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Abstract 

 
Accurate and rapid species identification of snappers (Lutjanus spp.) is essential for biodiversity assessment and fisheries 

resource management, particularly in regions with high biodiversity such as the waters of Kaimana and Fakfak, West Papua. 

This study aimed to identify the economically important checkered snapper (Lutjanus decussatus) using a molecular 

approach based on DNA barcoding of the cytochrome c oxidase subunit I (COI) gene marker. Six fish tissue samples were 

collected from the waters of Kaimana and Fakfak, followed by molecular analyses including DNA extraction, PCR 

amplification, and sequencing. The obtained sequences had a length of 644 base pairs. Sequence data were analyzed by 

comparison with reference databases using BLAST and the Barcode of Life Data System (BOLD). The results showed that all 

sample sequences exhibited 100% similarity to reference sequences of L. decussatus in the databases and clustered into a 

single clade consistently supported by high bootstrap values and low intraspecific genetic distances. The Interspecific and 

outgroup sequence was clearly separated from the main clade, indicating distinct interspecific divergence. These findings 

demonstrate the effectiveness of COI-based DNA barcoding for species identification of L. decussatus, and the obtained 

genetic information can support further studies on genetic diversity and resource management in West Papua. 

 

Keywords: DNA barcoding, Lutjanus decussatus, phylogenetics 

 

 

INTRODUCTION 

 

The Fakfak and Kaimana waters, located in the Bird's Head Seascape region of Indonesia, 

constitute one of the most biodiverse marine ecosystems in the world. These coastal and reef 

environments host approximately 995 species of shallow reef fish, contributing substantially to the 

broader regional ichthyofauna of 1,150 reef fish species documented in the Bird's Head Seascape 

area (Allen & Erdmann, 2009). This exceptional biodiversity reflects favorable ecological conditions 

that support high species diversity, particularly through the presence of extensive coral reef habitats 

functioning as critical nurseries, spawning grounds, and feeding areas for numerous fish species 

(Rogers et al., 2018). The coral reef ecosystems of Fakfak and Kaimana represent a globally significant 

conservation priority, making sustainable management of reef fish populations essential for long-term 

ecosystem stability and regional food security (Chatterjee, 2017). 

 

Among the diverse fish species inhabiting these waters, the checkered snapper, Lutjanus 

decussatus, represents a critical component of Fakfak and Kaimana reef fish communities both 

ecologically and economically. Ecologically, this species functions as an important apex predator 

within coral reef ecosystems, feeding on smaller fish and crustaceans, thereby contributing to 

population control and maintaining ecosystem trophic balance (Palufi et al., 2024). As a keystone 

predator, L. decussatus plays a disproportionate role in regulating the structure and stability of reef 

fish communities, making population conservation directly relevant to broader ecosystem health 

(Putra, 2023). Economically, L. decussatus is a highly valued commercial species, commanding 

premium market prices across Indonesian coastal markets and supporting livelihoods for local fishing 

communities (Nanami & Yamada, 2008). 
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Despite its ecological and economic importance, L. decussatus populations face 

unprecedented threats from multiple anthropogenic pressures. Intensive fishing pressure targeting 

economically important snappers has increased substantially in Fakfak and Kaimana waters in recent 

decades, driven by rising coastal demand and expansion of commercial fishing operations (Eddy et 

al., 2021). In addition to overfishing, populations are threatened by destructive fishing practices 

including bottom trawling, coastal habitat degradation, pollution, and the synergistic effects of 

global climate change on coral reef ecosystems (Martinez et al., 2018). The combination of these 

stressors has led to substantial population declines of L. decussatus throughout Indonesian waters; 

this species is currently documented reductions in population size and fishing catch data over recent 

decades (IUCN, 2009). Given the ecological and economic significance of L. decussatus in the 

Fakfak-Kaimana region, conservation planning requires robust baseline data on population structure 

and species-level monitoring. 

 

To address the critical need for accurate species identification and monitoring in conservation 

efforts, molecular identification through DNA barcoding has emerged as a powerful complementary 

tool to support rapid, accurate species confirmation across all ontogenetic stages and specimen 

conditions. Unlike morphological identification, DNA barcoding does not require specialized 

taxonomic expertise and provides species-level confirmation for specimens that are morphologically 

degraded, processed, or at developmental stages where traditional identification is unreliable (Ward 

et al., 2005). DNA barcoding has been successfully applied to support fisheries monitoring, species 

verification in catch records, and biodiversity assessments across multiple tropical fish families, 

including the Lutjanidae (snappers) (Ward et al., 2009; Jin et al., 2021). 

 

Prior DNA barcoding studies on snappers in Indonesian and neighboring waters provide 

important methodological guidance for the present study. Bakar et al. (2018) successfully developed 

DNA barcodes for L. decussatus collected from Malaysian waters, establishing baseline molecular 

reference sequences for this species. Subsequently, Fadli et al. (2024) expanded this work to include 

Lutjanidae species from Aceh waters (northern Sumatra), generating additional reference data for 

multiple snapper species in Indonesian waters. However, similar molecular characterization of L. 

decussatus from the Fakfak-Kaimana region remains absent from the scientific literature, representing 

a significant geographic gap in the available molecular reference database for this species. 

 

DNA barcoding utilizes standardized short genetic markers that enable rapid and accurate 

species identification through molecular comparison (Koblmüller et al., 2024). The approach is based 

on analysis of sequence variation at homologous gene regions, detecting barcoding gaps (the 

threshold difference between intraspecific and interspecific sequence variation) that distinguish 

species reliably (Elsaied et al., 2021). The cytochrome c oxidase subunit I (COI) gene has become 

the universal standard marker for animal DNA barcoding, with a standardized amplicon length of 

approximately 650 base pairs (Hebert et al., 2003). In fish identification, the COI barcode has 

demonstrated accuracy exceeding 98% across diverse teleost taxa, including reef-associated 

families such as Labridae, Pomacanthidae, and Carangidae (Ward et al., 2005). The high 

discriminatory power of COI barcoding stems from its intermediate evolutionary rate—sufficient to 

accumulate species-level diagnostic differences while remaining too slow to generate excessive 

within-species variation that would obscure interspecific boundaries (Hebert et al., 2003).  
 

