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Shellfish harvesting in Saloum Islands is crucial for economic and socio-cultural income, particularly for women. However, the industry is facing decline in stocks and harvested individuals, necessitating urgent shellfish assessment and mapping in the Saloum Delta. This study aimed to characterize and assess the distribution, diversity and abundance of mollusc species of commercial interest in the Saloum delta. The species collected were identified using determination keys available in the literature. Their spatial distribution was also studied using principal component analysis (PCA) and their abundance and diversity were assessed using conventional ecological indices. Sampling at 17 stations across five villages (Dionewar, Niodior, Palmarin, Falia, and Sangomar) during both harvesting and biological rest periods in 2019–2020 revealed 21 species from 19 families. Notable findings indicated higher species richness in Niodior and Sangomar than in Falia, Dionewar and Palmarin, based on data from both harvesting and biological rest periods. Diversity metrics, including Hill’s N1 (1.61), Shannon’s H’ (1.77), and Shannon-Weaver (0.47), indicated a high overall diversity with a few dominant species (Simpson’s index: 0.564; equitability index: 0.16), emphasizing the critical role of biological rest in sustaining shellfish populations. Senilia senilis, the most commercialized species, emerged as the dominant species across all localities, followed by the less exploited Diplodonta rotundata. Spatial and temporal variations correlated with environmental factors, including bathymetric distribution and delta hydrology, suggesting the need for effective management strategies alongside existing conservation measures. These results, combined with conservation measures already in place such as biological rest, could lead to better management of shellfish stocks in the Saloum Islands.
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Introduction


Global climate change has significantly altered temperature and precipitation regimes, contributing to the salinization and alkalinization of terrestrial and aquatic ecosystems (Hallett et al., 2018; Kaushal et al., 2018; López-Alonso et al., 2022; Mohamed Moctar et al., 2023). These impacts are especially pronounced in estuarine systems, where they are driven by reduced freshwater inflows and increased evaporation rates. One of the notable consequences is the emergence of “inverted” estuaries - systems in which salinity levels are higher upstream than downstream, often surpassing seawater salinity. This phenomenon is notably present in the Senegal-Gambia region, which includes two inverted estuaries (Saloum and Casamance) and the more traditionally structured Gambia River estuary. During the dry season, salinity in the upper reaches of the Saloum and Casamance can reach two to three times that of seawater. This shift, that began during the Sahelian drought of the late 1960s (Pagès and Citeau, 1990), has intensified due to ongoing climate change, significantly impacting aquatic communities through changes in species composition, endemism, and functional diversity (Kantoussan et al., 2012). In extreme cases, salinity levels of up to 70 psu have been recorded, limiting biological communities to highly specialized taxa (Panfili et al., 2006).


Organisms inhabiting estuarine and coastal systems, especially molluscs, are sensitive to fluctuations in salinity, temperature, and dissolved oxygen (Kaushal et al., 2018; López-Alonso et al., 2022; Mohamed Moctar et al., 2023), as well as anthropogenic pressures. Shellfish are widely distributed in the Saloum Islands and are central to the local economy, particularly in coastal villages where shellfish harvesting constitutes a vital livelihood for women (Dahou, 2010; Ndoye and Moity-Maizi, 2010). Due to socio-economic dynamics, including poverty and male emigration, women increasingly assume dominant roles in collection and commercialization (de Morais, 2011). However, the sector faces declines in both stock abundance and individual size, likely due to overexploitation and environmental stressors (Ndoye and Moity-Maizi, 2010). Given these challenges, there is an urgent need for shallow-water stock assessments and spatial mapping of mollusc populations in the Saloum Delta. These assessments are crucial for sustainable resource management and contribute to economic development, livelihood security, and ecosystem preservation.


A critical first step in such stock assessments is the accurate identification of commercially important species (Albert et al., 2022; Lapègue et al., 2016; Liu et al., 2021; Mohamed Moctar et al., 2023). Coastal bivalves, which are heavily exploited, have been the focus of numerous studies on systematics and economic significance (Albert et al., 2022; Cormier-Salem et al., 2010; Koutsoubas et al., 2007; Kreeger et al., 2018; López-Alonso et al., 2022; Van Der Schatte Olivier et al., 2020; Wijsman et al., 2019; Voultsiadou et al., 2010). Recent research has focused on assessing the composition, diversity, and abundance of molluscs, while others have examined how their distribution is affected by environmental characteristics such as temperature, salinity, pH, and sentiment (Lewin et al., 2024; Malahayati, 2024; Mohamed Moctar et al., 2023; Nel et al., 2012; Sousa, 2024). In the past few years, a number of studies on mollusc as bio-indicators for environmental health assessment have been carried out in many countries (Chahouri et al., 2023; Moraitis et al., 2018; Sidoumou et al., 2006; Yap et al., 2025, 2025).Although being important and fundamental to conservation efforts, such research has not yet been carried out in the Saloum Delta, where shellfish species are not well studied. In the Saloum Delta the exploitation targets primarily bivalves and gastropods, such as oysters, ark clams, volutes, Pugilina morio (black melon), Donax spp., and Conus geographus (cone snails). Overharvesting in this area combined with the adverse impacts of other human activities and climate change may have led to the depletion of some species and altered the diversity of molluscs, despite the area’s status as a biosphere reserve (SDBR).


This study aimed to assess the distribution, diversity, and abundance of shallow-water mollusc species in the Saloum Delta, focusing on species inhabiting depths of 0–30 cm. Species such as the oyster Crossostrea spp., which anchor to mangrove roots and are among the most exploited, were excluded. Sampling was conducted over an eight-month period (June 2019-February 2020) encompassing both the harvesting and biological rest periods. The study also sought to determine the spatial structuring and relative abundance of key species in relation to environmental gradients within the delta.






