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Biological diversity of bivalve molluscs in three areas of the Ebrié lagoon (Côte d'Ivoire)




Abstract 
Lagoon environments are ecosystems that change continuously according to environmental and especially climatic conditions. This instability that characterizes these very particular biotopes has a direct impact on the biocenosis that colonizes them and, in particular, the benthic fauna composed mainly of sedentary species. The present study was carried out to assess the biodiversity of bivalve molluscs in the Ebrié lagoon has identified six species (Crassostrea gasar, Mytilus edulis, Dendrostea frons, Crassostrea cucullata, Mytilus lineatus and Senelia senelis). The animals were caught during experimental fishing carried out in sectors II, III and IV of the Ébrié lagoon. However, of all the species sampled, Crassostrea gasar was found to be the majority at all three sites and on all sampling substrates. The identification is based on the morphology of the gills for the classification of the bivalve into four Orders (Prosobranch, Filibranch, Eulamellibranch and Septibranch). It is also based on morphomeric criteria, which are the number of teeth at the hinge, the number of adductor muscles, the position of the line and the pallial sinus of the shells. The degree of bivalve population organization at the sampled sites was analyzed through the Shannon (H) and Equitability (E) diversity indices. Both qualitative and quantitative differences were found between the species sampled at the different sites. In Moossou, there was one rare species, one commune and four frequent. At Bimbresso, there were two accidental species and three frequent ones. In Lokodjro, one common species and three frequent species. The indices do not vary significantly from one site to another. However, the maximum values of the diversity and equitability index are obtained in Moossou (1.22 and 0.78). Overall, the samples collected are dominated mainly by one family (Ostreidea). Specifically, it is C. gasar that dominates on all sampled sites and in all seasons. The Shannon index is higher during the flood season in Moossou and Lokodjro. This could be explained by the fact that these two sites are closer to the sea than the third and fed by coastal canals and rivers. 



The Ostreidea family dominates the samples with three species. However, Crassostrea gasar is the majority species at the three sampling sites.
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1. INTRODUCTION
Studies of macrofaunal benthic communities are relevant to assess the biodiversity and the environmental health of marine environments worldwide. Global warming, marine pollution and other human activities are directly impacting on marine environments across the globe. Multiple environmental factors, such as sediment type, pH, temperature or nutrients, directly affect benthic biodiversity. In such regard, the effects of alteration of these factors can cause severe damage to benthic communities and may even lead to the species extinction [30]. Lagoon environments are ecosystems that change continuously according to environmental and especially climatic conditions. This instability that characterizes these very particular biotopes has a direct impact on the biocenosis that colonizes them and, in particular, the benthic fauna composed mainly of sedentary species. This fauna, unable to change its habitat, is therefore condemned to undergo changes in environmental conditions [1]. However, the diversity of biological communities plays a decisive role in the functioning of ecosystems ([2]; [3]; [4]; [5] and [6]). Thus, a periodic inventory of these sedentary species becomes imperative for their preservation.

2. MATERIAL AND METHODS
2.1 Study site
The different sites were selected at the rate of one site per sector. The sites were selected on the basis of the possibilities and ease of access, their ecological differences and especially the availability of bivalves all year round. This was done through surveys and investigations carried out among fishermen and in the Ébrié lagoon before the start of the work. The sites selected for this study are: - Moossou (belonging to sector II of the Ebrié lagoon), coordinates: 5.21° N - 3.7° W - Lokodjro (belonging to sector III of the Ebrié lagoon), coordinates: 5.32° N - 4.03° W - Bimbresso (belonging to sector IV of the Ebrié lagoon), coordinates: 5.31° N - 4.15° W (Figure 1).
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[bookmark: _Toc519364465][bookmark: _Toc534791489]Figure 1: Map of the Ebrié lagoon showing the different sectors and sampling sites

2.2 Material
2.2.1 Biological material
Bivalves sampled in the Ebrié lagoon.
1-2-2 Technical equipment
- A non-motorized canoe to navigate on the water
- A basket for sample collection
- A knife to remove the bivalves from certain substrates and to separate them from each other.
2.3 Methods
The animals were caught during experimental fishing carried out in sectors II, III and IV of the Ébrié lagoon.
Organisms are identified using reference works and the identification keys of [7], [8], [9], [10], [11] and [12]. The identification of [7] is based on the morphology of the gills for the classification of the bivalve into four Orders (Prosobranch, Filibranch, Eulamellibranch and Septibranch). It is also based on morphomeric criteria, which are the number of teeth at the hinge, the number of adductor muscles, the position of the line and the pallial sinus of the shells. These criteria allow bivalve molluscs to be classified into suborders, families and genera. The keys to [8], [9], [10] and [11], [12] are based on metric characters and morphological observations to identify bivalve mollusc species.