This study aims to contribute baseline molecular data supporting L. decussatus conservation 

and sustainable fisheries management in Fakfak and Kaimana waters. Specifically, we propose to: 

(1) establish DNA barcoding reference sequences for L. decussatus populations in Fakfak-Kaimana 

waters using the standard COI gene marker; (2) conduct phylogenetic analysis to assess the genetic 

relationships and evolutionary position of Fakfak-Kaimana populations relative to previously 

sequenced L. decussatus individuals from Malaysian and other Indonesian waters. 
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MATERIAL AND METHODS 

 

Samples consisted of ventral fins from putative Lutjanus decussatus specimens collected from 

fish markets in Fakfak and Kaimana, West Papua (Figure 1). Species identification was conducted 

through morphological observation based on diagnostic characters provided by FishBase 

(www.fishbase.org, Froese & Pauly, 2026 ). A total of six fin tissue samples were randomly selected, 

comprising three samples from Fakfak and three samples from Kaimana, and preserved in 96% 

ethanol. Molecular analyses were carried out at the Brainy Bee Molecular Biology Laboratory, 

Malang. 

 

DNA isolation was performed using a Geneaid extraction kit following manufacturer users 

protocol and methods that is used by Dailami et al., (2025), including tissue cell separation, cell lysis, 

DNA binding, purification, and elution using an elution buffer. A DNA barcoding fragment of the COI 

gene was amplified using universal primers designated for fish, namely the forward primer Fish-F1: 5’-

TCAACCAACCACAAAGACATTGGCAC-3’ and the reverse primer Fish-R1: 5’-

TAGACTTCTGGGTGGCCAAAGAATCA-3’ (Ward et al., 2005). PCR amplification was conducted 

using 40 µL of PCR master mix containing Taq Green Polymerase, with 2 µL of DNA template. The PCR 

cycling conditions consisted of an initial denaturation at 94°C for 15 seconds, followed by 35 cycles 

of denaturation at 94°C for 30 seconds, annealing at 51°C for 30 seconds, and extension at 72°C for 

45 seconds, with a final extension at 72°C for 10 minutes (Dailami et al., 2025). Amplification products 

were visualized by electrophoresis, targeting a band size of approximately 655 base pairs. Positive 

samples were subsequently sent for sequencing to a service provider in Malaysia, Apical Scientific 

Sdn. Bhd. 

 

Sequencing results were obtained as electropherograms in AB1 format. These data were 

edited to generate consensus sequences and to remove low-quality regions using Molecular 

Evolutionary Genetics Analysis (MEGA) software version 12 (Kumar, et al., 2024). The resulting 

sequences were compared with reference data in the GenBank database using Basic Local 

Alignment Search Tool (BLAST). Molecular identification analysis was further conducted using the 

Barcode of Life Data System (BOLD system) to identify the clustering of sample sequences into 

Barcode Index Numbers (BINs) based on sequence similarity (Ratnasingham et al., 2024). 

 

 
 

Figure 1. Map of the sampling locations 

http://www.fishbase.org/
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The sequence data obtained in this study consisted of three L. decussatus sequences from 

Fakfak and three sequences from Kaimana, which were classified as primary data, while the 

secondary data comprised sequences retrieved from the GenBank database. Secondary data, 

including intraspecific (within-species) were obtained from BLAST results with a total 12 sequences of 

L. decussatus in accordance with the intraspecific threshold proposed by Hebert, et al. (2003), with 

similarity differences less than 2%, and interspecific (between-species) sequences including L. vitta, 

L. lutjanus, L. xanthopinnis, and L. lemniscatus, selection of these species was based on previous 

phylogenetic studies by Bakar et al. (2018), which demonstrated that these taxa represent the closest 

relatives to L. decussatus within the genus Lutjanus, represented by two sequences that met the 

criteria of sequence lengths exceeding 650 base pairs and previously published records, 

Pristipomoides multidens used as an outgroup. The data were downloaded from GenBank through 

the NCBI (National Center for Biotechnology Information). 

 

Primary and secondary datasets were aligned using the ClustalW program in MEGA 12, with 

dataset details provided in Table 1. Data analyses, including nucleotide composition, genetic 

distance calculations, and phylogenetic reconstruction, were performed using MEGA 12. 

Phylogenetic reconstruction was conducted using the Maximum Likelihood (ML) method with the 

Kimura 2-parameter+Gamma distributed model and 1,000 bootstrap replications. 

 

 

Table 1.  Primary and secondary sequence datasets of Lutjanus decussatus used for genetic distance 

calculations and phylogenetic reconstruction, including sampling locations and GenBank 

NCBI accession numbers. 

 

No Species  Location Acession number Reference 

1 L. decussatus Fakfak - This study 

2 L. decussatus Fakfak - This study 

3 L. decussatus Fakfak - This study 

4 L. decussatus Kaimana - This study 

5 L. decussatus Kaimana - This study 

6 L. decussatus Kaimana - This study 

7 L. decussatus Filipina OQ387552  (Bemis et al 2023) 

8 L. decussatus Filipina OQ386044  (Bemis et al 2023) 

9 L. decussatus Indonesia MN870210  (Limmon et al., 2020) 

10 L. decussatus Indonesia GU674161  (Chenery, 2010) 

11 L. decussatus Indonesia MN869973  (Limmon et al., 2020) 

12 L. decussatus Indonesia KC130839  (Allen et al., 2013) 

13 L. decussatus Indonesia MN870035  (Limmon et al., 2020) 

14 L. decussatus Filipina OQ386916  (Bemis et al 2023) 

15 L. decussatus Filipina OQ387088  (Bemis et al 2023) 

16 L. decussatus Filipina OR524464  (Huang et al., 2023) 

17 L. decussatus Indonesia KC130844  (Allen et al., 2013) 

18 L. decussatus Indonesia KC130837  (Allen et al., 2013) 

19 L. vitta Indonesia MN870152 (Limmon et al., 2020) 

20 L. vitta Australia KT781910 (Iwatsuki et al., 2015) 

21 L. lutjanus Malaysia OR918734 (Abidin et al., 2024) 

22 L. lutjanus Filipina OR524475 (Nanola et al., 2024) 

23 L. xanthopinnis Malaysia OR918767 (Abidin et al., 2024) 

24 L. xanthopinnis Malaysia OR918757 (Abidin et al., 2024) 

25 L. lemniscatus Banglades PX640665 (Hasan et al., 2025) 

26 L. lemniscatus Australia EF609397 (Ward & Holmes, 2007) 

27 
Pristipomoides 

multidens 
Filipina OQ387822 (Bemis et al., 2023) 

https://www.ncbi.nlm.nih.gov/nucleotide/OQ387552.1?report=genbank&log$=nucltop&blast_rank=3&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/OQ386044.1?report=genbank&log$=nucltop&blast_rank=4&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/MN870210.1?report=genbank&log$=nucltop&blast_rank=6&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/GU674161.1?report=genbank&log$=nucltop&blast_rank=7&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/MN869973.1?report=genbank&log$=nucltop&blast_rank=8&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/KC130839.1?report=genbank&log$=nucltop&blast_rank=9&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/MN870035.1?report=genbank&log$=nucltop&blast_rank=10&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/OQ386916.1?report=genbank&log$=nucltop&blast_rank=16&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/OQ387088.1?report=genbank&log$=nucltop&blast_rank=18&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/KC130844.1?report=genbank&log$=nucltop&blast_rank=23&RID=R0ZJVH90014
https://www.ncbi.nlm.nih.gov/nucleotide/KC130837.1?report=genbank&log$=nucltop&blast_rank=24&RID=R0ZJVH90014
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RESULTS AND DISCUSSION 

 

Analysis of primary and secondary sequence data resulted in a sequence length of 644 base 

pairs, consistent with the standard COI barcoding region established for fish species identification. 

