientific foundation for biodiversity assessment, species identification, and resource management in
the South China Sea and Malaysia.

Methodology
Sampling and taxonomic identification
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Sampling was carried out across 63 sites along the east coast of Peninsular Malaysia within the
Exclusive Economic Zone (EEZ) of the South China Sea between 22 June and 15 August 2025 (Fig. 1;
Supplementary Material 1). Fish specimens were collected using a single fishing vessel equipped with
bottom trawl gear, operating at depths ranging from 7.6 m to 60.2 m depending on site conditions.
Additional specimens were collected on 23 August 2025 from three fish landing sites in the Straits of
Johor: Kampung Pasir Gudang Baru, Kong Kong, and Pengerang. Following collection, specimens were
placed in labelled plastic bags and transported on ice to the sorting station. Specimens were identified
by Fisheries Department personnel to the lowest possible taxonomic level using standard identification
guides and taxonomic references (Matsunuma et al. 2011; Ambak et al. 2012; Ahmad Ali et al. 2018).
Taxonomic names and classifications were subsequently verified and updated using the California
Academy of Sciences’ Eschmeyer’s Catalog of Fishes database (Fricke et al. 2025) and WoRMS
database (WoRMS Editorial Board 2026). Following identification, specimens were labelled and
photographed, and tissue samples (fin clips) were preserved in 95% ethanol and stored at - 20°C. The
remaining specimens were fixed in 10% formalin and later transferred to 70% ethanol for long-term
preservation. All voucher specimens were deposited in the ichthyological collection of the Fisheries
Research Institute, Kampung Acheh, Perak.

DNA extraction, amplification and sequencing

A total of 508 specimens were selected from the 1,131 documented individuals to represent the full
range of morphological taxonomic diversity for subsequent molecular analyses (Supplementary Material
1). Genomic DNA was extracted using the PrimeWay Genomic DNA Extraction Kit (1st BASE, Singapore)
in accordance with the manufacturer’s instructions. A partial fragment of the cytochrome c oxidase
subunit | (COI) gene was amplified in a 25 pL reaction mixture containing 12.5 pL of 2x MyTag™ Red
Reaction Buffer (Bioline GmbH, Germany), 0.5 L of each primer (5 uM), and 10.5 pL of sterile distilled
water. Three primer pairs were used: FishF1/FishR1 and FishF2/FishR2 (Ward et al. 2005), and Johni
6F/Johni 916R for Johnius spp. (Lo et al. 2017). PCR amplification was performed with an initial
denaturation at 95°C for 4 min, followed by 30 cycles of 94°C for 30 s, 47.9°C for 50 s, and 72°C for 1
min, and a final extension at 72°C for 7 min. The resulting PCR products were sequenced using Sanger
sequencing at Apical Scientific Sdn. Bhd. (Selangor, Malaysia) with the BigDye Terminator v3.1 Cycle
Sequencing Kit on an ABI 3730xI DNA Analyzer (Applied Biosystems, Thermo Fisher Scientific, USA).

Data analysis and estimation of MOTUs

Chromatograms were edited, and consensus COI sequences for each specimen were generated by
assembling forward and reverse reads using MEGA v10.1.7 (Kumar et al. 2018). Sequence alignment
was performed using ClustalW implemented in MEGA v10.1.7. All data and sequences from this study
have been deposited in the Barcode of Life Data System (BOLD) database (https://v4.boldsystems.org)
under the project "Assessment of Coastal Marine Demersal Resources on the East Coast of Peninsular
Malaysia" (project code: FRIKA).
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Maximum likelihood (ML) phylogenetic reconstruction was used to assess species monophyly,
implemented in RAXML v8.0 (Stamatakis 2014) via the graphical interface raxmIGUI v2.0 (Silvestro and
Michalak 2012). Phylogenetic trees were reconstructed under the general time-reversible model with
gamma-distributed rate heterogeneity (GTR + I'), with node support assessed using 1,000 rapid
bootstrap replicates, and visualized in FigTree v1.4.4 ((http://tree.bio.ed.ac.uk/software/figtree/).