2 Materials and methods





2.1 Study area


The Saloum Delta region faces environmental and socioeconomic challenges, including soil and estuary salinization, overexploitation of fishery ecosystems, demographic pressure, and the impacts of drought (Dieye et al., 2013; Ndiaye, 1992). This study aimed to understand the dynamics of shellfish harvesting and associated environmental variations in the Saloum Delta area. This information is crucial for sustainable fishery management practices in the region. It focused on the Saloum Islands, specifically examining shellfish harvesting in areas such as Dionewar, Niodior, Sangomar Island, Falia, and Palmarin. These areas are particularly important in terms of shellfish landings, with the “Gandoules” containing the second largest mass of shellfish after “Diorom Bumack.” The accessibility of these areas and the intensity of shellfish harvesting contribute to their importance. The methodology of this study involved selecting mudflats for sampling, focusing on areas where shellfish harvesting was most intense. In localities with a large number of mudflats, only the most frequented areas by fishermen were sampled, whereas in areas with few mudflats, all available mudflats were selected.






2.2 Sample collection


The methodology for the field survey used a quadrat to sample substrates containing mollusc species across multiple mudflats. This quadrat, which has dimensions of 50 cm length, 50 cm width, and 30 cm height, was designed specifically for sampling substrates containing mollusc species and other benthic marine organisms (annelids, crustaceans, etc.). The geographical coordinates of each sampling station were recorded using a GPS device (
Supplementary Table 1
). These coordinates served as references for thematic maps and for extracting information related to the sampling sites or stations.


At each sampling site, three samples were taken using the quadrat to cover all species present in the area. The location of the first quadrat is randomly selected, sunk into the sediment, and its contents were sampled (
Supplementary Figure S1
). Sediment from the quadrat was then sieved using a 2 mm mesh sieve. Once sieving is complete, the contents of the sieve are collected in plastic bags labeled with the village or Island name, the sampling station name, and the sample number. These samples were then stored in plastic bags containing a 14% formalin solution and labeled with sampling and collection site information. To minimize errors, the same sample was taken twice from each mudflat, resulting in triplicates. This enables extrapolation with a minimal risk of error.


A total of 96 samples were collected along 102 radials in the study area across 17 stations in five villages (
Figure 1
). This methodology ensured thorough and systematic sampling across the study area, while minimizing errors and providing robust data for analysis. All 17 stations’ GPS coordinates are provided in 
Supplementary Table S1
. Quadrat placement followed a hybrid design: initial randomization within mudflats, stratified by high-activity zones (fishermen-frequented areas) to align with exploitation patterns.


[image: Map showing sampling sites in the Saloum Delta, Senegal, West Africa. Sites are marked with various colors representing localities: Dionevar (green), Falia (orange), Niodior (purple), Palmarin (blue), and Sangomar (light green). Sites are labeled S1 to S17, indicating their locations. A compass rose and scale bar are included. Data source: Natural Earth, CRS: WGS84 (EPSG:4326).]
Figure 1 | 
Sampling map showing the station studied in each village.








2.3 Sample preparation and cleaning for laboratory analysis


The samples were initially stored in the field, as described above to preserve them in their original state over an extended period. Upon arrival at the laboratory, they were transferred from plastic bags to a bucket and rinsed with water to prepare them for analysis. The cleaning process removes excess sediment, sand, silt, algae, clots, debris, and formaldehyde odor, ensuring that only the organisms of interest remain for further analyses. This process ensures that the samples are properly prepared and free from contaminants before analysis, allowing for the accurate identification and analysis of the species present. After being rinsed, the samples were sorted to separate living species from shellfish, plant debris, and other impurities. This step requires careful handling, particularly for samples containing small organisms. Once cleaned and sorted by species, organisms are identified using personal documentation or established methods for mollusc species identification. After this steep, all identified species were separated from each other for further analyses.






2.4 Measurements


Various parameters of the samples were measured. This includes:


	
- Total Weight (PT): This refers to the total weight of the sample measured with an electronic balance to the nearest 0.1 g (
Supplementary Figure 2A
).


	
- Total Length (L): This corresponds to the distance separating the front edge from the rear edge of the shell. It was measured using a digital caliper graduated electronically to the nearest hundredth of a millimeter (
Supplementary Figure 2B
).


	
- Height (H): For bivalves, this parameter extends from the dorsal hinge to the ventral edge of the shell. It was measured to the nearest hundredth of a millimeter using an electronically graduated caliper (
Supplementary Figure 2C
).


	
- Width (W): This is the maximum length of the convexity of the two combined valves. It was measured in the same way as length and height (
Supplementary Figure 2D
).









2.5 Diversity and evenness indices


Simpson’s Diversity Index (Simpson, 1949) was used to quantify the dominance within the shellfish species collected in this study by considering both abundance and richness. This index was particularly sensitive to the abundance of the most common species in samples.


Simpson’s Diversity Index was calculated using the following formula:
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Where D is Simpson’s Diversity Index, ni the number of individuals of the ith species, N the total number of individuals in the sample, and S is the total number of species in the sample.


Simpson’s Diversity Index ranges from 0 to 1, where 0 indicates no diversity (all individuals belong to one species) and 1 indicates maximum diversity (all species are equally abundant). The Simpson’s Dominance Index was inversely related to the Simpson’s Diversity Index. It is often preferred in certain situations because it varies in the same direction as the specific diversity index.