This sequence length is optimal for species-level discrimination while maintaining sufficient 

conservatism for reliable sequence alignment and comparison across distantly related taxa (Hebert 

et al., 2003; Ratnasingham et al., 2024). BLAST analysis of samples presumed to be Lutjanus decussatus 

from the waters of Fakfak and Kaimana showed a percent identity of 100%–99.85% with L. decussatus 

sequences available in the GenBank database, indicating high molecular consistency with 

previously characterized specimens. DNA barcoding analysis using the BOLD system independently 

confirmed these results, with sample sequences exhibiting 100% similarity. Further validation through 

Barcode Index Number (BIN) analysis showed that all samples were affiliated with BIN code 

BOLD:ADF5202, representing a single, unique classification within the BOLD database. These 

convergent results obtained through independent molecular identification approaches (BLAST, 

BOLD system similarity) support the reliability and consistency of molecular identification obtained 

using the DNA barcoding methodology (Ratnasingham & Hebert, 2013). 

 

The consistency between these multiple independent validation methods is noteworthy and 

strengthens the confidence in species identification. The BIN represents a code generated from the 

automatic clustering of highly similar DNA sequences into a single group by the BOLD system, with 

each BIN being distinct from others. This clustering mechanism provides an objective, reproducible 

approach for rapid organism identification without requiring prior taxonomic knowledge 

(Ratnasingham & Hebert, 2013). BIN clustering serves as a proxy for rapid organism identification, 

particularly in cases where morphological characteristics are unavailable, such as when samples are 

limited to specific tissues or when dealing with newly discovered species that have not yet been 

taxonomically described (Ratnasingham & Hebert, 2013; Dahruddin et al., 2016). The consistency 

between BLAST identity scores (99.85%–100%) and BOLD similarity results (100%) to the same BIN code 

strongly validates the application of COI barcoding for L. decussatus in this region (Stoeckle et al., 

2017). 

 

BIN clustering is generally based on the COI barcoding region, as this marker demonstrates 

high effectiveness in distinguishing taxa and minimizes ambiguity due to low intraspecific variation 

and high interspecific divergence (Kartavtsev, 2018). The principle underlying barcoding 

discrimination relies on the existence of a species-level barcoding gap, defined as the non-

overlapping range between maximum intraspecific and minimum interspecific distances, which 

enables clear species delineation (Meier et al., 2006). This barcoding gap phenomenon is critical to 

the success of DNA barcoding as a taxonomic tool, as it ensures that sequences within a species 

remain sufficiently similar while maintaining clear separation from other species. 

 

A total of 5 polymorphic sites were identified among L. decussatus sequences, indicating the 

presence of genetic variation within the species and enabling the definition of distinct haplotypes 

based on differences in nucleotide composition at these variable positions. These polymorphic sites 

resulted in haplotype grouping patterns based on geographic origin, with distinct haplotypes 

associated with sampling locations from Fakfak, Kaimana, the Philippines, and other Indonesian 

waters (Table 2). Intraspecific variation can be estimated through the number of polymorphic sites 

that appear in the sequence results, which represents the raw genetic diversity within a species and 

serves as a quantitative measure of intraspecific genetic heterogeneity (Zhang et al., 2020; Saleky & 

Dailami, 2021). 

 

Haplotypes represent clustered DNA variations within a species and are used to assess genetic 

variation within a single population or among different populations (Gu et al., 2022; Thakur et al., 

2025). The haplotype network revealed a marked geographic structure, with particular haplotypes 

showing strong association with specific sampling regions, suggesting population-level genetic 

differentiation driven by geographic isolation or restricted gene flow at fine spatial scales (Carpenter 
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et al., 2011). This geographic structure is important for understanding population connectivity and 

evolutionary history. 

 

A single population may consist of more than one haplotype with varying levels of diversity, 

which serves as a key indicator in conservation efforts to evaluate the adaptive capacity of a 

population to environmental changes (Zhang et al., 2020). The identification of multiple haplotypes 

within L. decussatus populations suggests significant genetic heterogeneity that may underpin 

adaptive potential and resilience to environmental stressors, including climate change and 

anthropogenic disturbance (Selkoe & Toonen, 2011). The occurrence of such variation arises from 

DNA mutations influenced by evolutionary processes as well as demographic factors, including 

population expansion, bottleneck effects, gene flow, genetic drift, habitat fragmentation, and 

selection (Rahman et al., 2025; Wakimura et al., 2023). 

 

The analysis revealed five distinct haplotypes, each showing characteristic clustering patterns 

and geographic associations. Haplotype 1 (11 individuals) exhibited the highest frequency and 

demonstrated genetic sharing between populations from Fakfak and Kaimana, indicating genetic 

connectivity between these geographically proximate regions. This widespread haplotype was also 

shared with reference sequences from the Philippines and multiple Indonesian locations, suggesting 

a widespread ancestral haplotype distributed across the broader Indo-Pacific region. The sharing of 

Haplotype 1 between Fakfak and Kaimana populations is particularly significant, as it indicates that 

despite geographic separation, these local populations are part of a larger, genetically connected 

meta-population. Genetic sharing was also observed in Haplotype 2 (4 individuals) between 

sequences from the Philippines and one sample from Fakfak, suggesting ongoing or historical gene 

flow across the Indo-Pacific Ocean and supporting the observation that oceanic barriers do not 

substantially restrict L. decussatus dispersal. 