3. RESULTS AND DISCUSSION
3.1 Result
[bookmark: _Toc519638566][bookmark: _Toc4760216]A total of 4692 bivalve mollusc specimens were sampled in sectors II, III and IV of the Ebrié lagoon. The inventory of these molluscs has led to the identification of three families of bivalves: the family Ostreidea, the family Mytilidae and the family Arcidae. The taxonomic richness of these different families of bivalves is recorded in Table I. These families include five genera and six species. 

[bookmark: _Toc519543420][bookmark: _Toc534791428]Table I: Taxonomic richness of bivalve families sampled
	Families
	Number of taxon i
	Total number of taxa
	Taxonomic richness (%)

	Ostreidea
	3
	6
	50
	

	Mytilidae
	2
	6
	33,33
	

	Arcidae
	1
	6
	16,66
	



[bookmark: _Toc4760217]3.1.1 Ecological Index
3.1.1.11 Species richness 
- Global species richness
The results recorded in Table II indicate six species of bivalves in the sampled areas. They are: Crassostrea gasar, Crassostrea cucullata, Dendrostrea frons, Mytilus edulis, Mytilaster lineatus, Senelia senelis.
- Specific richness of sites according to the seasons
The results recorded in Table III highlight the different distributions of bivalve species according to sites and seasons. The analysis of this table shows that the different species of bivalves are found in all the samples and throughout the year for the sites of Moossou and Bimbresso, with the exception of C. cucullata in Bimbresso. C. cucullata and D. frons are not found in Lokodjro. At the Moossou site, D. frons and S. senelis are absent from the rainy season samples. S. senelis, on this site, is absent from the dry season samples. All the bivalves observed are found in the flood season samples at Moossou.
At Bimbresso, five species were observed during sampling. However, in the dry and rainy seasons, S. senelis was absent from the samples. C. cucullata is not found in the samples and D. frons in those of the high season.
In Lokodjro, Crassostrea cucullata and Dendrostrea frons are absent from the samples of all seasons. Six species of bivalve have therefore been observed in Moossou, five in Bimbresso and four species in Lokodjro.

[bookmark: _Toc519543421][bookmark: _Toc534791429]Table II: Families, genera and species of bivalve molluscs surveyed during the two years sampling 
	Families
	Kinds
	Species
	Staff

	Ostreidea
	Crassostrea
	C. gasar (Adanson, 1757)
	3393

	
	
	C. cucullata (Born, 1778)
	192

	
	Dendostrea
	D. frons (Linnaeus, 1758)
	42

	Mytilidae
	Mytilus
	M. edulis (Linnaeus, 1758)
	650

	
	Mytilaster
	M. lineatus (Gmelin, 1791)
	380

	Arcidae
	Senilia
	S. senelis (Linnaeus, 1758)
	35


[bookmark: _Toc519543423][bookmark: _Toc534791430]
Table III: Species richness of Bimbresso, Moossou and Lokodjro bivalves according to the seasons: SS = Dry season; SP = Rainy season; SC = Flood season; (1): presence of the species in this season ;(0) absence of the species in this season
	Sectors
	Sites
	Cash
	Season
 Dry
	Season of
Rain
	Season of
Flood
	Number of species

	


Sector II
	
	C.gasar
	1
	1
	1
	

	
	
	C. cucullata
	1
	1
	1
	

	
	
	D. frons
	1
	0
	1
	6 species

	
	Moossou
	M. edulis
	1
	1
	1
	

	
	
	M. lineatus
	1
	1
	1
	

	
	
