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INTRODUCTION  

 

Indonesia is recognized as one of the world's biggest biodiversity countries (Hasan 

et al., 2022; Robin et al., 2023), characterized by exceptionally high levels of marine 

biodiversity (Handayani et al., 2022). The Indonesian waters, forming part of the global 

Coral Triangle, serve as habitats for thousands of fish species and other marine organisms 

(Ceccarelli et al., 2022). This biodiversity encompasses various taxonomic groups, 

including cephalopods, which hold significant ecological and economic value (Pratasik 
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This study examines the genetic structure and phylogenetic relationships of 

Uroteuthis chinensis (Gray, 1849) in Bangka Belitung waters, Indonesia, 

using mitochondrial cytochrome c oxidase subunit I (COI) gene sequences. 

Twenty-four sequences were analyzed, comprising four new field-collected 

samples and 20 GenBank references. Alignment with ClustalW in MEGA X 

produced a consensus length of 446 bp. BLAST analysis confirmed species 

identity, showing ≥99% similarity with U. chinensis references. Nucleotide 

composition revealed an AT-rich profile (61.6% AT content), consistent 

with typical mitochondrial DNA of marine invertebrates. Genetic diversity 

analysis identified eight haplotypes, with haplotype diversity (Hd) of 0.681 

and nucleotide diversity (π) of 0.00219, indicating moderate diversity with 

low nucleotide differences. Eight polymorphic sites were found, including 

seven singleton variable sites and one parsimony-informative site. Pairwise 

genetic distances (K2P model) ranged from 0.002 to 0.009, suggesting low 

to moderate intraspecific variation. Neighbor-joining phylogeny with 1,000 

bootstrap replicates revealed several clusters (bootstrap 28–50), indicating 

localized genetic diversification. These findings suggest U. chinensis 

populations in Bangka Belitung are genetically homogeneous but retain 

unique haplotypes relevant to population dynamics and local adaptation. 

Broader geographic sampling and additional genetic markers are 

recommended to clarify population structure and connectivity in Indonesian 

waters. 
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et al., 2022). However, the majority of fishery resources in Indonesia are still exploited 

without sufficient baseline information on genetic structure and population dynamics—

key elements for sustainable resource management (Soeparna et al., 2024). 

Cephalopods, particularly squids of the family Loliginidae, play a key role in tropical 

and subtropical marine ecosystems (Guo et al., 2023). One of the most commercially 

valuable species in this group is U. chinensis (Puspasari et al., 2025), commonly known 

as the Chinese squid. This species is widely distributed throughout the western Indo-

Pacific region, including the South China Sea, northern Australia, and Indonesian waters 

(Morgan et al., 2024; Zamroni et al., 2024b; Robin et al., 2025b). Due to its high 

economic value, mitre squid Uroteuthis chinensis is intensively targeted by artisanal and 

commercial fisheries across its range, including the Bangka-Belitung Islands (Puspasari 

et al., 2025). 

While several studies have investigated the population genetics of U. chinensis in 

parts of the Indo-Pacific, such as in Chinese, Vietnamese, and Taiwanese waters 

(Zamroni et al., 2024a), genetic data from the Indonesian region remain scarce. This 

limits our understanding of regional population connectivity and potential genetic 

differentiation across biogeographic boundaries (Mzingirwa et al., 2019; Arranz et al., 

2024). Mitochondrial DNA markers, particularly the cytochrome c oxidase subunit I 

(COI) gene, have proven effective in resolving population structure (Arai et al., 2023), 

detecting cryptic diversity (Costa et al., 2023), and inferring phylogenetic relationships 

in cephalopods and other marine taxa (Kautsari et al., 2024; Mahrus et al., 2025). 

The Bangka-Belitung Islands, located at the confluence of the Indian Ocean and the 

South China Sea (Xu et al., 2021), represent a biogeographically strategic zone that may 

influence gene flow patterns and population differentiation (Huang et al., 2023). Given 

this context, studying the genetic structure of U. chinensis populations in this region 

offers valuable insights into the broader evolutionary and ecological dynamics of marine 

species in the Indo-Pacific. 