Hill’s diversity indices are derived from Shannon’s and Simpson’s diversity indices offering complementary perspectives on species diversity. Hill’s diversity index N1 is a transformation of Shannon’s diversity index, where each proportion is weighted by its logarithm, whereas Hill’s N2 diversity index (Hill, 1973) is the reciprocal of Simpson’s diversity index. These indices were calculated as follows:
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where pi is the proportion of species i in terms of abundance.


Species diversity comprises two components: the number of species (S) in the sample and the evenness (E) of their frequency distribution, which characterizes the shape of the distribution. E was calculated using the following formula:
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When all species are equally represented, E = 1.






2.6 Abundance indices


Both absolute and relative abundances (Caughley and Sinclair, 1994; Hopkins and Kennedy, 2004) are important metrics in ecological studies, providing insights into the distribution and importance of species within ecosystems. Absolute abundance indicates the average number of individuals of a species per quadrat. Absolute abundance was defined as the number of individuals of a species in quadrat. Relative abundance is the probability of a species’ presence in a given habitat relative to other species. It was calculated as the number of individuals of a species divided by the total number of individuals of all species.






2.7 Statistical analysis


Principal Component Analysis (PCA) uses a global approach to detect correlations between different variables measured and to identify groups of individuals based on their distribution on a two-dimensional factorial plane (Hopkins and Kennedy, 2004; Jolliffe, 2002). PCA is a powerful statistical technique that is commonly used for dimensionality reduction and data visualization. In this study, PCA was used to identify patterns (spatial groups) and relationships between shellfish species based on their presence and abundance in the study area. PCA was selected for its effectiveness in reducing dimensionality while preserving variance in the abundance data (Jolliffe, 2002). PCA assumptions (linearity, correlation adequacy) were validated via Kaiser-Meyer-Olkin (> 0.6) and Bartlett’s sphericity tests (p < 0.001). Variables were standardized (z-scores) to address scale differences. NMDS/CCA were considered but deemed less optimal for the dataset’s linear gradients (Hopkins and Kennedy, 2004).


The data used for PCA included information on all sampled species at different locations in the study area. Individuals of each shellfish species and location (villages) are represented on a two-dimensional factorial plane, where the axes represent the principal components. The spatial groups identified using this representation on the factorial plan indicated the ecological relationships between shellfish species.







3 Results





3.1 Shellfish species composition


A total of 21 shellfish species were identified, including 10 bivalves, 10 gastropods, and one unidentified species which processes gastropod characteristics. Pictures of all species described in the following section are shown in 
Supplementary Figure S3
. The names of all species were listed below with a short description.





3.1.1 Bivalve species


1. Senilia senilis: This is a bivalve of the Arcidae family, with a shell 3 to 4 cm long, but in some cases, up to 10 cm. The valves are thick and heavy and are marked externally by radiating ribs and fine growth ridges. The weight of the animal’s flesh never exceeded 10% of the weight of the shell.


2. Diplodonta rotundata is a small bivalve (Unguelimidae) with a white shell covered by a grayish periostracum (outer layer of mollusc shell). It has irregular concentric growth streaks that are difficult to distinguish from one another. The species measured a maximum of 2.5 cm in length.


3. Tellina sp.: Tellina are bivalve mollusks (Tellinidae) with a smooth, flat, elongated shells and a tentacled mantles. The periostracum is most commonly pink. However, individuals with white or yellow shells were also observed.


4. Lucine sp.: A bivalve of Lucinidae is small in size, with a shiny milky-white outer shell. The periostracum is very thin and translucent. The ligament is mostly horny brown.


5. Pharus legumen (Lunnaeus, 1758): it is a bivalve mollusc (Solenidae) with a rectilinear, elongated shell. The valves are more or less solid and open at both ends. The grayish-white shell was covered with a brown periostracum.


6. Abra alba (W. Wood, 1802): This species of bivalve (Semelidae) has a white, fragile shell. Its size could reach 25 mm but averages 15 mm.


7. Venus verrucosa: Praire is a species of bivalve mollusc (Veneridae) with a thick, even shell and pronounced concentric striations ranging in color from yellowish-white to grayish-white.


8. Dosinia lupinus (Lunnaeus, 1758): It is a shiny bivalve (Veneridas) with a discoid, symmetrical, flattened, thick shell and strongly marked concentric growth streaks.


9. Donax trucunlus (Lunnaeus, 1758): A bean-shaped bivalve (Donacidae) with a virtually smooth outer surface. The periostracum is adherent, pale yellow to olive-beige, translucent and shiny.


10. Mytilus edulis (Lunnaeus, 1758): Mussel is a bivalve (Mytilidae) with a bluish-black, sometimes brown or brown, oblongshell. The valves are symmetrical and the shell is elongated, pointed at the front and widened at the back. The shell is covered by a thick, robust periostracum.






3.1.2 Gastropod species


11. Tritia reticulata (Lunnaeus, 1758): This is a gastropod (Nassariidae) with a pointed conical shell, brown, greenish-brown, yellowish-brown and gray in color. It has spiral ribs and ridges. The shell has several turns.


12. Turritella communis (Risso, 1826): It is a gastropod (Turritellidae) with a very narrow, conical shell that resembles the end of a tendril with up to 19 turns. Each turn has growth ridges. Shell color ranges from white to all shades of brown. It is rarely found intact, as its tapered tip is very fragile.


13. Cymbium olla (Linnaeus, 1758) (volute): The species is a gastropod (Volutidae) with a medium-sized (up to 200 mm high), rolled, cylindroid shell and a relatively solid, thick test. Pale or ivory-cream colored, darker inside the opening, except along the labre. The pleated part of the columella is light orange, more rarely pinkish.


14. Conus sp (Cones): Cones are medium to large, cone-shaped gastropods (Conidae) with spectacular shell ornamentation. The shell apex may be rounded, flat, domed, pointed or have several points.


