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Abstract

The intertidal zones of Lombok Island, located at the edge of the Wallace Line, represent a biogeographically important transition region
that supports high levels of marine biodiversity. This study applied DNA barcoding based on the mitochondrial cytochrome ¢ oxidase
subunit | (COI) gene to identify and analyze the phylogenetic relationships of cowries (Gastropoda: Cypraeidae) collected from three
coastal localities (Kayangan, Sambelia, and Sekotong). A total of seven cowrie species were confirmed, namely Bistolida hirundo
(Linnaeus, 1758), Erronea errones (Linnaeus, 1758), Mauritia arabica (Linnaeus, 1758), Monetaria annulus (Linnaeus, 1758), M. moneta
(Linnaeus, 1758), Naria boivinii (Kiener, 1844), and N. erosa (Linnaeus, 1758). In addition, one species from the family Ovulidae,
Calpurnus verrucosus (Linnaeus, 1758), was included as the outgroup. BLAST analyses revealed high similarity values (>98%) with
reference sequences in GenBank, validating the reliability of species-level identification. Genetic distance analysis using the Kimura 2-
parameter (K2P) model showed clear interspecific divergence (0.114-0.232), supporting the presence of a “barcode gap” among examined
taxa. Phylogenetic reconstruction using the Maximum Likelihood method showed bootstrap support generally exceeding 90%, indicating
low interpopulation genetic differentiation and highlighting effective larval dispersal across oceanic regions. Nucleotide composition
analysis further confirmed a consistent AT-rich bias (61-63%) typical of gastropod mitochondrial genomes, with subtle interspecific
variation potentially useful for molecular diagnostics. This research provides the first DNA barcoding and phylogenetic assessment of
cowries from Lombok, enriching the genetic database of Cypraeidae and offering essential baseline data for conservation, biogeographic,
and evolutionary studies in the Indo-Pacific marine hotspot.
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Introduction

The intertidal zone represents a transitional area between marine and terrestrial environments, characterized by high levels of
biodiversity driven by variations in environmental factors (Tomanek & Helmuth, 2002). Most intertidal organisms consist of
macrozoobenthos, invertebrates inhabiting substrates ranging from hard surfaces to mud, which play an important role as ecological
bioindicators (Sahidin et al., 2018; Lim et al., 2020). Previous studies have documented variations in intertidal biota across different
ecosystems in both Indonesia and other regions worldwide (Hayward et al., 1999; Tunardi et al., 2018; Candri et al., 2020; Latuconsina
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& Buano, 2021). The presence of intertidal biota in a given habitat can be assessed through both direct and indirect observations
(Keeping & Pelletier, 2014). Species identification is traditionally conducted based on morphological characteristics, including shell
shape, width, length, coloration, apex, whorl, body whorl, siphonal canal, spire, suture, aperture, and columella (FAO, 1998). However,
this method has limitations, particularly at the species level, due to the loss of diagnostic shell traits or the use of dead specimens
(Albert et al., 2022). Since the 1990s, molecular approaches have advanced rapidly through the application of PCR and DNA analysis,
providing valuable tools to overcome the constraints of morphology and to reconstruct the evolutionary history of complex organisms.
Among these, DNA barcoding has become a widely used method, employing the mitochondrial COI gene to accurately discriminate
species, including those with incomplete morphological features (Hebert et al., 2003; Waugh, 2007; Jefri et al., 2015). Molecular
studies on gastropods have been conducted in various regions (Meyer, 2003; Sun et al., 2016; Ran et al., 2020; Fukunaga et al., 2021;
Ma et al., 2023), yet similar research in Indonesia remains limited. Existing studies have primarily focused on Turbinidae, Strombidae,
Neritidae, and Bivalvia (Saleky et al., 2016; Viruly et al., 2019; Juniar et al., 2021; Ndobe et al., 2023). To date, no DNA barcoding
and phylogenetic analyses have been specifically conducted on cowries, despite the fact that the family Cypraeidae comprises 87
species recorded in Indonesian waters (Soermorumekso, 2014) with relatively comprehensive bioecological studies available
(Laimeheriwa, 2017). Field observations indicate a high diversity of cowries in the waters of Lombok; however, molecular-based
investigations remain limited. Geographically, Lombok Island is situated at the eastern terminus of the Wallace Line, a major
biogeographic boundary that functions as a transitional zone between Indo-Pacific marine regions and acts as a genetic conduit
facilitating the transfer of gene flow from the Pacific Ocean to the Indian Ocean. This distinctive geographic setting positions Lombok
as a natural laboratory for investigating evolutionary processes, phylogeographic patterns, and adaptive mechanisms in marine
organisms. Consequently, DNA barcoding and phylogenetic analyses of cowries from Lombok are expected to substantially enrich
existing genetic databases and provide critical support for marine biodiversity conservation, particularly with respect to the genetic
resources of molluscs within the family Cypraeidae.

Material and Methods
Time and Study Areas

The study was conducted during March—April 2024 in the intertidal zone at three locations in Lombok Island: (1) Kayangan District,
North Lombok; (2) Sambelia District, East Lombok; and (3) Sekotong District, West Lombok (Figure 1).
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Figure 1. Sampling sites for cowries research are located on Lombok Island, Indonesia.
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Cowrie Sampling and Preparation

Cowrie gastropod specimens were randomly collected from various species across the three study sites. Phenotypic identification was
conducted based on diagnostic features following (FAO, 1998); including morphometric traits such as shell shape, coloration, and
sculpture, with additional reference to online taxonomic databases: SealLifeBase (https://www.sealifebase.ca/), Molluscabase
(https://iwww.molluscabase.org/), and the World Register of Marine Species (WoRMS; https://www.marinespecies.org/). Sampling
was carried out during the lowest tidal phase within the designated intertidal zones of the three locations. Each specimen was
photographed for documentation, after which approximately 5-10 g of foot tissue was excised and preserved in absolute ethanol 96%
(Meyer, 2003; Pu et al., 2019; Ma et al., 2023).

Molecular Character Analysis

Molecular analyses were performed at the Immunology Laboratory, Faculty of Mathematics and Natural Sciences, University of
Mataram. Prior to DNA extraction, tissue samples were rinsed with distilled water to remove residual ethanol, followed by grinding in
liquid nitrogen (N;) until homogenized (Bressan et al., 2014). DNA extraction was conducted using a modified
cetyltrimethylammonium bromide (CTAB) protocol (Winnepennickx et al., 1993). The extraction procedure involved the addition of
CTAB buffer to the samples, followed by sonication, centrifugation, and repeated purification with chloroform:isoamyl alcohol (24:1)
until a clear supernatant was obtained. DNA was then precipitated with cold isopropanol to form visible strands, centrifuged at 4°C,
and the resulting pellet washed with 70% ethanol. After discarding the ethanol and allowing the pellet to dry overnight, the DNA was
resuspended in 60 pL of nuclease-free water. The mitochondrial cytochrome oxidase subunit I (COI) gene was targeted for
amplification by polymerase chain reaction (PCR) using the primers LCO1490 and HCO2198 (Folmer et al., 1994). DNA
concentration and purity were determined with a NanoPhotometer®, and PCR reactions were carried out using AB1 master mix. The
thermal cycling conditions were as follows: initial denaturation at 94°C for 3 min; denaturation at 95°C for 30 s (30 cycles); annealing
at 52°C for 1 min; extension at 72°C for 1 min; and a final extension at 72°C for 10 min.

