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a b s t r a c t

Within the Mauritania–Senegal maritime zone, we have identified and mapped habitats of the white
grouper (Epinephelus aeneus). To this end, data collected since the 1980s through scientific sampling
surveys along the coastline and on the continental shelf in the study zone have been analysed. On
the basis of data collected in shallow coastal and estuarine environments, it has been shown that
only the juvenile fraction of the E. aeneus population lives in the diverse habitats (mangroves, sea
grass beds, salt marshes, etc.) of both the Banc d’Arguin and the estuaries. On the continental slope,
habitat suitability of both juvenile and adult was modelled, using descriptors relating to environment
(bathymetry, sediment) and landscape (proximity of estuaries and the Banc d’Arguin). Bathymetry is
a major factor driving these distribution patterns, while other environmental descriptors also have
significant influence, though to a lesser degree: juveniles of E. Aeneus live in nearshore zones and
their density is higher near the Banc d’Arguin and the estuaries, unlike the adult populations found
further offshore. The density of both populations has varied over time, falling significantly in 1990,
and partly recovering since 2010. These habitat maps tell us the importance of the coastal fringe as
essential habitat for juvenile E. aeneus and the usefulness of space-based management measures to
enhance the population and allow for sustainable fishing exploitation.

© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Coastal habitats (estuaries, mangroves, sea grass beds, salt
arshes, etc.) play a multitude of environmental roles (Baran,
000; Beck et al., 2001) and are of great interest for ecosystem
ervices (Costanza et al., 2014). They are characterised by their
igh level of primary and secondary productivity and sustain high
bundance and diversity of fish and invertebrates (Skilleter et al.,
005). These coastal sectors are often considered as nurseries
ecause of their high concentration in juvenile for many species
f fishing interest (Beck et al., 2001; Seitz et al., 2014; Cheminée
t al., 2021; Kimirei et al., 2013; Rochette et al., 2010). The
enewal of exploited resources depends on the spawning biomass
ut also on the quality of the habitats in which the successive
hases of their life cycle take place (Le Pape and Bonhommeau,
015). In particular, the juvenile stages are heavily reliant on

∗ Corresponding author.
E-mail address: olivier.le.pape@institut-agro.fr (O. Le Pape).
ttps://doi.org/10.1016/j.rsma.2023.103067
352-4855/© 2023 The Authors. Published by Elsevier B.V. This is an open access a
c-nd/4.0/).
specific nursery habitats, often located in coastal zones (Kimirei
et al., 2013; Riou et al., 2001; Skilleter et al., 2005). The ecosystem
approach to fisheries stipulates that the management of fisheries
resources does not only involve controlling fishing effort and
catches (Howell et al., 2021), but also taking into account the
entire life cycle of resources and their habitats, including coastal
nursery areas, which play an essential role in population renewal
(Beck et al., 2001; Le Pape and Bonhommeau, 2015).

The Mauritania–Senegal continental shelf is marked by strong
productivity (Arístegui et al., 2009). Its coastal section hosts a
patchwork of productive ecosystems that shelter multiple fish
and invertebrate species of fisheries interest, especially at the ju-
venile stage (Colléter et al., 2012; Jager, 1993; Schaffmeister et al.,
2006; Simier et al., 2004). The life cycle of these species is char-
acterised by geographically distinct phases: (i) the adults colonise
the continental shelf; (ii) growing juveniles are dependent upon
the coastal habitats of the estuaries and lagoons (Okyere and
Blay, 2020; Seeley and Walther, 2018; Sheaves and Johnston,

2008): mudflats (Bloomfield and Gillanders, 2005; Marley et al.,
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Fig. 1. Map of the study area. (A) bathymetry, location of the Banc d’Arguin and of the estuarine mouths, and limit between the latitudinal zones (bold horizontal
bracket line); (B) sedimentary structure. Top left-hand corner: the zone’s location in West Africa.
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2020), mangroves (Ellis and Bell, 2004; Laegdsgaard and Johnson,
2001; Manson et al., 2005; Sandoval et al., 2022), sea grass
(Heck Hay et al., 2003; Hewitt et al., 2020; McDevitt-Irwin et al.,
2016; Wasserman et al., 2020), and upon a combination of these
habitats (Hammerschlag-Peyer and Layman, 2010; Lefcheck et al.,
2017; Marley et al., 2020; Whitfield, 2017).

However, there is insufficient knowledge on the Mauritania–
enegal coastline to allow for determining which habitats are
ffective (sensu (Dahlgren et al., 2006), i.e., habitats that make
greater than average overall contribution to the population) for
he renewal of fish resources. This study focused on an emblem-
tic demersal species of this zone, the white grouper (Epinephelus
eneus, Saint-Hilaire, 1817), whose life cycle relies on coastal and

estuarine nurseries (Domain, 1980; Özbek et al., 2013). The white
grouper, is a tropical Serranidae (González-Lorenzo et al., 2021)
present from the southern coasts of the Mediterranean Sea to
the north-western coasts of Africa and frequently observed on
the shelf and along the shores of Mauritania and Senegal (Bruslé,
1985; Cury and Worms, 1982). The reported maximum total
length of this species is 120 cm (Heemstra and Randall, 1993).
It is a protogynous species (Özbek et al., 2013; Bouain and Siau,
1983). Its size at first sexual maturity is between 49 and 55 cm
(Ndiaye et al., 2013). E. aeneus is known by the vernacular name
‘‘Thiof’’ in Senegal and Mauritania where it has a legendary status,
occupies a main place in the local market, supplied mainly by
small-scale fishing. E. aeneus is considered as overfished in most
Atlantic zones and features on the endangered species Red List
kept by the International Union for Conservation of Nature (Ba
et al., 2018; Meissa et al., 2013; Pollard et al., 2018). We aimed
to use all the available data collated over the last four decades
during scientific fishing surveys to: (i) determine the spatial and

temporal distribution of both juvenile and adult of E. aeneus in the t

2

Mauritania–Senegal zone, (ii) model this distribution according
to environmental and landscape descriptors, and finally (iii) use
the output from these models to map distribution patterns and
identify effective fish habitats (Dahlgren et al., 2006; Le Pape
et al., 2014).

2. Materials and methods

2.1. Area description

The study zone covers the coast and the continental shelf of
Mauritania and Senegal (Fig. 1A). This Senegal–Mauritania zone
constitutes a single ecoregion (Spalding et al., 2007). It extends
over 1400 km of latitude and covers approximately 58,200 km2.
nder the influence of the Canary and Guinea Currents, this zone
s strongly marked by an upwelling regime (Arístegui et al., 2009;
enazzouz et al., 2014) and terrigenous input. Its productivity
nd species richness (2.403 and 1.737 marine taxons from around
hirty different phyla in the Mauritania and Senegalese zones,
espectively; Inejih et al., 2014) is remarkable, not only regarding
iodiversity but also because it includes species of large fisheries
nterest, important for the food supply (Hicks et al., 2019), the
conomy, as well as for the local history and culture. The coastal
art of the study zone is highly productive, with varied habitats
ithin estuaries and bays: abundant mangrove forests (Igulu
t al., 2014; Sidi Cheikh et al., 2022; Simier et al., 2004), salt-
arshes and seagrass beds (Schaffmeister et al., 2006; Trégarot
t al., 2020).