Barcode gap analysis was performed using the BOLD analytical toolkit to assess taxonomic
discrimination by comparing intraspecific genetic distances with nearest-neighbour distances for each
species. The analysis included only sequences = 500 bp and was conducted using the pairwise distance
model with sequence alignment performed using the Kalign algorithm (Lassmann and Sonnhammer
2005).

DNA-based species delimitation was performed on the dataset using three independent approaches,
including Assemble Species by Automatic Partitioning (ASAP) (Puillandre et al. 2021), Refined Single
Linkage (RESL) as implemented in BOLD (Ratnasingham and Hebert 2013), and the multi-rate Poisson
Tree Processes (MPTP) model (Kapli et al. 2017), to delineate molecular operational taxonomic units
(MOTUs). The ASAP analysis was performed on the ASAP tool within the SpartExplorer platform
(https://spartexplorer.mnhn.fr/) using the simple distance (p-distance) metric. The partition with the
lowest score was selected as the final species delimitation result. RESL analysis was conducted on the
BOLD Systems platform using the “cluster sequences” function with default parameters, which assigns
sequences to Barcode Index Numbers (BINs). The resulting BIN assignments, evaluated using the BIN
Discordance tool in BOLD Systems, were used to delineate molecular operational taxonomic units
(MOTUs) and assess taxonomic congruence within the dataset. The mPTP delimitation was conducted
using the mPTP web interface (https:/mptp.h-its.org/#/tree) using the MrBayes and RAXML trees as
input. All other parameters were set to default values. Subsequently, morphological evidence and
phylogenetic relationships were integrated to evaluate these MOTUs and determine the final species
delimitations.

Results

Sequence composition and Species Diversity

In this study, 508 fish sequences were generated from the east coast of Peninsular Malaysia’s Exclusive
Economic Zone (EEZ). Sequence lengths ranged from 571 to 655 base pairs, and all sequences were free
of indels and premature stop codons. The nucleotide composition averaged 29.6% (T), 28.3% (C), 23.8%
(A), and 18.3% (G). Sampling effort varied among taxa, with specimen representation ranging from 1 to
14 individuals per species.

Based on morphological and molecular diagnostic characteristics, a total of 225 species, 141 genera, 69
families, and 25 orders across two classes of Elasmobranchii (rays and sharks) and Actinopterygii (bony
fishes) were identified. Of the 225 species molecularly analysed, 68 were represented by a single
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specimen, whereas 96 species were represented by three or more individuals, including 28 species that
were well represented with at least five individuals each.

Out of the total, 12 species could only be identified to the genus level, while one specimen was identified
to the subfamily level due to difficulties in morphological identification, high genetic divergence (> 2%)
from the closest reference sequences, and inconsistent species matches within existing databases,
which collectively complicated accurate taxonomic assignment. The assemblage was dominated by
Carangidae (20 species), followed by Leiognathidae (15 species), Nemipteridae (14 species), Sciaenidae
(11 species), and Apogonidae (10 species), while most other families were represented by fewer than
five species. Etroplus suratensis, a species commonly associated with brackish-water habitats, was the
only introduced species recorded in the present study. Cross-validation against available databases and
published references confirmed that all recorded species are commonly distributed in Malaysian waters
and the South China Sea, with the exception of Engyprosopon xystrias, Ostorhinchus septemstriatus, and
Synodus nigrotaeniatus, which represent new records for Malaysia and/or the South China Sea.

Assessment of the identified to species level (212 species) against the International Union for
Conservation of Nature (IUCN) Red List database (https://www.iucnredlist.org/) revealed that 167
species (78.8%) are classified as Least Concern. However, 14 species (6.6%) were of conservation
concern. This group includes ten sharks and rays: Rhynchobatus australiae (Critically Endangered, CR),
Gymnura zonura (Endangered, EN), Maculabatis gerrardi (EN), Chiloscyllium plagiosum (Near Threatened,
NT), Chiloscyllium punctatum (NT), Rhizoprionodon oligolinx, (NT), Telatrygon zugei (Vulnerable, VU),
Brevitrygon heterura (VU), Gymnura poecilura (VU), and Hemigaleus microstoma (VU), and four threatened
bony fishes: Choerodon schoenleinii (NT), Protonibea diacanthus (NT), Scomberomorus commerson (NT),
and Rastrelliger brachysoma (VU). In addition, 31 species were either Not Evaluated (19 species) or
classified as Data Deficient (12 species). The full classification, IUCN conservation status, number of
specimens barcoded, and associated BOLD and BIN IDs are presented in Supplementary Material 1.

