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Abstract 29 

Marine spatial planning and management processes are important tools for environmental and 30 

resource management, providing effective frameworks for considering environmental, social, 31 

cultural, institutional and economic variables within a common biogeographic context. The 32 

Akanda National Park (ANP) in Gabon, almost exclusively constituted by mangroves, is part 33 

of a green belt of protected areas around the capital city of Libreville. The creation of the ANP 34 

is considered as an essential tool for the ecosystemic management of fisheries in Mondah Bay, 35 

playing nursery function for several exploited fish species. However, this role has never been 36 

documented in the mangroves of Gabon. The aim of this study is to describe the spatial and 37 

seasonal variability of fish assemblages, to assess ANP mangrove role as a nursery for fish 38 

juveniles. Fish sampling was carried out at four different sites in the four hydroclimatic seasons 39 

in Gabon using trammel gillnets with different mesh size (10, 27 and 40 mm). Fifty-nine fish 40 

species mainly estuarine and marine, first and second level predators were collected whatever 41 

the season and the site. The numerically dominant species were Pseudotolithus elongatus, 42 

Pellonula leonensis and Parachelon grandisquamis (48% of the total number of individuals), 43 

whereas P. elongatus, Chrysichthys nigrodigitatus and Plectorhinchus macrolepis represented 44 

the main biomasses (55%). The predominance in the catches of immature individuals of many 45 

species of commercial interest and in particular, P. elongatus, P. grandisquamis, C. 46 

nigrodigitatus, Eucinostomus melanopterus, Neochelon falcipinnis and Polydactylus 47 

quadrifilis, which dominate the community, highlights the importance of Akanda mangrove as 48 

a nursery for the juveniles of these species. The results of our study are a first step in 49 

understanding the fish communities of a Gabon marine protected area, which can support the 50 

decision making management plans, zonation and initiate a monitoring program for the 51 

estuarine and marine protected ecosystems. 52 

Keywords: Diversity, Communities, Mangroves, Conservation, Nursery, Fisheries. 53 
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Introduction 54 

 55 

Mangroves are one of the most productive coastal tropical and subtropical forest ecosystems in 56 

the world (Costanza et al. 1997; MEA 2005; UNEP 2014). Together with their associated 57 

biodiversity, mangroves provide important ecosystem services that play a crucial role in the 58 

well-being of coastal human communities through climate regulation, food security, and 59 

poverty reduction (Baba et al. 2013; Benzeev et al. 2017; Carrasquilla-Henao and Juanes 60 

2017). Among the ecosystem services associated with mangroves, ensuring the renewal of 61 

commercial fish species stocks  through  nursery function is of primary importance (Beck et al. 62 

2001; Litvin et al. 2018; Carrasquilla-Henao et al. 2019). However, if in some regions of the 63 

world, this function is well documented (Nagelkerken et al. 2008; Kimirei et al. 2013), it has 64 

been scarcely addressed in Africa (France and Serafy, 2006), which hosts about 19% of the 65 

world's mangrove area (Alongi 2014; Thomas et al. 2017; Worthington and Spalding 2018). 66 

Despite the lack of information on the nursery function, protected areas including mangroves 67 

are regularly created in Africa and used as strategic tools to preserve the renewal of fish stocks 68 

(Sheridan and Hays 2003; Kimirei et al. 2013; Litvin et al. 2018). The sustainability of the 69 

fisheries sector is highly relevant in Africa since this continent provides nearly 10% (10.5 MT) 70 

of the world's fisheries production (FAO 2020). However, the fisheries production is locally 71 

expected to decrease significantly (e.g. Gulf of Guinea) by 2050 as a consequence of climate 72 

change (Cheung et al. 2016). The productivity of Gabon coastal water is among the highest in 73 

the Gulf of Guinea, driven by the general equatorial dynamics and the input of large amounts 74 

of dissolved and particulate organic matter from Ogooué River (Nieto and Melin 2017). In the 75 

south of the Gulf of Guinea, the Akanda National Park (ANP), essentially constituted by 76 

mangroves, is one of the emblematic protected areas, showcase of the conservation policy of 77 

Gabon. ANP borders the country's largest agglomeration, Libreville, whose population density 78 

reaches nearly 3700 inhabitants.km-2 (Moumaneix and Nkombe 2017; Pottier et al. 2017). This 79 
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large city adversely impacts the ANP aquatic ecosystem through discharge of domestic and 80 

industrial waste (Leboulanger et al. 2021). 81 

Despite evidence of the effectiveness of national parks in Gabon, conservation objectives 82 

generate conflicts with artisanal fisheries (Ona Ona 2019). Indeed, the fishing sector is of 83 

particular importance for the country with regard to the high national consumption rate (40 84 

kg/person/year, FAO, 2020) of fishery products. This sector is especially essential, contributing 85 

to human coastal communities livelihoods through the income generated, the provision of 86 

animal proteins and the reduction of unemployment (Egombengani 2011; Cardiec, 2021). 87 

Therefore, studying the ichthyofauna of ANP is of primary importance in order to allow 88 

sustainable management of these exploited marine resources. Despite its creation in 2002, no 89 

fish assemblage inventories or assessments in ANP have been conducted to date.  90 

In order to alleviate to the lack of ecological baseline studies for this area, our study aims to 91 

describe the spatial and seasonal variability of fish assemblages in the mangrove of Akanda 92 

National Park in order to understand fish community structure and dynamics and to assess its 93 

role as a nursery for juveniles of exploited fish. This knowledge will also usefully contribute to 94 

the definition of the functioning of a coastal mangrove ecosystem in Central Africa, and to new 95 

comparisons with other mangrove ecosystems, particularly in the context of global change. 96 
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Materials and methods 97 

II.1. Study zone 98 

Gabon's coastal waters are among the most productive in the Gulf of Guinea, as a result of 99 

seasonal upwelling and the input of large quantities of dissolved and particulate organic matter 100 

from the Congo and the Ogooué Rivers (Voituriez and Herbland 1982, Le Loeuff and von 101 

Cosel 1998). Nutrient rich waters support productive food webs and abundant fisheries 102 

resources that are essential for coastal populations (McGlade et al. 2002). Akanda National 103 

Park (ANP) covers an area of approximately 53,780 hectares between the Libreville peninsula 104 

and Equatorial Guinea, some 10 to 15 km northeast and east of Libreville. It is located between 105 

0°35 and 0°40' North longitude and between 9°26' and 9°33 East latitude (Van De Weghe 106 

2005). ANP is part of Mondah Bay located in the southern part of Corisco Bay (Fig. 1). The 107 

whole area belongs to the estuarine system northwest of the Gabonese coast in the geographical 108 

region of the central Gulf of Guinea. Semi-enclosed Mondah Bay is a patchwork of different 109 

habitats including large mudflats and mangroves, seagrass beds, and important areas of 110 

underwater bedrock (Lebigre and Marius 1984; Van de Weghe 2005). In Akanda, mangroves 111 

cover the vast majority of the surface of the coastal banks, nevertheless, some intertidal mud 112 

banks may also act as nursery area. 113 

The ANP climate is equatorial in transition type characterized by four seasons including a long 114 

rainy season (LRS) from April to June, a long dry season (LDS) from July to September, a 115 

short rainy season (SRS) from October to December and a short dry season (SDS) from 116 

January to March. Inter-annual rainfall, vary between 2000 and 3800 mm, the number of rainy 117 

days ranges between 170 and 200 per year. The average annual temperature varies from 25 to 118 

26°C. The bay is protected from trade winds and swell by the Cap Esterias peninsula (Clist 119 