15. Pugilani morio: This gastropod (Melongenidae) has a strongly marked posterior siphonal canal, which can sometimes be tubular or spiny. The shell is generally thick and highly ornamented with nodules, warts and nodosities. The teleoconch is brown or black and without periostracum.


16. Gibbela cineraria: This species of gastropod (Trochidae) has a cone-shaped shell, with 5 to 6 turns and a maximum height of 15 mm. It has a smooth, yellowish surface with brown, purple or brown streaks covering the entire shell, even the underside.


17. Bursa crumena: This is a species of mollusc (Bursidae) with a strongly marked posterior siphonal canal, which can sometimes be tubular or spiny. Their shells are highly ornamented with nodules, warts and nodosities. The teleoconch is brown or white and without periostracum.


18. Murex trucunlus: This gastropod (Muricidae) measureds up to 5 cm. Its shell was brown, yellow or greenish, with prominent angular spires. The oval opening has a fairly long siphonal edge.


19. Euspira catena: this gastropod of the Naticidae has a globular shell about 20 mm high. The shell is smooth, with fine, uniform cream-gray accretion streaks, decorated with a spiral row of small brown to violet oblique grooves or flames on the first turns of the spiral.


20. Tereba anomala: A gastropod (Terebridae) long and wide, more ventrally shaped than average (the base is sometimes almost ovoid), but always tapering. It is white with dark brown spots in 2 sub-sutural rows (alternating one thick and one thin), and paler spots underneath.



21. Undefined species: This species is a medium-sized gastropod covered with a yellowish periostracum. All the identification keys at our disposal did not allow us to clearly identify this species.







3.2 Spatial distribution of species and villages during harvesting


Assumptions of the PCA as the linearity and the correlation adequacy were validated via Kaiser-Meyer-Olkin (Overall MSA>0.6) and Bartlett’s sphericity tests (p-value < 0.001). To address scale differences, variables were standardized (z-scores). Axes 1 and 2 of the PCA accounted for 15% and 19% of the observed variance, respectively, totaling 34% (
Figure 2A
). The sampling sites were projected onto a two-dimensional factorial plane based on the PCA results. Some sites (S3, S16, S17 and S2) were well represented on axes 1 and 2, while others were fairly or poorly represented (
Figure 3A
).


[image: Two scree plots labeled A and B show the percentage of explained variance across dimensions. Plot A shows a steep decline from first to third dimension, then a gradual decrease. Plot B has a sharper drop from first to second dimension, then a gradual decline. Both plots use bar charts and line graphs to depict the variance.]
Figure 2 | 
Percentage of variance explained by the different axes of the Principal Component Analysis of the results for the harvesting period (A) and the biological recovery period (B).




[image: Principal Component Analysis (PCA) plots during the biological rest period are shown in four panels. Panel A displays individual data points color-coded by cos2 values. Panel B illustrates variables represented as vectors, highlighting contributions via a color gradient. Panel C is a biplot combining individuals and variables on the same axes. Panel D shows individuals grouped into colored ellipses representing different categories, with a legend indicating group names. Each plot details data distributions and relationships among variables and individuals.]
Figure 3 | 
PCA on a two-dimensional factorial design for mollusc data from the harvesting phase. The PCA shows the distribution of the different sites sampled (A), and the species identified according to their abundance (B, C). NDR: Niodior; DNW: Dionewar; PLR: Palmarin; FAL: Falia; SAG: Sangomar. SSN: Senilia senilis; DRT: Diplodonta rotundata; TEL: Telline sp; LUC: Lucine sp; PLG: Pharus legumen; AAB: Abra alba; VVR: Venus verrucosa; DLP: Dosinia lupines; DTC: Donax trucuntus; MED: Mytilus edulis; TRT: Tritia reticulata; TCM: Turritella communis; COL: Cymbium olla; CON: Conus sp; PMR: Pugilani morio; GCN: Gibbela cineraria; BCM: Bursa cremena; MTC: Murex trucunlus; ECT: Euspira catena; TAN: Tereba anómala. The PCA shows also the clustering of species into groups (D).




Certain species, such as Turritelle commune (TCM), Donace trucunlus (DTC), Tellina sp. (TEL) were well represented on axes 1 and 2, while others are less represented (
Figure 3B
). The distribution of species across the sampling stations indicated that the position of certain stations (e.g. S3) was mainly explained by specific species (e.g. PLG, AAB), while other stations (e.g. S9) are associated with different species (e.g., TEL, PMR) (
Figure 3C
).


Villages, like Dionewar, Falia and Palmarin, formed a unique sub-group in the center of the two-dimensional factorial plane, while Niodior and Sangomar formed two distinct groups (
Figure 3D
). There were slight differences between the villages within the central group, and Niodior partially overlapped with Falia and Dionewar. Sangomar was well isolated from the other groups. The shellfish species composition in the villages reflected similarities in species distribution and abundance across the area.






3.3 Species and village distribution during biological rest period


The axis 1 explained 18.6% of the observed variance, while axis 2 explained 26.9%. Together, they account for 45.5% of the variance (
Figure 2B
).


Most stations were poorly represented and clustered around the origin of the graph. However, stations S15 and S4 stood out as well-represented, being separated from the others by axis 1 (
Figure 4A
).