This study aims to analyze the genetic structure and phylogenetic relationships of U. 

chinensis  populations from the Bangka-Belitung Islands using mitochondrial COI gene 

sequences. The results are expected to contribute to the understanding of intraspecific 

genetic diversity and population connectivity (Riera et al., 2025) and to provide a 

scientific foundation for conservation strategies and the sustainable management of 

cephalopod fisheries in Indonesian waters. 

 

MATERIALS AND METHODS  

1.Sampling site and Fish samples collection 

A total of 16 individuals of U. chinensis were collected through targeted sampling 

during July–August 2025 from four coastal sites on the Bangka Belitung Islands, 

Indonesia. Specimens were obtained using active capture techniques (e.g., hand lines and 

squid jigs) in collaboration with local fishers. The sampling sites were determined based 

on variations in land use, GPS coordinates, and differences in environmental 
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characteristics. The first sampling site (Red Circle 1) is located along the coastal waters 

of Tuing and Deniang Villages, Bangka Regency. The second site (Red Circle 2) is in the 

coastal area of Selat Nasik Village, East Belitung Regency. The third site (Red Circle 3) 

encompasses the coastal waters of Sadai Village, South Bangka Regency. The fourth and 

final site (Red Circle 4) includes Kampak and Air Nyatoh Villages in West Bangka 

Regency. 

Of the 16 specimens collected, four were preserved in 96% molecular-grade ethanol 

shortly after capture for subsequent mitochondrial DNA analysis (Nazran et al., 2025). 

Eleven live specimens were transported to the Fisheries Hatchery of the University of 

Bangka Belitung to support further research on breeding, reproductive biology, 

domestication, and larval development. The remaining individual was fixed in 10% 

(Valen et al., 2025) buffered formalin and deposited as a voucher specimen in the 

Ichthyological Collection of the Aquaculture Laboratory at the University of Bangka 

Belitung. All specimen handling procedures followed institutional ethical guidelines and 

were conducted under appropriate research permits. 

 
Fig. 1. Sampling locations of U. chinensis  in natural habitats across the coastal waters of the Bangka 

Belitung Islands, Indonesia 

 

2. Additional sequence data 

In addition to newly obtained sequences, 20 mitochondrial DNA sequences of the 

cytochrome c oxidase subunit I (COI) gene from U. chinensis  individuals in the Bangka 

Belitung region were included to support genetic and phylogenetic analyses. These 

sequences were downloaded from the GenBank database (accession numbers OR939404–

OR939423) and aligned with the sequences generated in this study. Their inclusion was 

intended to enhance the resolution of population structure and phylogenetic relationships 

within a shared geographic context. All sequences underwent quality control checks prior 

to analysis. 

 

3. DNA purification and PCR processes 

The DNA extraction and amplification occurred from August 5 to August 10, 2025. 

Genomic DNA extraction utilizing the gSYNCTM DNA Extraction Kit (Geneaid, 

GS300) comprises four stages: lysis, binding, washing, and elution. Amplification PCR 
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utilizing MyTaq HS Red Mix (Bioline, BIO-25048) with a total volume of 25μl, 

containing 9.5μl of ddH2O, 12.5μl of MyTaq HS Red Mix, 10μM LCO1490 (5'-

GGTCAACAAATCATAAAGATAATTGG-3'), 10μM HCO2198 (5'-

TAAACTTCAGGGTGACCAAAAAATCA-3') (Folmer et al., 1994), and DNA 

template. The reaction mixture was further increased utilizing the BioRad T100TM 

apparatus. The PCR cycle parameters consist of initial denaturation at 95°C for 3 

minutes, and denaturation at 96°C for 10 seconds, annealing at 53°C for 30 seconds, and 

extension at 72°C for 45 seconds (Robin et al., 2025a). Those steps were performed over 

35 cycles each. The final stage was conducted at a temperature of 4°C for one cycle. The 

PCR results were subsequently examined in a 1% agarose gel by electrophoresis, utilizing 

nucleic acid gel dye (GelRed®) for staining (Syarif et al., 2025). Agarose consists of 5ml 

of TAE buffer, 45ml of distilled water, and 8μl of red gel dye incorporated into the 

solution. Five microliters of the DNA sample was combined with one microliter of 

loading dye and introduced into the agarose gel well. The positive sample (luminous 

DNA band) was subsequently subjected to DNA sequencing via the Sanger dideoxy 

technique at PT. Genetics Science Jakarta. 