Electrophoresis

PCR products were visualized through agarose gel electrophoresis. A 2% agarose gel was prepared with ethidium bromide (10 pL) as
the staining agent. A 5 pL aliquot of each PCR product was loaded into the wells, and electrophoresis was carried out at 90 V for 35
min. The resulting DNA bands were observed under a UV transilluminator. Successful amplification was indicated by a single clear
band of approximately 600—700 base pairs (bp), confirming the product’s suitability for sequencing (Wittmeier & Hummel, 2022;
Suyatno et al., 2025).

DNA Sequencing

PCR products showing clear electrophoresis bands were subjected to DNA sequencing, conducted by 1st Base through PT. Genetika
Science Indonesia, using the Sanger sequencing method with chain-terminator chemistry (BigDye® Terminator v3.1) on an automated
capillary genetic analyzer from Applied Biosystems (Sanger et al., 1977).

Bioinformatic Analysis

The resulting DNA sequences were processed and aligned using MEGA XII (Molecular Evolutionary Genetics Analysis). Sequences
were edited and aligned with ClustalW in order to assess nucleotide variability (Kumar et al., 2024). High-quality sequences were
compared against available databases using the Basic Local Alignment Search Tool (BLAST) at the National Center for Biotechnology
Information (NCBI, USA; www.ncbi.nlm.nih.gov) to determine similarity with existing cowrie sequences. Phylogenetic relationships
were inferred using the Maximum Likelihood (ML) method implemented in PhyML 3.0. The best-fit nucleotide substitution model
(TN93+G+I) was selected based on model selection analysis. Equilibrium base frequencies were optimized using maximum likelihood,
with the proportion of invariable sites estimated at 0.597. Rate heterogeneity among sites was modeled using a discrete gamma
distribution with four rate categories ('), and the gamma shape parameter was estimated at 1.404 (Lefort et al., 2017). Node support
was assessed by 1000 bootstrap replications to evaluate the robustness of phylogenetic clades (Efron et al., 1996). Genetic distances
among species were calculated using the K2P model, which differentiates between transition and transversion substitutions with greater
accuracy. Additionally, nucleotide composition was analyzed to determine the proportions of A, T, G, and C bases. This information
is important, as nucleotide composition patterns can reflect species-specific molecular characteristics and provide additional support
for phylogenetic interpretation (Prasetya & Saefuddin, 2011; Nishimaki & Sato, 2019; Kaur, 2021).

Results and Discussion

The BLAST analysis of mitochondrial COI sequences reliably confirmed the taxonomic identity of cowrie specimens collected from
the intertidal zones of Kayangan, Sambelia, and Sekotong, Lombok Island. Query coverage values (91-99%) and high sequence
similarity (>98%), combined with consistently low E-values (0.0), indicate strong concordance with reference sequences in GenBank
and support the robustness of species-level identification (Harvey et al., 2015; Leray et al., 2019) (Table 1). A total of eight species
were identified, comprising Mauritia arabica (Linnaeus, 1758), Naria erosa (Linnaeus, 1758), Monetaria annulus (Linnaeus, 1758),
M. moneta (Linnaeus, 1758), Naria boivinii (Kiener, 1844), Erronea errones (Linnaeus, 1758), Bistolida hirundo (Linnaeus, 1758),
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and Calpurnus verrucosus (Linnaeus, 1758) (outgroup), occurred across multiple sampling sites, suggesting broad ecological tolerance
within Lombok’s intertidal habitats (Figure 2). This distribution pattern is consistent with previous records from Lombok and
surrounding regions (Meyer, 2003; Mujiono, 2020; Candri et al., 2024; Jefri et al., 2025). In contrast, the detection of B. hirundo and
C. verrucosus exclusively at Sekotong highlights localized variation in species composition among coastal sectors. While the
occurrence of C. verrucosus has been reported previously (Meyer, 2003) the present record provides the most recent confirmation of
B. hirundo from Lombok, supported by both morphological characters and DNA barcoding. All identified species are currently
categorized as Not Evaluated (NE) under the IUCN Red List, reflecting a substantial lack of conservation assessment for cowries in
the Indo-Pacific region despite their recognized ecological roles and commercial importance in the ornamental shell trade (Peters et
al., 2013). Overall, the integration of DNA barcoding and BLAST analysis provided high-resolution and reliable species identification
of cowries from Lombok’s intertidal zone. These results establish a verified taxonomic baseline for the region and offer essential
reference data to support future phylogenetic, biogeographic, and conservation-oriented studies.

)0

SBL_CYP_04

Figure 2. Sample of cowries collected from the intertidal waters of Lombok Island, Indonesia.

Table 1. List of the BLAST result and IUCN status of cowries obtained from the intertidal waters of Lombok Island, Indonesia.

Sample code Species Sites Quez()%;over E. Value Per. Ident Ar]CL:Z:}]S;LOrn éltJact:l:\ls
MBS_CYP_01 Mauritia arabica Kayangan 97% 0.0 99.85% NCO072227 NE
MBS_CYP_05 Naria erosa Kayangan 91% 0.0 99.84% DQ207058 NE
MBS_CYP_06 Monetaria annulus Kayangan 95% 0.0 99.84% MZ560054 NE
MBS_CYP_11 Naria boivinii Kayangan 91% 0.0 100.00% AY161667 NE
SBL_CYP_01 Naria erosa Sambelia 98% 0.0 99.39% NC072231 NE
SBL_CYP_04 Monetaria annulus Sambelia 99% 0.0 98.33% LC469295 NE
SBL_CYP_07 Monetaria moneta Sambelia 96% 0.0 99.55% NC072229 NE
SBL_CYP_10 Erronea errones Sambelia 97% 0.0 99.69% NC066082 NE
SBL_CYP_11 Erronea errones Sambelia 97% 0.0 99.08% NC066082 NE
SKT_CYP_01 Mauritia arabica Sekotong 91% 0.0 99.84% AY161698 NE
SKT_CYP_06 Monetaria moneta Sekotong 98% 0.0 99.55% NC072229 NE
SKT_CYP_16 Calpurnus verrucosus Sekotong 99% 0.0 99.54% PQ450686 NE
SKT_CYP_19 Bistolida hirundo Sekotong 91% 0.0 98.86% AY161773 NE

NE; Not Evaluated
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Genetic Distance of Cowries from Lombok Island Intertidal Waters

Pairwise genetic distances among cowrie species from the intertidal waters of Lombok Island, together with reference sequences
retrieved from the National Center for Biotechnology Information (NCBI), are summarized in Table 2. Genetic distances were
estimated using the Kimura 2-parameter (K2P) model based on mitochondrial COI gene sequences, a widely accepted marker for DNA
barcoding and phylogenetic inference (Austerlitz et al., 2009). The inclusion of conspecific sequences from different Indo-Pacific
regions (Table 3) enables a broader assessment of genetic divergence at both intra and interspecific levels.