[image: Four-panel image showing Principal Component Analysis (PCA) plots. Panel A displays individuals colored by cos2 values, indicating quality of representation. Panel B shows variables within a correlation circle, with arrows indicating variable contributions. Panel C presents a biplot combining individuals and variable vectors. Panel D highlights individuals grouped by categories, each with a distinct color. All plots have axes representing Dim1 (28.9%) and Dim2 (18.6%).]
Figure 4 | 
PCA on a two-dimensional factorial plane (axis 1 and axis 2) for mollusc data from the biological rest period. The PCA shows the distribution of the different sites sampled (A), and of the species identified according to their abundance. (B, C). NDR: Niodior; DNW: Dionewar; PLR: Palmarin; FAL: Falia; SAG: Sangomar. SSN: Senilia senilis; DRT: Diplodonta rotundata; TEL: Telline sp; LUC: Lucine sp; PLG: Pharus legumen; AAB: Abra alba; VVR: Venus verrucosa; DLP: Dosinia lupines; DTC: Donax trucuntus; MED: Mytilus edulis; TRT: Tritia reticulata; TCM: Turritella communis; COL: Cymbium olla; CON: Conus sp; PMR: Pugilani morio; GCN: Gibbela cineraria; BCM: Bursa cremena; MTC: Murex trucunlus; ECT: Euspira catena; TAN: Tereba anómala; ENI: Undefined species. The PCA reveals the categorization of species into groups (D).




Some species (VVR, DLP, ENI, BCM and TRT) were separated from others (MTC, ECT, TMC, AAB and DRT) by axis 2 (
Figure 4B
). These species were associated with specific stations. Stations S15, S16 and S17 were associated with some species, while stations S4 and S1 are associated with different species (
Figure 4C
). Villages like Sangomar and Niodior formed distinct groups, but some stations within Niodior overlapped with those of the central villages (
Figure 4D
). Other villages formed less distinguished groups close to the origin.


When all data from both harvesting and rest periods are combined, villages Dionewar, Falia, and Palmarin formed a central group, while Niodior and Sangomar each formed distinct groups (
Figure 5
). Part of Niodior overlapped with the central villages, and Sangomar was well isolated from the others.


[image: A PCA plot showing data points and confidence ellipses for groups labeled FAL, PLR, NDR, and SAG on a coordinate grid. Axis 1 explains 18.5 percent and axis 2 explains 14 percent of the variance.]
Figure 5 | 
PCA on a two-dimensional factorial plane (axis 1/horizontal and axis 2/vertical) of molluscs data (exploitation and biological rest phases combined) showing the geographical groups identified as a function of species abundance.








3.4 Ecological indicators


A total of 21 species were recorded during the sampling campaigns. Interestingly, the number of species recorded was slightly higher during the harvesting phase (21 species) compared to the biological rest period (19 species). Species richness varied among different sampling stations. Station S15 stood out with the highest species richness, recording 12 species. It is followed by stations S4, S12, and S16 followed closely with 9 species each and then by stations S1, S2, S8, S13 and S17 (8 species each). Conversely, stations S6 had the lowest species richness, with only 2 species.


When comparing species richness between villages using all data from both harvesting and rest periods combined, we found that Niodior, Sangomar had higher specific richness compared to Palmarin, Falia and Dionewar. Specifically, the total number of species in Sangomar and Niodior was 15, with Falia and Dionewar recording 10, and Palmarin having 12.





3.4.1 Species occurrence and abundance




Table 1
 showed the distribution of species collected during the harvesting period and the biological rest phase in the villages that were studied. Overall, the distribution and abundance of species vary across different villages and between the harvesting phase and the biological rest phase. S. senilis exhibits strong dominance throughout both phases, being most abundant during the harvesting phase, especially in Falia, and during the biological rest period in Dionewar (
Figure 6
). D. rotundata is also abundant but moderately present during both phases, with higher abundance in Palmarin and Niodior during harvesting and more abundant in Niodior during biological rest period (
Figure 6
). Species like Tellina sp (
Figure 6
), Conus sp and Cymbium olla have a moderate Abundance. Tellina sp, found in all target villages during both phases, is more abundant in Niodior and Palmarin, while Conus sp and Cymbium olla have a wide distribution, being present in all locations during either the harvesting season, the biological rest period, or both. Several species including A. alba, P. legumen, Lucine sp, Tellina sp, D. lipinus, D. trucunlus, M. edulis, T. reticulata, V. verrucosa, T. communis 6), Conus sp, C. olla, P. morio, E. catena and T. anomala have a low abundance (
Figure 6
). They are poorly represented or not recorded at all. Some species like T. communis, B. crumena, T. anomala, and an unidentified species ENE (
Figure 6
) were not recorded at all.



Table 1 | 
Species present in the villages studied during the harvesting and biological rest period.





	N°

	Species name

	Location (villages)




	Dionewar

	Niodior

	Palmarin

	Falia

	Sangomar




	HP

	BRP

	HP

	BRP

	HP

	BRP

	HP

	BRP

	HP

	BRP






	1
	
Senilia senilis

	+
	+
	+
	+
	+
	+
	+
	+
	+
	+



	2
	
Diplodonta rotundata

	+
	+
	+
	+
	+
	+
	+
	+
	–
	+



	3
	
Tellina sp
	+
	+
	+
	+
	+
	+
	–
	+
	–
	+



	4
	
Lucine sp
	+
	+
	+
	+
	+
	+
	–
	+
	–
	+



	5
	
Pharus legumen

	–
	–
	+
	+
	+
	+
	–
	–
	–
	–



	6
	
Abra alba

	–
	+
	+
	+
	–
	+
	–
	–
	–
	+



	7
	
Venus verrucosa

	–
	–
	+
	–
	–
	–
	–
	–
	–
	+



	8
	
Dosinia lupinus

	+
	–
	+
	–
	–
	–
	–
	–
	–
	+



	9
	
Donax trucunlus

	–
	–
	–
	–
	–
	+
	–
	+
	+
	–



	10
	
Mytilus edulis

	+
	–
	–
	–
	–
	–
	–
	+
	–
	–



	11
	
Tritia reticulata

	+
	–
	+
	–
	–
	–
	+
	–
	+
	+



	12
	
Turritella communis

	–
	+
	–
	+
	–
	+
	–
	–
	+
	+



	13
	
Cymbium olla(volute)
	+
	–
	+
	+
	–
	+
	+
	+
	–
	+



	14
	
Conus sp (Cones)