 

4. Phylogenetic and genetic diversity analysis 

Phylogenetic analysis was conducted to investigate the genetic relationships among 

U. chinensis  individuals from the coastal waters of Bangka Belitung. A total of 24 COI 

gene sequences were used in the analysis, comprising four newly obtained sequences and 

20 additional sequences retrieved from the GenBank database (accession numbers 

OR939404–OR939423). All sequences were analyzed using MEGA X software (Kumar 

et al., 2018). The initial step involved sequence alignment using the ClustalW algorithm 

(Daugelaite et al., 2013), followed by manual inspection to ensure the absence of 

misreads or significant gaps. The final aligned sequence length used for analysis was 

approximately 446 base pairs (bp). Prior to phylogenetic tree construction, the optimal 

nucleotide substitution model was identified using the “Find Best DNA/Protein Models 

(ML)” function in MEGA X (Kumar et al., 2018), based on the Akaike Information 

Criterion (AIC). The Kimura 2-Parameter (K2P) model was selected as the best fit for the 

dataset (Wennmann et al., 2018). A phylogenetic tree was constructed using the 

Neighbor-Joining (NJ) method (Saitou et al., 1987) with 1,000 bootstrap replicates to 

assess the statistical support for each branch (Russo et al., 2018). One sequence from an 

outgroup species, Uroteuthis edulis, was included to clarify the evolutionary position of 

U. chinensis. In addition, nucleotide composition analysis was performed in MEGA X to 

determine the proportions of the four nitrogenous bases (A, T, C, G) across the 

sequences. Genetic distances between sequences were calculated using the K2P model in 

MEGA X to quantify levels of genetic similarity or divergence among individuals. 

Further analyses of haplotype structure, nucleotide polymorphism, number of 



1465 
Genetic Structure and Phylogenetic Relationships of Mitre Squid Uroteuthis chinensis  

 

 

polymorphic sites, and haplotype diversity (Hd) were performed using DnaSP v6 (Rozas 

et al., 2018). 

RESULTS  

 

1.Aligment DNA 

In total, 24 mitochondrial COI gene sequences of U. chinensis  were included in this 

study. Four sequences were newly generated from specimens collected in the Bangka 

Belitung region and labeled as Babel 0 through Babel 3. An additional 20 reference 

sequences were obtained from the GenBank database (accession numbers OR939404–

OR939423). All sequences were aligned using the ClustalW algorithm in MEGA X, and 

a final alignment of 446 base pairs in length was used for further genetic and 

phylogenetic analyses. 

 
Fig. 1. Aligment DNA 

2. BLAST DNA 

Four U. chinensis samples collected from the coastal waters of Bangka Belitung 

(designated Babel 0 to Babel 3) were analyzed using the Basic Local Alignment Search 

Tool (BLAST) against the GenBank database. BLAST results indicated that all samples 

shared very high sequence similarity (≥99%) with reference sequences of U. chinensis 

stored in GenBank (Table 1). 

 

Table 1. Identification of U. chinensis  DNA sequences from Bangka Belitung based 

on nucleotide BLAST (BLASTn) analysis against the GenBank database 

N Sample 

Code 

Sequence 

Identity (%) 

Query 

Coverage (%) 

Genbang 

Accession 

Refrences Species 

1 Babel

_0 
100% 100% 

LC552681.

1 

U. chinensis  

2 Babel

_1 
100% 100% 

LC552681.

1 

U. chinensis  

3 Babel

_2 
99.5% 100% 

MK984358

.1 

U. chinensis  

4 Babel

_3 
99.3% 100% 

MZ938994

.1 

U. chinensis  

Note: “Babel” indicates sampling locations within Bangka Belitung Province, Indonesia. 
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Based on the BLAST output, the alignment length for nearly all matches was 446 

base pairs, with 100% query coverage. An E-value of 0.0 indicated that the sequence 

alignments were statistically highly significant. The percentage of sequence identity 

ranged from 99.27 to 100%, confirming consistent species-level identification (Valen et 

al., 2024a). All top matches corresponded to U. chinensis, thereby verifying that the 

field-collected samples belong to the same species. 

