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Abstract:

This research investigates the biodiversity and elemental composition of mollusk shells—specifically gastropods
and bivalves—collected from the intertidal zone of Apollonia, Susah Shores, Libya. Shell samples (n = 456) were
gathered between November 2019 and February 2020, and species identification was performed using standard
taxonomic keys. Ten molluscan families were recorded, with Patellidae, Trochidae, Conidae, and Muricidae being
the most prevalent. X-Ray Fluorescence (XRF) analysis revealed that calcium carbonate (CaCOs) was the
predominant shell constituent, accounting for 93.33% to 97.88% of the composition. Minor amounts of silica
(8i02), aluminum oxide (Al:0Os), and iron oxide (Fe20s) were also present, suggesting both environmental
influence and physiological processes in shell development. These findings contribute to the understanding of
molluscan shell formation in coastal ecosystems and offer a foundation for further studies on their ecological
roles and potential industrial utilization.
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Introduction

Molluscs constitute approximately 23% of marine biodiversity in the Mediterranean Sea, highlighting their
ecological significance[1,2]. The region’s continental shelves and intertidal zones support around 2,100 species
of gastropods and bivalves, either in isolation or coexisting with other marine organisms[3,4] . These species
exhibit a wide range of morphological and behavioral adaptations across freshwater, marine, and terrestrial
environments. A distinctive feature of molluscan anatomy is the mantle, which plays a crucial role in shell
formation, respiration, excretion, and environmental sensing[2] .

Recent studies have emphasized the ecological and economic importance of molluscs, particularly in the context
of emerging threats such as climate change and ocean acidification [5]. Shifts in environmental conditions within
the Mediterraneanespecially along the Libyan coastline—are increasingly affecting molluscan biodiversity and
shell development [6].

Libya's coastline, characterized by both rocky and sandy shores, supports a diverse array of marine life, although
it remains understudied. These coastal habitats are vital to numerous species and present significant opportunities
for scientific exploration [7,8]. Molluscs contribute both ecologically and economically and are utilized in fields
such as medicine and environmental monitoring[9,10] . Despite extensive documentation of Mediterranean
molluscs[11,12] , data specific to Libyan waters are relatively scarce. Initial surveys recorded 139 molluscan
species, and subsequent research has contributed to an expanded understanding of regional diversity
[13,1415,16,17,18,19].Nonetheless, a comprehensive inventory of gastropods and bivalves inhabiting Libya’s
intertidal zones is still lacking.

Environmental factors such as temperature and seawater chemistry significantly influence the mineral
composition of molluscan shells, which are primarily composed of calcium carbonate (CaCOs).[20] Shell
composition reflects prevailing oceanographic conditions and ecological changes, with biomineralisation
processes generating complex structural layers[20,21,22]. Elevated atmospheric CO: concentrations reduce
carbonate availability, thereby impairing shell integrity and threatening marine calcifying organisms [23,24]
Despite the importance of shell geochemistry, research in this area along the Libyan coast remains limited. This
study seeks to address this gap by analyzing the elemental composition of molluscan shells collected from the
intertidal zones of Apollonia and Susah using X-ray fluorescence (XRF) spectroscopy. XRF provides a non-
destructive and precise method for determining the elemental profiles of biological samples[25,26].The primary
objectives of this research are to document molluscan diversity and assess shell composition, thereby providing
valuable insights to support resource management and conservation initiatives along the Susah coast during the
period from November 2019 to February 2020.

Material and methods

Study Area

The study was carried out in the Apollonia region, located near Susah Harbor (31°54" N, 21°58' E), approximately
25 km north of Al-Bayda, Libya. This coastal area is characterized by the presence of a protective reef barrier and
relatively deep waters (>35 m) in close proximity to the shoreline[27,28,29,30].(Fig.1).

Figure 1: Study area, sampling and identifying families and species of gatropods and bivalves from Apollonia
zone, Susah, Libya between November 2019 and February 2020
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Sampling and Species Identification

A total of 456 empty shell specimens were collected by hand from the intertidal zone at shallow depths (5-10
m) within the archaeological site of Susah, Libya, between November 2019 and February 2020. Manual
collection was performed using a spatula[31]. The shells were cleaned using a stiff brush or, when necessary,
gently scraped with a needle, then stored in plastic bags and transported to the Marine Sciences Department
Laboratory at Omar Al-Mukhtar University in Al-Bayda, Libya.Species identification was conducted using both
reference collections and taxonomic literature[32,33,34.35]Each shell was measured, and representative
specimens were photographed (Fig. 1).

X-Ray Fluorescence Scanning (XRF)

The collected samples were sieved and ground using a rock smasher to obtain a uniform powder. This powdered
material was then pressed into steel rings for analysis. Elemental composition was determined using an X-ray
fluorescence (XRF) spectrometer (S2 Ranger 2008 - Bruker Company) at the chemical laboratory of the Libyan
Co-operative Company (LCC) in Dernah. The analytical procedure followed established methodologies for
geochemical analysis[36,37].