1995; Van de Weghe 2005). Akanda is subject to a microtidal regime as the maximum tidal 120 

range is about 2 m. Hydrologically, Mondah Bay is of a marine nature due to the small amount 121 

of fresh water received from its tributaries, the average of all flows being estimated at between 122 
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70 and 80 m3.s-1. The bathymetry of Mondah Bay results in two distinct areas: the offshore area 123 

where the waters are clear and warm and depths ranging from 1 to 21 m, with abundant benthic 124 

rocky habitats and sand beds; and the coastal area, strongly influenced by the presence of large 125 

mudflats and where bathymetry does not exceed 10 m with very turbid waters. The surface 126 

water temperature is relatively high in the range of 25-30°C (Lebigre and Marius 1984). The 127 

dominant mangrove tree species in ANP are Avicennia nitida, Rhizophora harrisonii and 128 

Rhizophora racemosa (Lebigre 1983; 1990). Recognized as an internationally important site 129 

for birds and marine turtles, Akanda National Park has been designated a Ramsar site since 130 

2007. 131 

 132 

II.2. Sampling strategy 133 

Based on their distance to Libreville, their relative distance from each other and their spatial 134 

coverage of the study area, four sampling sites located within the mangroves have been 135 

selected: Moka, Massotié, Babilone and Bambouchine (Fig 1). Within each site, three 136 

representative stations have been seasonally sampled (May 2017 (LRS), September 2017 137 

(LDS), November 2017 (SRS) and March 2018 (SDS)).  138 

Ichthyofauna was collected with 15 m long and 1.10 m high trammel gillnets. Each net consists 139 

of three uneven mesh netting layers (two 100 mm large mesh outer layers and one 10, 27 or 40 140 

mm small mesh loose inner layer) made of green polyamide nylon. In order to obtain a 141 

representative sample and minimize net selectivity bias at each station, three trammel nets (10, 142 

27 and 40 mm mesh size respectively) connected to each other were deployed. In total, three 143 

lines of three trammel nets were deployed each time within the mangrove at each sampling site 144 

during each season. The nets are set at 17h00 and visited at 7h00. the next day for night 145 

fishing. They are again visited at 16h00. for daytime fishing and lifted at 7h00 the next day, i.e. 146 

a fishing effort of about 38 hours. After each fishing session, all the individuals caught were 147 

determined to the lowest possible taxonomic level using identification keys (Stiassny et al. 148 
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2007; Carpenter 2016; Carpenter and de Angelis 2016). All fish caught were counted and the 149 

total length (TL), standard length (SL) and total weight were measured. Temperature, pH, 150 

salinity, conductivity and dissolved oxygen have been measured in the water surface with a 151 

multiparameter HANNA Hi 9828 probe. 152 

 153 

II.3 Fish assemblages 154 

The estuarine use functional group classification proposed by Elliott et al. (2007) and refined 155 

by Potter et al. (2015) was employed to describe the composition of the fish assemblages. This 156 

classification based on fish species defines four main categories: marine, estuarine, diadromous 157 

and freshwater divided in guilds that represent characteristics associated to the locations of 158 

spawning, feeding and/or refuge utilization. Thus, the marine category gathers Marine 159 

Straggler (MS), Marine Estuarine-Opportunist (MMO) and Marine Estuarine-Dependent 160 

(MMD), the estuarine category is divided in Estuarine Resident (ER) and Estuarine Migrant 161 

(EM), the diadromous category regroups Anadromous (AN), Semi-Anadromous (SA), 162 

Catadromous (CA), Semi-Catadromous (SC) and Amphidromous (AM), the freshwater 163 

category composed of Freshwater Migrant (FM) and Freshwater Straggler (FS). In order to 164 

estimate the occupation of the mangroves of Akanda National Park by exploited species, 165 

sampled fishes were classified into three categories of high (HCV), medium (MCV) and no 166 

commercial value (NCV) according to local market criteria. 167 

 168 

II.4. data analysis  169 

As a preliminary analysis of the fish assemblages, species richness (S), Shannon (H’) and 170 

Pielou (J) diversity indexes, abundance and biomass were examined by sampling station and 171 

season.  172 

The Shannon index (H’) was calculated according to the following formula (Pielou 1969): 173 



8 

 174 

Where S is the species richness, i is a species, pi is the proportion of a species i to the total 175 

number of species. 176 

The evenness rate (J) of Pielou, which can range from 0 to 1 was calculated as:  177 

 178 

Where H’max = ln S 179 

To estimate the species richness in the mangrove area of the ANP, the Chao-2 and Boot 180 

indices, the Jackknife 1 and 2 indices were calculated using the “vegan” R package (Gotelli 181 

and Colwell 2010). 182 

To assess the proportion of juveniles in the fish populations, we assumed that fish smaller than 183 

the L50 were juveniles. The L50 represents the size at which 50% of the individuals in a 184 

population are mature and were obtained from the extant scientific literature (Table 4). 185 

When the criteria of normality and homogeneity of variances were met, a one-way ANOVA 186 

was performed to compare each diversity indicator (S, H’, J) between the 4 seasons and the 4 187 

sites. Due to the non-respect of the normality and/or homogeneity of variances of the 188 

abundance, biomass and environmental factors, the non-parametric Kruskal-Wallis test was 189 

used to compare the parameters between seasons and sites. For abundance and biomass, the 190 

data were transformed into Log(x+1) in order to stabilize the variances that were too high 191 

between fishing haul. A Factorial Correspondence Analysis (FCA) was performed to explore 192 

spatio-temporal patterns of the fish assemblages. Statistical processing and graphics were made 193 

using the “vegan” library for R software (R Core Team, 2022).  194 
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Results 195 

III.1. Environmental characteristics 196 

No significant difference for salinity, temperature and dissolved oxygen concentration 197 

(expressed as % of saturation) was found between seasons all stations combined (Appendix 1). 198 

During the whole sampling survey, salinity ranged from 1.2 in Long Rainy Season in Massotié 199 

to 30.5 in Long Dry Season in Moka (Figure 2; Appendix 1). The average salinity was 200 

significantly different between sites (Kruskal-Wallis, p-value = 0.029) and lower in Massotié 201 

than in the 3 other sampling stations. Water temperature ranged from 20.1°C in Babilone in 202 

Short Rainy Season to 31.6°C in Bambouchine in SRS. The average temperature was also 203 

significantly different between sites (Kruskal-Wallis, p-value = 0.029) and lower in Babilone. 204 

Dissolved oxygen ranged from 11.0% of saturation in Large Rainy Season in Bambouchine to 205 

85.7% in Short Dry Season in Massotié. The average dissolved oxygen percentage was 206 

significantly different between sites (Kruskal-Wallis, p-value = 0.00614) (Appendix 1), 207 

Massotié having the highest values. 208 

 209 

III.2. Description of fish assemblage 210 

Synthetic descriptors: species richness, abundance, biomass 211 

Overall, 1580 individuals belonging to 59 species and 29 families representing a total biomass 212 

of 150.17 kg were collected (Table 2). Mugilidae (19.7%) and Sciaenidae (19.4%) were the 213 

dominant families in terms of abundance while Sciaenidae and Claroteidae (25.2 and 20.2% 214 

respectively) were the main contributors to total biomass. Three species represented 48% of the 215 

total number of fishes inventoried: Pseudotolithus elongatus (18%), Pellonula leonensis (15%) 216 

and Parachelon grandisquamis (15%). In terms of biomass, three species dominated the 217 

assemblage: P. elongatus (24%), Chrysichthys nigrodigitatus (21%) and Plectorhinchus 218 

macrolepis (11%). Sciaenidae together with Claroteidae in Massotié (60%) and together with 219 

Haemulidae in Moka (59%) dominated the biomass. In Bambouchine, Claroteidae and 220 
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Dasyatidae represented 58% of the biomass of the assemblage while in Babilone, Gerreidae, 221 

Dasyatidae, and Haemulidae were the main contributor of the fish biomass (60%).  222 