Table 2. Intra and inter species sequence divergences of cowries obtained from the intertidal waters of Lombok Island and NCBI.

Inter species

No. Species Intra species
2 3 4 5 6 7
1 Bistolida hirundo 0,014
2 Calpurnus verrucosus n/c 0,205
3 Erronea errones 0,026 0,114 0,224
4 Mauritia arabica 0,053 0,158 0,230 0,184
5 Monetaria annulus 0,008 0,184 0,236 0,188 0,219
6 Monetaria moneta 0,007 0,232 0,301 0,223 0,216 0,162
7 Naria boivinii 0,001 0,207 0,236 0,201 0,227 0,156 0,181
8 Naria erosa 0,098 0,182 0,252 0,166 0,219 0,182 0,186 0,159

Intraspecific genetic divergence was consistently low across all examined taxa, ranging from 0.001 in Naria boivinii to 0.098 in Naria
erosa. The relatively high intraspecific divergence in Naria erosa (0.098) likely reflects deep phylogeographic structure or cryptic
mitochondrial lineages across its wide Indo-Pacific range rather than misidentification alone (Hebert et al., 2003; Meyer & Paulay,
2005; Sun et al., 2012; Karnaver et al., 2023). Particularly low values were recorded for Monetaria moneta (0.007), M. annulus
(0.008), and N. boivinii (0.001), indicating strong genetic cohesion within species despite the incorporation of sequences originating
from geographically distant localities (Table 3).

Table 3. Cowries sequence data downloaded from the National Center for Biotechnology Information (NCBI).

No. Species Sites Accession number References
1 Monetaria moneta China MN389074 (Ran et al., 2020)
2 Monetaria moneta India KU324888 (Karnaver et al., 2023)
3 Monetaria moneta French Polynesia KT290127 (Ardura et al., 2015)
4 Monetaria annulus China MN389075 (Ran et al., 2020)
5 Monetaria annulus Australia KT754015 (Couto et al., 2016)
6 Naria boivinii Philippines DQ207051 (Meyer & Paulay, 2005)
7 Naria boivinii Japan DQ207050 (Meyer & Paulay, 2005)
8 Naria erosa India KU324891 (Karnaver et al., 2023)
9 Naria erosa China DQ324053 (Maet al., 2023)
10 Mauritia arabica Hongkong PP652042 (Mcllroy et al., 2024)
11 Mauritia arabica Tanzania DQ207102 (Meyer & Paulay, 2005)
12 Mauritia arabica Thailand DQ207101 (Meyer & Paulay, 2005)
13 Bistolida hirundo Papua New Guinea DQ207213 (Meyer & Paulay, 2005)
14 Bistolida hirundo Thailand DQ207212 (Meyer & Paulay, 2005)
15 Errosaria errones China JF693397 (Sunetal., 2012)
16 Errosaria errones Singapore DQ207342 (Meyer & Paulay, 2005)
17 Errosaria errones Australia DQ207341 (Meyer & Paulay, 2005)
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These results support the robustness of COI barcoding for reliable species level identification in cowries and are consistent with
previous molecular studies on marine gastropods (Sun et al., 2016; Ge et al., 2021). In contrast, interspecific genetic distances were
substantially higher, ranging from 0.114 to 0.232. The lowest interspecific divergence was observed between Erronea errones and
Bistolida hirundo (0.114), suggesting a relatively close evolutionary relationship between these taxa. Conversely, the highest genetic
distance (0.232) was detected between B. hirundo and Monetaria moneta, reflecting pronounced evolutionary separation consistent
with their assignment to distinct genera. Most interspecific comparisons exceeded 0.15, indicating clear genetic discontinuities among
species (Ge et al., 2021). Comparisons among genera, including Bistolida, Monetaria, Mauritia, Erronea, and Naria, consistently
yielded high divergence values (0.114-0.232), providing strong evidence for a distinct “barcode gap” separating intra and interspecific
variation. This pattern reinforces the effectiveness of COI sequences in discriminating closely related cowrie species and confirms the
presence of well-defined genetic boundaries within the family Cypraeidae (Hebert et al., 2003; Dominici et al., 2020). Overall, the
genetic distance matrix derived from Lombok specimens and NCBI reference sequences demonstrates both fine scale genetic
uniformity within species and substantial divergence among genera. These findings highlight the utility of COI based genetic distance
analysis for resolving taxonomic relationships and elucidating evolutionary patterns of cowries inhabiting Lombok’s intertidal zone.
Moreover, the observed levels of divergence contribute valuable insights into biodiversity structure within the Indo-Pacific marine
hotspot, emphasizing the biogeographic significance of Lombok Island at the edge of the Wallace Line (Zhao et al., 2025).