Data Analysis
All data were processed and analyzed using Microsoft Excel 2010.

Results and discussion

Molluscan Family Diversity in the Apollonia Zone

This study identified ten families of gastropods and bivalves in the Apollonia region. Among these,
Columbellidae, Cardiidae, Truncatellidae, Thyasiridae, Charoniidae, and Arcidae accounted for less than 15% of
the total molluscan assemblage. In contrast, the families Patellidae (24.3%), Trochidae (22.4%), Conidae (21.1%),
and Muricidae (17.8%) were the most dominant in the study area (Fig. 2). Bariche (2012) noted that bivalves
typically burrow into soft sediments, whereas gastropods from the families Patellidae and Trochidae are often
found attached to hard substrates or boring into rocks, the coloration of gastropod shells frequently resembles the
substrate, likely serving as a camouflage mechanism against predators.[38].

Figure 2: Analyzing shell samples, and preparing for XRF scanning with S2 Ranger 2008.
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Recent studies have emphasized the influence of environmental stressors on molluscan biodiversity, especially in
intertidal ecosystems[39] (Martinez et al., 2021; Thompson et al., 2023). These findings highlight the necessity
of monitoring species composition as an indicator of ecosystem health. The increasing sea temperatures in the
Mediterranean have caused shifts in gastropod distribution, favoring thermophilic species. This finding supports
the observed dominance of Conus mediterraneus and Phorcus turbinatus in the Apollonia zone[40].

The prevalence of Patellidae and Trochidae in rocky intertidal habitats may be attributed to their ecological
adaptations, such as strong substrate adhesion and resistance to wave action[41]

Species Composition: Dominance of Gastropods and Bivalves

The taxonomic survey revealed nine gastropod and three bivalve genera within the study area. Conus
mediterraneus emerged as the most abundant species with 96 individuals (21.1%), followed by Phorcus turbinatus
(87 individuals, 19.1%) and Hexaplex trunculus (81 individuals, 17.8%). In contrast, the least abundant species
were Charonia tritonis and Truncatella subcylindrica (each representing 1.3%), along with Acanthocardia
tuberculata (2.0%), Thyasira flexuosa (1.3%), and Arca noae (0.7%). several gastropods, including Charonia spp.
and Conus spp., which feed on echinoderms, other mollusks, and fish[42].

Mineral Composition of Mollusk Shells: Calcium Carbonate and Trace Elements

X-ray fluorescence (XRF) analysis indicated that calcium carbonate (CaCOs) was the predominant mineral in
mollusk shells, comprising between 93.33% in Conus mediterraneus and 97.88% in Acanthocardia tuberculata.
Trace elements such as silica (SiOz2), aluminum oxide (Al.0s), manganese oxide (MnO), and iron oxide (Fe20s)
were also detected, with species-specific variability. For instance, Alvania geryonia exhibited the highest
concentrations of silica and aluminum oxide, whereas Mysia undata showed elevated iron content. Sulfur (S)
levels varied among species, with A. tuberculata registering the lowest concentration (0.421%). These results
align with earlier research on molluscan biomineralization and the role of organic matrices in shell
construction[43,44] .

Recent advances in XRF spectroscopy have improved its utility for studying shell mineralogy, providing insights
into environmental variability and anthropogenic impacts[45,46] .The trace elements in molluscan shells are
reliable bioindicators of marine pollution, especially in industrialized coastal regions. These findings reinforce the
potential application of molluscan shell analysis in environmental assessment programs[47].

Moreover, the presence of trace elements such as silica, aluminum, and iron in mollusk shells may provide
valuable information about local environmental conditions. Zhang et al. (2015, 2024) proposed that these elements
are incorporated through sediment interaction or metabolic uptake, offering additional context for environmental
monitoring. For example, the elevated iron concentration in Mysia undata may reflect localized redox conditions
or dietary factors, while the high silica content in Alvania geryonia could indicate incorporation of siliceous
sediment.

Conclusion

This study provides new insights into the biodiversity and chemical composition of mollusk shells in the intertidal
zone of Apollonia, Libya. The results demonstrate that calcium carbonate is the primary component of the shells,
with minor variations in trace elements reflecting environmental and biological interactions. These findings
contribute to a better understanding of molluscan environmental adaptation mechanisms and provide a foundation
for future research on the impact of climate change on marine environments. Additionally, this study can serve as
a reference for industrial applications leveraging the mineral properties of shells, such as their use in biomaterials
and environmental monitoring.
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Table 1. List, Information, count, percentage and XRF results of concentrations of and minerals and mineral

oxides in gastropods and bivalve species in Apollonia zone, Susah, Libya from November 2019 to February.
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Figure 3: Percentage of families of gatropods and bivalves from Apollonia zone, Susah, Libya between
November 2019 and February 2020.
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Figure 4: Percentage of species of gatropods and bivalves from Apollonia zone, Susah, Libya between
November 2019 and February 2020.
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