 

In contrast, a sample from Fakfak (Haplotype 3) appeared as a singleton (unique haplotype 

found only in a single individual) similar to samples from Indonesia that formed independent 

haplotypes (Haplotypes 4 and 5), each represented by single individuals. The presence of singleton 

haplotypes may reflect private mutations arising through recent mutations in isolated lineages ,  

 

 
Table 2. Haplotype distribution of L. decussatus specimens from Fakfak and Kaimana waters 

(Indonesia), the Philippines, and other Indonesian locations, showing geographic patterns 

and relative frequencies of distinct haplotypes 

 
No Haplotype Number of samples Sample ID 

1 Haplotype 1 11 Lutjanus_decussatus-01-Fakfak Lutjanus_decussatus-

01-Kaimana Lutjanus_decussatus-02-Kaimana 

Lutjanus_decussatus-03-Kaimana 

Lutjanus_decussatus_(MN870612-Indonesia) 

Lutjanus_decussatus_(OQ387552-Filipina) 

Lutjanus_decussatus_(OQ386044-Filipina) 

Lutjanus_decussatus_(MN870210-Indonesia) 

Lutjanus_decussatus_(GU674161-Indonesia) 

Lutjanus_decussatus_(KC130839-Indonesia) 

Lutjanus_decussatus_(MN870035-Indonesia) 

2 Haplotype 2 4 Lutjanus_decussatus-02-Fakfak 

Lutjanus_decussatus_(OR524464-Filipina) 

Lutjanus_decussatus_(OQ386916-Filipina) 

Lutjanus_decussatus_(OQ387088-Filipina) 

3 Haplotype 3 1 Lutjanus_decussatus-03-Fakfak 

4 Haplotype 4 1 Lutjanus_decussatus_(KC130844-Indonesia) 

5 Haplotype 5 1 Lutjanus_decussatus_(KC130837-Indonesia) 
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cryptic population structure, or rare dispersal events that established isolated lineages in specific 

geographic regions (Carpenter et al., 2011). These singleton haplotypes could represent locally 

adapted lineages or transient variants that have not yet become established in other populations. 

The coexistence of common haplotypes like Haplotype 1 with rare singleton haplotypes within the 

same geographic region suggests complex demographic history and possibly recent colonization 

events or population mixing. 

 

Phylogenetic tree reconstruction of Lutjanus decussatus sequences was conducted to visualize 

evolutionary relationships and validate species-level clustering patterns. The analysis employed 

bootstrap analysis to assess the statistical support for inferred branching patterns. In phylogenetic 

reconstruction, bootstrap values represent the percentage of times a given branch is recovered after 

thousands of resampling replicates, with higher values indicating greater statistical support and 

consistency of the inferred branching patterns (Russo & Selvatti, 2018; Shi, 2024). All sample 

sequences clustered into a single, well-defined clade that was consistently associated with reference 

sequences of L. decussatus from GenBank, demonstrating robust phylogenetic concordance and 

supporting the accuracy of species identification across all examined specimens. Figure 2 presents 

the phylogenetic tree reconstruction showing distinct branching patterns and clade composition. 

 

The phylogenetic tree reconstruction formed all reconstructed branches with high bootstrap 

support values (≥95%), indicating strong statistical support for the inferred branching patterns and 

clade topology. This high bootstrap support demonstrates that the phylogenetic relationships are 

robust and not artifacts of the analysis. Secondary L. decussatus sequences from the Philippines 

clustered together with several samples from Fakfak within the main species clade, exhibiting a 

nested pattern characteristic of recent population divergence or ongoing gene flow (Tovar et al., 

2023). These phylogenetic patterns are consistent with the results of genetic distance analysis and 

haplotype distribution, supporting the presence of gene flow among regions, especially in the Indo-

Pacific Ocean where larval dispersal and seasonal fish migration facilitate population connectivity 

across oceanic basins (Crandall et al., 2019; Shanks et al., 2003). 

 

 
 

Figure 1. Phylogenetic tree reconstruction of checkered snapper L. decussatus, Fakfak sequences 

highlighted in green and Kaimana sequences highlighted in blue 
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The outgroup taxa outside the L. decussatus clade consisted of interspecific comparative 

species sequences within the genus Lutjanus, including L. lemniscatus, L. lutjanus, L. vitta, and L. 

xanthopinnis, all supported by high bootstrap values (≥95%), indicating robust phylogenetic structure 

and a clear barcode gap between L. decussatus and its closely related congeners (Bakar et al., 

2018). The marked phylogenetic separation between L. decussatus and other Lutjanidae species at 

the COI locus confirms the high discriminatory capacity of this marker for species identification, even 

among closely related species sharing similar morphological characters. The outgroup Pristipomoides 

multidens clearly separated from all Lutjanus groups and serves to root the phylogenetic tree, 

providing an appropriate reference point for evaluating divergence times and evolutionary 

distances. The overall phylogenetic tree structure provides multiple independent lines of evidence 

confirming that all samples examined in this study belong to L. decussatus and reinforces the 

effectiveness of DNA barcoding as a method for species-level taxonomic confirmation (Darmawan 

et al., 2026). 

 

Genetic distance analysis is used to quantify the degree of genetic divergence among 

individual sequences or populations, providing a quantitative framework for assessing species 

boundaries and evaluating intraspecific versus interspecific variation (Srivathsan & Meier, 2012). 

Genetic distance is commonly calculated using the Kimura 2-Parameter (K2P) model, which 

estimates genetic divergence by accounting for different types of nucleotide substitutions and 

corrects for multiple substitutions at the same locus (Kimura, 1980; Kumar et al., 2018). This model is 

particularly well-suited for DNA barcoding applications because it provides more accurate distance 

estimates than simple uncorrected distances when comparing sequences that may have 

undergone substantial evolutionary divergence (Xing et al., 2021). 

 

The intraspecific genetic distances of L. decussatus ranged from 0.000 to 0.003 among samples 

from Fakfak and Kaimana and other sequences from various countries, falling well below the 

commonly accepted threshold of genetic difference of less than 2% (or K2P distance < 0.02) that is 

considered indicative of intraspecific variation rather than interspecific divergence (Hebert et al., 

2003; Meier et al., 2006). This clear separation between intraspecific distances and the interspecific 

threshold (0.000–0.003 versus <0.02) supports robust species delineation and confirms that the 

samples from Fakfak and Kaimana represent true L. decussatus rather than cryptic congeners. The 

low intraspecific variation observed reflects the recent divergence and ongoing gene flow among 

populations, which prevents substantial sequence divergence within the species. Smaller genetic 

distance values indicate higher genetic similarity among individuals, which is typically observed 

within the same species, reflecting the low mutational divergence that occurs within populations 

over recent evolutionary timescales (Naz et al., 2022). 