	+
	+
	+
	–
	+
	–
	+
	+
	+
	–



	15
	
Pugilani morio (Black melon),
	–
	–
	–
	–
	+
	 
	+
	–
	–
	–



	16
	
Gibbela cineraria

	–
	–
	–
	–
	–
	+
	–
	–
	–
	+



	17
	
Bursa crumena

	–
	–
	–
	+
	–
	–
	–
	–
	–
	–



	18
	
Murex trucunlus

	–
	–
	–
	–
	–
	–
	–
	–
	–
	+



	19
	
Euspira catena

	–
	–
	+
	+
	–
	–
	–
	–
	–
	–



	20
	
Tereba anomala

	–
	–
	+
	+
	–
	–
	–
	–
	–
	–



	21
	
Undefined species

	–
	–
	–
	–
	–
	–
	–
	–
	–
	+







‘+’ indicates that the species was present in the village, while ‘–’ indicates it was absent. BRP, biological rest period; HP, harvesting period.




[image: Box plots showing the abundance of various species across different villages. Each graph compares abundance during biological rest and harvesting periods, indicated by green and orange colors, respectively. Species names are listed above each plot, with abundance measured in individuals per quadrat on the y-axis and village names on the x-axis.]
Figure 6 | 
Abundance of species sampled in the five villages during the biological rest period and the harvesting period.




The results also show seasonal variation in species abundance, with certain species being present only in the harvesting season and other only during the biological rest period or during both phases. For example, Tellina sp. and Lucine sp. are present in all locations but are found in Falia and Sangomar only during the biological rest period. Bursa crumena, Euspira catena, and Tereba anomala are only found in Niodior, while Murex trucunlus and an undefined species are only present in Sangomar (
Figure 6
).






3.4.2 Simpson dominance and evenness indices


Simpson’s dominance index was higher when diversity was lower. In this case, the calculated Simpson’s diversity index is 0.564, which is slightly above 0.5. This value suggested a diversity of stands with a dominance of some species. Specifically, S. senilis is identified as the dominant species, followed by D. rotundata. Other species are poorly represented and distributed more or less evenly. Frequency analyses indicated S. senilis and D. rotundata were more abundant. The evenness index calculated for all data, covering both sampling and campaigns, was 0.16. This low value of the evenness index reflected high dominance. Overall, the comparisons between villages and seasons showed that the Simpson’s dominance and evenness indices were slightly higher in Niodior and Palmarin (
Table 2
). They were also moderately higher during the biological rest period (BRP) compared to the harvesting period (HP).



Table 2 | 
Diversity indices by village and season.





	Village

	Season

	Richness

	Total abundance

	Shannon

	Simpson

	Pielou






	DNW
	BRP
	09
	320
	0.797
	0.328
	0.262



	HP
	07
	204
	1.739
	0.749
	0.571



	FAL
	BRP
	08
	208
	1.811
	0.783
	0.595



	HP
	06
	183
	0.793
	0.335
	0.260



	NDR
	BRP
	13
	342
	2.472
	0.864
	0.812



	HP
	11
	328
	1.758
	0.724
	0.577



	PLR
	BRP
	10
	156
	2.379
	0.874
	0.781



	HP
	07
	167
	2.000
	0.832
	0.657



	SAG
	BRP
	13
	168
	1.945
	0.745
	0.639



	HP
	05
	110
	1.703
	0.688
	0.559







BRP, biological rest period; HP, harvesting period. NDR, Niodior; DNW: Dionewar; FAL, Falia; PLR, Palmarin; SAG, Sangomar.








3.4.3 Hill and Shannon diversity indices


This index, which is an exponential transformation of Shannon’s diversity index (H’), has a value of 1.61 across the two sampling campaigns. It reflects the overall diversity within the study area. The reciprocal of Simpson’s index and Shannon-Weaver index also yielded a value of 1.77 over the two campaigns, similarly indicating population diversity. The most diverse stations – each hosting 12 species – are S1, S2, S4, S8, S12, S13, S15, S16, and S17, with S15 standing out as the richest in species. Overall, comparisons between village showed that Niodior (NDR) and Palmarin (PLR) have the highest species diversity than Falia (FAL), Dionewar (DNW), and Sangomar (SAG). The BRP has higher species diversity compared to the HP, except in the DNW where it is lower than the HP (
Table 2
).









Discussion


Overall, the results of this study highlight the complexity of factors influencing the distribution and abundance of mollusk species in the Saloum Delta and emphasizes the need for further investigation to fully understand these dynamics. The Saloum Delta displays spatial heterogeneity (Sadio, 1991), which influences the distribution of aquatic species, especially bivalve mollusks and gastropods. The study observed fluctuations in the abundance and distribution of mollusks both spatially (across different stations and villages) and temporally (during harvesting and biological rest phases). The Delta is identified as a highly productive environment for bivalve mollusks, particularly S. sinelis. This productivity is attributed to favorable environmental conditions for the establishment and proliferation of these species. The nature of the seabed (substrate) plays a significant role in the distribution of mollusk populations in the estuaries of the Sine-Saloum. Different substrates influence their occupation patterns. The 21 species identified in this study are structured into three groups based on geographic locations (Sangomar, Dionewar-Falia-Palmarin, and Niodior). This structure into three groups likely reflects differences in species richness and abundance among these locations rather than just distances between them. The variations in species distribution and abundance, as well as their grouping into geographic clusters, may be influenced by physico-chemical factors, bathymetric distribution, and hydrology of the delta.