.2. Scientific surveys data

Data obtained during scientific surveys on fish conducted in

he study zone since 1980 were collated.
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Table 1
Fishing surveys and stations in the coastal section (bay and estuaries).
Zone Coverage Nb. Surveys Nb. Stations Start date End date

South

Sine Saloum 63 1.416 20/04/1990 26/10/2007
Bolon Bamboung 30 432 11/03/2003 16/10/2012
Petite-Côte 7 15 27/04/2012 15/05/2012
Joal and Saint-Louis 10 92 10/04/2015 06/10/2016

North
Banc d’Arguin 9 370 08/02/2000 18/04/2004
Banc d’Arguin and Diawling 4 52 07/01/2019 24/10/2019
Banc d’Arguin 15 335 14/10/2000 23/06/2020

Total 138 2.712
Table 2
Demersal trawl surveys on the continental shelf.
Zone Boat Nb. Surveys Nb. Stations Years

North NDIAGO 71 3.207 1982–1996
AL-AWAM 150 5.972 1997–2019
ALMORAVIDE 10 146 1982–1986
LUBLINO 1 126 1990

South LAURENT AMARO 16 345 1968–1985
LOUIS SAUGER 16 1.761 1986–1999
ITAF_DEME 21 1.681 Since 2000
GLC (Général Lansana Conté) 2 48 2012 and 2015

Overall total 287 13.007
2.2.1. Coastal data
Data came from 138 surveys (2712 fishing stations; Table 1).

hese surveys focussed on estuaries and coastal zones of eco-
ogical interest such as the Banc d’Arguin and the Diawling in
auritania (Jager, 1993; Sidi Cheikh et al., 2022), and the Sine
aloum, Joal and the Saint-Louis estuaries in Senegal (Simier et al.,
019).
These coastal data were collected using a variety of fish-

ng gear, including beach seine, purse seine, beam trawl, fish
rap, etc. They record catches of E. aeneus and almost always
nclude individual measurements. However, these data do not
llow standardised densities of E. aeneus to be calculated. They
ere analysed qualitatively, in order to determine the presence
f juvenile and adult E. aeneus in estuaries and nearshore zones.

.2.2. Continental shelf data
Since 1980, 287 demersal trawl surveys have been carried out

y research vessels from both countries or through international
ooperation (Table 2).
Surveys to explore demersal resources on the Senegalese con-

inental shelf were carried out by trawling on the basis of random
tratified sampling. A total of 55 surveys are listed (3835 trawling
tations). They were carried out using a ‘Le Drezen’ trawling
et intended for groundfish. The technical characteristics of the
ishing gear remained unchanged throughout the trawling period:
1.82 m in length, a 33.9 m footrope, a float line of 24.5 m, and
n extended mesh size of 45 mm (Massal, 2009).
A total of 232 surveys were carried out (9451 trawling sta-

ions) on the Mauritanian shelf, based on stratified random sam-
ling. Trawl hauls were carried out according to a standardised
rotocol using an Irish-type trawling net with a 45-m float line
nd an equal mesh size of 41 mm. The fishing gear was modified
n 1989; this change was followed by intercalibration surveys
hich made it possible to calculate a standardised correction
oefficient per group of species. All observations made prior to
989 can therefore be corrected by multiplying the catches by
his coefficient (1.96 for E. aeneus).

On the dataset (Table 2), catches of E. aeneus were systemati-
ally recorded, counted and weighed. These data made it possible
o estimate a density per haul (catches/km2).
3

Table 3
Pooled substrate types.
Sediment type Grouped type

Rock+Mud Discontinuous rocks + mud
Rock+Coarse sand Discontinuous rocks + Sand
Rock+Muddy-sand_ Discontinuous rocks + Sand
Rocks+very sandy mud Discontinuous rocks + mud
Sand Sand
Muddy sand Sand
Fine sand Sand
Coarse sand Sand
Mud mud
Sandy mud mud
Very sandy mud mud
Rocks Rock bank

2.3. Environmental data and spatial and temporal stratification

Environmental data concern the descriptors driving the spatial
distribution of life-cycle stages, essentially bathymetry, seabed
type and components of the seascape: proximity to habitats such
as estuaries, mangroves, salt marshes and sea grass.

2.3.1. Seabed type
A sedimentology map of the Senegal–Mauritania continental

shelf (Domain, 1985, 1977) has been digitalised. Given that the
boats used to carry out this mapping were unable to explore the
nearshore shallowest zone, we called upon other data sources to
complete this map: for the Banc d’Arguin we used data from the
SSPAC database and the observations made by Maigret (1976) and
Piessens (1979), and for the coastal zone of Senegal, IRD’s PPEAO
system (Simier et al., 2019) which describes the substrate at each
trawl fishing stations.

To keep the sedimentology straightforward for the description
of fish habitats, these maps (Fig. 1B) have been simplified and
only four categories used (Table 3), with a consistent number of
trawl hauls (continental shelf data, Table 2) per category (Fig. 2A).

2.3.2. Bathymetry
The GEBCO 2020 database (General Bathymetric Chart of the

Oceans, www.gebco.net), was used (Fig. 1A). The GEBCO_2020
grid is a continuous global numeric model of the land and ocean

http://www.gebco.net
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Fig. 2. Number of samples (trawl hauls) per modality of descriptor. (A) Sediment (BR = Rock bank, RDS = Discontinuous rocks + Sand, DRM = Discontinuous rocks
mud, S = Sand, M = Mud), (B) Bathymetry (a = <20, b = [20,30[, c = [30,40[, d = [50,60[, e = [50,60[, f = [60,80[,g = g [80,100[, h = >100), (C) Decade, (D)
(E) Proximity to important coastal habitats (BA = Banc d’arguin), and (F) Latitudinal zone.
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ith a spatial resolution of 15 arc seconds (approximately 450 m
n the study zone). The bathymetry was split into 8 categories (in
etres): <20, [20,30[, [30,40[, [40,50[, [50,60[, [60,80[, [80,100[,
100 (Fig. 2B).

.3.3. Proximity to estuaries and the Banc d’Arguin
At all latitudes, estuaries have a nursery role (Beck et al., 2001).
e have noted 13 river mouths in the study zone (Fig. 1A). To

ake into account their impact on the distribution of juvenile
opulations, we used the shortest distance between the trawling
tations and the river mouths as a seascape component (Olds
t al., 2012). We judged as being close to an estuary only those
tations located within 30 km. Similarly, in our consideration
f the influence of the specific habitats (sea grass, mud flats,
hallows banks and sheltered bays) of the Banc d’Arguin, we con-
idered its entire area (Fig. 1A) and the same proximity criteria as
or the river mouths. Each trawl haul is therefore characterised as
eing near (within 30 km) or distant from an estuary or from the
anc d’Arguin (Fig. 2DE).

.3.4. Spatial and temporal stratification
Because management measures and fishing pressure differed

etween the two countries during the study period, two geo-
raphical entities were considered, North and South, separated
y the country border on the coast (Fig. 1A and 2F).
The data extends over a 40-year period, from 1980 to 2020. To

ncorporate the evolution of resources over time, the dataset was
ivided into four ten-year periods (Fig. 2C).

.4. Modelling of E. Aeneus distribution on the continental shelf

.4.1. Splitting trawl catches in juvenile and adult specimens
E. aeneus were measured for only 15% of the trawl hauls where

he species was present. A total of 2994 individuals of 10 to 99 cm
n total length were measured. The aim of this project required
 e

4

istinguishing between juveniles and adults. When individuals
ere measured, this distinction was made from measurements
ith regards to size at maturity (50 cm; (Ndiaye et al., 2013)).
or trawl stations where the species was observed but not mea-
ured, we completed the measurement data using the following
ethod:

• Wherever only one individual was captured, we based the
distinction between juveniles and adults on its weight. For
this, on the basis of both our measurement data and Bruslé
(1985), we estimated the maximum weight of juveniles at
1.8 kg. This was applied to 39% of our data.

• When more than one specimen was catched, the following
method was applied: we used the trawl data with E. Aeneus
measurements to estimate the proportion of juveniles with
a general linear model (GLM) using a Bernouilli distribution
and a logit link function (Eq. (1)):

Y% ≈ FBathymetry + FAverage_weight ,weight = number (1)

with Y%, proportion of juveniles per trawl haul, response
variable,
FBathymetry, covariate 1, bathymetry ,

FAverage_weight, covariate 2, average weight of captured indi-
viduals,
number, number of measured individuals per trawl haul,
used as a weighting factor.