 

In contrast, the genetic distances between L. decussatus and other species within the same 

genus consistently show higher values (0.05–0.09), exceeding the intraspecific threshold by 2.5 to 4.5 

times and thereby confirming clear interspecific separation at the COI marker (Bakar et al., 2018; 

Ward et al., 2005). These interspecific distances are consistent with distances observed between 

other congeneric fish species, validating the effectiveness of COI barcoding for genus-level 

discrimination in the Lutjanidae family (Hubert & Hanner, 2015). The ability of genetic distance to 

clearly discriminate between taxa at different hierarchical levels forms the basis of species 

identification and is particularly important for detecting cryptic species diversity and preventing 

misidentification of morphologically similar taxa (Bingpeng et al., 2018). 

 

The molecular results provide strong evidence for gene flow among L. decussatus populations 

across the Indo-Pacific region. The presence of shared haplotypes (particularly Haplotype 1) 

between Fakfak, Kaimana, and Philippine populations, combined with the nested phylogenetic 

pattern and relatively low intraspecific genetic distances, all indicate that there are no significant 

barriers in these waters that restrict genetic mixing among populations. This observation suggests 

oceanographic connectivity across the broader Indo-Pacific Ocean region (Crandall et al., 2019). 
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Ocean currents and hydrographic features of the Indo-Pacific play a critical role in mediating 

marine population structure by either facilitating or restricting larval dispersal and establishing 

connectivity corridors among geographically separated populations. The relatively short geographic 

distances between Fakfak and Kaimana, together with ocean current movements in the Coral 

Triangle region, facilitate gene flow among regions through fish activities such as migration and larval 

dispersal (Jahnke & Jonsson, 2022). This oceanographic connectivity is particularly important for 

species with pelagic larvae, such as Lutjanus species, which exhibit extended larval periods allowing 

transport across considerable oceanic distances before settlement (Selkoe & Toonen, 2011). 

 

The results of this study demonstrate the reliability of the COI region marker for not only species 

identity confirmation but also for providing insights into genetic connectivity among fish populations 

across their distribution ranges (Saleky & Dailami, 2021). The molecular data presented here support 

the hypothesis that L. decussatus represents a genetically cohesive species with high connectivity 

across the Indo-Pacific, consistent with its known wide geographic distribution and migratory 

ecology. However, the presence of geographically structured haplotypes (Haplotypes 3–5 as 

singletons from specific regions) suggests that fine-scale population structure may exist despite 

overall high gene flow, potentially reflecting recent demographic events, localized adaptation, or 

cryptic population subdivisions (Carpenter et al., 2011). These fine-scale patterns indicate that while 

broad-scale connectivity homogenizes the population, localized processes may maintain genetic 

variation at smaller geographic scales. 

 

The molecular identification results presented in this study provide multiple independent lines 

of evidence confirming that the specimens from Fakfak and Kaimana belong to L. decussatus. This 

multi-faceted molecular confirmation strengthens confidence in species identification and 

demonstrates the robustness of DNA barcoding as a taxonomic tool for species-level resolution in 

commercially important reef fish species (Ratnasingham & Hebert, 2013; DeSalle & Goldstein, 2019). 

 

The successful application of DNA barcoding to L. decussatus has important implications for 

fisheries management and conservation in Indonesian waters. Rapid, reliable species identification 

is essential for accurate catch monitoring, preventing mislabeling in fish trade, and ensuring that 

fishing regulations are applied to the correct species (Vecchioni et al., 2019). In cases where 

morphological identification is ambiguous or impossible (such as in fish processing facilities, fish 

markets, or from degraded tissue samples) DNA barcoding provides an objective, standardized 

method for species verification that can support enforcement of species-specific protection 

measures and improve the efficacy of fisheries management (Odah, 2023). The COI barcode 

sequences generated in this study for L. decussatus from Fakfak and Kaimana waters expand the 

available reference database for this species and provide regional molecular baseline data that 

can facilitate future monitoring efforts and support conservation planning in the Bird's Head 

Seascape. 

 

The haplotype structure identified in this study suggests that L. decussatus populations in the 

Indo-Pacific exhibit genetic heterogeneity that may be important for long-term population 

persistence and adaptive capacity (Selkoe & Toonen, 2011). The presence of multiple haplotypes 

and the observation of population-specific or region-specific genetic variants support the 

maintenance of within-species genetic diversity as a key conservation priority. Management 

strategies that preserve population connectivity and maintain genetic diversity across the distribution 

range of L. decussatus are likely to enhance population resilience to environmental change and 

anthropogenic stressors (Mašanović et al., 2024). The findings suggest that protecting multiple 

populations across the geographic range, rather than focusing on a single location, will better 

maintain the genetic diversity and adaptive potential necessary for long-term species persistence. 

Additionally, the evidence of ongoing gene flow across the Indo-Pacific suggests that conservation 

measures must consider regional connectivity when designing marine protected areas or 

implementing fisheries restrictions. 
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CONCLUSION 

 

This study successfully applied DNA barcoding to Lutjanus decussatus specimens from Fakfak 

and Kaimana waters, generating the first genetic baseline data for this economically important 

snapper species in Indonesia's Bird's Head Seascape region. Our analysis of the cytochrome c 

oxidase subunit I (COI) gene produced standardized 644 bp sequences that were validated through 

multiple independent approaches (BLAST similarity 99.85%–100%, BOLD analysis with BIN code 

BOLD:ADF5202, phylogenetic reconstruction with ≥95% bootstrap support, and genetic distance 

analysis), confirming that DNA barcoding provides a highly reliable tool for species-level taxonomic 

confirmation. The identification of five haplotypes, with close genetic relationships to populations 

from the Philippines and other Indonesian waters, reveals both regional-scale population 

connectivity reflecting Indo-Pacific oceanographic patterns and fine-scale genetic structure 

indicating localized population subdivisions. These molecular data have direct applications for 

fisheries management and conservation in Indonesian waters: the established DNA barcode 

sequences enable rapid species identification in processing facilities, markets, and trade surveillance 

where morphological identification is unreliable; the evidence of regional genetic connectivity 

indicates that sustainable management strategies must adopt coordinated, ecosystem-based 

approaches across multiple jurisdictions; and the availability of molecular baseline data enables 

future population genetic monitoring to detect changes in genetic diversity and connectivity that 

may signal population decline or responses to environmental stressors. 
 

ACKNOWLEDGEMENTS 
 

Thanks to the Ministry of Higher Education, Science and Technology for supporting and funding 

this research with contract number 095/C3/DT.05.00/PL/2025 and SP-01/UN42.15/PG/2025. 
 

REFERENCES 

 

Abidin, D. H. Z., Nor, S. A. M., Seah, Y. G., Ali, M. S., Jamaluddin, J. A. F., Rahim, M. A., & Jaafar, T. N. 