Phylogenetic Relationships of Cowries from Lombok Island

The Maximum Likelihood (ML) phylogenetic tree provides a robust framework for elucidating evolutionary relationships among
cowrie species collected from the intertidal waters of Lombok Island in comparison with conspecific sequences from other Indo-Pacific
regions (Figure 3). The tree was rooted using Calpurnus verrucosus as an outgroup, enabling clear interpretation of interspecific and
intergeneric relationships within the family Cypraeidae (Simone, 2004; Dominici et al., 2020). Overall, Lombok cowrie specimens
clustered within their respective species level clades, with node support values ranging from moderate to high, indicating generally
reliable phylogenetic signal consistent with morphological identification. Monetaria moneta specimens from Lombok grouped with
sequences from India, China, and French Polynesia, forming a cohesive clade supported by moderate bootstrap values, which reflects
a broad Indo-Pacific distribution accompanied by relatively low intraspecific divergence. Similarly, Monetaria annulus from Lombok
clustered with conspecific sequences from China and Australia, supported by high bootstrap values, indicating strong genetic cohesion
across geographically distant populations (Heyden et al., 2014; Bowen et al., 2016; Rieder et al., 2025; Song et al., 2025). Within the
genus Naria, Lombok specimens of N. erosa and N. boivinii each formed distinct monophyletic clades together with sequences from
India, China, Japan, and the Philippines. These clades were supported by moderate to high bootstrap values, suggesting the persistence
of well-defined mitochondrial lineages across the Indo-Pacific, while also indicating some degree of phylogeographic structuring
within Naria species (Simone, 2004; May et al., 2023). A comparable pattern was observed in Mauritia arabica, where Lombok
specimens clustered with conspecifics from Hong Kong, Thailand, and Tanzania, supported by moderate to high node confidence and
reflecting genetic continuity across a wide geographic range (Patiluna & Demayo, 2015). The clustering of Bistolida hirundo and
Erronea errones further supports this overall pattern, with Lombok specimens grouping with conspecific sequences from Southeast
Asia, Papua New Guinea, and Australia. Although bootstrap support varied among nodes, the absence of deep mitochondrial
subdivision suggests limited intraspecific divergence despite broad geographic separation (Mujiono, 2015; Latupeirissa et al., 2020;
Tan & Low, 2022). Taken together, the phylogenetic reconstruction indicates that cowries from Lombok are genetically consistent
with their Indo-Pacific conspecifics, supporting accurate taxonomic placement and suggesting generally low interpopulation genetic
differentiation. This pattern is consistent with effective dispersal and connectivity, likely facilitated by the planktonic larval stage of
cowries, which enables long-distance gene flow across ocean basins (Passamonti, 2015; Tay et al., 2023). Lombok’s position near the
Wallace Line may further enhance connectivity by functioning as a transitional biogeographic corridor where Indo-Pacific marine
lineages converge (Lourie & Vincent, 2004; Aryanti & Gradstein, 2007), while continuous larval transport may mitigate genetic drift
and maintain genetic cohesion across populations (Eldon et al., 2016).
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Figure 3. Maximum likelihood phylogenetic tree based on 30 COI sequences of cowries distributed in the intertidal waters of the Lombok Island,
Indonesia, reconstructed using PhyML 3.0 (1000 bootstrap).

Nucleotide Composition of Cowrie Sequences

The nucleotide composition of cowrie sequences from intertidal habitats of Lombok is summarized in Table 4. Across all species and
sampling sites, sequence length was conserved at 585 bp, with slight variations in base composition among taxa. Overall, thymine (T)
exhibited the highest frequency (ranging from 30.94% in N. erosa from Kayangan to 38.46% in B. hirundo from Sekotong), followed
by adenine (A: 22.22-25.81%) and cytosine (C: 17.44-25.13%). Guanine (G) consistently displayed the lowest frequency (17.95—
22.22%). The observed AT-rich bias (approximately 61-63% across samples) is typical of invertebrate mitochondrial genomes and
reflects evolutionary constraints on codon usage and replication efficiency. Notably, B. hirundo exhibited the highest T content
(38.46%), which may suggest lineage-specific nucleotide substitution patterns, while N. boivinii from Kayangan demonstrated the
highest C content (24.10%), indicating compositional heterogeneity even among closely related taxa (Li et al., 2025). The consistency
of nucleotide bias across species underscores the conserved nature of mitochondrial coding regions, yet the subtle interspecific
differences may provide informative molecular markers for species-level discrimination within cowries (Matumba et al., 2020). Such
variation in nucleotide composition has been widely recognized as influencing phylogenetic signal and codon preference in marine
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gastropods (Gu et al., 2025), further supporting the utility of COI sequences in molecular taxonomy and biodiversity assessments of
Lombok’s intertidal ecosystems.

Table 4. Nucleotide composition of cowrie sequences from intertidal of Lombok, Indonesia

Sample code Species Sites T) C A G Total
SKT CYP 19 Bistolida hirundo Sekotong 38.46 17.44 23.76 20.34 585
SKT CYP 06 Monetaria moneta Sekotong 31.97 25.13 23.25 19.66 585
SKT CYP 01 Mauritia arabica Sekotong 36.07 19.49 22.22 22.22 585
SBLCYP 11 Erronea errones Sambelia 37.44 18.29 24.44 19.83 585
SBL CYP 10 Erronea errones Sambelia 37.61 17.78 24.44 20.17 585
SBL CYP 07 Monetaria moneta Sambelia 31.97 25.13 23.25 19.66 585
SBL CYP 04 Monetaria annulus Sambelia 32.82 23.42 25.47 18.29 585
SBL CYP 01 Naria erosa Sambelia 31.62 24.27 24.96 19.15 585
MBS CYP 11 Naria boivinii Kayangan 31.79 24.10 25.13 18.97 585
MBS CYP 06 Monetaria annulus Kayangan 32.82 23.42 25.81 17.95 585
MBS CYP 05 Naria erosa Kayangan 30.94 24.79 25.47 18.80 585
MBS CYP 01 Mauritia arabica Kayangan 35.73 19.66 23.76 20.85 585
Conclusion

This study represents the first DNA barcoding and phylogenetic assessment of cowries (Cypraeidae) from Lombok Island, located at
the edge of the Wallace Line. Using the mitochondrial COI gene, eight species were successfully identified with high sequence
similarity (>98%) to reference data in GenBank, confirming the reliability of molecular identification. Genetic distance analysis
revealed a clear interspecific “barcode gap” (0.114-0.232), while phylogenetic reconstruction demonstrated strong clustering of
Lombok specimens with Indo-Pacific conspecifics, supported by high bootstrap values (>90%). Although based on a single
mitochondrial marker, these patterns are consistent with limited genetic structuring across regions and suggest potential connectivity
among Indo-Pacific populations, possibly mediated by planktonic larval dispersal. Nucleotide composition analyses further revealed
an AT-rich bias characteristic of gastropod mitochondrial genomes, with minor interspecific variation that may have diagnostic value.
Overall, this study enriches the genetic reference data for Cypraeidae and provides essential baseline information for future multi-locus
or genomic studies aimed at testing hypotheses on population connectivity, phylogeography, and conservation of marine biodiversity
within the Indo-Pacific region.

Acknowledgement

This research was financially supported by the COMPASS (Comparing Aquaculture System Sustainability) Project, Leibniz Centre
for Tropical Marine Research (ZMT), Bremen, Germany, and by research funding from the University of Mataram. Sample preparation
was conducted at the Marine Hydrobiology Laboratory, University of Mataram, while molecular analyses were carried out at the
Immunology Laboratory, University of Mataram. The authors also extend their sincere gratitude to all field sampling team members
for their invaluable assistance during data collection.

