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Abstract. Commercial clams are an important fishery resource that supports food security and the
livelihoods of coastal communities. In Merauke, South Papua, clam harvesting is still carried out using
traditional methods, but scientific information regarding growth, mortality, exploitation rate, and species
identity remains limited. This study aimed to analyze growth rates, length distribution, mortality,
exploitation levels, and to perform molecular identification of commercial clams in Merauke waters.
Samples were collected from February 2024 to January 2025. Growth was analyzed using the von
Bertalanffy model, while natural mortality, fishing mortality, and total mortality were calculated to
determine the exploitation rate (E). Molecular identification was conducted via DNA barcoding of the COI
gene, analyzed using BLAST and Neighbor-Joining phylogenetic methods. Results showed a growth
coefficient (K) = 1.0/year?, higher than previous studies in Kendari and Malaysia (0.6-0.7/year),
indicating rapid growth toward the asymptotic length (Lco). Length-frequency histograms indicated
dominance of medium-sized individuals, while total mortality (Z) = 2.83/year! consisted of natural
mortality (M) = 2.61/year? and fishing mortality (F) = 0.22/year. The low exploitation rate (E =
0.08/year?) indicates that clam stocks remain relatively safe and exploitation is not excessive. Molecular
analysis confirmed the analyzed species as Geloina expansa. This condition suggests that the population
is in a state allowing optimal growth and sustainable reproduction, providing a scientific basis for stock
management and conservation strategies, and serving as a reference for sustainable fisheries planning in
mangrove areas with similar characteristics.
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Introduction. One of the commercial shellfish that inhabits mangrove and estuarine
ecosystems is the bivalve from the Cyrenidae family, which is closely related to soft
sediments. This group plays an important role in maintaining ecological functions and
holds significant economic and nutritional value for coastal communities in Southeast Asia
and the Western Indo-Pacific (SealifeBase 2025; WoORMS 2025). The increasing
exploitation pressure and limited availability of official utilization data make population
studies and molecular identification increasingly urgent (Yahya et al 2018).

Globally, studies in Malaysia have shown that commercial mangrove clams are
harvested year-round, with their abundance closely linked to sediment conditions (Bahari
et al 2023). In the Philippines, population densities range from 1 to 2 individuals m=2 at
certain sites, indicating vulnerability to habitat degradation (Ramirez et al 2025).
Toxicological studies in Malaysia also confirm that environmental quality determines the
safety of consumption, as heavy metal accumulation can increase health risks (Yusoff et
al 2021).
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In Indonesia, these clams are widely recognized as a source of food and income
for local communities, and they are utilized across various coastal areas such as the Riau
Islands, Segara Anakan, and Kendari Bay (Widianingsih et al 2020; Putri et al 2021;
Bahtiar et al 2023). Recent studies indicate population pressures at certain sites due to
mangrove degradation (Bahtiar et al 2023), while population structure analyses in Riau
highlight the need for minimum harvest size regulations to ensure sustainability
(Anggraini et al 2025).

In eastern Indonesia, mollusk biodiversity studies in South Manokwari reveal
subsistence use by local communities of various clam species, suggesting similar
utilization patterns in other regions (Cappenberg et al 2021). In Merauke, research on
coastal mollusk consumption (Lampu Satu) recorded the presence of the genus
Polymesoda, a close relative of the commercial Cyrenidae clams (Pasaribu et al 2019;
Cappenberg et al 2021). However, official statistical data on their utilization remain
unavailable. This situation underscores the need for systematic field studies to map the
distribution, density, and population parameters of commercial mangrove clams
(Widianingsih et al 2020; Anggraini et al 2025).

Overall, the main gap identified is the limited availability of time-series data on
both catch and fishing effort, making community-based management and traditional
knowledge approaches critically important to develop (Syahputri et al 2023; SealifeBase
2025; WoRMS 2025). Therefore, research on the exploitation rate of commercial
mangrove clams in Merauke, South Papua, is essential to provide baseline information
and support evidence-based management.

This study aims to analyze growth rates, mortality, exploitation levels, and to
perform molecular identification of commercial mangrove clams in Merauke, South
Papua.

Material and Method

Study area and period. Sampling was conducted periodically from February 2024 to
January 2025 in Merauke, South Papua Province. Commercial mangrove clam specimens
were sourced from traditional markets, representing catches from local fishers.

Research methods. The study employed a survey method with a quantitative approach
through morphometric measurements. Primary data collected included shell length (cm)
and total weight (g) of each individual obtained. Complete documentation of samples was
carried out throughout the study period.

Growth analysis. Clam growth parameters were assumed to follow the von Bertalanffy
growth model (Sparre & Venema 1992; Saputra et al 2021). The theoretical age at
length zero (to) was estimated using Pauly’s equation (1983). Asymptotic length (L») and
growth rate (K) were estimated using the ELEFAN method in the FiSAT II software
package.

Mortality analysis. Total mortality rate (Z) was calculated using the length-converted
catch curve method with FiSAT II (Pauly 1983; Gayanilo et al 2005). Natural mortality
rate (M) was estimated using Pauly’s formula (1983):

Log M = -0.0066 - 0.279 * Log Lw + 0.654 * Log K + 0.4634 * Log T

where: M = natural mortality rate, Lo = maximum total length, K = growth rate, and T =
temperature (°C).