P. grandisquamis (88% of occurrence), Ilisha africana (81% of occurrence), Polydactylus 223 

quadrifilis and Monodactylus sebae (75% of occurrence), P. elongatus (69% of occurrence), C. 224 

nigrodigitatus (63% of occurrence) were the most common species in the ANP. I. africana, M. 225 

sebae and Eucinostomus melanopterus were the most abundant in Babilone (51% of the 226 

abundance), P. leonensis and E. melanopterus in Bambouchine (48% of the abundance), P. 227 

elongatus, P. grandisquamis and P. leonensis (70% of the abundance) and P. elongatus, I. 228 

africana and Neochelon falcipinnis in Moka (60% of the abundance). 229 

The species richness (S) varied according to season from 29 during the LDS and SDS to 37 230 

during the LRS, and according to sampling station from 26 in Babilone to 36 species in 231 

Massotié (Table 3). While, the overall fish species richness caught in the ANP is 59, the Boot 232 

and Chao-2 indices predicted 67±4 and 88±18 species respectively, and the Jackknife 1 and 233 

Jackknife 2 indices predicted 79±7 and 91±5 species respectively. The Shannon and Pielou 234 

indexes were not significantly different between seasons and between sites (Kruskal-Wallis, p-235 

value > 0.05; Table 3). No significant differences (Kruskal-Wallis, p-value > 0.05) were found 236 

for fish abundance and biomass between seasons or between sampling sites (Table 3). 237 

Structure of the assemblages 238 

The fish assemblage in Akanda National Park is dominated in terms of species richness by 39 239 

marine species (MS, MMO, MMD) accounting for 66% of the total diversity, while estuarine 240 

and freshwater fishes species represent 17% (10 species) and 14% (8 species) of the species 241 

richness respectively  (Table 2). The mean abundances were not significantly different within 242 

the 4 seasons (Kruskal-Wallis, p-value = 0.7963) and ranged from 65 individuals in LDS to 243 

168 individuals in LRS (Fig. 3a). Species from marine origin dominated in all seasons from 45 244 

in LDS to 53% in SRS (Fig. 3b). As for seasons, the mean abundance was not significantly 245 

different between sites (Kruskal-Wallis, p-value = 0.2859) and ranged from 37.7 in Babilone to 246 
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159.2 individuals in Massotié (Fig. 3c). Species from marine origin (MS, MMO and MME) 247 

were the most represented in Moka (64% of the abundance), Babilone (75%) and Bambouchine 248 

(49%), (Fig. 3d). 249 

The mean fish biomass was not significantly different between seasons (Kruskal-Wallis, p-250 

value = 0.1455) nor between sampling stations (Kruskal-Wallis, p-value = 0.3032).  251 

The factorial correspondence analysis carried out on the faunal table produced a first factorial 252 

design explaining 26.4% of the total inertia (14.4% for axis 1 and 12% for axis 2) (Fig. 5a). 253 

Projection of the seasons onto the first factorial plan reveals an opposition between the long 254 

dry season group and the ones formed by the long rainy season, the short rainy season and the 255 

short dry season (Fig. 5c). The projection separates the 4 sampling sites on the basis of low 256 

occurrence species (Fig. 5d). The projection of ecological (Fig. 5e) did not indicate opposition 257 

on the first two axes. However, during the long dry season, Bambouchine was differentiated by 258 

the presence of freshwater stragglers. 259 

Exploited species 260 

The classification of the collected fish species revealed 31 species with high commercial value, 261 

10 of medium commercial value and 18 with no commercial value. The individual sizes (TL) 262 

of fish caught in the ANP varied from 4.8 cm (Monodactylus sebae) to 110.2 cm (Fontitrygon 263 

margarita). However, the size spectrum of the species with high commercial value and for 264 

which more than 50 individuals were collected (6 species: 53% of the individuals) (Fig. 6) is 265 

uni-modal with a mode ranging from 7 to 12 cm accounting for 46% of the individuals. For 266 

these 6 species, the proportion of individuals below the L50 varied from 21.8% (Chrysichthys 267 

nigrodigitatus) to 100% (Polydactylus quadrifilis) (Table 4). The estuarine species from 268 

marine origin and marine estuarine species (Eucinostomus melanopterus, Neochelon 269 

falcipinnis, Parachelon grandisquamis, Polydactylus quadrifilis, Pseudotolithus elongatus) had 270 

more than 80% of their population below L50.  271 

 272 
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Discussion 273 

In the marine realm, biodiversity and associated ecosystem services are threatened by 274 

numerous anthropogenic stressors, such as overfishing, pollution, climate change and 275 

biological invasions (IPBES 2019). In this context, Marine Protected Areas (MPAs) and 276 

Estuarine Protected Areas (EPAs) are promoted as tools to help conserve biodiversity heritage, 277 

maintain ecosystem processes, and favor a sustainable exploitation of living resources (Wood 278 

et al., 2008; Whitfield et al, 2020).  279 

MPAs are currently among the main promoted strategies to mitigate the rapid loss of marine 280 

biodiversity and ecosystem services. While scientists recognize the benefits of MPAs (e.g. 281 

biomass increases, spillover, and larval export), only a very small percentage of the ocean is 282 

protected by MPAs worldwide (Wood et al. 2008, Grorud-Colvertet al. 2021). The protection 283 

of estuarine areas which are necessary ecosystems for the completion of life cycles of many 284 

fishes is complementary to MPAs.  285 

The establishment of an efficient Estuarine or Marine Protected Area network requires the 286 

validation of three conditions, namely (i) representativeness (all species are represented in the 287 

conservation network), (ii) persistence (once established, the conservation network should 288 

promote the maintenance of natural processes by excluding all threats) and (iii) 289 

complementarity (the selected spatial units do not must be neither similar nor redundant) 290 

(Margules and Pressey 2000). 291 

To reach these conditions, Systematic Conservation Planning (SCP) is a widely-used approach 292 

to develop efficient networks of protected areas (Margules and Pressey 2000). While huge 293 

methodological improvements have been done these last years in SCP that is increasingly 294 

being used in both marine and terrestrial ecosystems (Weeks and Jupiter 2013; Alvarez 295 

Romero et al. 2018; Chamberlain et al. 2022), there are still poor diversity data areas 296 

remaining, particularly in African coastal and estuarine ecosystems, to ensure the 297 

representativeness of basic condition. 298 
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Species assemblage’s description is thus a prerequisite step towards more advanced EPA and 299 

MPA planning techniques. This is even more important in African mangroves areas where very 300 

little is known about fish assemblages that ensure biomass provision for fisheries (Blaber 301 

2013). By giving insight into spatial and temporal structure of fish assemblages in the 302 

mangrove ecosystem of the Akanda National Park estuary in Gabon, this study provides a 303 

valuable data for a future efficient management. 304 

 305 
Environmental parameters 306 

The study of factors affecting the spatial distribution of species is a central issue in ecology 307 

(Wiens 1989). Understanding the determinants of the spatial distribution of species in 308 

mangroves is difficult because of the complex and dynamic nature of these ecosystems. This 309 

ecosystem complexity is due to multiple factors affecting species-habitat associations, 310 

difficulty in sampling, variation in the scales at which determinants operate and high variability 311 

of environmental parameters due to river inputs (Johnson et al. 2013).  312 

In the mangrove area of Akanda National Park, the environmental parameters (temperature, 313 

salinity and dissolved oxygen) were stable across seasons. Environmental spatial variations 314 

were more significant within the ANP reflecting local variabilities within a season. Indeed, 315 

salinity was lower in Massotié and higher in Moka, whereas water masses were warmer in 316 