 

3. Nucleutide composition 

Nucleotide composition analysis of the COI (cytochrome c oxidase subunit I) gene 

was performed on eight specimens of U. chinensis  collected from the Bangka Belitung 

Islands, each yielding a sequence length of 446 base pairs. The analysis revealed a strong 

bias toward adenine (A) and thymine (T), which together accounted for an average of 

61.6% of the total nucleotide composition (A: 28.3%, T: 33.3%), consistent with the AT-

rich nature of mitochondrial DNA in marine invertebrates (Table 2). The proportions of 

cytosine (C) and guanine (G) were lower, averaging 22.7 and 15.7%, respectively. Minor 

variations were observed across the eight haplotypes, but the overall compositional 

pattern remained conserved. 

Table 2. Nucleotide composition of U. chinensis from the Bangka Belitung Islands 

Haplotype T(U) (%) C (%) A (%) G (%) Length (bp) 

1 33.4 22.6 28.0 15.9 446 

2 33.2 22.9 28.3 15.7 446 

3 33.2 22.9 28.3 15.7 446 

4 33.4 22.6 28.3 15.7 446 

5 33.4 22.6 28.5 15.5 446 

6 33.2 22.9 28.0 15.9 446 

7 33.4 22.6 28.5 15.5 446 

8 33.4 22.4 28.7 15.5 446 

Mean 33.3 22.7 28.3 15.7 446 

 

4. Haplotype identification 

Based on COI (cytochrome c oxidase subunit I) gene sequence analysis of 24 U. 

chinensis  samples from the coastal waters of Bangka Belitung using DnaSP v6 software, 

the following results were obtained: the total number of haplotypes was eight, with eight 

variable sites. The haplotype diversity (Hd) value was 0.6812. Haplotype distribution 

analysis revealed that haplotype 4 (Hap_4) was the most dominant, occurring in 13 

individuals, while five haplotypes were singletons, each represented by only one 

individual (Table 3). 
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Table 3. Haplotype distribution of U. chinensis  from the coastal waters of Bangka 

Belitung based on COI gene sequences 

Haplotype 

ID 

Number of 

Individuals 

Sample Code(s) 

Hap_1 5 Babel_0, Babel_1, Babel_7, Babel_16, Babel_18 

Hap_2 1 Babel_2 

Hap_3 1 Babel_3 

Hap_4 13 

Babel_4, Babel_5, Babel_8, Babel_9, Babel_10, Babel_11, 

Babel_12, Babel_14, Babel_19, Babel_20, Babel_21, Babel_22, 

Babel_23 

Hap_5 1 Babel_6 

Hap_6 1 Babel_13 

Hap_7 1 Babel_15 

Hap_8 1 Babel_17 

Note: “Babel” indicates sampling locations within Bangka Belitung Province, Indonesia. 

5. Polymorphic sites 

Analysis of 24 COI (cytochrome c oxidase subunit I) gene sequences from U. 

chinensis collected in the Bangka Belitung region revealed that, out of a total of 446 

nucleotide positions analyzed, eight were polymorphic (variable sites) and 438 were 

monomorphic (invariable), with no gaps or missing data. Among the eight polymorphic 

sites, seven were singleton variable sites—nucleotide positions exhibiting mutations in 

only a single individual—located at positions 1, 2, 89, 245, 290, 359, and 416 (Table 4). 

The remaining site, position 86, was identified as a parsimony‐informative site with two 

nucleotide variants, which can be used for phylogenetic inference. No sites were found 

with more than two variants (i.e., tri‐allelic or tetra‐allelic sites), indicating that the 

observed genetic variation among sequences was simple and consisted predominantly of 

single nucleotide polymorphisms (SNPs). 