Fishing mortality (F) was obtained by subtracting natural mortality from total
mortality (F = Z - M).

Exploitation rate (utilization level) analysis. The exploitation rate (E) was calculated
using the following formula:
E=F/Z
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Exploitation rate criteria followed Pauly et al (1984), i.e., E < 0.5 (underfishing), E
= 0.5 (MSY/maximum sustainable yield), and E > 0.5 (overfishing).

Molecular identification (DNA barcoding). Molecular identification was conducted to
confirm the species of commercial clams under study. Adductor muscle tissue was
collected from several individuals and preserved in 96% absolute ethanol until DNA
extraction. DNA was extracted using a commercial kit according to standard protocols.
Amplification was performed via PCR using universal primers for the COI gene
(Cytochrome Oxidase Subunit I). PCR products were visualized on a 1.5% agarose gel
and then sent to PT Genetic Science Indonesia (Jakarta, Indonesia) for bidirectional
sequencing. Sequence data were analyzed using BioEdit and MEGA-X software and
compared with the GenBank and BOLD System databases to confirm species identity
(Hebert et al 2003; Pringgenies & Susilowati 2016).

Results and Discussion

Growth rate. The growth of commercial clams at the study site followed the von
Bertalanffy growth function, expressed as Lt = 8.2 x (1 — e<sup>-1.0 x (t -
0.2284)</sup>) (Figure 1). The observed population growth coefficient (K) was 1.0
year!, which was higher than that reported for similar populations in Kendari (0.6 year)
and in several locations in Malaysia (0.7-0.82 year) (Yahya et al 2018; Bahtiar et al
2023), as presented in Table 1. The K value is an important parameter in the von
Bertalanffy model, indicating the rate at which individuals reach their maximum length
(Le). A higher K value indicates a faster growth rate toward adult size (Saputra et al
2018).
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Figure 1. Growth curve of G. expansa in Merauke, South Papua.

Table 1
Comparison of growth coefficient (K) of Geloina expansa in several locations

Location (species) K value (year?) Source
Setiu Wetlands, Malaysia (G. expansa) 0.7 Yahya et al (2018)
Marudu Bay / several locations, Malaysia 0.7-0.82 Yahya et al (2018)
(G. expansa / related Polymesoda spp.)
Kendari Bay (regional study on G. expansa) 0.6 Bahtiar et al (2023)
Merauke, South Papua, Indonesia (G. expansa) 1.0 Present study

Differences in K values among locations can be influenced by several environmental and
anthropogenic factors:
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Substrate and organic matter content. Muddy substrates rich in organic matter increase
the availability of detrital/particulate food, supporting faster growth in infaunal bivalves.
Previous population studies have identified muddy substrates with high organic content
as key factors determining high biomass and productivity (Muhtadi et al 2023).

Water temperature and local climate. Temperature affects metabolism, so regions with
warm water and minimal seasonal variation accelerate growth rates up to the species’
physiological limits (Bahtiar et al 2023).

Food availability. The availability of phytoplankton, detritus, and local primary
productivity influences the growth of filter-feeding bivalves. Productivity/biomass (P/B)
relationships show a direct effect on growth rates (Larsen & Riisgard 2022).

Population density and competition. High densities reduce individual growth rates due to
competition for food and space, resulting in lower K values in dense populations (Bahari
et al 2021).

Exploitation and anthropogenic pressure. Intensive harvesting affects population size
structure and K estimates. At the study site, harvesting remains traditional, so its impact
on population growth is relatively low (Argente & Ilano 2021).

Estimation methods. Differences in analytical methods (ELEFAN, length-converted catch
curve, sampling period) can result in variations in K values among studies, making it
important to specify the method used when comparing data (Argente & Ilano 2021).

Comparative analysis indicates that the high K value at the study site is likely the
result of a combination of optimal substrate, stable water temperature, and adequate
food availability, which ecologically support rapid individual growth.

Growth function and length-frequency results. The growth function and length-
frequency plots from February 2024 to January 2025 showed variation in shell length
across different age groups. The growth curve followed the von Bertalanffy model,
indicating an increase in shell length with age. The length-frequency histogram showed a
dominance of medium-sized individuals, while very small or large individuals were
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Figure 2. Growth function and length-frequency plot of G. expansa in Merauke, South
Papua, February 2024-January 2025.
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This distribution pattern indicates a stable and healthy population structure, with a
dominance of productive age groups that play a key role in reproduction. This
phenomenon may also reflect the efficiency of the local environment in supporting growth
and habitat availability, as well as the population’s ability to maintain stocks despite size
variation (Saputra et al 2018).

Ecologically, the dominance of medium-sized individuals indicates an optimal
growth phase, where metabolic rate and energy requirements are balanced between
growth and reproduction. Meanwhile, the relatively few large individuals may reflect
internal competition or predation pressure, which is typical in natural bivalve populations
(Ransangan et al 2019).