	S. senelis
	0
	0
	1
	

	


Sector III
	
	C.gasar
	1
	1
	1
	

	
	
	D. frons
	1
	1
	0
	

	
	Bimbresso
	M. edulis
	1
	1
	1
	5 species

	
	
	M. lineatus
	1
	1
	1
	

	
	
	S. senelis
	0
	0
	1
	

	

Sector IV

	
	C.gasar
	1
	1
	1
	

	
	Lokodjro
	M. edulis
	1
	1
	1
	4 species

	
	
	M. lineatus
	1
	1
	1
	

	
	
	S. senelis
	1
	1
	1
	



[bookmark: _Toc4760219]3.1.1.2 Frequency of occurrence
Table IV presents the frequencies of occurrence of the different species of bivalves according to the sampling sites. 
In Moossou, M. Lineatus has a frequency of occurrence of 16.66%. This value is between 10 and 25%, this species is said to be rare. D. frons has an occurrence frequency value of 66.66%. This value is between 50 and 75%. This species is said to be common. C. gasar, C. cucullata, M. edulis and S. senelis have occurrence percentages of 100%. These species can be considered frequent since their frequency values of occurrence are greater than 75%. In Moossou, one rare species, one common species and four frequent species have been observed.
[bookmark: _Toc519543424][bookmark: _Toc534791432]In Bimbresso, D. frons and S. senelis have occurrence frequencies of 8.33%. This value is less than 10% and allows us to say that these species are accidental. C. gasar, M. edulis and M. Lineatus have occurrence frequencies of 100%. This value is more than 75% and shows that these species are common. At Bimbresso, two accidental species, and three frequent species have been observed.
In Lokodjro, C. gasar, M. edulis and S. senelis are frequent species, as their frequency of occurrence is equal to 100% and therefore greater than 75%. M. Lineatus has its occurrence frequency value equal to 66.66%. This value is between 50 and 75%. It is a common species. C. cucullata and D. frons one of the occurrence frequency values of zero. This value is less than 10%. The species is therefore accidental. At the Lokodjro site, three frequent species have been observed, one common species and one accidental species.

Table IV: Frequencies of occurrence of the different species by site
	Sites
	Species
	Number of appearances
	Number of samples
	Frequency of occurrence (%)

	


Moossou
	C.gasar
	24
	24
	100

	
	C. cucullata
	24
	24
	100

	
	D. frons
	16
	24
	66,66

	
	M. edulis
	24
	24
	100

	
	M. lineatus
	4
	24
	16,66

	
	S. senelis
	24
	24
	100

	


Bimbresso
	C.gasar
	24
	24
	100

	
	D. frons
	2
	24
	8,33

	
	M. edulis
	24
	24
	100

	
	M. lineatus
	24
	24
	100

	
	S. senelis
	2
	24
	8,33

	


Lokodjro
	C.gasar
	24
	24
	100

	
	M. edulis
	24
	24
	100

	
	
	
	
	

	
	M. lineatus
	16
	24
	66,66

	
	S. senelis
	24
	24
	100


[bookmark: _Toc4760220]
[bookmark: _Toc4760221]3.1. 2 Shannon's Diversity index
Shannon index for each site
Overall, the Shannon diversity index (H) ranges from 0.54 to 1.49 (Figure 2). Specifically, this index is higher in Moossou (average 1.17). It is followed by the one obtained in Bimbresso (average 0.82). Finally, there is the Lokodjro site (mean 0.58) This index does not vary from one site to another (Mann-Whitney test not significant; (p > 0.05).
- Seasonal variation of the Shannon index
The Shannon diversity index is high during the flood season in Moossou and Lokodjro (1.22 ± 0.27 and 0.63 ± 0.12). In Bimbresso, it is high during the dry season (0.82 ±.12). The lowest values of the Shannon index are obtained in the dry season in Moossou (1.07 ± 0.13), in the flood season in Bimbresso (0.71 ± 0.6) and in the rainy season in Lokodjro (0.52 ± 0.15). The Shannon index does not vary from season to season (Mann-Whitney test not significant; (p > 0.05). (Table V)

[bookmark: _Toc4760222]3.1.3 Equitability
[bookmark: _Toc4760223]- Equitability for each site
The Equitability (E) values are not very high overall (Figure 3). This index is lower in Lokodjro than at the other sites (average 0.42) and higher in Moossou and Bimbresso where the respective averages are 0.72 and 0.53, i.e., greater than 0.5. Equitability did not vary significantly from one site to another (Mann-Whitney test not significant; p > 0.05). 