Following this preliminary phase of allocating catch data be-
ween juveniles and adults when no measurements were avail-
ble (cf. Results), the continental shelf fishing survey data were
ompiled into a table of E. aeneus juvenile and adult relative
ensities (number of individuals catches/km2). This table incor-
orated the stations where the species was not observed (absent),
hose where it was measured, and those where the juvenile/adult
plit was estimated. These density data were combined with

nvironmental and spatio-temporal descriptors described in 2.3.
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.4.2. Structure, selection and validation of habitat suitability models
A habitat model was fitted to these data to determine which

o-variables have a significant influence on the distribution of
uveniles and/or adults of E. aeneus.

The low rate of presence of E. aeneus in the trawl hauls
(22%) led us to use a Delta-type model to analyse these zero-
inflated data (Le Pape et al., 2003; Stefánsson and Stefánsson,
1996; Vasconcelos et al., 2013). The delta model was obtained
from the adjustment of two GLMs: the Bernouilli distribution for
presence/absence data, combined with a model applied only to
the abundance data when the species is present.

Sub-model 1: presence probability
This probability is modelled on the basis of a Boolean response

variable with a Bernouilli distribution (Eq. (2)):

Y 0
1

≈ FBathymetry+Fdecades+FSediment+Fzone+FNear_BA+FNear_Estu (2)

with Y0/1, response variable, probability of presence estimated
from Boolean data (presence 1/ absence 0),

Fbathymetry, cofactor 1, bathymetry (in 8 categories; cf. 2.3.2.),
Fdecades, cofactor 2, decades (4 categories),
FSediment, cofactor 3, sediment type (in 5 categories, cf. 2.3.1.),
Fzone, cofactor 4, zone (north or south),
FNear_BA, cofactor 5, proximity to Banc d’Arguin (close or dis-

tant),
FNear_Estu, cofactor 6, proximity to estuaries (close or distant).

Sub-model 2: positive densities
This sub-model estimates the density of juveniles or adults

(number of fish catched per km2) taking into account only those
trawl hauls where the species was present (non zero values)
at the life stage. Following a preliminary analysis of the data
distribution, the GLM has been applied to these data after log-
transformation, using the normal distribution (Eq. (3)).

Log(Y+) ≈ FBathymetry+Fdecades+FSediment+Fzone+FNearBA +FNear_Estu
(3)

Log(Y+): positive density log response variable in number per
km2.

Selection of descriptors in each sub-model
The 6 potential descriptors have been tested in the two sep-

arate submodels (GLM, Bernouilli for probability of presence
(Eq. (2)) and Gaussian for positive densities (Eq. (3)). The selection
of descriptors in each sub-model was based on the Akaike infor-
mation criterion (AIC). For each sub-model, this procedure results
in a formula incorporating only the descriptors with a significant
impact (AIC difference > 3).

Delta model
The Delta model is obtained by combining both sub-models

(Eq. (4)):

Ŷdelta = Y0/1∗ e(log(Y+))
∗e

(
σ2(log(Y+))

2

)
(4)

with Ŷdelta, estimation of the density,
Y0/1, estimation of the probability of presence according to

the Bernouilli sub-model (Eq. (2)),
Y+, estimation of the density logarithm according to the Gaus-

sian sub-model (Eq. (3)). This estimation takes into account the
correction (Laurent, 1963) required to obtain an unbiased estima-
tion from a linear model based on the logarithmic transformation
(for Y+).

This overall approach was applied to both juvenile and adult,
separately. Hence, 2 delta models were developed.
5

Validation of the models
We randomly selected 25% of the data using the ‘‘splitstack-

shape’’ package under R (Mahto, 2022): 75% of the data were used
to calibrate the models and to determine their level of adjustment
(Piñeiro et al., 2008). These models were then applied to 25%
of the remaining data for validation of their reliability (Planque
et al., 2011).

The Area Under Curve (AUC) was used as an adjustment and
validation criterion for the presence–absence sub-model, and the
R2 on Log(Y+) for the positive densities sub-model (Trimoreau
et al., 2013; Vasconcelos et al., 2013).

2.4.3. Density predictions combined with uncertainties and mapping

Calculation of confidence intervals for density predictions
For each of the models (juvenile/adult), the predicted values

were calculated with the delta model, for all of the combinations
of descriptor retained in the sub-models. In order to estimate the
uncertainty, 5000 datasets were randomly generated following
the Monte Carlo method: 5000 probabilities of presence and
positive density were randomly generated for each combination
of descriptors, taking into account the estimation uncertainty
for each sub-model. Both matrices collate all the combination of
modalities in explaining factors in rows and the 5000 sub-model
prediction values, in columns. They were combined to obtain
density estimations (Eq. (5)).

YS = YS 0
1

× e(log(YS+)) (5)

Finally, the 5% and 95% distribution quantiles were calculated for
each descriptor category.

Cartography of juvenile and adult E. aeneus distribution
In order to illustrate spatial distribution, we mapped juvenile

and adult densities. The values predicted by the Delta models
(Eq. (4)) were generated by the ‘‘expand.grid’’ function under R,
for all combinations of descriptor categories on the maps. The
cartography per decade is given whenever this time factor has
a significant impact.

Calculation of the contribution of different habitats
The relative density of juveniles predicted by the model, and

the area of each stratum of physical descriptors (e.g., each of
the 8 classes of bathymetry) were combined to estimate the
contribution (Dahlgren et al., 2006) of each type habitat to the
stock (i.e., the percentage of juveniles hosted in each habitat
stratum).

3. Results

3.1. Qualitative analysis of coastal data

Scientific fishing operations in coastal environments were car-
ried out at depths of less than 20 m and, in 91% of cases, less than
10 m. The occurrence of E. aeneus in coastal data is low (9%). This
occurrence varies dramatically according to the zone, from 9.4%
in the Sine Saloum to 3% in the Banc d’Arguin. The size of the
catched individuals E. aeneus was consistently below 50 cm, with
a mode around 25 cm (Fig. 3). All individuals caught during these
coastal surveys were juveniles.

3.2. Habitat suitability models on the continental shelf

3.2.1. Extrapolation of measurements
For the different categories of bathymetry, the average weight

of measured and non-measured individuals follows the same
trend (Fig. 4); average weight increases with depth but there is no
bias in weight between measured and non-measured captures.
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Fig. 3. E. aeneus size structure in coastal data (all individuals are juvenile; size <50cm).
Fig. 4. Average weight of measured and non-measured individuals, the horizontal line indicates the weight at maturity.
The proportion of juveniles was estimated, according to the
athymetry and the average weight of individuals caught per haul
Eq. (1)); deviance explained by this model reaches 31% (Table 4).
his model provides unbiased (Fig. 4) estimates of the respective
ensities of juveniles and adults for trawl hauls with more than
ne individual caught.

.2.2. Selection and validation of sub-models
The juvenile presence sub-model explains 16.2% of total de-

iance (Table 5) with an almost identical AUC between the cali-
ration and validation datasets (Table 6). The Gaussian sub-model
pplied to positive density explained 11.5% of the total deviance
nd its prediction performance is also similar for the validation
ata.
For the adults, the presence sub-model explains 7.9% of the

otal deviance for an AUC of 0.7, and the positive density sub-
odel 14.2% (Table 5). On the validation dataset the results are

n the same range (Table 6).
6

Table 4
Binomial model for prediction of the proportion of juveniles and adult based on
data from demersal cruises conducted on the continental shelf.

DoF Deviance Dev_explained Pr(>Chi)

NULL 314 1.231 NA
Bathymetry 313 1.119 9% 3.61E−26
+Average weight 312 843 31% 8.63E−62

3.2.3. Distribution of juvenile and adult e. aeneus
The influence of bathymetry was highly significant for the

presence and positive density of juveniles and adults (Table 5).
The delta model revealed the juveniles’ preference for the shal-
lowest waters, while the adults reached their maximum density
at depths of 60 to 80 m (Fig. 5).
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Fig. 5. Predicted density of juvenile and adult E. aeneus (in number catched per km2) per bathymetric category.
Table 5
Analysis of deviances of delta generalised linear model for juveniles and adults E. aeneus.