Bivalves


Many bivalve species found in this study, especially those with higher market value or those more accessible to collectors (like S. senilis and Tellina sp), face high exploitation pressures. Our results show that overfishing of larger individuals is particularly pronounced during the harvesting season, which can lead to size-class imbalances and threaten the sustainability of populations. Some species show signs of resilience to exploitation, likely due to either their low environmental requirements or the absence of major predators.


Species such as S. senilis (“arch”) show resilience to adverse environmental conditions like dewatering, deoxygenation, and wide variations of temperatures and salinities (10-28‰, up to 50‰) in the Saloum Delta (Benga, 2006; Emerit, 2005). The spawning eurythermal and euryhaline species occurs in June-July, aligning with the rainy season (Debenay et al., 1994; Diouf et al., 2010; Le Loeuff and Zabi, 1993), and larvae settle at depths less than 3 m (Lavaud et al., 2013). Over-exploitation, particularly near villages, leads to significant population pressures. Despite this, S. senilis remains abundant, possibly due to a lack of major predators aside from Trygon margarita. Another highly exploited species is Tellina sp, a species that prefers fine sand and gravel bottoms. It is more concentrated in remote areas, avoiding human settlements. Indeed, individuals found during the harvesting phase tend to be smaller, reflecting intensive exploitation of larger individuals. However, this intensive exploitation during the harvesting period does not significantly impact the species’ overall abundance, likely due to its low environmental requirements. In contrast, D. rotundata, which is not heavily exploited, is therefore abundant. Its reproduction occurs during the harvesting season. The species is widely distributed throughout the delta, except for Sangomar Island, where it thrives on sandy-muddy bottoms. Compared to D. rotundata, Lucine sp is widely distributed, though sparse in Sangomar. Likewise, D. trucunlus is more concentrated in specific areas like Sangomar but also Falia. Both species show signs of exploitation, with smaller individuals collected during the harvesting phase. However, D. trucunlus is more adapted to dissipative beaches and hydrodynamic forces (Bayed, 1998), which may explain its sparse distribution.


In other species such as Abra alba, the heaviest exploitation specifically at the start of the season does not significantly affect size distribution. This tolerant vascolous species that tolerate environment overloaded with organic matters (Bakalem and Romano Isma, 1988; Dauvin, 1998) is found mainly in muddy and sandy-muddy bottoms. A. alba is more concentrated during the resting phase and shows larger individuals during this period. Alongside these abundant and intensively exploited species, some species fluctuate in abundance. This is the case of P. lugumen found only at Niodior fluctuates in abundance, which may be due to its poor adaptation to estuarine conditions. Larger individuals are typically found during the biological rest phase, coinciding with reproduction. The same apply to V. verrucosa which has low abundance probably because it is poorly adapted to the environmental conditions of the delta, especially in areas of human exploitation. Its slow reproduction and late sexual maturity may also contribute to its low presence. Dosinia lipinus rarely found in the studied area also has low population density. The intensive collection during the harvesting season likely contributes to the low abundance of this rare species, which inhabits coarse sands in deeper areas and mainly concentrated on specific mudflats like Mbossndokh. Another rarely found species is Mytilus edulis. Preferring firm surfaces like rocks and boat hulls, M. edulis rarely settles on muddy bottoms. Its distribution is influenced by spawning triggers related to temperature and food availability. The species was found in low concentrations during the harvesting phase, with only a few large individuals. Similarly, the ENI species was found exclusively in Sangomar with low concentrations and small size variation, indicating poor adaptation to the environmental conditions of the area.







Gastropods


Several gastropod species, including T. reticulata and C. olla, experience intra-specific competition, particularly in areas with high exploitation. This competition, combined with intense harvesting pressure, can lead to a decline in the population of larger individuals. Indeed, many species are heavily exploited during the harvesting period, which coincides with their reproductive cycles. This exploitation, especially of larger individuals, can significantly affect their population structure and long-term viability. The distribution of gastropod species is also influenced by geographical position and environmental conditions specific to each mudflat. For example, species like Conus sp. are absent from certain areas (e.g., Dionwar) but thrive in others due to better environmental conditions. Similarly, species like E. catena are restricted to certain locations, possibly due to bathymetric preferences or environmental tolerance.



T. reticulata is the most abundant gastropod in the delta, found on all mudflats. The species has low environmental requirements and is adaptable to various substrates, including sandy bottoms, cobbles, and rocky areas. Its population fluctuates with locality and season, peaking during the biological resting period where individuals result from summer reproduction. However, larger individuals are less abundant in remote mudflats due to overexploitation on nearby sites and intra-specific competition.


Other gastropod species such as T. communis, C. olla, and P. morio exhibit low abundance and a relatively uniform distribution across mudflats. Larger individuals are more likely to be found during the biological resting phase, possibly due to surface collection and exploitation by female collectors. C. olla is particularly sought after for local consumption, leading to its population collapse by the end of the season. Small individuals are more prevalent during the biological resting period, with intra-specific competition observed at specific sites like Ndiatiaré and Sas.



M. trucunlus, T. anomala, B. crumena, and G. cineraria are poorly distributed. They are found only at Niodior and Sangomar, likely due to their poor adaptation to the environmental conditions of the delta. These species prefer deeper habitats, with a bathymetric distribution extending to depths over 30 m. They reproduce towards the close of the season (May-June for M. trucunlus, June-September for T. anomala), and may be intensively collected during the harvesting period. However, they were absent from samples during the exploitation phase, suggesting that they are not heavily targeted during this time.