Table 4. Polymorphic sites in COI gene sequences of U. chinensis  from the Bangka 

Belitung region 

Parameter Value/Position  Description 

Total nucleotide positions 446 bp Sequence length analyzed 

Polymorphic sites (variable 

sites) 

8 Total positions exhibiting 

mutations 

Monomorphic sites (invariable 

sites) 

438 Positions showing no variation 

Gaps / missing data None Complete alignment with no 

missing data 

Singleton variable sites 7 (Positions: 1, 2, 

89, 245, 290, 359, 

416) 

Mutations occurring in only one 

individual 

Parsimony‐informative site 1 (Position: 86) Site with two variants, useful for 
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phylogenetic inference 

Sites with three or four 

variants 

None No complex mutations detected, 

supporting predominance of simple 

SNPs 

Dominant mutation type SNP (single 

nucleotide 

polymorphism) 

Genetic variation among 

individuals is simple and limited 

 

6. Haplotype diversity 

Analysis of 24 COI (cytochrome c oxidase subunit I) gene sequences from U. 

chinensis  in the Bangka Belitung region revealed eight unique haplotypes, with a 

haplotype diversity (Hd) of 0.681 accompanied by a standard deviation of 0.092 and a 

variance of 0.00845. This value indicates that, although the majority of individuals share 

the same haplotype—particularly haplotype 4—there remains a moderate level of genetic 

diversity within the population. In addition, the nucleotide diversity (π) was recorded at 

0.00219, suggesting that the average pairwise nucleotide differences within the 

population are relatively low. The Theta (θ) per site was estimated at 0.00480 based on η 

(the total number of mutations) and at 0.00486 based on π (Table 5). 

Table 5. Genetic diversity indices for U. chinensis  from the Bangka Belitung region 

based on COI gene sequences 

Parameter Value Description 

Number of nucleotide sites 446 bp COI region analyzed 

Polymorphic sites (S) 8 Number of variable sites 

Number of mutations (Eta) 8 Total nucleotide changes 

Number of haplotypes (h) 8 Total unique haplotypes 

Haplotype diversity (Hd) 0.681 
Genetic diversity based on 

haplotypes 

Variance of haplotype diversity 0.00845 — 

Standard deviation of haplotype 

diversity 
0.092 — 

Nucleotide diversity (π) 0.00219 
Average nucleotide differences 

between individuals 

Theta (per site) from Eta 0.00480 
Estimated genetic variation based 

on mutations 

Theta (per site) from S 

(Theta‐Watterson) 
0.00480 

Estimated variation based on 

segregating sites 

Theta (per site) from π 0.00486 
Estimated variation based on 

nucleotide differences 
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7. Analysis of local sample sequences 

A summary of the four COI (Cytochrome C Oxidase Subunit I) gene sequences 

obtained from field collections in the Bangka Belitung region is presented Table (6).  

Table 6. Summary of COI gene sequences from field‐collected U. chinensis  samples 

in the Bangka Belitung region 

Sample 

Code 

Haplotype 

Name 

Sequence 

Length (bp) 
Notes 

Babel_

0 

Haplotype 

1 
446 Identical to Babel_1 

Babel_

1 

Haplotype 

1 
446 - 

Babel_

2 

Haplotype 

2 
446 1–2 polymorphic sites 

Babel_

3 

Haplotype 

3 
446 

Difference at position 250 (G → 

C) 

Note: “Babel” indicates sampling locations within Bangka Belitung Province, Indonesia. 

8. Genetic distances 

Genetic distances among haplotypes were calculated using the Kimura 2‐Parameter 

(K2P) model. The results, presented in Table (7), indicate that genetic distances among 

samples ranged from 0.002 to 0.009, suggesting low to moderate levels of intraspecific 

genetic diversity. 

Tabel 7. Pairwise genetic distances among U. chinensis  haplotypes from the Bangka 

Belitung region based on the Kimura 2‐Parameter (K2P) model 

Haplotype 1 2 3 4 5 6 7 8 

1                 

2 

0.

005 

      

 

3 

0.

005 

0.

005 

     

 

4 

0.

002 

0.

002 

0.

002 

    

 

5 

0.

004 

0.

005 

0.

005 

0.

002 

   

 

6 

0.

002 

0.

007 

0.

007 

0.

005 

0.

007 

  

 

7 

0.

004 

0.