Binomial Gaussian on log(positive densitie)

DoF Deviance ED Pr(>Chi) AIC DoF Deviance ED Pr(>Chi) AIC

(a) Juveniles
NULL 12680 12313 12315 2402 2440 – 6860
+Bathymetry 12673 10795 12.33 <2.2E−16 10811 2397 2360 3.29 1.26E−17 6790

+Sediment 12668 10694 13.15 <2.2E−16 10720 Non significant

+Near BA 12667 10675 13.30 1.58E−05 10703 2396 2344 3.94 2.82E−05 6776
+Near estuaries 12666 10668 13.36 5.96E−03 10698 2395 2333 4.42 3.14E−04 6766
+Decade ∗ Zone 12659 10318 16.20 1.38E−08 10362 2388 2160 11.49 2.77E−04 6595

(b) Adultes
NULL 12680 5867 5869 471 285 1105
+Bathymetry 12673 5664 3.46 <2.2E−16 5680 466 277 2.70 1.37E−02 1103
+Decade 12670 5513 6.03 <2.2E−16 5535 459 258 6.29 1.58E−04 1091
+Sediment 12665 5431 7.42 3.9E−16 5463 462 268 9.64 2.21E−03 1082

+Near BA 12664 5405 7.87 2.6E−07 5439 Non significant

+Zone Non significant 458 254 11.00 7.31 E-03 1076
+Decade ∗ Zone Non significant 455 244 14.24 6.3E−04 1065

Degrees of Freedom (DoF) and deviance are presented as residuals.
ED (%) : explained deviance.
Pr(Chi) are values p of a test χ2 - used for significance.
Table 6
Results of calibration and validation for the Delta models on juvenile and adults
E. aeneus.
Model AUC r2

Caliba . Validb . Calib. Valid.

Juveniles 0.77 0.76 0.11 0.10
Adults 0.71 0.70 0.15 0.11

aCalibration data (75% of sub-model data).
bValidation data (25% of sub-model data).

The other environmental descriptors have a more limited and
less systematic effect, with small differences related to the sedi-
ment structure at both life stages, and moderately higher juvenile
densities near the estuaries and the Banc d’Arguin (Table 5).

Maps illustrate these results with a concentration of juve-
niles in the nearshore zones (Fig. 6), and a positive effect of the
proximity to the estuaries and the Banc d’Arguin on juveniles
densities., The respective contributions of the different habitats
evidence that 58% of the juveniles are concentrated on the less
7

than 20 m shallow area, which represent only 26% of the surface
of the continental shelf. On the contrary, densities of adults are
distributed further offshore (Fig. 6).

Densities also varied over time in the two zones (Table 5;
Fig. 7). They have dropped significantly in the 1990s and have
partly recovered since 2010. These evolutions concerned both
juveniles and adults, and were more obvious in the North than
in the South.

4. Discussion

This study is based on two types of data: A qualitative anal-
ysis of coastal data has shown an exclusively juvenile presence
of E. aeneus in the estuaries and in the Banc d’Arguin. On the
continental shelf, a habitat suitability model was fitted for ju-
veniles and adults densities, based on scientific trawl surveys
data. A delta-type model was selected, as suitable for data with a
high absence ratio (Stefánsson and Stefánsson, 1996; Vasconcelos
et al., 2013). Both the juvenile and adult models partly explain
the variability of these densities. These models were tested by
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eparating a calibration from a validation dataset, which validated
heir reliability (Planque et al., 2011; Vasconcelos et al., 2013).
hese models revealed opposing distributions between juveniles
nd adults. The adults are present offshore, while the juveniles
re restricted to the coastal area and more concentrated near
he estuaries and the Banc d’Arguin. In addition, similar temporal
rends were evidenced for juvenile and adults, with a decline in
he 1990s, followed by a recent restoration.

istribution of juveniles and identification of E. aeneus nurs-
ry zones The coastal data confirmed the nursery role of the
stuaries and coastal bays with an exclusive presence of juvenile,
s previously demonstrated in the Sine Saloum by (Vidy, 2000).
he diversity of habitats in these interface areas between land
nd sea, in particular the mangrove forests (Igulu et al., 2014;
idi Cheikh et al., 2022), salt marshes and sea grass beds (Clavier
t al., 2011; Hemminga and Nieuwenhuize, 1990; Honkoop et al.,
008; Schaffmeister et al., 2006) host an exclusively juvenile
raction of the E. aeneus population (Colléter et al., 2012; Gning
t al., 2010; Jager, 1993; Simier et al., 2004).
Outside the bays and estuaries, the highest concentration of

uveniles is observed in the bathymetric category of less than
0 m then juvenile densities declines with increasing depth,
onfirming their concentration on the coastal fringe on the West
8

frican shelf (Domain, 1980), as in the Mediterranean Sea (Özbek
t al., 2013). The concentration of juveniles on this shallow frac-
ion of the shelf, where 58% of the juvenile are concentrated,
llows for considering this coastal fringe as effective juvenile
abitat (Dahlgren et al., 2006) for E. aeneus
Moreover, juvenile distribution along this coastal fringe varies

ith other seascape components (Drakou et al., 2017; Drew et al.,
008; Nagelkerken et al., 2015; Olds et al., 2012) contributing to
he habitat suitability model (Moore et al., 2011). High concentra-
ions are observed near the Banc d’Arguin in the north, and near
he estuaries in the south (especially the Sine Saloum delta): in
ther words, in the nearshore zones that have been evidenced
y coastal data and previous studies to act as nurseries. These
reas benefit from the high biological productivity observed in
uch land–sea interface zones (Sheaves and Johnston, 2008). The
rimary and secondary production is enhanced in various tropical
oastal and estuarine habitats: mudflats (Marley et al., 2020), salt
arshes (Sidi Cheikh et al., 2022), sea grass beds (Buelow et al.,
022; Heck Hay et al., 2003; Wasserman et al., 2020), and man-
roves (Curnick et al., 2019; Duke et al., 2007; Friess et al., 2016;
u Ermgassen et al., 2020). The enrichment of the coastal part of
he continental shelf, which is close to these productive zones,
akes them particularly suitable for the growth and survival of
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uveniles (Berkström et al., 2020; Eggertsen et al., 2022; Kimball
t al., 2021; Olson et al., 2019).

dults distribution and temporal patterns
Adult distribution contrasted with that of juveniles. Adults

ere found much further offshore, mostly between 40 and 100 m,
hich confirmed previous studies (Cury and Worms, 1982). How-
ver, our model, based on data from surveys conducted through-
ut the year (i.e. not focused during the spawning season), did
ot allow us to identify high concentrations during the spawning
eriod in Cape Verde, off the Sine Saloum, and in the south of
ape Timiris, in front of the Banc d’Arguin (Cury and Worms,
982). While the adults distribution is large, these spawning
rounds concentrated in front of the main nurseries optimise
arval drift towards suitable juvenile habitats and recruitment
uccess (Le Pape et al., 2003).
The variability between ten-year periods, similar for both ju-

enile and adults, fits largely to fishing pressure which has im-
acted this species. The biomass have declined by around 80% in
omparison to its untouched state until the early 2010s (Ba et al.,
018; Meissa et al., 2013). However, the delta models outputs
onfirm that the densities of both juveniles and adults have
ecently been partly restored (FAO CECAF, 2022). In the northern
one, this improvement is explained by the application since
006 of zoning prohibiting trawling below the 20 m. isobath and
he introduction of a four-month fishing closure. In the southern
one, the improvement is probably due to the change in fishing
trategy and the withdrawal of European fleets after the end of
he EU-Senegal fishing agreement in 2006, suggesting that the
umber of foreign industrial vessels has decreased (Ba et al.,
018).

dentification of effective juvenile habitats and ecosystem
anagement
The quantitative identification of restricted effective fish habi-

ats is crucial to prioritise conservation areas and to enhance
xploited resources (Archambault et al., 2018; Champagnat et al.,
021; Enchelmaier et al., 2020; Lotze et al., 2006) on the dra-
atically larger population scale (i.e. extra-ecosystem service,
9

Drakou et al., 2017). For some species, juveniles demonstrate
great flexibility in their use of habitat, while others are heavily
reliant on a limited number and restricted areas of nurseries
(Igulu et al., 2014; Trimoreau et al., 2013). In the Mauritania–
Senegal zone, E. aeneus juveniles show a strong preference for
coastal areas. Catches on the shallow fraction of the continental
shelf are largely dominated by juvenile specimens (Ndiaye et al.,
2013). It seems appropriate to implement spatial restrictions in
these fishing grounds, limiting fishing to areas beyond the 20-m
isobaths, as partly implemented on the Northern zone. This would
protect the effective juvenile habitats and have a positive impact
on fish stocks (Mesnildrey et al., 2013). It would also be pertinent
to change the legal minimum size (30 cm in Senegal, 40 cm in
Mauritania) and to simultaneously increase the net meshes of
fishing gears in order to limit juveniles bycatch.