E. catena was not sampled during the biological rest period but was present in low numbers during the harvesting season. Its reproduction occurs at the end of March, coinciding with the exploitation period. E. catena has a limited distribution, possibly due to poor adaptation to local environmental conditions and its preference for bathymetric depths of up to 120 m. In contrast, Conus sp. is well-distributed across the delta, except for Dionwar, suggesting it is highly adapted to the local environment. Despite its wide distribution, it is rare in samples, with only one individual collected per site, likely due to its high demand among collectors for both commercial and scientific purposes. Conus sp. also inhabits bathymetric depths of up to 20 m.


The main drawback of this study is the taxonomic uncertainty, particularly for the ENI collected in this study. While species discrimination based on morphology using existing keys in the literature allowed identification of all except one of the species collected, a molecular characterisation study is required for species validation, including the ENI. Integrating molecular characterisation using DNA barcoding with morphological identification will enable more accurate taxonomy and species identification, which is essential for the conservation and management of mollusc stocks in the Saloum Delta. Such studies are necessary because mollusc species can display great plasticity, leading to a differential response to different local environmental conditions. Moreover, further studies involving measurements of environmental parameter and sediment characteristics are required that to statically assess their links to PCA grouping. Although it is well known that salinity levels are higher in the upstream than in the downstream parts of the inverse Saloum estuary, this parameter was not measured, which can be considered as a limitation of this study. The same applies for other physicochemical variables such as temperature, pH and dissolved oxygen as well as sediment characteristics, which should be statically evaluated for their links with biodiversity indices.








Conclusion


This study reveals that the spatial distribution of mollusc species in the Saloum Delta varies significantly across different zones and is influenced by a combination of factors, including physico-chemical parameters, bathymetry, hydrology, and species-specific ecological behaviors. Although the Saloum Delta constitutes a highly productive environment for both bivalves and gastropods, certain species exhibit low densities on the foreshore, likely due to limited adaptation to prevailing environmental conditions.


Despite their high abundance, species such as Donax rotundatus, Tellina sp., and Tivela reticulata remain underexploited along the Senegalese coast - particularly in the Saloum Delta - primarily due to their low economic value and the corresponding lack of scientific attention. In contrast, species such as Venus verrucosa, Timoclea anomala, Tellina communis, and an unidentified species (ENI) are subject to harvesting pressure by female shellfish gatherers, despite their relative rarity and low abundance.


Given the evidence of exploitation pressure, especially on vulnerable species, there is an urgent need to develop and implement species-specific management plans. These plans should include measures to address the overexploitation of key taxa such as ark clams and cockles, notably by introducing minimum size limits for harvesting (e.g., banning collection of ark clams smaller than 25 mm and cockles under 20 mm), and restricting the sale and consumption of undersized individuals.


Additionally, the collection of other ecologically important but rare species—such as Mactra truncata, Pitar morio, and Callista chione - should be limited or temporarily suspended to prevent further population decline. Conservation strategies should also promote the valorization of currently underutilized species such as T. reticulata and T. communis, thereby encouraging sustainable exploitation and enhancing their economic value.


Lastly, existing management measures - such as biological rest periods and gear selectivity - should be updated and reinforced to ensure their continued effectiveness in conserving mollusc populations. With these targeted actions and forward-looking strategies, future research and co-management initiatives can contribute significantly to the sustainable use and long-term conservation of molluscan resources in the Saloum Delta. Such a co-management should be implemented and conducted with local communities and authorities. However, the stakeholders need to be involved in defining and discussing the terms and feasibility of this co-management, including adaptive quotas and awareness campaigns.
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Village Season Richness otal abundance nn Simpson Pielou
BRP 09 320 0.797 0328 0262
DNW
HP 07 204 1.739 0749 0571
BRP 08 208 1.811 0783 0595
FAL - -
HP 06 183 0.793 0335 0.260
BRP 13 342 2472 0.864 0.812
NDR
HP 11 328 1.758 0.724 0.577
BRP 10 156 2379 0.874 0.781
PLR
HP 07 167 2,000 0832 0.657
BRP 13 168 1.945 0745 0.639
SAG i
HP 05 110 1.703 0688 0559

BRP, biological rest period; HP, harvesting period. NDR, Niodior; DNW: Dionewar; FAL, Falia; PLR, Palmarin; SAG, Sangomar.
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N°®  Species name Dionewar Palmarin Sangomar
BRP BRP BRP
1 Senilia senilis + + + + + + + + + +
2 Diplodonta rotundata + + + + + + + + = +
3 Tellina sp + + + + + + = + = +
4 Lucine sp + # + + + + - + - +
5 Pharus legumen - - + + + + = = 2 =
6 Abra alba - + + + - + - - = ¥
7 | Venus verrucosa - = + = 5 = % - = "
8 | Dosinia lupinus + - + - - - = - - &
9 Donax trucunlus - - - - - + = + + =
10 | Mytilus edulis + - - - - - - + - -
11 | Tritia reticulata + - + - - - + - + +
12 | Turritella communis - + - + - + - - + +
13 | Cymbium olla(volute) + - + + - + + + - +
14 Conus sp (Cones) + + + - + - + + + -
15 Pugilani morio (Black _ _ R B . . ~ - -
melon),
16 | Gibbela cineraria - - = = = + = = = e
17 | Bursa crumena - - - % - - - - = =
18 | Murex trucunlus 3 = = = = - = = - -
19 | Euspira catena = = + + - - = = = =
20 | Tereba anomala - - + + - - = = = =
21 | Undefined species - - = = = - - - - %

“+” indicates that the species was present in the village, while - indicates it was absent. BRP, biological rest period; HP, harvesting period.