005 

0.

005 

0.

002 

0.

004 

0.

007 

 

 

8 

0.

007 

0.

007 

0.

007 

0.

005 

0.

007 

0.

009 

0.

007  
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9. Molecular phylogeny 

A phylogenetic tree was constructed using the neighbor‐joining (NJ) method with 

1,000 bootstrap replicates. The Kimura 2‐Parameter (K2P) model was applied to estimate 

evolutionary distances. U. edulis was included as an outgroup. The analysis revealed the 

formation of several genetic clusters, with moderate to high bootstrap support values (28–

50), indicating the presence of local genetic diversification within the Bangka Belitung 

population (Fig. 2). 

 

 
Fig. 2. Phylogenetic relationships among U. chinensis  haplotypes from the Bangka 

Belitung region based on COI  gene sequences (Note: “Babel” indicates sampling 

locations within Bangka Belitung Province, Indonesia) 

The tree was constructed using the neighbor‐joining (NJ) method with 1,000 

bootstrap replicates, applying the Kimura 2‐Parameter (K2P) model to estimate 

evolutionary distances. U. edulis was included as an outgroup. Bootstrap values (28–50) 

are shown at the corresponding nodes. The analysis reveals several genetic clusters, 

suggesting localized genetic diversification within the Bangka Belitung population. 
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DISCUSSION 

BLAST analysis of four U. chinensis  samples collected from the Bangka Belitung 

waters revealed very high nucleotide sequence similarity (≥99%) with reference 

sequences available in the GenBank database. Two of the four samples (Babel_0 and 

Babel_1) exhibited 100% identity with sequence LC552681.1, while the other two 

samples (Babel_2 and Babel_3) showed 99.5 and 99.3% identity with MK984358.1 and 

MZ938994.1, respectively. All BLAST results yielded an E‐value of 0.0 and 100% query 

coverage, indicating that the matches were statistically highly significant and not due to 

random similarity (Robin et al., 2022; Bolaji et al., 2023; Syarif et al., 2023; Valen et 

al., 2023; Yalla et al., 2023). 

These findings provide strong evidence that the four field‐collected samples belong 

to U. chinensis. The very high sequence identity between the local samples and reference 

sequences demonstrates that the COI molecular marker is effective for species‐level 

identification (Valen et al., 2022; Robin et al., 2025a). Minor differences in sequence 

identity (<1%) likely reflect intraspecific variation or genetic divergence among 

populations from different geographic locations. 

All mitochondrial COI sequences analyzed in this study had a final aligned length of 

446 base pairs after alignment using the ClustalW algorithm. No large gaps or mutations 

disrupting the reading frame were detected, indicating that the COI segment lies within a 

conserved and functionally important region, as is commonly observed in mitochondrial 

sequences of marine invertebrates. 

Meanwhile, validation through BLAST analysis and high-quality DNA sequence 

alignment offers a reliable basis for assessing genetic diversity and population structure 

in U. chinensis. Although all four samples from Bangka Belitung were confirmed as the 

same species, slight nucleotide variations detected among them may serve as indicators of 

population genetic differentiation or potential geographic isolation (Li et al., 2022). 

Analysis of COI sequences from 24 U. chinensis samples using DnaSP v6 identified 

eight distinct haplotypes with eight variable sites. The haplotype diversity (Hd) value of 

0.6812 indicates a moderate level of genetic variation in the analyzed population. 

Haplotype distribution revealed dominance of Hap_4, present in 13 of the 24 individuals 

(54.2%), while five haplotypes were singletons, each represented by a single individual. 

This pattern suggests a non‐homogeneous population structure, where most individuals 

belong to one dominant genetic group while others harbor unique genetic variants 

potentially important for local adaptation or genetic isolation (Insani et al., 2022). 