CRediT authorship contribution statement

Yeslem El Vally: Data collection, Database management, Sta-
tistical analyse, Mapping, Wrting. Crespin Luc Quenum: Statisti-
cal analyse. Modou Thiaw: Data collection. Jérôme Guitton: Data
collection, Database management, Mapping. Beyah Meissa: Data
ollection. Olivier Le Pape: Statiscal analyse, Wrintng.

eclaration of competing interest

The authors declare that they have no known competing finan-
ial interests or personal relationships that could have appeared
o influence the work reported in this paper.

ata availability

The authors do not have permission to share data.



Y.E. Vally, C.L. Quenum, M. Thiaw et al. Regional Studies in Marine Science 65 (2023) 103067

A

s
M
t
o
m
m

R

A

A

B

B
B

B

B

B

B

B

B

C

C

C

C

C

D

D

D

D

D

D

E

E

E

F

F

G

G

H

H

H

H

H

H

cknowledgements

This study has been funded by the European Project Demer-
tem (PESCAO and ECOWAS). Thanks go to our colleagues at IRD,
onique Simier and Jean Marc Ecoutin, for providing us with

he PPEAO data (Simier et al., 2019) relating to the coastal zones
f West Africa. Finally, the authors thank the 2 other anony-
ous reviewers for their constructive reviews that improved the
anuscript.

eferences

rchambault, B., Rivot, E., Savina, M., Le Pape, O., 2018. Using a spatially
structured life cycle model to assess the influence of multiple stressors on
an exploited coastal-nursery-dependent population. Estuar. Coast. Shelf Sci.
201, 95–104. http://dx.doi.org/10.1016/j.ecss.2015.12.009.

rístegui, J., Barton, E.D., Álvarez-Salgado, X.A., Santos, A.M.P., Figueiras, F.G.,
Kifani, S., Hernández-León, S., Mason, E., Machú, E., Demarcq, H., 2009.
Sub-regional ecosystem variability in the canary current upwelling. Prog.
Oceanogr. 83, 33–48. http://dx.doi.org/10.1016/j.pocean.2009.07.031.

a, K., Thiaw, M., Fall, M., Thiam, N., Meissa, B., Jouffre, Di, Thiaw, O.T.,
Gascuel, Di, 2018. Long-term fishing impact on the Senegalese coastal
demersal resources: Diagnosing from stock assessment models. Aquat. Living
Resour. 31. http://dx.doi.org/10.1051/alr/2017046.

aran, E., 2000. Biodiversity of estuarine fish faunas in west Africa.
eck, M.W., Heck, K.L., Able, K.W., Childers, D.L., Eggleston, D.B., Gillanders, B.M.,

Halpern, B., Hays, C.G., Hoshino, K., Minello, T.J., Orth, R.J., Sheridan, P.F.,
Weinstein, M.P., 2001. The identification, conservation, and management
of estuarine and marine nurseries for fish and invertebrates. Bioscience
http://dx.doi.org/10.1641/0006-3568(2001)051[0633:TICAMO]2.0.CO;2.

enazzouz, A., Mordane, S., Orbi, A., Chagdali, M., Hilmi, K., Atillah, A., Lluís Pele-
grí, J., Hervé, D., 2014. An improved coastal upwelling index from sea surface
temperature using satellite-based approach - the case of the canary current
upwelling system. Cont. Shelf Res. 81, 38–54. http://dx.doi.org/10.1016/j.csr.
2014.03.012.

erkström, C., Eggertsen, L., Goodell, W., Cordeiro, C.A.M.M., Lucena, M.B.,
Gustafsson, R., Bandeira, S., Jiddawi, N., Ferreira, C.E.L., 2020. Thresholds in
seascape connectivity: the spatial arrangement of nursery habitats structure
fish communities on nearby reefs. Ecography (Cop.) 43, 882–896. http:
//dx.doi.org/10.1111/ecog.04868.

loomfield, A.L., Gillanders, B.M., 2005. Fish and invertebrate assemblages in
seagrass, mangrove, saltmarsh, and nonvegetated habitats. Estuaries 28,
63–77.

ouain, A., Siau, Y., 1983. Observations on the Female Reproductive Cycle and
Fecundity of Three Species of Groupers (Epinephelus) from the Southeast
Tunisian Seashores 220, 211–220.

ruslé, J., 1985. ExposÉ Synoptique Des Données Biologiques sur Les Mérous
Epinephelus Aeneus (Geoffroy Saint Hilaire, 1809) Et Epinephelus Guaza
(Linnaeus, 1758) de L’OcÉan Atlantique Et de la Méditerranée. Organisation
des Nations Unies pour l’Alimentation et l’Agriculture.

uelow, C.A., Connolly, R.M., Turschwell, M.P., Adame, M.F., Ahmadia, G.N.,
Andradi-Brown, D.A., Bunting, P., Canty, S.W.J., Dunic, J.C., Friess, D.A.,
Lee, S.Y., Lovelock, C.E., McClure, E.C., Pearson, R.M., Sievers, M., Sousa, A.I.,
Worthington, T.A., Brown, C.J., 2022. Ambitious global targets for mangrove
and seagrass recovery. Curr. Biol. 32, 1641–1649. http://dx.doi.org/10.1016/
j.cub.2022.02.013, e3.

hampagnat, J., Lecomte, J., Rivot, E., Douchet, L., Martin, N., Grasso, F.,
Mounier, F., Labadie, P., Loizeau, V., Bacq, N., Le Pape, O., 2021. Multidisci-
plinary assessment of nearshore nursery habitat restoration for an exploited
population of marine fish. Mar. Ecol. Prog. Ser. 680, 97–109. http://dx.doi.
org/10.3354/meps13881.

heminée, A., Le Direach, L., Rouanet, E., Astruch, P., Goujard, A., Blanfuné, A.,
Bonhomme, D., Chassaing, L., Jouvenel, J.Y., Ruitton, S., Thibaut, T., Harmelin-
Vivien, M., 2021. All shallow coastal habitats matter as nurseries for
mediterranean juvenile fish. Sci. Rep. 11. http://dx.doi.org/10.1038/S41598-
021-93557-2.

lavier, J., Chauvaud, L., Carlier, A., Amice, E., Van der Geest, M., Labrosse, P.,
Diagne, A., Hily, C., 2011. Aerial and underwater carbon metabolism of a
zostera noltii seagrass bed in the banc d’arguin. Mauritania. Aquat. Bot. 95,
24–30. http://dx.doi.org/10.1016/j.aquabot.2011.03.005.

olléter, M., Gascuel, D., Ecoutin, J.M., Tito de Morais, L., 2012. Modelling
trophic flows in ecosystems to assess the efficiency of marine protected
area (MPA), a case study on the coast of sénégal. Ecol. Modell. 232, 1–13.
http://dx.doi.org/10.1016/j.ecolmodel.2012.01.019.

ostanza, R., de Groot, R., Sutton, P., van der Ploeg, S., Anderson, S.J., Ku-
biszewski, I., Farber, S., Turner, R.K., 2014. Changes in the global value of
ecosystem services. Glob. Environ. Chang. 26, 152–158. http://dx.doi.org/10.
1016/j.gloenvcha.2014.04.002.
10
Curnick, D.J., Pettorelli, N., Amir, A.A., Balke, T., Barbier, E.B., Crooks, S., Dahdouh-
Guebas, F., Duncan, C., Endsor, C., Friess, D.A., Quarto, A., Zimmer, M.,
Lee, S.Y., 2019. The value of small mangrove patches. Science 363 (80), 239.
http://dx.doi.org/10.1126/science.aaw0809.