Bambouchine and more oxygenated in Massotié. As a whole, ANP mangrove waters were 317 

depleted in dissolved oxygen relative to atmospheric saturation, resulting in a moderate 318 

hypoxia during most of the survey. Dissolved oxygen levels could partly modulate fish 319 

migration in mangroves (Dubuc et al. 2019) and temporally regulate diversity and abundance 320 

of fish species. These measurements are consistent with those of Lebigre and Marius (1986) 321 

and Leboulanger et al. (2021) who reported homogeneity of salinity in the western part of the 322 

bay including Moka station. Indeed, the rivers in this area dry up for the most part during the 323 

dry seasons combined with the greater influence of the Atlantic Ocean in this area lead to the 324 
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highest salinity values. Besides, in the eastern part of the bay, the salinity is much lower due to 325 

the strong inflow of fresh water from small rivers, including Massotié.  326 

 327 

Fish species richness 328 

In this study, we identified 59 species of fish belonging to 29 families in the mangroves area of 329 

the Akanda National Park. Based on our sampling, species richness estimators assess the 330 

number of fish species in the range of 67 to 91 for the ANP (i.e., 13 to 54% more species than 331 

sampled). An ideal species richness estimator would be unbiased (it neither overestimates nor 332 

underestimates species richness), precise, and efficient (Gotelli and Colwell, 2010). 333 

Nevertheless, the species richness registered and assessed in our study underestimate the fish 334 

species richness reported in the area based on a bibliographic synthesis of grey literature (105 335 

fish species identified in the ANP). More, our study identified 10 additional fish species not 336 

previously inventoried in the area, which brings the total fish species richness to 115 in the area 337 

(Appendix 3). Among the 56 fish species already recorded in Akanda but not present in our 338 

study, 28 were recorded only once and 9 only twice out of the 8 studies synthesized and can be 339 

considered as rare. The 19 other species are mostly pelagic species (e.g. Alectis alexandrina, 340 

Platybelone argalus, Megalops atlanticus) or freshwater (Pelmatolapia cabrae, Sarotherodon 341 

nigripinnis, Kribia kribensis) or marine species (Orcynopsis unicolor, Sphyraena guachancho) 342 

that are difficult to capture with our sampling strategy (Appendix 3). 343 

As the diversity of fish within the estuaries of Gabon and more generally of Central Africa is 344 

poorly documented, our study is of particular importance in benchmarking fish species 345 

diversity and richness in the region. At the scale of Gabon the fish species richness is high, 346 

1,062 valid species of fishes are registered in Gabonese waters, with 288 of these strictly 347 

restricted to freshwaters, 592 strictly restricted to marine environments and 182 species 348 

euryhaline species (Fermon et al. 2022). At a local scale, compared to other coastal system of 349 

the Gulf of Guinea, the ANP fish species richness is higher than in Sao Tomé island mangroves 350 
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(20 species, Felix et al. 2017, Cravo et al, 2021), Lake Nokoué (51 species, Benin, Lalèyè et al. 351 

2003), Ogooué estuary (66 species, Gabon, Loubens 1966), Fatala estuary (102 species, 352 

Guinea, Baran 1995), Saloum estuary (114 species, Senegal, Diouf 1996) or Lagos lagoon (115 353 

species, Nigeria, Oribhador and Ezenwa 2005) but lower than in Ebrié lagoon (153 species, 354 

Ivory Coast, Albaret 1994). At a more global scale, mangrove fish diversity is higher in Indo-355 

West Pacific mangroves as in Embley (197 species, Australia, Blaber et al. 1989) or Vellar 356 

Coleroon (195 species, India Krishnamurthy and Jeyaseelam, 1981) than in Gabonese 357 

mangrove and at the level of those of West Atlantic as in Ciénaga Grande (114 species, 358 

Colombia, Leon and Racedo, 1985) and East Pacific as in Guerrero Lakes (105 species, 359 

Mexico, Yáñez-Arancibia, 1978). Biogeography (i.e. geographical location) and connectivity 360 

(Blaber, 2013) play an important role in species richness patterns. Tropical and subtropical 361 

estuaries have a higher species richness than temperate systems, mainly due to the greater 362 

richness of fauna associated with habitats closer to the equator, whether marine or riverine 363 

(Whitfield 2005). Other factors, often interdependent, can explain species distribution: the 364 

physico-chemical characteristics of the water and their spatio-temporal variations (Albaret 365 

1999; Sosa-Lopez et al. 2007), the trophic richness and the availability of resources (Whitfield 366 

1988), the presence, extent and state (health) of the mangrove (FAO 2007). 367 

 368 

Fish assemblage 369 

In ANP, fish species richness was close between the four seasons and between the four sites. 370 

The fish assemblage in the mangrove area of ANP was characterized by rare occurrence of 371 

freshwater species, and the abundance of species of marine origin (marine stragglers and 372 

marine migrants). Marine species represented more than 60% of the overall species richness 373 

and from 32% (Massotié) to 74% (Babilone) of the total abundance per site and more than 45% 374 

per season. This community composition, dominated by marine species, confirms the marine 375 

character of the ANP, which results from its strong link with the marine environment, coupled 376 
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with the low input of freshwater from the watersheds. Freshwater species were confined to the 377 

oligohaline portions as in Massotié. 378 

Parachelon grandisquamis, Illisha africana, Monodactylus sebae and Polydactylus quadrifilis 379 

were the most common species (occurrence>80%). These four species associated with the two 380 

most abundant species Pseudotolithus elongatus and Pellonula leonensis constituted the base 381 

of the ANP species assemblage. This assemblage is similar to the one described by Loubens 382 

(1966) in the mangroves of the Ogooué estuary (Gabon) and by Ecoutin et al. (2005) in the 383 

marine-influenced part of the Ebrié lagoon (Côte d'Ivoire). The ANP fish assemblage is 384 

directly related to the Scianidae estuary and coastal community assemblage described by 385 

Longhurst (1965) in Sierra Leone and the coastal settlement described by Durand (1967) in 386 

Congo and is typical of all desalinated coastal areas of Western Central Africa. Pseudotolithus 387 

elongatus, Polydactylus quadrifilis as well as the Mugilidae species are among the most caught 388 

species both around the ANP (Mve Beh et al. 2017) and at national level (Belhabib 2015). 389 

 390 

Nursery role 391 

Among the most abundant fish in the ANP, Eucinostomus melanopterus, Neochelon 392 

falcipinnis, Parachelon grandisquamis, Polydactylus quadrifilis and Pseudotolithus elongatus 393 

were predominantly caught at sizes below sexual maturity. Habitats that host a higher 394 

percentage of juveniles are defined as having high nursery value (Beck et al. 2001), confirming 395 

the ANP status of a habitat for the juveniles of these exploited fishes. Mangroves are known to 396 

benefit coastal resources by supporting the early stages of commercial and non-commercial 397 

fauna as fish (Tomlinson 2016). The nursery role of mangroves is mainly due to structural 398 

complexity and is driven by the structural uniqueness of mangrove microhabitats (Vorsatz et al. 399 

2021) that provide shelter and protection against predators and availability of food 400 

(Laegdsgaard and Johnson 2001). Thus, juvenile fish benefit from these conditions in ANP that 401 

provide a favorable and safe environment for their development. However, our study did not 402 
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cover first juvenile fishes settlement in the mangroves. In order to fully understand the role of 403 

the mangroves to various fish species, the study of the smallest sizes among fish assemblage 404 

requires a dedicated study, using appropriate sampling equipment. 405 

 406 

Conclusion 407 

Based on a systematic approach to conservation planning designed to achieve biodiversity 408 

goals while minimizing impacts on ocean resource users, Gabon created in 2017 a network of 409 