References

Albert, D. D. A., Bujeng, V., & Chia, S. (2022). Identification of Mollusc Remains (Bivalve and Gastropod) from Archaeological Sites in Semporna ,
Sabah. Tropical Life Sciences Research, 33(2), 197-237. https://doi.org/10.21315/tIsr2022.33.2.10

Ardura, A., Planes, S., & Garcia-Vazquez, E. (2015). Aliens in Paradise. Boat density and exotic coastal mollusks in Moorea Island (French Polynesia).
Marine Environmental Research, 112, 56-63. https://doi.org/10.1016/j.marenvres.2015.08.007

Aryanti, N. S., & Gradstein, S. R. (2007). Wallace’s line and the distribution of the liverworts of Sulawesi. Cryptogamie, Bryologie, 8(1), 3-14.
https://B2n.ir/np9838

Austerlitz, F., David, O., Schaeffer, B., Bleakley, K., Olteanu, M., Leblois, R., Veuille, M., & Laredo, C. (2009). DNA barcode analysis: A comparison
of phylogenetic and statistical classification methods. BMC Bioinformatics, 10(SUPPL.14), 1-13. https://doi.org/10.1186/1471-2105-10-
S14-S10

Bowen, B. W., Gaither, M. R., Dibattista, J. D., lacchei, M., Andrews, K. R., Grant, W. S., Toonen, R. J., Briggs, J. C., & Sea, R. (2016). Comparative
phylogeography of the ocean planet. PNAS, 113(29), 7962—7969. https://doi.org/10.1073/pnas.1602404113

d http://dx.doi.org/10.22108/TBJ.2026.147756.1328


http://dx.doi.org/10.22108/TBJ.2026.147756.1328
http://dx.doi.org/10.22108/TBJ.2026.147756.1328
https://doi.org/10.21315/tlsr2022.33.2.10
https://doi.org/10.1016/j.marenvres.2015.08.007
https://b2n.ir/np9838
https://link.springer.com/article/10.1186/1471-2105-10-S14-S10
https://link.springer.com/article/10.1186/1471-2105-10-S14-S10
https://doi.org/10.1073/pnas.1602404113

DNA barcoding of cowries (Gastropoda: Cypraeidae) from edge of the Wallace Line, Indonesia Edwin Jefri et al. 9

Bressan, E. A, Rossi, M. L., Gerald, L. T., & Figueira, A. (2014). Extraction of high-quality DNA from ethanol-preserved tropical plant tissues. BMC
Research Notes, 7(1), 1-6. https://link.springer.com/article/10.1186/1756-0500-7-268

Candri, D. A, Zahara, A. A., Soraya, N. E., Mardiati, U. A., & Riandinata, K. S. (2024). Mollusc Diversity in Lendang Luar Beach North Lombok.
Jurnal Moluska Indonesia, 8, 41-48. https://doi.org/10.54115/jmi.v8i1.100

Candri, D. A.,, Sani, L. H., Ahyadi, H., & Farista, B. (2020). Mollusc Community Structure in Natural Mangrove Areas and Rehabilitation of the South
Coast of Lombok Island. Jurnal Biologi Tropis, 20(1), 139. https://doi.org/10.29303/jbt.v20i1.1385

Couto, D. R., Bouchet, P., Kantor, Y. I., Simone, L. R. L., & Giribet, G. (2016). A multilocus molecular phylogeny of Fasciolariidae (Neogastropoda:
Buccinoidea). Molecular Phylogenetics and Evolution, 99, 309-322. https://doi.org/10.1016/j.ympev.2016.03.025

Dominici, S., Fornasiero, M., & Giusberti, L. (2020). The largest known cowrie and the iterative evolution of giant cypraeid gastropods. Scientific
Reports, 1-11. https://doi.org/10.1038/s41598-020-78940-9

Efron, B., Halloran, E., & Holmes, S. (1996). Bootstrap confidence levels for phylogenetic trees. Proceedings of the National Academy of Sciences of
the United States of America, 93(23), 13429-13434. https://doi.org/10.1073/pnas.93.23.13429

Eldon, B. E., lquet, F. R., Earsley, J. Y., Ollivet, D. J., & Roquet, T. B. (2016). Current hypotheses to explain genetic chaos under the sea. Current
Zoology, 62(6), 551-566. https://doi.org/10.1093/cz/zow094

FAO. (1998). The Living Marine Resources of the Western Central Pasific. Volume 1; Seaweeds, Corals, Bivalves and Gastropods (Vol. 1). FAO.

Folmer, O., Black, M., Woeh, H., Lutz, R., & Vrijenhoek, R. (1994). DNA primers for amplification of mitochondrial cytochrome ¢ oxidase subunit |
from diverse metazoan invertebrates. Molecular Marine Biology and Biotechnology, 3(5), 294-299.
https://pubmed.ncbi.nlm.nih.gov/7881515/

Fukunaga, N., Shimizu, M., Teruya, S., Razali, N. N., Nakashima, S., Tomobuchi, N., Sasaki, T., & Setiamarga, D. H. E. (2021). Reassessment of the
mitochondrial 12S-rRNA gene for DNA barcoding of museum specimens of shelled marine gastropods from Japan. E3S Web of Conferences,
322, 1-16. https://doi.org/10.1051/e3sconf/202132201028

Ge, Y., Xia, C., Wang, J., Zhang, X., Ma, X., & Zhou, Q. (2021). The efficacy of DNA barcoding in the classification, genetic differentiation, and
biodiversity assessment of benthic macroinvertebrates. Ecology and Evolution, 11(10), 5669-5681. https://doi.org/10.1002/ece3.7470

Gu, J., Zhou, X., Song, C., Wang, Y., Jin, H., & Lei, T. (2025). Codon Usage Bias in Mitochondrial Genomes Across Three Species of Siphonaria (
Mollusca : Gastropoda ). Genes (Basel), 16(7), 1-10. https://doi.org/10.3390/genes16070747

Harvey, M. G., Judy, C. D., Seeholzer, G. F., Maley, J. M., Graves, G. R., & Brumfield, R. T. (2015). Similarity thresholds used in DNA sequence
assembly fromshort reads can reduce the comparability of population histories across species. Peer], 2015(3), 1-16.
https://doi.org/10.7717/peerj.895/fig-1

Hayward, B. W., Morley, M. S., Stephenson, A. B., Blom, W. M., Grenfell, H. R., Prasad, R., ... & Webb, M. (1999). Intertidal and subtidal biota and
habitats of the central Waitemata Harbour. Auckland Regional Council Technical Publication, 127, 40. https://B2n.ir/bf2933

Hebert, P. D. N., Ratnasingham, S., & DeWaard, J. R. (2003). Barcoding animal life: Cytochrome c oxidase subunit 1 divergences among closely
related species. Proceedings of the Royal Society B: Biological Sciences, 270(SUPPL. 1), 96-99. https://doi.org/10.1098/rsbl.2003.0025

Heyden, S. Von Der, Beger, M., Toonen, R. J., Juinio-mefiez, M. A., Ravago-gotanco, R., Fauvelot, C., & Bernardi, G. (2014). The application of
genetics to marine management and conservation: examples from the Indo-Pacific. Bulletin of Marine Science, 90(1), 123-
158. https://doi.org/10.5343/bms.2012.1079