Cury, P., Worms, J., 1982. Pêche, biologie et dynamique du thiof (Epinephelus
aeneus E Geoffroy Saint-Hilaire, 1817) sur les côtes sénégalaises. Doc. Sci.
Cent. Rech. Océanogr. 88.

ahlgren, C., Kellison, G., Adams, A., Gillanders, B., Kendall, M., Layman, C.,
Ley, J., Nagelkerken, I., Serafy, J., 2006. Marine nurseries and effective juvenile
habitats: concepts and applications. Mar. Ecol. Prog. Ser. 312, 291–295.
http://dx.doi.org/10.3354/meps312291.

omain, F., 1977. Carte Sédimentologique Du Plateau Continental Sénégambien
Extension à Une Partie Du Plateau Continental de la Mauritanie Et de la
Guinée-Bissau (No. 68). Paris, doi: ISBN 2-7099-0438-1.

omain, F., 1980. Contribution à la Connaissance de L’écologie Des Poissons
Démersaux Du Plateau Continental Sénégalo-Mauritanien_ Les Ressources
Démersale Dans Contexte Général Du Golf Du Guinée. Universite pieière et
marie curie-Paris VI, Paris, Paris.

omain, F., 1985. Carte Sédimentologique Du Plateau Continental Mauritanien
(Entre Le Cap Blanc Et 17N). Paris, doi:ISBN 2-7099-0777-1.

rakou, E.G., Kermagoret, C., Liquete, C., Ruiz-Frau, A., Burkhard, K., Lillebø, A.I.,
van Oudenhoven, A.P.E., Ballé-Béganton, J., Rodrigues, J.G., Nieminen, E.,
Oinonen, S., Ziemba, A., Gissi, E., Depellegrin, D., Veidemane, K., Ruskule, A.,
Delangue, J., Böhnke-Henrichs, A., Boon, A., Wenning, R., Martino, S.,
Hasler, B., Termansen, M., Rockel, M., Hummel, H., El Serafy, G., Peev, P.,
2017. Marine and coastal ecosystem services on the science–policy–practice
nexus: challenges and opportunities from 11 european case studies. Int.
J. Biodivers. Sci. Ecosyst. Serv. Manag. 13, 51–67. http://dx.doi.org/10.1080/
21513732.2017.1417330.

uke, N.C., Meynecke, J.-O., Dittmann, S., Ellison, A.M., Anger, K., Berger, U., Can-
nicci, S., Diele, K., Ewel, K.C., Field, C.D., Koedam, N., Lee, S.Y., Marchand, C.,
Nordhaus, I., Dahdouh-Guebas, F., 2007. A world without mangroves? Science
317, 41–42. http://dx.doi.org/10.1126/science.317.5834.41b.

ggertsen, L., Goodell, W., Cordeiro, C.A.M.M., Cossa, D., de Lucena, M., Berk-
ström, C., Franco, J.N., Ferreira, C.E.L., Bandeira, S., Gullström, M., 2022.
Where the grass is greenest in seagrass seascapes depends on life history
and simple species traits of fish. Estuar. Coast. Shelf Sci. 266, 107738.
http://dx.doi.org/10.1016/j.ecss.2021.107738.

llis, W.L., Bell, S.S., 2004. Conditional use of mangrove habitats by fishes: Depth
as a cue to avoid predators. Estuaries 27, 966–976. http://dx.doi.org/10.1007/
BF02803423.

nchelmaier, A.C., Babcock, E.A., Hammerschlag, N., 2020. Survey of fishes within
a restored mangrove habitat of a subtropical bay. Estuar. Coast. Shelf Sci. 244,
106021. http://dx.doi.org/10.1016/j.ecss.2018.11.009.

AO CECAF, 2022. Demersal resources working group north 2022 – meeting
summary.

riess, D.A., Thompson, B.S., Brown, B., Amir, A.A., Cameron, C., Koldewey, H.J.,
Sasmito, S.D., Sidik, F., 2016. Policy challenges and approaches for the con-
servation of mangrove forests in southeast Asia. Conserv. Biol. 30, 933–949.
http://dx.doi.org/10.1111/cobi.12784.

ning, N., Le Loc’h, F., Thiaw, O.T., Aliaume, C., Vidy, G., 2010. Estuarine resources
use by juvenile flagfin mojarra (Eucinostomus melanopterus) in an inverse
tropical estuary (Sine saloum, Senegal). Estuar. Coast. Shelf Sci. 86, 683–691.
http://dx.doi.org/10.1016/j.ecss.2009.11.037.

onzález-Lorenzo, Gustavo, J., José, F.G.-J., José Antonio, G.P., 2021. Review of
the family serranidae (perciformes) from the canary islands (eastern-central
atlantic), with the first records of servatius hepatus and epinephelus aeneus.
Cybium.

ammerschlag-Peyer, C., Layman, C., 2010. Intrapopulation variation in habitat
use by two abundant coastal fish species. Mar. Ecol. Prog. Ser. 415, 211–220.
http://dx.doi.org/10.3354/meps08714.

eck Hay, K., Hays, G., Orth, R., 2003. Critical evaluation of the nursery role
hypothesis for seagrass meadows. Mar. Ecol. Prog. Ser. 253, 123–136. http:
//dx.doi.org/10.3354/meps253123.

eemstra, P.C., Randall, J.E., 1993. FAO species catalogue cephalopods. An
annotated and illustrated catalogue of the grouper, rockcod, hind, coral,
grouper, and lyretail species known to date. In: Fao Fisheries Synopsis. p.
382, 0014-5602.

emminga, M.A., Nieuwenhuize, J., 1990. Seagrass wrack-induced dune forma-
tion on a tropical coast (banc d’arguin, mauritania). Estuar. Coast. Shelf Sci.
31, 499–502. http://dx.doi.org/10.1016/0272-7714(90)90040-X.

ewitt, D.E., Smith, T.M., Raoult, V., Taylor, M.D., Gaston, T.F., 2020. Stable iso-
topes reveal the importance of saltmarsh-derived nutrition for two exploited
penaeid prawn species in a seagrass dominated system. Estuar. Coast. Shelf
Sci. 236, 106622. http://dx.doi.org/10.1016/j.ecss.2020.106622.

icks, C.C., Cohen, P.J., Graham, N.A.J., Nash, K.L., Allison, E.H., D’Lima, C.,
Mills, D.J., Roscher, M., Thilsted, S.H., Thorne-Lyman, A.L., MacNeil, M.A.,
2019. Harnessing global fisheries to tackle micronutrient deficiencies. Nature
574, 95–98. http://dx.doi.org/10.1038/s41586-019-1592-6.