Genetic divergence, phylogeny, and species delimitation

In species represented by two or more DNA barcode sequences (n = 146), mean intraspecific K2P
distances ranged from 0% to 4.49%, with most species exhibiting values below 1%, while maximum
intraspecific distances ranged from 0% to 6.07% (Fig. 2A, B). Across all species (n =212), minimum
interspecific distances to the nearest neighbour (min. NN) ranged from 2.24% to 20.1% and were clearly
separated from intraspecific variation, with interspecific divergence exceeding intraspecific divergence in
most cases, supporting effective species discrimination using COI barcodes (Fig. 2A, B).

Analysis of the barcode gap revealed that all morphospecies were positioned above the 1:1 line,
indicating that minimum nearest-neighbor distances exceeded maximum intraspecific divergences
(Fig. 2C). Most morphospecies were clustered in the first quadrant (Q1), exhibiting low intraspecific
divergence and clear separation from their nearest neighbors, consistent with a distinct barcode gap. In
contrast, Pomadasys maculatus, Turrum coeruleopinnatum, Nemipterus peronii, Maculabatis gerrardi, and
Netuma thalassina were positioned in the second quadrant (Q2), displaying elevated intraspecific
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divergences ranging from 2.70% to 6.07% while maintaining substantially higher nearest-neighbor
distances. This pattern suggests the presence of deeply divergent lineages and potential cryptic diversity
within these taxa. This study also generated unique BINs for two taxa, Ostorhinchus septemstriatus
(BOLD:AHK1679) and an unidentified species within the family Aploactinidae (BOLD:AHL3550).

The maximum likelihood (ML) tree generated from the complete barcode dataset supported the
distinctiveness of the morphologically identified species clusters, including singleton taxa, with most
barcode groupings receiving strong bootstrap support (= 87%). However, Neotrygon varidens and N.
malaccensis did not form clearly separated monophyletic clusters in the ML analysis (Supplementary
Material 2).

The Molecular Operational Taxonomic Units (MOTUs) identified using three species delimitation
methods (ASAP, RESL, and mPTP) yielded varying numbers of MOTUs (Fig. 3). Numbers of delimited
MOTUs were 222 for ASAP, 230 for RESL, and 232 for mPTP (Fig. 3, Table S4). The ASAP analysis
grouped Neotrygon varidens and N. malaccensis, Atropus atropos and A. mentalis, Pterocaesio chrysozona
and P, pisang, as well as Rastrelliger kanagurta and R. brachysoma into single MOTUs despite their
morphological distinctiveness and interspecific genetic divergences exceeding the commonly applied
2% threshold. In contrast, Netuma thalassina was split into two distinct MOTUs. Additional MOTUs were
also recovered in Pomadasys maculatus, Turrum coeruleopinnatum, Nemipterus peronii, and Maculabatis
gerrardi, increasing the total number of MOTUs identified by RESL to 230. Meanwhile, mPTP recovered
232 MOTUs, including two additional MOTUs detected in Elates ransonnettii and Synodus nigrotaeniatus.
Considering morphology, MOTU delimitation schemes, the typical 2% sequence divergence threshold for
fishes, and the presence of a barcode gap, the consensus delimitation analysis recovered 230 MOTUs
from 225 morphologically identified species. Pomadasys maculatus, Turrum coeruleopinnatum,
Nemipterus peronii, Maculabatis gerrardi, and Netuma thalassina were each represented by two MOTUs,
indicating incongruences between MOTU and species boundaries and suggesting the presence of
cryptic diversity. The examination of the spatial distribution of haplotypes further supported this pattern,
however, no consistent geographic barrier was observed across all five species, as some taxa exhibited
geographically structured networks whereas others showed sympatric or mixed lineage distributions. In
particular, both lineages of Turrum coeruleopinnatum and Nemipterus peronii occurred sympatrically
across the sampled coastal regions (Fig. 3).