MPAs aiming at protecting 26% of the Exclusive Economic Zone, and have committed to 410 

protect 30% of their waters by 2030 (Metcalfe et al 2021). Nevertheless, filling in the gaps of 411 

scientific knowledge related to data-poor areas in order to support MPA management such as 412 

in Gabon and low-income countries is a great challenge (Metcalfe et al. 2021). The results of 413 

this study are a first step in understanding the fish communities of Akanda National Park, 414 

which can complement the management plan and initiate a monitoring program for the park 415 

taking into account the customary management by local communities and indigenous and local 416 

knowledge (ILK) which is increasingly recognized as an essential tool in ecosystem 417 

management (Loch and Riechers 2021). This study demonstrated the nursery role of the ANP 418 

for exploited species and the need to preserve it to maintain sustainable fisheries. Nevertheless, 419 

the importance of mangroves for all 0+ juveniles should be emphasized, and targeted studies to 420 

fill this research gap should be a priority. Moreover, the number of species recorded for this 421 

area may still be underestimated. The use of appropriate complementary methods to detect 422 

cryptic species (e.g., eDNA and non invasive observation systems) and long-term qualitative 423 

studies should allow for greater precision in defining and monitoring fish assemblages, 424 

especially in the context of climate change and urban constraints, including pollution, related to 425 

the vicinity of Libreville, which have a direct impact on conservation objectives. In addition, 426 

studies on other biological groups, such as benthic and pelagic invertebrates combined with 427 

trophic modeling, would provide a better understanding of the trophic functioning of the park. 428 
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 696 
 697 

 698 
Figure 1: Location of the four sampling sites (Bambouchine, Babilone, Massotié and Moka) in 699 

the Mondah bay, in Akanda National Park. The green color corresponds to the national parks. 700 
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Figure 2: Box plots showing the seasonal (left) and spatial (right) variations in the main 702 

environmental parameters. The bottom and top edges of the boxes are located at the sample 703 

25th and 75th percentiles. The center horizontal line is drawn at the 50th percentile (median). 704 

The whiskers are drawn, respectively, from the box to the 10th and 90th percentiles. (a), (b): 705 

salinity; (c), (d): temperature (°C); (e), (f): dissolved oxygen (% saturation). LRS: long rainy 706 

season, LDS: long dry season, SRS: short rainy season, SDS: short dry season (SDS), BAB: 707 

Babilone, BAM: Bambouchine, MAS: Massotié, MOK: Moka. 708 
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Figure 3: number of species (a), abundance (b), and biomass (c) in function of hydroclimatic 710 

season and sampling areas. LRS: Long Rainy Season, LDS: Long Dry Season, SRS: Short 711 

Rainy Season, SDS: Short Dry Season. 712 

  713 
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 714 

  
 715 

Figure 4: Mean fish abundance by ecological categories by season (absolute (a) and relative 716 

(b) abundances) and by sampling station (absolute (c) and relative (d) abundances). LRS: Long 717 

Rainy Season, LDS: Long Dry Season, SRS: Short Rainy Season, SDS: Short Dry Season. FS: 718 

Freshwater Stragglers, FM: Freshwater Migrants, CA: Catadromous, EM: Estuarine Migrants, 719 

ER: Estuarine Residents, MMD: Marine Estuarine-Dependent, MMO: Marine Estuarine-720 

Opportunist, MS: Marine Stragglers.  721 

 722 
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 723 

 724 

 725 
 726 
 727 
Figure 5: Correspondence analysis on the mangrove area of Akanda National Park on the 728 

factorial plane 1-2. a) projection of eigenvalues, b) projection of species (59 species, code see 729 

table 2), c) projection of seasons (LRS: long rainy season, LDS: long dry season, SRS: short 730 

rainy season, SDS: short dry season), d) projection of sites, e) projection of ecological 731 

categories FS: Freshwater Stragglers, FM: Freshwater Migrants, CA: Catadromous, EM: 732 
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Estuarine Migrants, ER: Estuarine Residents, MMD: Marine Estuarine-Dependent, MMO: 733 

Marine Estuarine-Opportunist, MS: Marine Stragglers.,  734 
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 735 

 736 
Figure 6: Size spectrum (percentage of individuals) of High Commercial Value species with 737 

more than 50 individuals (6 species: Pseudotolithus elongatus, Parachelon grandisquamis, 738 

Eucinostomus melanopterus, Chrysichtys nigrodigitatus, Neochelon falcipinnis, Polydactylus 739 

quadrifilis). N = 839 740 
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Table 2: List of the 59 fish species collected in the four sampling stations in Akanda at the four 741 

hydrological seasons from May 2017 to March 2018, sorted by decreasing abundance, family, 742 

FAO species code, ecological category (Ecolo), percentage of occurrence, abundance and 743 

percentage of abundance, biomass and percentage of biomass.  744 

 745 
FS: Freshwater Stragglers, FM: Freshwater Migrants, CA: Catadromous, EM: Estuarine Migrants, ER: Estuarine 746 

Residents, MMD: Marine Estuarine-Dependent, MMO: Marine Estuarine-Opportunist, MS: Marine Stragglers.  747 

Species Family Code Ecolo  O (%) A A (%) B B (%) 

Pseudotolithus elongatus 

Sciaenidae 

AFS 

CA 

 
69 

2
8
9

18.29 36276 24.16 

Pellonula leonensis 

Clupeidae 

PLO 

FM 

 
56 

2
4
3

15.38 1777 1.18 

Parachelon grandisquamis 

Mugilidae 

KZW 

MMD 

 
88 

2
3
1

14.62 4840 3.22 

Ilisha africana 

Pristigasteridae 

ILI 

MMD 

 
81 

1
4
9

9.43 6001 4.00 

Eucinostomus melanopterus 
Gerreidae 

MFF 
MMD 

 50 9
7

6.14 5125 3.41 

Chrysyscthys nigrodigitatus 
Claroteidae  

CSR 
FM 

 63 8
7

5.51 31798 21.17 

Neochelon falcipinnis 
Mugilidae 

KZY 
MMD 

 25 7
8

4.94 637 0.42 

Monodactylus sebae 
Monodactylidae 

QBS 
EM 

 75 6
6

4.18 2490 1.66 

Polydactylus quadrifilis 
Polynemidae 

TGA 
MS 

 75 5
7

3.61 10148 6.76 

Pellonula vorax 
Clupeidae 

OZY 
FM 

 19 2
6

1.65 231 0.15 

Sarotherodon melanotheron 
Cichlidae  

SAH 
EM 

 19 2
2

1.39 927 0.62 

Plectorhinchus macrolepis 
Haemulidae 

GBL 
MMD 

 50 2
1

1.33 15874 10.57 

Epinephelus aeneus  
Serranidae  

GPW 
MMO 

 50 1
7

1.08 877 0.58 

Pomadasys perotaei 
Haemulidae 

PKE 
MMO 

 38 1
6

1.01 766 0.51 

Porogobius schlegelii 
Gobiidae  

OGH 
EM 

 38 1
4

0.89 104 0.07 

Chaetodipterus lippei  
Ephippidae 

HRL 
MS 

 38 1
3

0.82 828 0.55 

Pseudotolithus senegalensis  
Sciaenidae 

PSS 
MS 

 31 1
1

0.70 536 0.36 

Ethmalosa fimbriata 
Clupeidae 

BOA 
CA 

 31 1
0

0.63 208 0.14 

Galeoides decadactylus Polynemidae GAL MMO  38 9 0.57 466 0.31 

Aplocheilichthys spilauchen Poeciliidae AFS EM  25 8 0.51 34 0.02 

Eleotris daganensis Eleotridae EOD EM  19 8 0.51 393 0.26 

Periophthalmus barbarus Gobiidae FTI EM  19 8 0.51 76 0.05 
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Citharichthys stampflii Paralichthyidae IYT MMD  31 7 0.44 55 0.04 