- Seasonal variation in Equitability 
	The value of Equitability is high in Moossou during the rainy season (0.78 ± 0.07) (Table VI). In Bimbresso and Lokodjro, this value is high during the flood season (0.74 ± 0.14) in Bimbresso and 0.49 ± 0.07 in Lokodjro. The lowest Equitability values are recorded in the dry season in Moossou and in the rainy season in Bimbresso and Lokodjro with values of 0.67 ± 0.18 and 0.39 ± 0.08 respectively. Equitability does not vary significantly from one season to the next (Mann-Whitney test not significant; p > 0.05). 
[image: ]
[bookmark: _Toc519364480][bookmark: _Toc534791498]Figure 2: Shannon Diversity Index by Site

[bookmark: _Toc534791433]Table V: Seasonal variation in the Shannon index at each site
	
	Moossou
	Bimbresso
	Lokodjro

	Dry season
	1.07 ± 0.13
	0.82 ± 0.12
	0.54 ± 0.16

	Rainy season
	1.08 0±.1
	0.76 ± 0.16
	0.52 ±0.15

	Flood season
	1.22 ±0.27
	0.71 ± 0.06
	0.63 ± 0.12

	
	
	
	


                                 [image: ]
[bookmark: _Toc519364481][bookmark: _Toc534791499][bookmark: _Toc534791434]Figure 3: Equitability Index by site
Table VI: Seasonal Variation in Equitability at Each Site
	
	Moossou
	Bimbresso
	Lokodjro

	Dry season
	0.65 ± 0.08
	0.72 ± 0.16
	0.4 ± 0.1

	Rainy season
	0.78 ± 0.07
	0.67 ± 0.18
	0.3±9 0.08

	Flood season
	0.74 ± 0.14
	0.74 ± 0.14
	0.49 ± 0.07



[bookmark: _Toc4760224]3.1.4 Relative Abundance
- Overall relative abundance
The abundance of the sampled bivalve species is presented in Table VII. It appears from the analysis of this table that the most abundant species is C. gasar, with an abundance value of 72.31%. This is followed by M. edulis, M. lineatus, C. cucullata, D. frons and S. senelis. With abundances of 13.85%, 8.09%, 4.09%, 0.89% and 0.74% respectively.
- Relative abundance by sampling site
The relative abundances of bivalves from the different sampling sites are shown in Table VIII. Analysis of this table shows that C. gasar is the most abundant of all sampling sites. These relative abundance values are 59.44% in Moossou, 72.29% in Bimbresso and 80.99% in Lokodjro.
[bookmark: _Toc4760225]The smallest relative abundance values are obtained with S. senelis in Moossou (0.46%), D. frons and S. senelis in Bimbresso (0.47% for each species) and C. cucullata and D. frons in Lokodjro (0% for each species).
2-5 Spatial temporal distributions of bivalves
Taking into account the locations where bivalves are collected at the different sites, five substrates have been defined. These are old boats, mangrove roots, rocks, mud and empty shells of molluscs. Thus, the proportions of the different bivalve species were defined for each type of substrate in the different sampling sites.

[bookmark: _Toc519543425][bookmark: _Toc534791435]Table VII: Relative Abundance of Bivalves Sampled
	Species
	Moossou
	Bimbresso
	Lokodjro
	Total number of employees
	Abundance

	C. gasar
	642
	1532
	1219
	3393
	72,31

	C. cucullata
	192
	0
	0
	192
	4,09

	D. frons
	41
	1
	0
	42
	0,89

	M. edulis
	68
	341
	241
	650
	13,85

	M. lineatus
	132
	232
	16
	380
	8,09

	S. senelis
	5
	1
	29
	35
	0,74

	Grand Total
	1080
	2107
	1505
	4692
	100



[bookmark: _Toc534791436]Table VIII: Relative Abundance of Bivalves by Sampling Site
	Sites
	Species
	Number of individuals
	Total individuals per site
	Relative abundance (%)