Jefri, E., Nurliah, B., Damayanti, A. A., Astriana, B. H., & Andriyani, W. (2025). Biodiversity and distribution of gastropods in relation to shrimp pond
effluents in the intertidal zone of Sambelia, East Lombok. Jurnal Biologi Tropis, 25(1), 341-348. https://doi.org/10.29303/jbt.v25i1.8474

Jefri, E., Zamani, N. P., Subhan, B., & Madduppa, H. H. (2015). Molecular phylogeny inferred from mitochondrial DNA of the grouper epinephelus
spp. In  Indonesia collected from local fish market. Biodiversitas Journal of Biological Diversity, 16(2).
https://doi.org/10.13057/biodiv/d160221

Juniar, A. E., Ambarwati, R., & Rahayu, D. A. (2021). Genetic identification of clithon oualaniense (Gastropoda: Neritidae) from Madura, Indonesia.
AACL Bioflux, 14(2), 1046-1056. https://www.cabidigitallibrary.org/doi/full/10.5555/20210215158

Karnaver, P., Madhavan, A,, R ., R,, R, R, A, B. K., & B., H. K. (2023). Diversity of Mollusca (Gastropoda) along Intertidal Rocky Shores of
Thiruvananthapuram District, Kerala Coast. Records of the Zoological Survey of India, September, 123(2), 363-
378. https://doi.org/10.26515/rzsi/v123/i2S/2023/172530

Kaur, J. (2021). Inferring Evolutionary Distance Using Kimura’s Two Parameter Method. International Journal of Research in Engineering and Science
(IJRES), 09(10), 75-81. www.ijres.org

Keeping, D., & Pelletier, R. (2014). Animal Density and Track Counts : Understanding the Nature of Observations Based on Animal Movements. 9(5),
1-11. https://doi.org/10.1371/journal.pone.0096598

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), 1-9. https://doi.org/10.1093/molbev/msae263

Laimeheriwa, B. M. (2017). Phenetic Relationship Study of Gold Ring Cowry , Cypraea Annulus ( Gastropods : Cypraeidae ) in Mollucas Islands Based
on Shell Morphological. Fisheries and Aquaculture Journal, 8(3). https://doi.org/10.4172/2150-3508.1000215

Latuconsina, H., & Buano, T. (2021, December). Biodiversity and density of marine intertidal gastropods in tropical seagrass meadows on Gorom
Island, East Seram, Maluku, Indonesia. Animal Biology & Animal Husbandry. https://repository.unisma.ac.id/handle/123456789/9274

d http://dx.doi.org/10.22108/TBJ.2026.147756.1328


http://dx.doi.org/10.22108/TBJ.2026.147756.1328
http://dx.doi.org/10.22108/TBJ.2026.147756.1328
https://link.springer.com/article/10.1186/1756-0500-7-268
https://doi.org/10.54115/jmi.v8i1.100
https://doi.org/10.29303/jbt.v20i1.1385
https://doi.org/10.1016/j.ympev.2016.03.025
https://www.nature.com/articles/s41598-020-78940-9
https://doi.org/10.1073/pnas.93.23.13429
https://doi.org/10.1093/cz/zow094
https://pubmed.ncbi.nlm.nih.gov/7881515/
https://doi.org/10.1051/e3sconf/202132201028
https://doi.org/10.1002/ece3.7470
https://doi.org/10.3390/genes16070747
https://doi.org/10.7717/peerj.895/fig-1
https://b2n.ir/bf2933
https://doi.org/10.1098/rsbl.2003.0025
https://doi.org/10.5343/bms.2012.1079
https://doi.org/10.29303/jbt.v25i1.8474
https://doi.org/10.13057/biodiv/d160221
https://www.cabidigitallibrary.org/doi/full/10.5555/20210215158
https://doi.org/10.26515/rzsi/v123/i2S/2023/172530
https://www.ijres.org/papers/Volume-9/Issue-10/Ser-1/I09107581.pdf
https://doi.org/10.1371/journal.pone.0096598
https://doi.org/10.1093/molbev/msae263
https://doi.org/10.4172/2150-3508.1000215
https://repository.unisma.ac.id/handle/123456789/9274

10 Taxonomy and Biosystematics, Vol. 18, Issue 4, No. 69, 2026

Latupeirissa, L. N., Leiwakabessy, F., & Rumahlatu, D. (2020). Species density and shell morphology of gold ring cowry (Monetaria annulus, linnaeus,
1758) (mollusca: Gastropoda: Cypraeidae) in the coastal waters of Ambon island, Indonesia. Biodiversitas, 21(4), 1391-1400.
https://doi.org/10.13057/biodiv/d210417

Lefort V, Longueville JE, Gascuel O. (2017). SMS: Smart Model Selection in PhyML. Molecular Biology and Evolution, 34(9), 2422-2424.
https://doi.org/10.1093/molbev/msx149.

Leray, M., Knowlton, N., Ho, S. L., Nguyen, B. N., & Machida, R. J. (2019). GenBank is a reliable resource for 21st century biodiversity research.
Proceedings of the National Academy of Sciences of the United States of America, 116(45), 22651-22656.
https://doi.org/10.1073/pnas.1911714116

Li, Y., Ji, L., & Bai, X. (2025). Analysis of the mitochondrial genome of Neuroctenus hainanensis and the phylogenetic position of Aradoidea. Scientific
Reports, 15(9632), 1-13. https://doi.org/10.1038/s41598-025-93375-w

Lim, L.J. W,, Loh,J. B. Y., Lim, A.J. S, Tan, B. Y. X, Ip, Y. C. A,, Neo, M. L., Tan, R., & Huang, D. (2020). Diversity and distribution of intertidal
marine species in singapore. Raffles Bulletin of Zoology, 68, 396—403. https://doi.org/10.26107/RBZ-2020-0056

Lourie, S. A., & Vincent, A. C. J. (2004). A marine fish follows Wallace * s Line: the phylogeography of the three-spot seahorse (Hippocampus
trimaculatus, Syngnathidae, Teleostei) in Southeast Asia. Journal of Biogeography, 31, 1975-1985. https://doi.org/10.1111/j.1365-
2699.2004.01153.x

Ma, Q., Li, F., Zheng, J., Liu, C., Wang, A., Yang, Y., & Gu, Z. (2023). Mitogenomic phylogeny of Cypraeidae (Gastropoda: Mesogastropoda).
Frontiers in Ecology and Evolution, 11, 1-13. https://doi.org/10.3389/fev0.2023.1138297

Matumba, T. G., Oliver, J., Barker, N. P., Mcquaid, C. D., & Teske, P. R. (2020). Intraspecific mitochondrial gene variation can be as low as that of
nuclear rRNA. F1000Research, 9(339), 1-16. https://doi.org/10.12688/f1000research.23635.1