Fontitrygon margaritella Dasyatidae RDE MMD  31 7 0.44 8158 5.43 

Lutjanus goreensis Lutjanidae LJO MS  31 7 0.44 1865 1.24 

Pseudotolithus senegallus Sciaenidae CKL MS  13 6 0.38 1038 0.69 

Lutjanus dentatus Lutjanidae LJE MS  19 5 0.32 697 0.46 

Nematogobius maindroni Gobiidae NMO EM  25 5 0.32 29 0.02 

Strongylura senegalensis Belonidae SZW MS  19 5 0.32 220 0.15 

Hemichromis elongatus  Cichlidae  HJF FM  13 4 0.25 20 0.01 

Lutjanus endecacanthus Lutjanidae QFM MS  19 4 0.25 1447 0.96 

Pomadasys jubelini Haemulidae BUR MMO  6 4 0.25 796 0.53 

Coptodon guineensis Cichlidae  TLG EM  13 3 0.19 225 0.15 

Eleotris senegalensis Eleotridae DZZ EM  19 3 0.19 22 0.01 

Gerres nigri Gerreidae GEZ ER  19 3 0.19 63 0.04 

Mugil cephalus Mugilidae MUF MS  6 3 0.19 21 0.01 

Odaxothrissa ansorgii Clupeidae OXS FS  6 3 0.19 39 0.03 

Syacium guineensis Paralichthyidae YGL MS  13 3 0.19 17 0.01 

Bryconalestes longipinnis Alestidae BCO FM  13 2 0.13 18 0.01 

Caranx hippos Carangidae  CVJ MS  13 2 0.13 181 0.12 

Carlarius parkii Ariidae AWJ MMD  6 2 0.13 450 0.30 

Cynoglossus senegalensis Cynoglossidae  YOE MMD  6 2 0.13 324 0.22 

Fontitrygon margarita Dasyatidae RDS MMD  13 2 0.13 2708 1.80 

Sardinella maderensis Clupeidae SAE MMO  6 2 0.13 18 0.01 

Sphyraena afra  Sphyraenidae BAG MS  6 2 0.13 969 0.65 

Arnoglossus capensis Bothidae  RGK MS  6 1 0.06 4 0.00 

Caranx senegallus Carangidae  NXS MS  6 1 0.06 102 0.07 

Cynoglossus browni Cynoglossidae  YOW MMD  6 1 0.06 137 0.09 

Cynoglossus monodi Cynoglossidae  YQG MS  6 1 0.06 39 0.03 

Enteromius holotaenia Cyprinidae BUO FS  6 1 0.06 5 0.00 

Fontitrygon ukpam  Dasyatidae RDW FM  6 1 0.06 2060 1.37 

Gymnothorax afer Muraenidae AWG MS  6 1 0.06 1310 0.87 

Myrichthys pardalis  Ophichthidae MXU MS  6 1 0.06 284 0.19 

Pentanemus quinquarius Polynemidae PET MS  6 1 0.06 5 0.00 

Platybelone argalus Belonidae PTA MS  6 1 0.06 37 0.02 

Psettodes belcheri  Psettodidae SOT MS  6 1 0.06 145 0.10 

Psettodes bennettii Psettodidae PSB MS  6 1 0.06 273 0.18 

Sphyraena barracuda Sphyraenidae GBA MS  6 1 0.06 380 0.25 

Trachinotus teraia Carangidae  TIE MMD  6 1 0.06 5600 3.73 
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Table 3: Total fish species richness (S), mean fish species richness (Mean S), mean Shannon 748 

diversity index (mean H'), mean equitability index (mean J), mean abundance (Mean A) and 749 

mean biomass (Mean B) by season and site. Differences were tested with a one factor ANOVA 750 

tests (LRS = Long Rainy Season; GSS = Long Dry Season; SDS = Short Rainy Season; SDS = 751 

Short Dry Season). 752 

Standard deviations are presented between brackets 753 
 754 

  
Season Site 

LRS LDS SDS SRS MAS MOK BAB BAM  
S 37 29 29 35 26 31 36 33 

Mean S 
19.00 
(5.35) 

13.00 
(1.83) 

13.25 
(2.50) 

15.75 
(2.75) 

16.75 
(6.24) 

16.25 
(3.86) 

13.00 
(2.16) 

15.00 
(2.71) 

ANOVA test p = 0.091, F = 2.720, Df = 3 p = 0.582, F = 0.678, Df = 3 

Mean H' 
2.037 

(0.247) 
1.812 

(0.450) 
1.965 

(0.330) 
1.951 

(0.391) 
1.851 

(0.271) 
2.037 

(0.068) 
2.075 

(0.171) 
1.803 

(0.617) 
ANOVA test p = 0.846, F = 0.270, Df = 3 p = 0.846, F = 0.592, Df = 3 

Mean J 
0.719 

(0.096) 
0.739 

(0.216) 
0.786 

(0.096) 
0.729 

(0.149) 
0.688 

(0.060) 
0.761 

(0.092) 
0.841 

(0.091) 
0.683 

(0.220) 
ANOVA test p = 0.919, F = 0.164, Df = 3 p = 0.326, F = 1.280, Df = 3 

Mean A 
168.00 

(140.71) 
65.00 

(48.30) 
86.25 

(38.91) 
73.75 

(33.07) 
159.25 

(129.89) 
110.75 
(68.72) 

37.75 
(22.38) 

87.25 
(35.53) 

chi-squared test 
chi-squared = 5.393, df = 3 

p-value = 0.145 
chi-squared = 6.833, df = 3 

p-value = 0.077 

Mean B 
14.04 
(9.08) 

3.96 
(2.50) 

11.44 
(5.70) 

8.08 
(6.72) 

12.47 
(9.88) 

14.84 
(5.40) 

4.20 
(2.56) 

6.01 
(2.41) 

chi-squared test 
chi-squared = 4.855, df = 3 

p-value = 0.182 
chi-squared = 2.103, df = 3 

p-value = 0.551 
 755 
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 756 
Table 4: Number of individuals, minimum and maximum total lengths, size at sexual maturity 757 

(L50) and proportion of individuals below L50 for the 6 high commercial value species with 758 

numbers above 50 individuals. * As no L50 was available for Eucinostomus melanopterus we 759 

approximate its L50 based on another gerreidae Gerres nigri. 760 

Species 
 

Number of 

individuals 

Minimal 

total lenght  
(cm) 

Maximal 

total lenght  
(cm) 

L50* (cm) 
reference 

Lt  < L50 

(%) 

Chrysichtys nigrodigitatus 87 8 62 33.4 
Ajagbe et al., 2021 57.5 

Eucinostomus melanopterus* 97 7 13 12.1 
Panfili et al 2006 

99.0 

Neochelon falcipinnis 78 8 25 27.9 
Djiadji et al 2006 

100 

Parachelon grandisquamis 231 8 32 25.1 
Panfili et al 2006 98.7 

Polydactylus quadrifilis 57 12 49 67.5 
Konan et al 2019 100.0 

Pseudotolithus elongatus 289 8 53 23.8 
Panfili et al 2006 91.0 
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APPENDIX 761 
 762 
Appendix 1: Mean value, standard deviation (SD) and range are given for surface temperature 763 

(°C) and dissolved oxygen (%) in the four sampling sites of Akanda National Parc for 2017-764 

2018 (LRS: Long Rainy Season, LDS: Long Dry Season, SDS: Short Dry Season, SRS: Short 765 

Rainy Season) 766 

  
Season Site 

LRS LDS SDS SRS Babilone Bambouchine Massotié Moka 

Salinity 

Mean 

(±SD) 
18.9 

(±10.2) 
23.7 

(±9.1) 
21.0 

(±5.2) 
18.5 

(±3.5) 
20.5 

(±5.1) 25.3 (±2.8) 9.5 (±5.8) 25.6 

(±3.8) 

Range 1.2-28.8 5.6-30.5 10.8-

26.8 14.4-24.8 14.4-28.7 19.5-28.8 1.2-17.3 19.6-

30.5 
chi-

squared 

test 

chi-squared = 2.3824, df = 3, p-value = 

0.4969 chi-squared = 9.0221, df = 3, p-value = 0.029 

Temperature 

(°C) 