	


Moossou

	C. gasar
	642
	1080
	59,44

	
	C. cucullata
	192
	1080
	17,77

	
	D. frons
	41
	1080
	3,79

	
	M. edulis
	68
	1080
	6,29

	
	M. lineatus
	132
	1080
	12,22

	
	S. senelis
	5
	1080
	0,46

	


Bimbresso
	C. gasar
	1532
	2107
	72,71

	
	C. cucullata
	0
	2107
	0

	
	D. frons
	1
	2107
	0,04

	
	M. edulis
	341
	2107
	16,18

	
	M. lineatus
	232
	2107
	11,01

	
	S. senelis
	1
	2107
	0,04

	


Lokodjro
	C. gasar
	1219
	1505
	80,99

	
	C. cucullata
	0
	1505
	0

	
	D. frons
	0
	1505
	0

	
	M. edulis
	241
	1505
	16,01

	
	M. lineatus
	16
	1505
	1,06

	
	S. senelis
	29
	1505
	1,92





- Distribution according to sampling substrate
The overall distribution of bivalves in the sampled areas is shown in Figure 4. The analysis of this figure shows that bivalves have a higher concentration in the mud, in the sense that 35% of the animals sampled were present in this environment.
21% of the individuals in the overall population were taken from rocks and 18% from old boats. The empty shells concentrated 17% of the bivalves and 9% were found on the roots of mangroves.
The proportions of bivalves sampled differ from one site to another. Thus: A 
Moossou, 47% of the molluscs were taken from the mud, 21% from the roots of mangroves, 18% from rocks and 14% from empty shells. No samples were collected from old boats (Figure 5).
	At Bimbresso, 38% of bivalve was sampled in the mud, 24% on empty shells, 19% on rocks, 12% on old boats and 7% on mangrove roots (Figure 6).
In Lokodjro, nearly half of the samples (41%) were taken from old boats. 21%f the bivalves were found in the mud, 24% on rocks, 9% on empty shells and 5% on the roots of mangroves (Figure 7).

-Distribution of bivalve species according to substrate
On the same site, the different species of bivalves are distributed differently on the available substrates. Thus, the same species can have one or more substrates to attach to. Figures 8, 9 and 10 below show the distribution of bivalve species according to the sampling substrates for the sampled sites.
In Moossou, most of the samples were found in the mud. This substrate supported more than 50% of C. gasar, C. cucullata, D. frons and S. senelis. The empty shells were mostly occupied by M. lineatus. There were no specimens on the old boats (Figure 8).
At Bimbresso, the preferred substrate of S senelis was mud, since it was only in this environment that it was sampled. D. frons has been found exclusively on mangrove roots. M. lineatus was found at about 90% on the empty shells. C. gasar, was found on all substrates in more or less equal proportions (Figure 9).
At Lokodjro, C. cucullata and D. frons were not found on any of the substrates. S. senelis has been found exclusively in mud. 70% of M. lineatus was found in the mud. C. gasar and M. edulis were found on virtually all substrates, but at different proportions among species (Figure 10).


[bookmark: _Toc519364482][bookmark: _Toc534791500]Figure 4: Distribution of the total bivalve population in the study sites
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[bookmark: _Toc519364483][bookmark: _Toc534791501]Figure 5: Substrate distribution of bivalves at Moossou
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[bookmark: _Toc519364484][bookmark: _Toc534791502]Figure 6: Substrate distribution of bivalves at Bimbresso
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[bookmark: _Toc519364485][bookmark: _Toc534791503]Figure 7: Substrate distribution of bivalves in Lokodjro


[bookmark: _Toc519364486][bookmark: _Toc534791504]Figure 8: Distribution of bivalve species according to substrates at Moossou


[bookmark: _Toc519364487][bookmark: _Toc534791505]Figure 9: Distribution of bivalve species according to substrates at Bimbresso