May, L., Caalim, C., Catulinan, D. G., & Elemino, M. M. (2023). Distribution of Cowries in the Different Ecological Habitats in the Selected Sites in
Davao Occidental. Asian Journal of Fisheries and Aquatic Research, 21(1), 1-10. https://doi.org/10.9734/ajfar/2023/v21i1524

Mcllroy, S. E., Guibert, 1., Archana, A., Chung, W. Y. H., Duffy, J. E., Gotama, R., ... & Baker, D. M. (2024). Life goes on: Spatial heterogeneity
promotes biodiversity in an urbanized coastal marine ecosystem. Global Change Biology, 30(4), 1-17. https://doi.org/10.1111/gcb.17248

Meyer, C. P. (2003). Molecular systematics of cowries (Gastropoda: Cypraeidae) and diversification patterns in the tropics. Biological Journal of the
Linnean Society, 79(3), 401-459. https://doi.org/10.1046/j.1095-8312.2003.00197.x

Meyer, C. P., & Paulay, G. (2005). DNA barcoding: Error rates based on comprehensive sampling. PLoS Biology, 3(12), 1-10.
https://doi.org/10.1371/journal.pbio.0030422

Mujiono, N. (2015). Gastropods from Seribu Islands , Jakarta based from Museum Zoology Bogor’s specimens. In Proceeding Seminar Nasional
Masyarakat Biodiversitas Indonesia (Vol. 1, No. 8, pp. 1771-1784). https://doi.org/10.13057/psnmbi/m010805

Mujiono, N. (2020). Checklist of Gastropoda From Lombok Island and its Satellite Islands. Jurnal Biologi Udayana, 24(2), 72-86.
https://doi.org/10.24843/IJBIOUNUD.2020.v24.i02.p03

Ndobe, S., Rosyida, E., Mangitung, S. F., Ridwan, Beto, A., Risdawati, Sya’ban, M., Fikry, M., & Moore, A. M. (2023). Size structure and DNA
barcoding of mangrove clams collected in Tolongano, Donggala District, Central Sulawesi, Indonesia. AACL Bioflux, 16(3), 1781-1794.
https://www.cabidigitallibrary.org/doi/full/10.5555/20230397420

Nishimaki, T., & Sato, K. (2019). An Extension of the Kimura Two-Parameter Model to the Natural Evolutionary Process. Journal of Molecular
Evolution, 87(1), 60-67. https://doi.org/10.1007/s00239-018-9885-1

Passamonti, M. (2015). The family Cypraeidae ( Gastropoda Cypraeoidea ) an unex- pected case of neglected animals. Biodiversity Journal, 6(1), 449—
466. https://www.biodiversityjournal.com/pdf/6(1)_449-466.pdf

Patiluna, M. L. E., & Demayo, C. G. (2015). Describing variations within populations of Arabian cowry, Cypraea Arabica collected along the coast of
Sindangan Bay, Philippines Describing variations within populations of Arabian cowry, Cypraea Arabica collected along the coast of
Sindangan Bay, P. Advances in Environmental Biology, 9(11), 47-53. http://www.aensiweb.com/AEB/

Peters, H., O’Leary, B. C., Hawkins, J. P., Carpenter, K. E., & Roberts, C. M. (2013). Conus: First comprehensive conservation red list assessment of
a marine gastropod mollusc genus. PLOS ONE, 8(12). https://doi.org/10.1371/journal.pone.0083353

Prasetya, H., & Saefuddin, A. (2011). Performance Comparison Between Kimura 2-Parameters and Jukes-Cantor Model in Constructing Phylogenetic
Tree of Neighbour Joining. Forum Statistika dan Komputasi, 16(1), 8-16. https://journal.ipb.ac.id/index.php/statistika/article/view/5427

Pu, L., Liu, H., Yang, M., Li, B., Xia, G., Shen, M., & Wang, G. (2019). Complete mitochondrial genome of tiger cowrie Cypraea tigris (Linnaeus,
1758). Mitochondrial DNA Part B: Resources, 4(2), 2755-2756. https://doi.org/10.1080/23802359.2019.1627933

Ran, K., Li, Q., Qi, L., Li, W., & Kong, L. (2020). DNA barcoding for identification of marine gastropod species from Hainan island, China. Fisheries
Research, 225. https://doi.org/10.1016/j.fishres.2020.105504

Rieder, J., Jahnke, M., Andr, C., Christiansen, H., Wit, P. R. De, Faust, E., Green, L., Jonsson, P. R., Laikre, L., Tomasini, M., Laugen, A. T., Rafajlovi,
M., & Volckaert, F. A. M. (2025). Seascape genomics : Assisting marine biodiversity management by combining genetic knowledge with
environmental and ecological information. Marine Policy, 182. https://doi.org/10.1016/j.marpol.2025.106867

Sahidin, A., Herawati, H., Wardiatno, Y., & Setyobudiandi, I. (2018). Macrozoobenthos as bioindicator of ecological status in Tanjung Pasir Coastal
, Tangerang District , Banten Province , Indonesia. 19(3), 1123-1129. https://doi.org/10.13057/biodiv/d190347

d http://dx.doi.org/10.22108/TBJ.2026.147756.1328


http://dx.doi.org/10.22108/TBJ.2026.147756.1328
http://dx.doi.org/10.22108/TBJ.2026.147756.1328
https://doi.org/10.13057/biodiv/d210417
https://doi.org/10.1093/molbev/msx149
https://doi.org/10.1073/pnas.1911714116
https://www.nature.com/articles/s41598-025-93375-w
https://doi.org/10.26107/RBZ-2020-0056
https://doi.org/10.1111/j.1365-2699.2004.01153.x
https://doi.org/10.1111/j.1365-2699.2004.01153.x
https://doi.org/10.3389/fevo.2023.1138297
https://doi.org/10.12688/f1000research.23635.1
https://doi.org/10.9734/ajfar/2023/v21i1524
https://doi.org/10.1111/gcb.17248
https://doi.org/10.1046/j.1095-8312.2003.00197.x
https://doi.org/10.1371/journal.pbio.0030422
https://doi.org/10.13057/psnmbi/m010805
https://doi.org/10.24843/JBIOUNUD.2020.v24.i02.p03
https://www.cabidigitallibrary.org/doi/full/10.5555/20230397420
https://doi.org/10.1007/s00239-018-9885-1
https://www.biodiversityjournal.com/pdf/6(1)_449-466.pdf
https://www.researchgate.net/publication/332553138_Describing_variations_within_populations_of_Arabian_cowry_Cypraea_Arabica_collected_along_the_coast_of_Sindangan_Bay_Philippines
https://doi.org/10.1371/journal.pone.0083353
https://journal.ipb.ac.id/index.php/statistika/article/view/5427
https://doi.org/10.1080/23802359.2019.1627933
https://doi.org/10.1016/j.fishres.2020.105504
https://doi.org/10.1016/j.marpol.2025.106867
https://doi.org/10.13057/biodiv/d190347