Mean 

(±SD) 28.5 (±1.6) 27.2 

(±1.8) 
27.5 

(±1.7) 28.2(±2.8) 27.0 

(±2.4) 29.8 (±0.9) 26.8 

(±1.5) 
27.6 

(±1.4) 

Range 25.2-29.9 25.6-

30.6 
28.5-

30.6 20.2-31.5 20.2-29.5 28.5-31.5 25.2-29.8 26.1-

29.7 
chi-

squared 

test 

chi-squared = 0.61765, df = 3, p-value = 

0.8924 chi-squared = 9.0662, df = 3, p-value = 0.02842 

Oxygen (%) 

Mean 

(±SD) 
37.2 

(±19.8) 
39.5 

(±18.5) 
41.0 

(±20.4) 
32.2 

(±10.9) 
30.0 

(±7.7) 32.5 (±14.1) 60.4 

(±19.6) 
29.4 

(±3.8) 

Range 11.0-73.3 12.6-

70.7 
19.0-

85.7 14.2-50.6 19.0-40.5 11.0-50.6 22.3-85.7 18.0-

32.7 
chi-

squared 

test 

chi-squared = 0.28676, df = 3, p-value = 

0.9625 chi-squared = 12.397, df = 3, p-value = 0.00614 

 767 
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 768 
Appendix 2: Minimum, maximum and mean±standard deviation size (total length) of the 59 769 

fish species caught in the mangrove area of Akanda National Park during this study. Fish 770 

commercial value: high (HCV), medium (MCV) and no commercial value (NCV) 771 

 772 

Family Species 
Fish 

commercial 

value 

Total length (cm) 

Minimum Maximum Mean ± standard 

deviation 

Poeciliidae Aplocheilichthys spilauchen NCV 7 9 7.6±0.6 

Bothidae  Arnoglossus capensis MCV 8 8 7.7 

Alestidae Bryconalestes longipinnis NCV 9 10 9.6±0.5 

Carangidae  Caranx hippos HCV 19 20 19.5±1.2 

Carangidae  Caranx senegallus HCV 22 22 22.0 

Ariidae Carlarius parkii  HCV 27 32 29.6±3.6 

Ephippidae Chaetodipterus lippei  HCV 7 36 13.4±7.0 

Claroteidae  Chrysyscthys nigrodigitatus HCV 8 62 30.8±13.8 

Paralichthyidae Citharichthys stampflii MCV 7 14 9.3±2.5 

Cichlidae  Coptodon guineensis MCV 6 22 12.2±8.6 

Cynoglossidae  Cynoglossus browni HCV 36 36 35.5 

Cynoglossidae  Cynoglossus monodi HCV 24 24 23.7 

Cynoglossidae  Cynoglossus senegalensis HCV 31 41 36.1±7.2 

Eleotridae Eleotris daganensis NCV 9 28 12.9±6.4 

Eleotridae Eleotris senegalensis NCV 9 10 9.1±0.5 

Cyprinidae Enteromius holotaenia NCV 8 8 8.2 

Serranidae  Epinephelus aeneus  HCV 9 24 14.6±4.7 

Clupeidae Ethmalosa fimbriata HCV 8 19 11.8±3.8 

Gerreidae Eucinostomus melanopterus MCV 7 13 8.6±0.9 

Dasyatidae Fontitrygon margarita MCV 53 110 81.7±40.3 

Dasyatidae Fontitrygon margaritella MCV 70 110 84.7±13.6 

Dasyatidae Fontitrygon ukpam  MCV 87 87 86.5 

Polynemidae Galeoides decadactylus HCV 11 26 16.3±4.5 

Gerreidae Gerres nigri MCV 9 16 11.3±3.7 

Muraenidae Gymnothorax afer NCV 87 87 86.7 

Cichlidae  Hemichromis elongatus  MCV 7 9 7.8±0.8 

Pristigasteridae Ilisha africana MCV 9 28 17.4±3.7 

Lutjanidae Lutjanus dentatus HCV 7 33 18.2±10 

Lutjanidae Lutjanus endecacanthus HCV 21 36 27.1±6.1 

Lutjanidae Lutjanus goreensis HCV 12 38 24.7±8.5 

Monodactylidae Monodactylus sebae MCV 5 29 10.6±3.6 

Mugilidae Mugil cephalus  HCV 8 10 9.1±0.9 

Ophichthidae Myrichthys pardalis  NCV 71 71 70.8 

Gobiidae Nematogobius maindroni NCV 8 10 8.8±0.8 

Mugilidae Neochelon falcipinnis HCV 8 25 9.4±2.1 

Clupeidae Odaxothrissa ansorgii NCV 12 13 12.0±0.4 

Mugilidae Parachelon grandisquamis HCV 8 32 11.8±4.0 
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Clupeidae Pellonula leonensis NCV 6 13 10.0±1.2 

Clupeidae Pellonula vorax NCV 9 13 10.6±0.8 

Polynemidae Pentanemus quinquarius HCV 10 10 10.2 

Gobiidae Periophthalmus barbarus NCV 9 14 10.9±1.8 

Belonidae Platybelone argalus NCV 21 21 21.0 

Haemulidae Plectorhinchus macrolepis HCV 15 53 30.4±12.5 

Polynemidae Polydactylus quadrifilis HCV 12 49 27.4±8.4 

Haemulidae Pomadasys jubelini HCV 19 30 23.4±5.0 

Haemulidae Pomadasys perotaei HCV 7 22 14.3±5.6 

Gobiidae  Porogobius schlegelii NCV 9 12 10.0±0.9 

Psettodidae Psettodes belcheri  MCV 23 23 23.2 

Psettodidae Psettodes bennettii  MCV 29 29 28.9 

Sciaenidae Pseudotolithus elongatus HCV 8 53 22.2±7.3 

Sciaenidae Pseudotolithus senegalensis  HCV 9 27 17.2±5.6 

Sciaenidae Pseudotolithus senegallus HCV 17 35 25.8±6.9 

Clupeidae Sardinella maderensis MCV 10 12 10.6±1.2 

Cichlidae  Sarotherodon melanotheron MCV 6 21 11.3±4.2 

Sphyraenidae Sphyraena afra  HCV 33 53 42.9±13.8 

Sphyraenidae Sphyraena barracuda  HCV 41 41 41.3 

Belonidae Strongylura senegalensis NCV 30 38 35.0±2.8 

Paralichthyidae Syacium guineensis  MCV 8 11 8.8±1.7 

Carangidae  Trachinotus teraia HCV 43 43 42.5 
 773 
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 774 

Appendix 3: list of all fish species reported in the study area (see references below) 775 