Mortality and exploitation rate. Estimates of mortality in the population showed that
total mortality (Z) was 2.83 year'!, consisting of natural mortality (M = 2.61 year'?) and
fishing mortality (F = 0.22 year'!) (Figure 3). The higher natural mortality relative to
fishing mortality indicates that current exploitation activities do not exert significant
pressure on the population. This is consistent with traditional harvesting practices and
the relatively low commercial demand compared to other species such as the shrimp
Penaeus merguiensis and white snapper (Lates calcarifer) (Melmambessy et al 2023).

The exploitation rate (E = F/Z) of 0.08 is well below the optimal threshold of 0.5
according to Gulland (1971), indicating that the stock remains in a relatively safe
condition and is not overexploited (Figure 3). The E value represents the proportion of
mortality due to harvesting relative to total mortality, providing a direct measure of
exploitation intensity on the stock.

The combination of high K and low mortality suggests that the population is in a
condition conducive to rapid growth and optimal reproduction, maintaining its
regenerative capacity. In conclusion, the clam population at the study site is currently
safe and not overexploited, confirming that the local ecosystem supports the
sustainability of commercial bivalves.

Length-Converted Catch Curve
for Z=2.83; M (at 29.0°C)=2.61; F=0.22; E=0.08
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Figure 3. Mortality (Z, M, F) and exploitation rate (E) of G. expansa in Merauke, South Papua.

Overall, the results indicate that the population exhibits relatively fast growth, a
dominance of productive age groups, and low exploitation levels. These findings highlight
ecosystem conditions that support stock sustainability, providing a scientific basis for
conservation strategies, stock management, and sustainable fisheries planning in the
future.
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Molecular identification of commercial clams. Mangrove clam samples with code
BIOSUB272.002 collected from Merauke, South Papua, were analyzed using DNA
barcoding for molecular identification. Adductor muscle tissue was used for DNA
extraction following the Qiagen protocol, and PCR amplification was performed using
universal primers LCO1490 and HCO2198 targeting the Cytochrome c Oxidase Subunit I
(COI) gene. PCR results showed a single DNA band with an average size of 660 bp,
consistent with the expected COI fragment length in marine invertebrates (Figure 4).

660 bp

Figure 4. Molecular identification results of Geloina expansa.

Nucleotide sequences from the sequencing results were aligned and analyzed using the
GenBank database through BLAST (Basic Local Alignment Search Tool). The results
showed that sample BIOSUB272.002 had 89.11% similarity with the reference Geloina
expansa (accession number OM791699.1) with a query cover of 100% indicating high
validity achieving 100% identity, as shown in Table 2.

Table 2
Barcode results using BLAST for sample BIOSUB272.002 with primer HCO2198

. . Accession Query Identity
Field ID Lab ID Species Bp Gene number cover (%) (%)
Commercial BIOSUB272.002 Geloina 660 COI 0OM791699.1 100 89.11
clam expansa

To confirm the identification, a phylogenetic analysis was conducted using the Neighbor-
Joining (NJ) method with 1,000 bootstrap replications. In the phylogenetic tree, sample
BIOSUB272.002 clustered with the reference sequence of G. expansa and was separated
from other clam species such as Geloina erosa and the family Solenidae, reinforcing that
the analyzed mangrove clam is Geloina expansa (Figure 4).

Ecologically, G. expansa is a benthic clam inhabiting mangrove and estuarine
ecosystems with low to moderate salinity. This species exhibits high tolerance to salinity
fluctuations and low pH, allowing survival in muddy habitats with high organic content
(Bahari et al 2021). As a filter feeder, G. expansa plays a key role in nutrient cycling in
mangrove ecosystems, helping reduce suspended particles and improving water quality
(Thao & Singano 2024).

G. expansa also has significant commercial value. Its large shell size and edible
meat make it a primary target for traditional coastal fisheries (Argente & Ilano 2021). Its
relatively stable availability throughout the year provides food and income for coastal
communities. Although current exploitation is low, monitoring is necessary to prevent
potential overfishing if demand increases (Thao & Singano 2024).
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These molecular identification results are essential for further analyses of growth,
length distribution, mortality, and exploitation rates of G. expansa populations at the
study site. Accurate genetic data also support conservation efforts and stock-based
management, providing a reference for sustainable fisheries planning in similar
ecosystems. Thus, molecular analysis confirms that the target clam species is Geloina
expansa with a COI DNA fragment of approximately 660 bp, providing a crucial basis for
subsequent analyses of growth, length distribution, mortality, and exploitation rates.

Conclusions. Commercial clams in Merauke, South Papua, exhibit a low exploitation rate
(E < 0.5), indicating that stocks are relatively safe and not overexploited. The growth
coefficient (K) shows that clams approach their asymptotic length (L) relatively quickly,
influenced by a combination of environmental factors, genetics, and sustainable
harvesting pressures. This condition indicates optimal growth and reproductive potential,
providing a scientific basis for stock management and conservation strategies, as well as
guidance for sustainable fisheries planning in ecosystems with similar characteristics.
Based on molecular identification, the analyzed clam species is Geloina expansa.
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