A. M. (2024). An odyssey of integrative taxonomy unveils marine fish diversity, new records and 

cryptic species in Malaysian waters. Zoological Studies, 63, e30. doi: 10.6620/ZS.2024.63-30 

Allen, G. R., & Erdmann, M. V. (2009). Reef fishes of the Bird's Head Peninsula, West Papua, Indonesia. 

Check List, 5(3), 587–628. doi: 10.15560/5.3.587 

Allen, G. R., White, W. T., & Erdmann, M. V. (2013). Two new species of snappers (Pisces: Lutjanidae: 

Lutjanus) from the Indo-West Pacific. Journal of the Ocean Science Foundation, 6, 33–51. doi: 

10.5281/zenodo.1036813 

Bakar, A. A., Adamson, E. A. S., Juliana, L. H., Nor Mohd, S. A., Wei-Jen, C., Man, A., & Md, D. N. (2018). 

DNA barcoding of Malaysian commercial snapper reveals an unrecognized species of the 

yellow-lined Lutjanus (Pisces: Lutjanidae). PLOS ONE, 13(9), e0202945. doi: 

10.1371/journal.pone.0202945 

Bemis, K. E., Girard, M. G., Santos, M. D., Carpenter, K. E., Deeds, J. R., Pitassy, D. E., & Williams, J. T. 

(2023). Biodiversity of Philippine marine fishes: A DNA barcode reference library based on 

voucher specimens. Scientific Data, 10(1), 411. doi: 10.1038/s41597-023-02320-9 

Bingpeng, X., Heshan, L., Zhilan, Z., Chunguang, W., Yanguo, W., & Jianjun, W. (2018). DNA barcoding 

for identification of fish species in the Taiwan Strait. PLOS ONE, 13(6), e0198109. doi: 

10.1371/journal.pone.0198109 

Carpenter, K. E., Barber, P. H., Crandall, E. D., Ablan-Lagman, M. C. A., Ambariyanto, Mahardika, G. 

N., ... & Toha, A. H. A. (2011). Comparative phylogeography of the Coral Triangle and 

implications for marine management. Journal of Marine Sciences, 2011(1), 396982. doi: 

10.1155/2011/396982 

Chatterjee, S. (2017). An analysis of threats to marine biodiversity and aquatic ecosystems. Social 

Science Research Network. doi: 10.2139/ssrn.2964468 

Chenery, J. (2010). Launch of International Barcode of Life Project activates world's largest 

biodiversity genomics initiative. Biopreservation and Biobanking, 8(4), S11–S11. doi: 

10.1089/bio.2010.8.s11 



  

 
Jurnal Kelautan Tropis Juni 2026 Vol. 29(2):173-185      

 

Molecular Identification of Checkered Snapper (A.R. Maulana et al.) 183 
 

Crandall, E. D., Riginos, C., Bird, C. E., Liggins, L., Treml, E., Beger, M., & Gaither, M. R. (2019). The 

molecular biogeography of the Indo-Pacific: Testing hypotheses with multispecies genetic 

patterns. Global Ecology and Biogeography, 28(7), 943–960. doi: 10.1111/geb.12905 

Dahruddin, H., Hadiaty, R. K., & Hubert, N. (2016). DNA barcoding: Foundations and applications for 

Southeast Asian freshwater fishes. Treubia, 43, 1–16. doi: 10.14203/treubia.v43i0.2968 

Dailami, M., Maulana, A. R., Siahaan, M. D. T. G., Kusuma, W. E., Agamawan, L. P. I., Toha, A. H. A., & 

Yuniarti, A. (2025). Genetic identity of Sentani gudgeon (Oxyeleotris heterodon) based on 

cytochrome oxidase 1 gene marker. Journal of Tropical Diversity, 1(1), 24–32. doi: 

10.64283/jotdiverse.2025.1(1):4 

Darmawan, R., Wiryawan, B., Purbayanto, A., Yulianto, I., Abdullah, A., & Kleinertz, S. (2026). 

Advancing fisheries management in Saleh Bay, West Nusa Tenggara, Indonesia: Insights from 

DNA barcoding of orange-spotted grouper (Epinephelus coioides). Ecological Genetics and 

Genomics, 38, 100432. doi: 10.1016/j.egg.2025.100432 

DeSalle, R., & Goldstein, P. (2019). Review and interpretation of trends in DNA barcoding. Frontiers in 

Ecology and Evolution, 7, 302. doi: 10.3389/fevo.2019.00302 

Eddy, T., Lam, V., Reygondeau, G., Cisneros-Montemayor, A., Greer, K., Palomares, M., Bruno, J., Ota, 

Y., & Cheung, W. (2021). Global decline in capacity of coral reefs to provide ecosystem services. 

One Earth, 4(9), 1278–1285. doi: 10.1016/j.oneear.2021.08.016 

Elsaied, H., Soliman, T., Abdelmageed, A. A., & Abu-Taleb, H. T. (2021). Applications and challenges 

of DNA barcoding and metabarcoding in African fisheries. Egyptian Journal of Aquatic 

Research, 47(1), 1–12. doi: 10.1016/j.ejar.2021.02.003 

Fadli, N., Rahayu, S. R., El Rahimi, S. A., Damora, A., Muchlisin, Z. A., Ramadhaniaty, M., ... & Siti-Azizah, 

M. N. (2024). DNA barcoding of commercially important snappers (Genus Lutjanus (Pisces: 

Lutjanidae)) from Aceh waters, Indonesia. International Journal of Design & Nature and 

Ecodynamics, 19(3), 787–794. doi: 10.18280/ijdne.190309 

Froese, R., & Pauly, D. (Eds.). (2026). FishBase. ww.fishbase.org 

Gu, S., Yan, Y.-R., Yi, M.-R., Luo, Z.-S., Wen, H., Jiang, C.-P., Lin, H.-D., & He, X.-B. (2022). Genetic pattern 

and demographic history of cutlassfish (Trichiurus nanhaiensis) in South China Sea by the 

influence of Pleistocene climatic oscillations. Scientific Reports, 12(1), 14716. doi: 10.1038/s41598-

022-18861-x 

Hasan, M. E., Durand, J. D., & Iwatsuki, Y. (2025). Lutjanus arakan, a new species of snapper (Teleostei: 

Lutjanidae) from the Bay of Bengal, Bangladesh, previously confused with L. lemniscatus. Journal 

of the Ocean Science Foundation, 45, 7–35. 