Discussion

Species Diversity

This study represents one of the most comprehensive molecular surveys conducted to establish a
reliable DNA barcode reference library for marine fishes within the Exclusive Economic Zone (EEZ) of
Peninsular Malaysia in the South China Sea, documenting 225 morphospecies across 126 genera, 69
families, 28 orders, and two classes. The previous DNA barcode checklist of fish species present from
Malaysian waters of the South China Sea, established by Abidin et al. (2024) and Azahar et al. (2022)
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recorded 93 species representing 41 families and 83 species representing 36 families, respectively.
However, only 50 species (22.2%) overlapped with Abidin et al. (2024), while 16 species (7.1%)
overlapped with Azahar et al. (2022). Collectively, these studies have contributed DNA barcodes for 335
marine fish species, with the highest diversity recorded in the families Carangidae (22 species),
Lutjanidae (14 species), and Nemipteridae (14 species). At the genus level, Nemipterus was the most
species-rich genus with 12 species, followed by Lutjanus, Epinephelus, and Ostorhinchus with eight
species each. Despite these advances, many marine fish species in the region remain genetically
undocumented, and substantial taxonomic gaps persist within existing DNA barcode reference libraries.
Furthermore, the currently barcoded species represent only a fraction of the estimated 1,389 marine fish
species reported from Malaysian waters of the South China Sea (Froese and Pauly 2026), highlighting
the considerable potential for future DNA barcoding initiatives, biodiversity assessments, and species
discoveries in the region. The large discrepancies observed between the present and previous studies
may be attributed to differences in sampling strategies, including fish collection methods (e.g., bottom
trawls versus spinning rods, small hand-nets, and gillnets), habitat coverage (e.g., inshore versus
offshore and coral reef environments), and sampling effort, while taxonomic uncertainties may also
contribute to species misidentifications and inconsistencies among studies (Chang et al. 2017).

Genetic Divergence, species delimitation and Cryptic
Lineages

DNA barcoding-based species identification is largely centered on patterns of sequence divergence
(Xiao et al. 2022). Hebert et al. (2004) proposed that species can be distinguished when interspecific
genetic divergence substantially exceeds intraspecific divergence, with a 10-fold difference suggested
as a general benchmark for animal species identification. In this study, the mean interspecific divergence
was 39 times higher than the mean intraspecific divergence, indicating strong genetic differentiation
among the marine fish species examined.

Consequently, the presence of a barcode gap, characterized by a clear separation between intraspecific
and interspecific genetic distances, is considered a reliable criterion for species discrimination (Meyer
and Paulay 2005). In this study, all morphospecies exhibited distinct barcode gaps, with no overlap
between intra- and interspecific genetic distances, supporting robust species delimitation consistent
with morphological taxonomy. The clear separation observed may partly reflect the relatively limited
geographic scope of sampling, the low representation of closely related taxa, and the presence of
numerous species represented by a single specimen.

In fish identification, genetic distance thresholds are among the most widely used approaches for
species delimitation. A 2% genetic distance threshold is commonly applied in fishes, whereby individuals
with divergences below 2% are generally considered conspecific, whereas divergences exceeding 2%
may indicate distinct species (Hubert and Hanner 2015). In addition, genetic divergences ranging from
1% to 2% may reflect population genetic structuring within a species across different geographic regions
(Nunes et al. 2025). In the present study, the mean intraspecific genetic distance was 0.22%, which falls
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within the range reported for marine fishes in the South China Sea (0.15-0.25%) (Xiao et al. 2022; Zhang
et al. 2023) and is slightly lower than values reported from other geographic regions (reviewed in Xu et
al. 2021). However, six species, namely Siganus fuscescens, Scomberomorus commerson, Nibea soldado,
Rastrelliger kanagurta, Synodus nigrotaeniatus, and Samaris cristatus, exhibited relatively high
intraspecific divergences ranging from 1% to 2%. These elevated divergence values may indicate the
presence of population structuring within the study region. Such patterns could have been shaped by
historical geomorphological events associated with the Sunda Shelf during the Quaternary period, when
repeated sea-level fluctuations promoted population isolation and subsequent genetic differentiation
(Voris 2000; Gaither et al. 2011; Lim et al. 2021; Goulding and Dayrat 2023).