DNA barcoding of cowries (Gastropoda: Cypraeidae) from edge of the Wallace Line, Indonesia Edwin Jefri et al. 11

Saleky, D., Setyobudiandi, 1., Toha, H. A., Takdir, M., & Madduppa, H. H. (2016). Length-weight relationship and population genetic of two marine
gastropods species (Turbinidae: Turbo sparverius and Turbo bruneus) in the Bird Seascape Papua, Indonesia. Biodiversitas, 17(1), 208-217.
https://doi.org/10.13057/biodiv/d170130

Sanger, F., Nicklen, S., & Coulson, A. R. (1977). DNA sequencing with chain-terminating inhibitors. Proceedings of the National Academy of Sciences
of the United States of America, 74(12), 5463-5467. https://doi.org/10.1073/pnas.74.12.5463

Simone, L. R. L. (2004). Morphology and phylogeny of the Cypraeoidea (Mollusca, Caenogastropoda). Papel Virtual.
https://repositorio.usp.br/item/001433563

Soermorumekso, S. (2014). Biodiversity of Indonesian Marine Biota. LIPI Press.
https://www.researchgate.net/publication/323309341_Biodiversitas_Biota_Laut_Indonesia

Song, X., Yao, J., Roleda, M. Y., Liang, Y., Xu, R, Lin, Y., Gonzaga, S. M. C., Du, Y., & Duan, D. (2025). Genetic Diversity and Connectivity of
Reef-Building Halimeda macroloba in the Indo-Pacific Region. Plants (Basel), 14(10), 1-15. https://doi.org/10.3390/plants14101497

Sun, S., Li, Q., Kong, L., Yu, H., Zheng, X., Yu, R., Dai, L., Sun, Y., Chen, J,, Liu, J., Ni, L., Feng, Y., Yu, Z., Zou, S., & Lin, J. (2016). DNA barcoding
reveal patterns of species diversity among northwestern Pacific molluscs. Scientific Reports, 6, 1-17. https://doi.org/10.1038/srep33367

Sun, Y., Li, Q., Kong, L., & Zheng, X. (2012). DNA barcoding of Caenogastropoda along coast of China based on the COI gene. Molecular Ecology
Resources, 12(2), 209-218. https://doi.org/10.1111/j.1755-0998.2011.03085.x

Suyatno, Hafid, A., Saputra, F., & Prabowo, T. A. (2025). Alternative Quantitative Digital Analysis of Agarose Gel PCR Products for Detection of
Molecular Markers in Livestock. Jurnal 1lmu Ternak Dan Veteriner, 30(1), 28-34. https://doi.org/10.14334/jitv.v30i1.3448

Tan, S. K., & Low, M. E. Y. (2022). An Inventory of The Molluscs of Pulau Samutu (Raffles Lighthouse), With Notes on the Etymology and History of
the Islet. https://doi.org/10.26107/LKCNHM-EBOOK-2022-0002

Tay, T. S., Rong, H., Lee, S., Neo, M. L., & Tay, T. S. (2023). Spawning and larval development of two tropical cowries ( Gastropoda : Cypraeidae ),
Cypraea tigris and Mauritia arabica under laboratory conditions. Royal Society Open Science, 10(4), 1-15.
https://doi.org/10.1098/rs0s.221332

Tomanek, L., & Helmuth, B. (2002). Physiological ecology of rocky intertidal organisms: a synergy of concepts. Integrative and Comparative
Biology, 42(4), 771-775. https://doi.org/10.1093/ich/42.4.771

Tunardi, K. I., Zahida, F., & Pramana Yuda, |. (2018). Spesies Diversity and Abundance of Gastropods and Bivalves in Teluk Mekaki Beach Intertidal
Zone, Sekotong, West Lombok. Biota, 3(3), 125-132. https://doi.org/10.24002/biota.v3i3.1958

Viruly, L., Andarwulan, N., Suhartono, M. T., & Nurilmala, M. (2019). Morphologycal and molecular partial histone-H3 characterization of bintan sea
snail gonggong (strombus sp.) as a species validation. HAYATI Journal of Biosciences, 26(2), 56-62. https://doi.org/10.4308/hjb.26.2.56

Waugh, J. (2007). DNA barcoding in animal species: Progress, potential and pitfalls. BioEssays, 29(2), 188-197. https://doi.org/10.1002/bies.20529

Winnepennickx, B., Backeljau, T., & De Wachter, R. (1993). Extraction of high molecular weight DNA from molluscs. Trends Genet, 9(12), 407.
https://doi.org/10.1016/0168-9525(93)90102-N

Wittmeier, P., & Hummel, S. (2022). Agarose gel electrophoresis to assess PCR product yield: comparison with spectrophotometry, fluorometry and
gPCR. BioTechniques, 72(4), 155-158. https://doi.org/10.2144/htn-2021-0094

Zhao, L., Li, T., Cong, B., Wang, B., Liu, K., & Liu, S. (2025). Marine Biodiversity Conservation Planning in the Indo-Pacific Convergence Zone
Based on Ecological Spatial Analysis. Biology, 14(6), 1-18. https://doi.org/10.3390/biology14060700

d http://dx.doi.org/10.22108/TBJ.2026.147756.1328


http://dx.doi.org/10.22108/TBJ.2026.147756.1328
http://dx.doi.org/10.22108/TBJ.2026.147756.1328
https://doi.org/10.13057/biodiv/d170130
https://doi.org/10.1073/pnas.74.12.5463
https://repositorio.usp.br/item/001433563
https://doi.org/10.3390/plants14101497
https://www.nature.com/articles/srep33367
https://doi.org/10.1111/j.1755-0998.2011.03085.x
https://doi.org/10.14334/jitv.v30i1.3448
https://lkcnhm.nus.edu.sg/wp-content/uploads/sites/10/2022/08/2022-LKCNHM-EBOOK-2022-0002-Tan-Low.pdf
https://doi.org/10.1098/rsos.221332
https://doi.org/10.1093/icb/42.4.771
https://doi.org/10.24002/biota.v3i3.1958
https://doi.org/10.4308/hjb.26.2.56
https://doi.org/10.1002/bies.20529
https://doi.org/10.1016/0168-9525(93)90102-N
https://doi.org/10.2144/btn-2021-0094
https://doi.org/10.3390/biology14060700

12

d

Taxonomy and Biosystematics, Vol. 18, Issue 4, No. 69, 2026

http://dx.doi.org/10.22108/TBJ.2026.147756.1328


http://dx.doi.org/10.22108/TBJ.2026.147756.1328
http://dx.doi.org/10.22108/TBJ.2026.147756.1328