Hebert, P. D., Cywinska, A., Ball, S. L., & deWaard, J. R. (2003). Biological identifications through DNA 

barcodes. Proceedings of the Royal Society B: Biological Sciences, 270(1512), 313–321. doi: 

10.1098/rspb.2002.2218 

Huang, W.-C., Evacitas, F. C., Balisco, R. A., Nañola, C. L., Chou, T.-K., Jhuang, W.-C., Chang, C.-W., 

Shen, K.-N., Shao, K.-T., & Liao, T.-Y. (2023). DNA barcoding of marine teleost fishes (Teleostei) in 

Cebu, the Philippines, a biodiversity hotspot of the Coral Triangle. Scientific Reports, 13(1), 14867. 

doi: 10.1038/s41598-023-41832-9 

Hubert, N., & Hanner, R. (2015). DNA barcoding, species delineation and taxonomy: A historical 

perspective. DNA Barcodes, 3(1), 44–58. doi: 10.1515/dna-2015-0006 

IUCN. (2009). Lutjanus decussatus: Curtis-Quick, J. The IUCN Red List of Threatened Species 2010: 

e.T155089A115270971 [Dataset]. doi: 10.2305/IUCN.UK.2010-4.RLTS.T155089A4698115.en 

Iwatsuki, Y., Tanaka, F., Allen, G. R. (2015). Lutjanus xanthopinnis, a new species of snapper (Pisces: 

Lutjanidae) from the Indo-west Pacific, with a redescription of Lutjanus madras (Valenciennes 

1831). Journal of the ocean science foundation, 17, 22-42 

Jahnke, M., & Jonsson, P. R. (2022). Biophysical models of dispersal contribute to seascape genetic 

analyses. Philosophical Transactions of the Royal Society B: Biological Sciences, 377(1846), 

20210024. doi: 10.1098/rstb.2021.0024 

Jin, L., Yu, J., Yuan, X., & Du, X. (2021). Fish classification using DNA barcode sequences through deep 

learning method. Symmetry, 13(9), 1599. doi: 10.3390/sym13091599 

Kartavtsev, Y. P. (2018). Barcode index number, taxonomic rank and modes of speciation: Examples 

from fish. Mitochondrial DNA Part A, 29(4), 535–542. doi: 10.1080/24701394.2017.1315570 



  

 
Jurnal Kelautan Tropis Juni 2026 Vol. 29(2):173-185      

 

 

184 Molecular Identification of Checkered Snapper (A.R. Maulana et al.) 
 

Koblmüller, S., Resl, P., Klar, N., Bauer, H., Zangl, L., & Hahn, C. (2024). DNA barcoding for species 

identification of moss-dwelling invertebrates: Performance of nanopore sequencing and 

coverage in reference database. Diversity, 16(4), 196. doi: 10.3390/d16040196 

Kimura, M. (1980). A simple method for estimating evolutionary rate of base substitutions through 

comparative studies of nucleotide sequences. Journal of Molecular Evolution, 16, 111–120. doi: 

10.1007/BF01731581 

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: Molecular evolutionary genetics 

analysis across computing platforms. Molecular Biology and Evolution, 35(6), 1547–1549. doi: 

10.1093/molbev/msy096 

Kumar, S., Stecher, G., Suleski, M., Sanderford, M., Sharma, S., & Tamura, K. (2024). MEGA12: Molecular 

evolutionary genetic analysis version 12 for adaptive and green computing. Molecular Biology 

and Evolution, 41(12), msae263. doi: 10.1093/molbev/msae263 

Limmon, G., Delrieu-Trottin, E., Patikawa, J., Rijoly, F., Dahruddin, H., Busson, F., Steinke, D., & Hubert, 

N. (2020). Assessing species diversity of Coral Triangle artisanal fisheries: A DNA barcode 

reference library for the shore fishes retailed at Ambon Harbor (Indonesia). Ecology and 

Evolution, 10(7), 3356–3366. doi: 10.1002/ece3.6128 

Martinez, A. S., Willoughby, J. R., & Christie, M. R. (2018). Genetic diversity in fishes is influenced by 

habitat type and life-history variation. Ecology and Evolution, 8(23), 12022–12031. doi: 

10.1002/ece3.4661 

Mašanović, M., Žuvić, L., Žužul, I., Talijančić, I., & Šegvić-Bubić, T. (2024). Seascape genetics and 

distinct intraspecific diversification of the decapod Nephrops norvegicus in the Adriatic Sea. 

Ecology and Evolution, 14(10), e70358. doi: 10.1002/ece3.70358 

Meier, R., Shiyang, K., Vaidya, G., & Ng, P. K. (2006). DNA barcoding and taxonomy in Diptera: A tale 

of high intraspecific variability and low identification success. Systematic Biology, 55(5), 715–728. 

doi: 10.1080/10635150600969864 

Nanola, C. L., Fortaleza, M. A., Labrador, K. L., Lanutan, J., Consuegra, J. M., Del Fierro, J. F., Bacus, 

M. G., Sobradil, R. B., Eballe, A. C., & Gumanao, G. S. (2024). Lutjanus lutjanus voucher 

FDP_STAC_2209_016A cytochrome oxidase subunit 1 (COI) gene, partial cds; mitochondrial 

[GenBank accession no. OR524475]. National Center for Biotechnology Information. 

https://www.ncbi.nlm.nih.gov/nuccore/OR524475 

Nanami, A., & Yamada, H. (2008). Foraging rates and substratum selection in foraging activity of 

checkered snapper Lutjanus decussatus (Lutjanidae) in an Okinawan coral reef. Journal of Fish 

Biology, 73(6), 1484–1488. doi: 10.1111/j.1095-8649.2008.02026.x 

Naz, S., Chatha, A. M. M., Danabas, D., & Iqbal, S. (2022). Fish diversity at Head Panjnad and its 

genetic identification by DNA barcoding technology. BioScientific Review, 4(4), 73–88. doi: 

10.32350/BSR.44.04 

Odah, M. A. A. (2023). Unlocking the genetic code: Exploring the potential of DNA barcoding for 

biodiversity assessment. AIMS Molecular Science, 10(4). doi: 10.3934/molsci.2023016 

Palufi, G. E., Anggara, S. P., Laia, D. Y. W., Shabari, A. R., Daniel, N. A., Irfansyah, R., Nguyen, H. M., & 

Susiana, S. (2024). Length-weight relationships of Lutjanus decussatus as conservation target 

species in Anambas Islands Marine Protected Area, Indonesia. BIO Web of Conferences, 134, 

06008. doi: 10.1051/bioconf/202413406008 

Putra, R. D. (2023). The assemblage of carnivore fish composition (Lutjanidae, Lethrinidae, 