http://dx.doi.org/10.1016/j.ecss.2015.12.009
http://dx.doi.org/10.1016/j.pocean.2009.07.031
http://dx.doi.org/10.1051/alr/2017046
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb4
http://dx.doi.org/10.1641/0006-3568(2001)051[0633:TICAMO]2.0.CO;2
http://dx.doi.org/10.1016/j.csr.2014.03.012
http://dx.doi.org/10.1016/j.csr.2014.03.012
http://dx.doi.org/10.1016/j.csr.2014.03.012
http://dx.doi.org/10.1111/ecog.04868
http://dx.doi.org/10.1111/ecog.04868
http://dx.doi.org/10.1111/ecog.04868
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb8
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb8
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb8
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb8
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb8
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb10
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb10
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb10
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb10
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb10
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb10
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb10
http://dx.doi.org/10.1016/j.cub.2022.02.013
http://dx.doi.org/10.1016/j.cub.2022.02.013
http://dx.doi.org/10.1016/j.cub.2022.02.013
http://dx.doi.org/10.3354/meps13881
http://dx.doi.org/10.3354/meps13881
http://dx.doi.org/10.3354/meps13881
http://dx.doi.org/10.1038/S41598-021-93557-2
http://dx.doi.org/10.1038/S41598-021-93557-2
http://dx.doi.org/10.1038/S41598-021-93557-2
http://dx.doi.org/10.1016/j.aquabot.2011.03.005
http://dx.doi.org/10.1016/j.ecolmodel.2012.01.019
http://dx.doi.org/10.1016/j.gloenvcha.2014.04.002
http://dx.doi.org/10.1016/j.gloenvcha.2014.04.002
http://dx.doi.org/10.1016/j.gloenvcha.2014.04.002
http://dx.doi.org/10.1126/science.aaw0809
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb18
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb18
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb18
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb18
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb18
http://dx.doi.org/10.3354/meps312291
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb20
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb20
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb20
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb20
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb20
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb21
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb21
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb21
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb21
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb21
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb21
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb21
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb22
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb22
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb22
http://dx.doi.org/10.1080/21513732.2017.1417330
http://dx.doi.org/10.1080/21513732.2017.1417330
http://dx.doi.org/10.1080/21513732.2017.1417330
http://dx.doi.org/10.1126/science.317.5834.41b
http://dx.doi.org/10.1016/j.ecss.2021.107738
http://dx.doi.org/10.1007/BF02803423
http://dx.doi.org/10.1007/BF02803423
http://dx.doi.org/10.1007/BF02803423
http://dx.doi.org/10.1016/j.ecss.2018.11.009
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb28
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb28
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb28
http://dx.doi.org/10.1111/cobi.12784
http://dx.doi.org/10.1016/j.ecss.2009.11.037
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb31
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb31
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb31
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb31
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb31
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb31
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb31
http://dx.doi.org/10.3354/meps08714
http://dx.doi.org/10.3354/meps253123
http://dx.doi.org/10.3354/meps253123
http://dx.doi.org/10.3354/meps253123
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb34
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb34
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb34
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb34
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb34
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb34
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb34
http://dx.doi.org/10.1016/0272-7714(90)90040-X
http://dx.doi.org/10.1016/j.ecss.2020.106622
http://dx.doi.org/10.1038/s41586-019-1592-6


Y.E. Vally, C.L. Quenum, M. Thiaw et al. Regional Studies in Marine Science 65 (2023) 103067

H

H

I

I

J

K

K

L

L

L

L

L

L

L

M
M

M

M

M

M

M

M

onkoop, P.J.C., Berghuis, E.M., Holthuijsen, S., Lavaleye, M.S.S., Piersma, T., 2008.
Molluscan assemblages of seagrass-covered and bare intertidal flats on the
banc d’arguin, mauritania, in relation to characteristics of sediment and
organic matter. J. Sea Res. 60, 255–263. http://dx.doi.org/10.1016/j.seares.
2008.07.005.

owell, D., Schueller, A.M., Bentley, J.W., Buchheister, A., Chagaris, D., Cieri, M.,
Drew, K., Lundy, M.G., Pedreschi, D., Reid, D.G., Townsend, H., 2021. Com-
bining ecosystem and single-species modeling to provide ecosystem-based
Fisheries management advice within current management systems. Front.
Mar. Sci. 7. http://dx.doi.org/10.3389/fmars.2020.607831.

gulu, M.M., Nagelkerken, I., Dorenbosch, M., Grol, M.G.G., Harborne, A.R.,
Kimirei, I.A., Mumby, P.J., Olds, A.D., Mgaya, Y.D., 2014. Mangrove habitat
use by juvenile reef fish: Meta-analysis reveals that tidal regime matters
more than biogeographic region. PLoS One 9, e114715. http://dx.doi.org/10.
1371/journal.pone.0114715.

nejih, C.A., SIDI, M.O.T., Diadhiou, H.D., 2014. Evaluation de l’état de la bio-
diversité marine dans la région du CCLME (canary current large marine
ecosystem). pp. 1–164.

ager, Z., 1993. The distribution and abundance of young fish in the banc
d’arguin, mauritania. In: Ecological Studies in the Coastal Waters of Mau-
ritania. Springer Netherlands, Dordrecht, pp. 185–196. http://dx.doi.org/10.
1007/978-94-011-1986-3_16.

imball, M.E., Connolly, R.M., Alford, S.B., Colombano, D.D., James, W.R., Ken-
worthy, M.D., Norris, G.S., Ollerhead, J., Ramsden, S., Rehage, J.S., Sparks, E.L.,
Waltham, N.J., Worthington, T.A., Taylor, M.D., 2021. Novel applications of
technology for advancing tidal marsh ecology. Estuar. Coasts 44, 1568–1578.
http://dx.doi.org/10.1007/s12237-021-00939-w.

imirei, I.A., Nagelkerken, I., Mgaya, Y.D., Huijbers, C.M., 2013. The mangrove
nursery paradigm revisited: Otolith stable isotopes support nursery-to-reef
movements by indo-Pacific fishes. PLoS One 8. http://dx.doi.org/10.1371/
JOURNAL.PONE.0066320.

aegdsgaard, P., Johnson, C., 2001. Why do juvenile fish utilise mangrove
habitats? J. Exp. Mar. Bio. Ecol. 257, 229–253. http://dx.doi.org/10.1016/
S0022-0981(00)00331-2.

aurent, A.G., 1963. The lognormal distribution and the translation method:
description and estimation problems. J. Am. Stat. Assoc. 58, 231–235.

e Pape, O., Bonhommeau, S., 2015. The food limitation hypothesis for juvenile
marine fish. Fish Fish 16, 373–398. http://dx.doi.org/10.1111/faf.12063.

e Pape, O., Chauvet, F., Mahévas, S., Lazure, P., Guérault, D., Désaunay, Y.,
2003. Quantitative description of habitat suitability for the juvenile common
sole (solea solea, l.) in the bay of biscay (France) and the contribution of
different habitats to the adult population. J. Sea Res. 50, 139–149. http:
//dx.doi.org/10.1016/S1385-1101(03)00059-5.

e Pape, O., Delavenne, J., Vaz, S., 2014. Quantitative mapping of fish habitat: a
useful tool to design spatialised management measures and marine protected
area with fishery objectives. Ocean Coast. Manag. 87, 8–19. http://dx.doi.org/
10.1016/j.ocecoaman.2013.10.018.

efcheck, J.S., Wilcox, D.J., Murphy, R.R., Marion, S.R., Orth, R.J., 2017. Multiple
stressors threaten the imperiled coastal foundation species eelgrass ( zostera
marina ) in chesapeake bay, USA. Glob. Chang. Biol. 23, 3474–3483. http:
//dx.doi.org/10.1111/gcb.13623.

otze, H.K., Lenihan, H.S., Bourque, B.J., Bradbury, R.H., Cooke, R.G., Kay, M.C.,
Kidwell, S.M., Kirby, M.X., Peterson, C.H., Jackson, J.B.C., 2006. Depletion,
degradation, and recovery potential of estuaries and coastal seas. Science
312, 1806–1809. http://dx.doi.org/10.1126/science.1128035.

ahto, A., 2022. Stack and reshape datasets after splitting concatenated values.
aigret, J., 1976. Contribution à l’étude des langoustes de la côte occidentale
d’afrique (crustacés, décapodes, palinuridae). 1, notes sur la biologie et
l’écologie des espèces sur les côtes du sahara. Bull. l’Inst. Fondam. d’Afr.
Noire. 38, 266–302.

anson, F.J., Loneragan, N.R., Harch, B.D., Skilleter, G.A., Williams, L., 2005.
A broad-scale analysis of links between coastal fisheries production and
mangrove extent: A case-study for northeastern Australia. Fish. Res. 74,
69–85. http://dx.doi.org/10.1016/j.fishres.2005.04.001.

arley, G.S.A., Deacon, A.E., Phillip, D.A.T., Lawrence, A.J., 2020. Mangrove or
mudflat: Prioritising fish habitat for conservation in a turbid tropical estuary.
Estuar. Coast. Shelf Sci. 240, 106788. http://dx.doi.org/10.1016/j.ecss.2020.
106788.