Among the 225 OTUs investigated in this study, five species, namely Pomadasys maculatus, Turrum
coeruleopinnatum, Nemipterus peronii, Maculabatis gerrardi, and Netuma thalassina, exhibited maximum
intraspecific genetic distances exceeding 2%, whereas the remaining species showed divergences below
this threshold, consistent with typical intraspecific variation. Similar patterns of elevated intraspecific
divergence have been reported in other marine fish studies (Thu et al. 2023; Abidin et al. 2024) and were
also observed in early DNA barcoding studies of marine fishes (Ward et al. 2005). Although these
elevated divergences may indicate the presence of cryptic diversity, a universal genetic divergence
threshold is difficult to apply across different taxonomic groups and barcode regions. As a result, fixed
thresholds (e.g., 2%) may lead to under- or over-splitting due to lineage-specific evolutionary histories
and variation in divergence rates among taxa. Therefore, comparative analyses should be used
alongside threshold-based approaches to improve species delimitation accuracy and validate candidate
cryptic lineages (Neigel et al. 2007).

To further evaluate species boundaries, species delimitation analyses were conducted using a distance-
based method (ASAP), a network-based method (RESL), and a coalescent tree-based method (mPTP),
which recovered between 222 and 232 MOTUs across the dataset depending on the method applied.
The ASAP produced the most conservative estimate (222 MOTUs), whereas mPTP recovered the highest
number of MOTUs (232), with RESL identifying 230 MOTUs. Despite minor differences among these
methods, the majority of morphologically identified species were consistently recovered as single
molecular entities, indicating strong congruence between morphological and molecular evidence.
However, five species, namely Pomadasys maculatus, Turrum coeruleopinnatum, Nemipterus peronii,
Maculabatis gerrardi, and Netuma thalassina, were consistently split into multiple MOTUs by most
delimitation approaches, corresponding to their elevated intraspecific divergences (2.70-6.07%) and
supporting the presence of deeply divergent lineages within currently recognized species. Conversely, a
small number of taxa were merged into fewer MOTUs than morphologically recognized species,
especially in ASAP. This result likely reflects the distance-partitioning nature of ASAP, which identifies
species boundaries based on the overall distribution of pairwise genetic distances and barcode-gap
structure across the dataset rather than applying a fixed divergence threshold (Puillandre et al. 2021;
Hubert et al. 2024). For example, Neotrygon varidens and N. malaccensis exhibited the lowest
interspecific p-distance (2.24%) and were grouped into a single MOTU by ASAP despite being recognized
as distinct species within the recently revised Neotrygon kuhlii complex (Borsa et al. 2016; Loh et al.
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2023). This result suggests potential under-splitting and highlights the limitations of single-locus
delimitation methods, emphasizing the need for integrative taxonomic approaches to improve species
boundary inference (Dellicour and Flot 2015).

The concordance between elevated genetic divergence, barcode-gap analyses, haplotype network
structure, and multiple species delimitation approaches suggests the presence of candidate cryptic
species within Pomadasys maculatus, Turrum coeruleopinnatum, Nemipterus peronii, Maculabatis gerrardi,
and Netuma thalassina. However, because the delimitation analyses were based solely on mitochondrial
COl data, the resulting MOTUs should be considered preliminary species hypotheses rather than
definitive species boundaries. Integrative taxonomic studies incorporating morphological, ecological,
biogeographic, and nuclear genetic data are therefore necessary to validate these putative lineages.