Analysis of the 446 nucleotide positions in the COI gene showed eight polymorphic 

sites, with the remaining 438 positions monomorphic. Seven of these polymorphic sites 

were singleton variable sites—mutations occurring in only one individual—while one site 

(position 86) was parsimony‐informative, having two nucleotide variants useful for 

phylogenetic inference. No tri‐allelic or tetra‐allelic sites were found, indicating that 

genetic variation in this population is dominated by simple single-nucleotide 

polymorphisms (SNPs), as is common in mitochondrial DNA markers (Castañeda et al., 
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2022). Although the overall variation was low, the presence of an informative site such as 

position 86 still provides genetic signals that can be used for phylogenetic tree 

construction, mapping individual relationships, and testing hypotheses on the origin and 

divergence of the population (Zheng et al., 2023; Kise et al., 2024). 

The analysis of 24 COI gene sequences from U. chinensis individuals in the Bangka 

Belitung region yielded eight unique haplotypes, reflecting haplotype diversity (Hd) of 

0.681, with a standard deviation of 0.092 and variance of 0.00845. These values suggest 

that, although most individuals share the dominant haplotype (Hap_4), the population 

retains a moderate level of genetic variation (Li et al., 2023). 

The presence of five singleton haplotypes—each found in only one individual—

indicates low‐frequency genetic variants in the population. Such unique haplotypes may 

represent recent mutations, local adaptations, or limited gene flow among subpopulations 

(Miller et al., 2012). This distribution pattern is common in marine invertebrates with 

high fecundity and planktonic larval stages, where selection and dispersal play key roles 

in shaping population genetic structure (Hellberg, 2009). 

The recorded nucleotide diversity (π) of 0.00219 reinforces the interpretation that the 

level of genetic variation at the nucleotide level in this population is low. This value 

represents the average number of nucleotide differences per random pair of individuals 

and is consistent with the high conservation of mitochondrial genes, such as COI, which 

have essential roles in cellular respiration (Chen et al., 2019). 

Estimates of Theta (θ) per site, based on both the total number of mutations (η) and 

the number of segregating sites (S), yielded nearly identical values (0.00480), indicating 

consistent mutation rates across the analyzed gene segment. The agreement with the 

Theta value based on π (0.00486) also suggests that the population is close to a mutation–

drift equilibrium, reflecting a stable population dynamic over its evolutionary history 

(Angst et al., 2022). 

The genetic diversity parameters indicate that U. chinensis populations in Bangka 

Belitung have a stable genetic structure with moderate diversity. This is supported by 

genetic distance analysis among haplotypes, which ranged from 0.002 to 0.009, 

indicating low to moderate levels of intraspecific variation (Valen et al., 2023; Sumana 

et al., 2024). The lowest genetic distance (0.002) was found between haplotypes 1 and 4, 

as well as between haplotype 4 and haplotypes 5 and 7, suggesting minimal nucleotide 

differences and possible derivation from the same genetic ancestor or recent divergence. 

Conversely, the highest distance (0.009) occurred between haplotypes 6 and 8, indicating 

greater genetic differences while still remaining within the intraspecific range. 

In general, the observed genetic distance range suggests that, despite haplotype 

differentiation, all individuals belong to the same species with no evidence of deep 

phylogenetic divergence or cryptic speciation. However, genetic distances approaching 

0.009 indicate that some individuals harbor higher genetic variation, potentially reflecting 
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micro‐population structuring, local geographic isolation, or spatially driven selective 

pressures within the Bangka Belitung region (Séré et al., 2017;  Robin et al., 2025a, b). 

These genetic distance data provide important insights into the degree of genetic 

relatedness among individuals in the population and support phylogenetic analyses in 

detecting potential genetic clustering within the species (Nousias et al., 2021; Dong et 

al., 2024). The phylogenetic results also support earlier findings that U. chinensis in 

Bangka Belitung is relatively homogeneous yet contains hidden genetic variation that 

could develop into more complex population structures over time. The inclusion of U. 

edulis as an outgroup reinforced species‐level phylogenetic boundaries and confirmed 

that all analyzed haplotypes belong to the same monophyletic clade of U. chinensis. 

Overall, the phylogenetic analysis strengthens the hypothesis of local‐level 

population differentiation that is not yet fully captured by conventional genetic 

parameters but is detectable through evolutionary analysis. The use of additional 

molecular markers, such as 16S, cyt b, or nuclear markers, would help to resolve a more 

detailed phylogenetic structure in future studies (Xiong et al., 2022). 
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