Haemulidae and Serranidae) of a Thousand Islands, Jakarta, Indonesia. BIO Web of 

Conferences, 70, 03010. doi: 10.1051/bioconf/20237003010 

Rahman, M. M., Ahmed, K. A., Rabbane, M. G., & Alam, M. S. (2025). Genetic diversity resonates with 

conservation strategies: A case study of Labeo rohita population. Ecology and Evolution, 15(5), 

e71480. doi: 10.1002/ece3.71480 

Ratnasingham, S., & Hebert, P. D. N. (2013). A DNA-based registry for all animal species: The Barcode 

Index Number (BIN) system. PLOS ONE, 8(7), e66213. doi: 10.1371/journal.pone.0066213 

Ratnasingham, S., Wei, C., Chan, D., Agda, J., Agda, J., Ballesteros-Mejia, L., Ait Boutou, H., El Bastami, 

Z. M., Ma, E., Manjunath, R., Rea, D., Ho, C., Telfer, A., McKeowan, J., Rahulan, M., Steinke, D., 

Dorsheimer, J., Milton, M., & Hebert, P. D. N. (2024). BOLD v4: A centralized bioinformatics 



  

 
Jurnal Kelautan Tropis Juni 2026 Vol. 29(2):173-185      

 

Molecular Identification of Checkered Snapper (A.R. Maulana et al.) 185 
 

platform for DNA-based biodiversity data. In W. J. Kress & D. Erickson (Eds.), DNA Barcoding: 

Methods and Protocols (pp. 403–441). Springer. 

Rogers, A., Blanchard, J. L., & Mumby, P. J. (2018). Fisheries productivity under progressive coral reef 

degradation. Journal of Applied Ecology, 55(3), 1041–1049. doi: 10.1111/1365-2664.13051 

Russo, C. A. D. M., & Selvatti, A. P. (2018). Bootstrap and rogue identification tests for phylogenetic 

analyses. Molecular Biology and Evolution, 35(9), 2327–2333. doi: 10.1093/molbev/msy118 

Saleky, D., & Dailami, M. (2021). Konservasi genetik ikan kakap putih (Lates calcarifer, Bloch, 1790) 

melalui pendekatan DNA barcoding dan analisis filogenetik di Sungai Kumbe Merauke Papua. 

Jurnal Kelautan Tropis, 24(2), 141–150. doi: 10.14710/jkt.v24i2.10760 

Selkoe, K. A., & Toonen, R. J. (2011). Marine connectivity: A new look at pelagic larval duration and 

genetic metrics of dispersal. Marine Ecology Progress Series, 436, 291–305. 

Shanks, A. L., Grantham, B. A. and Carr, M. H. (2003). Propagule Dispersal Distance And The Size And 

Spacing Of Marine Reserves. Ecological Applications, 13, 159-169. doi: 10.1890/1051-

0761(2003)013[0159:PDDATS]2.0.CO;2 

Shi, H. (2024). How can statistical models improve the accuracy of phylogenetic tree reconstruction? 

Theoretical and Natural Science, 66(1), 68–72. doi: 10.54254/2753-8818/2024.17991 

Srivathsan, A., & Meier, R. (2012). On the inappropriate use of Kimura-2-parameter (K2P) divergences 

in the DNA-barcoding literature. Cladistics, 28(2), 190–194. doi: 10.1111/j.1096-0031.2011.00370.x 

Stoeckle, M. Y., Soboleva, L., & Charlop-Powers, Z. (2017). Aquatic environmental DNA detects 

seasonal fish abundance and habitat preference in an urban estuary. PLOS ONE, 12(4), 

e0175186. doi: 10.1371/journal.pone.0175186 

Thakur, K., Sharma, D., Sharma, A., Sharma, A. K., Mahajan, D., Brar, B., Kumari, H., Kumar, S., Bala, M., 

Kumar, S., & Kumar, R. (2025). In silico analysis of mitochondrial DNA genes: Implication for 

conservation of Tor putitora (Hamilton, 1822). Scientific Reports, 15(1), 106. doi: 10.1038/s41598-

024-83669-w 

Tovar, V. J., Stow, A., Bein, B., Pennino, M. G., Lopes, P. F., Ferreira, B. P., & Pereira, R. J. (2023). Low 

population genetic structure is consistent with high habitat connectivity in a commercially 

important fish species (Lutjanus jocu). Marine Biology, 170(1), 5. doi: 10.1007/s00227-022-04149-1 

Vecchioni, L., Marrone, F., Belaiba, E., Tiralongo, F., Bahri-Sfar, L., & Arculeo, M. (2019). The DNA 

barcoding of Mediterranean combtooth blennies suggests the paraphyly of some taxa 

(Perciformes, Blenniidae). Journal of Fish Biology, 94(2), 339–344. doi: 10.1111/jfb.13897 

Wakimura, K., Uchii, K., & Kikko, T. (2023). Evaluation of genetic diversity in an endangered fish 

Gnathopogon caerulescens using environmental DNA and its potential use in fish conservation. 

Environmental DNA, 5(5), 973–986. doi: 10.1002/edn3.408 

Ward, R. D., Hanner, R., & Hebert, P. D. N. (2009). The campaign to DNA barcode all fishes, FISH-BOL. 

Journal of Fish Biology, 74(2), 329–356. doi: 10.1111/j.1095-8649.2008.02080.x 

Ward, R. D., & Holmes, B. H. (2007). An analysis of nucleotide and amino acid variability in the 

barcode region of cytochrome c oxidase I (cox1) in fishes. Molecular Ecology Notes, 7(5), 899–

907. doi: 10.1111/j.1471-8286.2007.01886.x 

Ward, R. D., Zemlak, T. S., Innes, B. H., Last, P. R., & Hebert, P. D. N. (2005). DNA barcoding Australia's 

fish species. Philosophical Transactions of the Royal Society B: Biological Sciences, 360(1462), 

1847–1857. doi: 10.1098/rstb.2005.1716 

Xing, B., Wang, C., Wu, Q., Wang, Y., Chen, X., Sun, R., Zhang, Z., & Xiang, P. (2021). Species 

identification of larval fish in Hawaiian waters using DNA barcoding. In Review. doi: 

10.21203/rs.3.rs-953959/v1 

Zhang, Q., Sun, C., Zhu, Y., Xu, N., & Liu, H. (2020). Genetic diversity and structure of the round-tailed 

paradise fish (Macropodus ocellatus): Implications for population management. Global Ecology 

and Conservation, 21, e00876. doi: 10.1016/j.gecco.2019.e00876 