New records and non-native species

The blackstripe lizardfish, Synodus nigrotaeniatus (Allen et al. 2017), was described from North Sulawesi
in the Celebes Sea and was later reported from Jakarta Bay, Indonesia, in the Java Sea (Wibowo et al.
2024), West Papua in the Ceram Sea (based on BOLD records), and Palawan in the Sulu Sea (Bemis et al.
2023). In the present study, the species was recorded from the coast of Pahang, representing a
significant expansion of its known distribution range and the first record of S. nigrotaeniatus from both
Malaysian waters and the South China Sea. Interestingly, analysis of COI sequences generated in this
study together with publicly available sequences from the BOLD Systems revealed the presence of two
BINs in the region, showing a mean p-distance divergence of 1.4%. These BINs were associated with
BOLD:ACU5526 (Celebes Sea, Sulu Sea, and Ceram Sea) and BOLD:AGE8639 (Java Sea), suggesting that
the South China Sea region may represent an overlap zone between the two lineages. Engyprosopon
xystrias (Hubbs, 1915) was first described from the vicinity of the Vincennes Strait, Japan, and is widely
distributed throughout the Indo-West Pacific region. Within the South China Sea, the species has
previously been reported from the coasts of China and Vietnam. Its occurrence along the coast of
Pahang in the present study represents the southernmost record within the South China Sea and the first
record of the species from Malaysian waters. Similarly, Ostorhinchus septemstriatus (Giinther 1880),
previously known from the eastern Indian Ocean and western Pacific regions, was also collected from
the coast of Pahang, representing the first record of the species from Malaysian waters. However, the
observed p-distance divergence of 2.76% from O. septemstriatus specimens from Queensland, Australia
(BOLD:AAN3092) suggests the need for further taxonomic examination of the species recorded in this
study.

Etroplus suratensis, commonly known as the green chromide, was the only introduced euryhaline species
recorded in this study and was collected from the Straits of Johor. The species is considered native to
Sri Lanka and possibly India (Daniels 2002; Lever 1996; Welcomme 1988) and is believed to have been
introduced into Malaysia and Singapore through aquaculture activities and the aquarium trade, followed
by escape into natural waters (Lever 1996). Although generally regarded as less destructive than some
other introduced cichlids, E. suratensis may compete with native fishes for resources such as food and
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breeding sites. Therefore, feral populations of E. suratensis in the region should be closely monitored and
further investigated (Kasim et al. 2025; Ng and Tan 2010).

Conservation Significance of Marine Fishes in the South
China Sea

The Indo-West Pacific region, particularly the Coral Triangle and South China Sea, is recognized as a
global hotspot for shark and ray diversity, supporting exceptionally high species richness and endemism,
although the region is increasingly facing significant conservation threats (Pimiento et al. 2023).
Consistent with previous studies on sharks and rays in the region (Loh et al. 2023; Clark-Shen et al.
2023), a high proportion of threatened or Near Threatened species was recorded in the present study,
with 10 of the 12 elasmobranch species classified under threatened categories in the IUCN Red List,
comprising five shark species and five stingray species. Several of these species, including
Rhynchobatus australiae, Hemigaleus microstoma, Rhizoprionodon oligolinx, Maculabatis gerrardi, and
Gymnura poecilura, are commercially important and commonly associated with coastal and trawl
fisheries throughout the South China Sea region. Among the threatened species recorded, Rhynchobatus
australiae is also listed under the Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES) Appendix Il, indicating that international trade of the species is regulated to ensure
utilization is not detrimental to its survival. The high proportion of threatened species observed reflects
the ongoing global decline of elasmobranch populations, with nearly one-third of shark and ray species
currently threatened with extinction (Dulvy et al. 2021). Major contributing factors include
overexploitation, incidental capture in commercial fisheries, recreational fishing pressure, habitat
degradation, and the international shark fin trade, where mislabelled and unregulated products continue
to accelerate population declines (Bineesh et al. 2017; Clark-Shen et al. 2023). The sustainability and
management of these resources are further complicated by the transboundary nature of the South China
Sea, which poses challenges in achieving coordinated conservation and fisheries management among
bordering countries and local communities.

In addition to elasmobranchs, several commercially important bony fishes recorded in this study were
also classified as threatened or Near Threatened, including Choerodon schoenleinii, Protonibea
diacanthus, Scomberomorus commerson, and Rastrelliger brachysoma. These species are heavily
exploited by coastal and commercial fisheries throughout the Indo-Pacific region, raising increasing
conservation concerns associated with overfishing and fisheries pressure.