[bookmark: _Toc519364488][bookmark: _Toc534791506]Figure 10: Distribution of bivalve species according to substrates in Lokodjro
[bookmark: _Toc4760230][bookmark: _Toc519638567]
3.2 Discussion
Six species of bivalves are reported in the samples collected during this work. These results are in line with those obtained by [13], [14] and [15]. Indeed, during their work, these authors had counted 300 species of molluscs, including four bivalves for the former, 66 taxa, four of which were bivalves for the latter, and 98 taxa, including four bivalves for the latter. This low proportion of bivalves in relation to the total number of mollusc species or taxa has been interpreted by these authors as a possibility of adaptation of bivalves in the lagoon environment, which would not be their preferred environment. This information could be true, since other authors, from [16] to [17], to all recently [18], have all counted in the marine environment, a number of bivalves greater than 145 for the first and a little more than twenty for the last mentioned. The difference in taxa can be explained by the variability of environmental conditions. These animals are more adapted to marine life.
The taxonomic composition of the bivalves in this study consists of Crassostrea gasar, Mytilus edulis, Dendrostea frons, Crassostrea cucullata, Mytilus lineatus and Senelia senelis. Some of these animals have already been listed in previous surveys. Already in 1968, [19], had identified C. gasar among the 13 species sampled in the Ebrié lagoon. [13] have described three species (C. gasar, M. edulis, Senelia senelis). In 1999, [20] also found the same animals (C. gasar, M. edulis, Senelia senelis) among his samples when he was working on the benthic invertebrate macrofauna of tropical Africa. C. cucullata, has not been described by any of these authors. However, this species is not new in Africa, as some authors have described it in Kenya. Indeed, [21] have worked on this species in the mangroves of the Gazi stream in Kenya.
Six taxa have been identified in Moossou, five in Bimbresso and four in Lokodjro. The number of taxa in Moossou could be due to the position of this site. Indeed, it is closer to the sea. [22] consider that taxa are higher in areas that constitute points of contact between the sea and the lagoon. They say these areas are favourable because they provide habitat for marine, brackish water and freshwater species alike.
The distribution of bivalves in the medium depends on the nature of the substrate. Corbula trigona in the Ebrié lagoon is collected in brackish water with sandy and muddy bottoms [13]. Thus, depending on the nature of the substrate that receives the animal, we can have the dominance of one species or another.
Both qualitative and quantitative differences were found between the species sampled at the different sites. In Moossou, there was one rare species, one commune and four frequent. At Bimbresso, there were two accidental species and three frequent ones. In Lokodjro, one common species and three frequent species. The qualitative difference between sites may be related to the environmental factors of each site [23]. [24] and [25], state that the comosition and number of species at a site are related to the salinity of that site. This opinion is shared by [26]. They believe that in an environment in which salinity varies, the survival of organisms depends on their tolerance to this variation. They thus indicate that, among the various factors of the environment, salinity is the one that has the most influence on the distribution and biology of a group.
	The degree of bivalve population organization at the sampled sites was analyzed through the Shannon (H) and Equitability (E) diversity indices. These indices do not vary significantly from one site to another. However, the maximum values of the diversity and equitability index are obtained in Moossou (1.22 and 0.78). This site appears to be the most diversified and best organized. Indeed, [27] states that a balanced stand, where there is no taxon that largely dominates in numbers, is more stable. In addition, [28] reports that a stand with an Equitability value close to 1 is well organized. 
	Overall, the samples collected are dominated mainly by one family (Ostreidea). Specifically, it is C.gasar that dominates on all sampled sites and in all seasons. The Shannon index is higher during the flood season in Moossou and Lokodjro. This could be explained by the fact that these two sites are closer to the sea than the third and fed by coastal canals and rivers. Indeed, Moosou (sector II) is subject to the influence of the Grand Bassam canal and the floods of the Comoé from August to November. Lokodjro (sector III), Abidjan region, is influenced by the Vridi canal [29].

4. CONCLUSION
	Work carried out on the biodiversity of bivalve molluscs in the Ebrié lagoon has identified six species. Have Crassostrea gasar, Mytilus edulis, Dendrostea frons, Crassostrea cucullata, Mytilus lineatus and Senelia senelis. The Ostreidea family dominates the samples with three species. However, Crassostrea gasar is the majority species at the three sampling sites.
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