Families Species 
Bibliographic 

reference  

ACANTHURIDAE Acanthurus monroviae (Steindachner, 1876) g 

ALESTIDAE Bryconalestes longipinnis  (Günther, 1864) f, h 

ARIIDAE 
Carlarius gigas (Boulenger, 1911) b 

Carlarius parkii (Günther, 1864) g, h 

BELONIDAE 
Platybelone argalus (Lesueur, 1821) a, b, f, g 

Strongylura senegalensis (Valenciennes, 1846) f, h 

Tylosurus acus rafale (Lacepède, 1803) b 

BOTHIDAE Arnoglossus capensis Boulenger, 1898 b, h 

CARANGIDAE 

Alectis alexandrina (Geoffroy St. Hilaire, 1817) a, b, f, g 

Alectis ciliaris (Bloch, 1787) b 

Caranx hippos (Linnaeus, 1766) b, f, g, h 

Caranx lugubris (Poey, 1860) b, g 

Caranx senegallus Cuvier, 1833 b, g, h 

Chloroscombrus chrysurus (Linnaeus, 1766) a, c, d, e, f 

Decapterus macarellus (Cuvier, 1833) a, h 

Decapterus punctatus (Cuvier, 1829) a, d, e 

Lichia amia (Linnaeus, 1758) a, b, f, g 

Selene dorsalis (Gill, 1863) g 

Trachinotus maxillosus (Cuvier, 1832) f 

Trachinotus ovatus (Linnaeus, 1758) b, g 

Trachinotus teraia (Cuvier, 1832) b, f, g, h 

CARCHARHINIDAE Galeocerdo cuvier (Péron & Lesueur, 1822) e 

CICHLIDAE 

Coptodon guineensis (Günther, 1862) a, c, d, e, h 

Hemichromis elongatus (Guichenot, 1861) b, f, h 

Pelmatolapia cabrae (Boulenger, 1899) b, f, g 

Sarotherodon melanotheron Rüppell, 1852 f, h 

Sarotherodon nigripinnis (Guichenot, 1861) g 

CLAROTEIDAE 
Chrysichthys auratus (Geoffroy St. Hilaire, 1809) f 

Chrysichthys nigrodigitatus (Lacepède, 1803) a, c, d, e, h 

CLUPEIDAE 

Ethmalosa fimbriata (Bowdich, 1825) h 

Odaxothrissa ansorgii (Boulenger, 1910) b, h 

Pellonula leonensis Boulenger, 1916 f, h 

Pellonula vorax Günther, 1868 g, h 

Sardinella aurita (Valenciennes, 1847) a, b, f, g 

Sardinella maderensis (Lowe, 1839) b, f, g, h 

CONGRIDAE Bathyuroconger vicinus (Vaillant, 1888) b, g 

CYNOGLOSSIDAE 
Cynoglossus browni Chabanaud, 1949 a, b, f, g, h 

Cynoglossus monodi Chabanaud, 1949 h 

Cynoglossus senegalensis (Kaup, 1858) f, g, h 

CYPRINIDAE Enteromius holotaenia (Boulenger, 1904) c, d, e, h 

DASYATIDAE 
Fontitrygon margarita (Linnaeus, 1758) b, f, h 

Fontitrygon margaritella (Compagno & Roberts, 1984) b, h 
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Fontitrygon ukpam (Smith, 1863) a, b, e, f, h 

DINOPERCIDAE Centrarchops atlanticus (Reichenow 1877) g 

ELEOTRIDAE 

Bostrychus africanus (Steindachner, 1879) g 

Eleotris daganensis (Steindachner, 1870) a, b, h 

Eleotris senegalensis (Steindachner, 1870) h 

Kribia kribensis (Boulenger, 1907) b, d, f 

ELOPIDAE 
Elops lacerta (Valenciennes, 1847) b, g 

Elops senegalensis (Regan, 1909) a, b, c 

EPHIPPIDAE Chaetodipterus lippei (Steindachner, 1895) g, h 

GERREIDAE 
Eucinostomus melanopterus (Bleeker, 1863) f, g, h 

Gerres nigri Günther, 1859 a, b, e, h 

GLAUCOSTEGIDAE Glaucostegus cemiculus (Geoffroy St. Hilaire, 1817) c, d, e 

GOBIIDAE 

Awaous lateristriga (Duméril, 1861) b, f, g 

Bathygobius soporator (Valenciennes, 1837) g 

Nematogobius maindroni (Sauvage, 1880) g, h 

Periophthalmus barbarus (Linnaeus, 1766) b, h 

Porogobius schlegelii (Günther, 1861) h 

HAEMULIDAE 

Plectorhinchus macrolepis (Boulenger, 1899) b, f, g, h 

Pomadasys jubelini (Cuvier, 1830) g, h 

Pomadasys perotaei (Cuvier, 1830) b, g, h 

Pomadasys rogerii (Cuvier, 1830) g 

Pomadasys suillus (Valenciennes, 1833) b, f, g 

HEMIGALEIDAE Paragaleus pectoralis (Garman, 1906) a, f, g 

LOBOTIDAE Lobotes surinamensis (Bloch, 1790) g 

LUTJANIDAE 

Lutjanus agennes (Bleeker, 1863) g 

Lutjanus dentatus (Duméril, 1861) b, c, e, f, g, h 

Lutjanus endecacanthus (Bleeker, 1863) a, b, e, f, g, h 

Lutjanus fulgens (Valenciennes, 1830) f 

Lutjanus goreensis (Valenciennes, 1830) h 

MEGALOPIDAE Megalops atlanticus (Valenciennes, 1847) a, b, f, g 

MONODACTYLIDAE Monodactylus sebae (Cuvier, 1829) b, f, g, h 

MUGILIDAE  

Mugil bananensis (Pellegrin, 1927) a, b, c, d, e 

Mugil cephalus Linnaeus, 1758 a, b, c, d, e, f, g, h 

Mugil curema (Valenciennes, 1836) b, f 

Neochelon falcipinnis (Valenciennes, 1836) h 

Parachelon grandisquamis (Valenciennes, 1836) h 

MURAENIDAE Gymnothorax afer (Bloch, 1795) h 

OPHICHTHIDAE Myrichthys pardalis (Valenciennes, 1839) g, h 

PARALICHTHYIDAE 
Citharichthys stampflii (Steindachner, 1894) c, d, e, h 

Syacium guineensis (Bleeker, 1862) h 

POECILIIDAE Aplocheilichthys spilauchen (Duméril, 1861) f, h 

POLYNEMIDAE 
Galeoides decadactylus (Bloch, 1795) h 

Pentanemus quinquarius (Linnaeus, 1758) b, f, g, h 

Polydactylus quadrifilis (Cuvier, 1829) b, f, g, h 

PRISTIGASTERIDAE Ilisha africana (Bloch, 1795) a, b, c, e, f, g, h 

PSETTODIDAE 
Psettodes belcheri (Bennett, 1831) b 

Psettodes bennettii Steindachner, 1870 b, f, h 

RAJIDAE Raja miraletus (Linnaeus, 1758) b 
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RHINOBATIDAE 
Rhinobatos albomaculatus (Norman, 1930) b 

Rhinobatos rhinobatos (Linnaeus, 1758) b 

SCARIDAE Scarus hoefleri (Steindachner, 1881) g 

SCIAENIDAE 

Pseudotolithus elongatus (Bowdich, 1825) f, g, h 

Pseudotolithus senegalensis (Valenciennes, 1833) b, h 

Pseudotolithus senegallus (Cuvier, 1830) h 

Pseudotolithus typus (Bleeker, 1863) b, g 

Umbrina canariensis (Valenciennes, 1843) b, g 

Umbrina ronchus Valenciennes, 1843 g 

SCOMBRIDAE 
Orcynopsis unicolor (Geoffroy St. Hilaire, 1817) a, d, f 

Scomberomorus tritor (Cuvier, 1832) g 

SCYLORHINIDAE Scyliorhinus cervigoni  (Maurin & Bonnet, 1970) b 

SERRANIDAE 

Cephalopholis nigri (Günther, 1859) a, b, f 

Cephalopholis taeniops (Valenciennes, 1828) f, h 

Epinephelus aeneus (Geoffroy St. Hilaire, 1817) f, h 

Epinephelus itajara (Lichtenstein, 1822) b 

SPARIDAE 

Dentex congoensis (Poll, 1954) a 

Pagellus bellottii Steindachner, 1882 c, e 

Pagrus auriga (Valenciennes, 1843) a, b, f, g 

Pagrus caeruleostictus (Valenciennes, 1830) b, f, g 

SPHYRAENIDAE 
Sphyraena afra (Peters, 1844) a, b, f, g, h 

Sphyraena barracuda (Edwards, 1771) f, g, h 

Sphyraena guachancho (Cuvier, 1829) b, f, g 

STROMATEIDAE Stromateus fiatola Linnaeus, 1758 g 

TRICHIURIDAE Trichiurus lepturus (Linnaeus, 1758) g 
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