Risk assessment and biodiversity conservation become increasingly challenging in the presence of
hidden genetic diversity. Nine out of the eleven species exhibiting moderate to high genetic divergence
(> 1%) are currently classified as either ‘Least Concern’ (Siganus fuscescens, Nibea soldado, Rastrelliger
kanagurta, Samaris cristatus, Pomadasys maculatus, Turrum coeruleopinnatum, Nemipterus peronii, and
Netuma thalassina) or ‘Data Deficient’ (Synodus nigrotaeniatus) under the IUCN (2026) criteria,
suggesting that the actual conservation risks faced by these taxa may be underestimated due to
insufficient taxonomic resolution. Overlooking cryptic diversity may therefore compromise conservation
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strategies, particularly for economically important or locally adapted lineages possessing distinct
ecological adaptations (Feckler et al. 2014). This issue is especially critical in regions experiencing
increasing anthropogenic pressures, including pollution, coastal development, and overfishing (Ramirez-
Ortiz et al. 2025). Consequently, failure to recognize cryptic diversification may result in the irreversible
loss of unique genetic diversity, ultimately affecting biodiversity, species persistence, and the functional
stability and resilience of marine ecosystems (Laikre et al. 2016).

Furthermore, a considerable number of species recorded in this study were classified as Data Deficient
(12 species) or Not Evaluated (19 species), highlighting substantial gaps in taxonomic, ecological, and
conservation knowledge. Such limitations complicate conservation planning, fisheries management, and
future IUCN reassessments. Therefore, strengthened regional cooperation, standardized biodiversity
monitoring, and the integration of molecular tools such as DNA barcoding are essential for improving
species identification, facilitating species discovery, expanding DNA barcode reference libraries,
supporting sustainable fisheries management, and enhancing long-term conservation strategies for
threatened marine fishes in the region.

Conclusions

This study revealed hidden diversity and significantly reduced knowledge gaps by establishing a robust
DNA barcode reference library for marine fishes, particularly from Malaysia and the South China Sea, as
well as surrounding waters. A total of 225 species representing 141 genera, 69 families, and 25 orders
across the classes Elasmobranchii and Actinopterygii were successfully recorded and analyzed. The
findings also indicated the presence of potential cryptic diversity within Pomadasys maculatus, Turrum
coeruleopinnatum, Nemipterus peronii, Maculabatis gerrardi, and Netuma thalassina. This barcode
reference library provides an important molecular resource that will facilitate future ichthyological
research, including taxonomy, biodiversity assessment, conservation planning, and fisheries
management. Overall, the study highlights the importance of integrating molecular approaches into
marine biodiversity research and advocates for more comprehensive regional investigations to better
understand, monitor, and conserve marine fish diversity in the region.
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Figure 1

Map showing the distribution of survey stations (yellow circles) within the Exclusive Economic Zone
(EEZ) of the east coast of Peninsular Malaysia.
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Figure 2

Intraspecific and nearest-neighbor genetic distances calculated using the p-distance model. (A)
Histograms showing the distribution of maximum intraspecific distances (max. intra) and minimum
nearest-neighbor distances (min. NN) across taxa. (B) Boxplots of mean intraspecific (mean intra),
maximum intraspecific (max. intra), and minimum nearest-neighbor distances (min. NN). (C) Scatterplot
of maximum intraspecific versus minimum interspecific (nearest-neighbor) distances, illustrating the
barcoding gap. The dashed line represents the 2% divergence threshold. Species in Quadrant 1 (Q1)
show congruence between morphological and molecular identification. Quadrant 2 (Q2) indicates high
intraspecific divergence, suggesting potential cryptic species. Quadrant 3 (Q3) includes taxa with low
interspecific divergence, possibly reflecting recent divergence, hybridization, or synonymy. Quadrant 4
(Q4) shows high intraspecific but low interspecific divergence, indicating discrepancies that warrant
further taxonomic investigation.
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Figure 3

Maximum Likelihood (ML) phylogenetic tree showing relationships among 225 marine fish species from
the Exclusive Economic Zone (EEZ) of the east coast of Peninsular Malaysia. Molecular Operational
Taxonomic Units (MOTUs) were delimited using ASAP, RESL, and mPTP, methods, including a consensus
delimitation. Highlighted sections indicate five cryptic species (>1 BIN). The inset displays a haplotype
network for Pomadasys maculatus, Turrum coeruleopinnatum, Nemipterus peronii, Maculabatis gerrardi,
andNetuma thalassina.

Page 25/25