assal, FALL, 2009. Pêcherie démersale côtière au Sénégal – Essai de modélisa-
tion de la dynamique de l’exploitation des stocks. Université Montpellier 2
Sciences et Techniques du Languedoc, Montpellier.

cDevitt-Irwin, J., Iacarella, J., Baum, J., 2016. Reassessing the nursery role of
seagrass habitats from temperate to tropical regions: a meta-analysis. Mar.
Ecol. Prog. Ser. 557, 133–143. http://dx.doi.org/10.3354/meps11848.

eissa, B., Gascuel, D., Rivot, E., 2013. Assessing stocks in data-poor african
fisheries: a case study on the white grouper Epinephelus aeneus of mauri-
tania. African J. Mar. Sci 35, 253–267. http://dx.doi.org/10.2989/1814232X.
2013.798244.

esnildrey, L., Gascuel, D., Le Pape, O., 2013. Integrating marine protected areas
in fisheries management systems: some criteria for ecological efficiency.
Aquat. Living Resour 26, 159–170. http://dx.doi.org/10.1051/alr/2013056.
11
Moore, C.H., Van Niel, K., Harvey, E.S., 2011. The effect of landscape composition
and configuration on the spatial distribution of temperate demersal fish.
Ecography (Cop.) 34, 425–435. http://dx.doi.org/10.1111/j.1600-0587.2010.
06436.x.

Nagelkerken, I., Sheaves, M., Baker, R., Connolly, R.M., 2015. The seascape
nursery: a novel spatial approach to identify and manage nurseries for
coastal marine fauna. Fish Fish. 16, 362–371. http://dx.doi.org/10.1111/faf.
12057.

Ndiaye, W., Thiaw, M., Diouf, K., Ndiaye, P., Thiaw, O., Panfili, J., 2013. Changes
in population structure of the white grouper Epinephelus aeneus as a result
of long-term overexploitation in Senegalese waters. African J. Mar. Sci. 35,
465–472. http://dx.doi.org/10.2989/1814232X.2013.847495.

Okyere, I., Blay, J., 2020. Assessment of the fishery, growth and mortality char-
acteristics of the cassava croaker, pseudotolithus senegalensis (sciaenidae)
from coastal waters of ghana. Reg. Stud. Mar. Sci. 39, 101425. http://dx.doi.
org/10.1016/j.rsma.2020.101425.

Olds, A., Connolly, R., Pitt, K., Maxwell, P., 2012. Primacy of seascape connectivity
effects in structuring coral reef fish assemblages. Mar. Ecol. Prog. Ser. 462,
191–203. http://dx.doi.org/10.3354/meps09849.

Olson, A.M., Hessing-Lewis, M., Haggarty, D., Juanes, F., 2019. Nearshore seascape
connectivity enhances seagrass meadow nursery function. Ecol. Appl. 29.
http://dx.doi.org/10.1002/eap.1897.

Özbek, E.Ö., Kebapçıoğlu, T., Çardak, M., 2013. Spatio-temporal patterns of abun-
dance, biomass and length-weight relationship of white grouper, epinephelus
aeneus (Geoffroy Saint-Hilaire, 1817) (pisces: Serranidae) in the gulf of
antalya, Turkey (levantine sea). J. Black Sea/ Mediterr. Environ..

Piessens, P., 1979. Les sédiments quaternaires de la plateforme d’arguin (mau-
ritanie) et comparaison avec des régions côtières européennes (irlande et
hébrides). Dissert. Fac. Sci. Uni. Cath Louvain 1.

Piñeiro, G., Perelman, S., Guerschman, J.P., Paruelo, J.M., 2008. How to evaluate
models: Observed vs. predicted or predicted vs. observed? Ecol. Modell. 216,
316–322. http://dx.doi.org/10.1016/j.ecolmodel.2008.05.006.

Planque, B., Loots, C., Petitgas, P., Lindstrom, U.L.F., Vaz, S., 2011. Understanding
what controls the spatial distribution of fish populations using a multi-
model approach. Fish. Oceanogr. 20, 1–17. http://dx.doi.org/10.1111/j.1365-
2419.2010.00546.x.

Pollard, D., Francour, P., Fennessy, S., 2018. Epinephelus aeneus, white grouper
the IUCN red list of threatened species 2018 [www document]. http://dx.
doi.org/10.2305/IUCN.UK.2018-2.RLTS, T132722A100459597.en.

Riou, P., Le Pape, O., Rogers, S.I., 2001. Relative contributions of different sole and
plaice nurseries to the adult population in the eastern channel: application
of a combined method using generalized linear models and a geographic
information system. Aquat. Living Resour. 14, 125–135. http://dx.doi.org/10.
1016/S0990-7440(01)01110-X.

Rochette, S., Rivot, E., Morin, J., Mackinson, S., Riou, P., Le Pape, O., 2010.
Effect of nursery habitat degradation on flatfish population: Application to
solea solea in the eastern channel (western europe). J. Sea Res. 64, 34–44.
http://dx.doi.org/10.1016/j.seares.2009.08.003.

Sandoval, L., Mancera-Pineda, J., Leal-Flórez, J., Blanco-Libreros, J., Delgado-
Huertas, A., 2022. Mangrove carbon sustains artisanal fish and other
estuarine consumers in a major mangrove area of the southern caribbean
sea. Mar. Ecol. Prog. Ser. 681, 21–35. http://dx.doi.org/10.3354/meps13910.

Schaffmeister, B.E., Hiddink, J.G., Wolff, W.J., 2006. Habitat use of shrimps in the
intertidal and shallow subtidal seagrass beds of the tropical banc d’arguin.
Mauritania. J. Sea Res. 55, 230–243. http://dx.doi.org/10.1016/j.seares.2005.
10.003.

Seeley, M., Walther, B., 2018. Facultative oligohaline habitat use in a mobile
fish inferred from scale chemistry. Mar. Ecol. Prog. Ser. 598, 233–245. http:
//dx.doi.org/10.3354/meps12223.

Seitz, R., Wennhage, H., Bergstrom, U., Lipcuis, R., Ysebaert, T., 2014. Ecological
value of coastal habitats for commercially and ecologically important species.
ICES J. Mar. Sci. 71 (3), 648–655.

Sheaves, M., Johnston, R., 2008. Influence of marine and freshwater connectivity
on the dynamics of subtropical estuarine wetland fish metapopulations. Mar.
Ecol. Prog. Ser. 357, 225–243.

Sidi Cheikh, M.A., Bandeira, S., Soumah, S., Diouf, G., Diouf, E.M., Sanneh, O.,
Cardoso, N., Kujabie, A., Ndure, M., John, L., Moreira, L., Radwan, Z., Santos, I.,
Ceesay, A., Vinaccia, M., Potouroglou, M., 2022. Seagrasses of west africa:
New discoveries, distribution limits and prospects for management. Diversity
15 (5), http://dx.doi.org/10.3390/d15010005.

Simier, M., Blanc, L., Aliaume, C., Diouf, P., Albaret, J., 2004. Spatial and temporal
structure of fish assemblages in an inverse estuary, the Sine saloum system
(Senegal). Estuar. Coast. Shelf Sci. 59, 69–86. http://dx.doi.org/10.1016/j.ecss.
2003.08.002.

Simier, M., Ecoutin, J.-M., Tito de Morais, L., 2019. The PPEAO experimental
fishing dataset: Fish from west African estuaries, lagoons and reservoirs.
Biodivers. Data J. 7. http://dx.doi.org/10.3897/BDJ.7.e31374.

Skilleter, G., Loneragan, N., Manson, F., Phinn, S., 2005. An evaluation of the
evidence for linkages between mangroves and fisheries. pp. 483–513. http:
//dx.doi.org/10.1201/9781420037449.ch.10.

http://dx.doi.org/10.1016/j.seares.2008.07.005
http://dx.doi.org/10.1016/j.seares.2008.07.005
http://dx.doi.org/10.1016/j.seares.2008.07.005
http://dx.doi.org/10.3389/fmars.2020.607831
http://dx.doi.org/10.1371/journal.pone.0114715
http://dx.doi.org/10.1371/journal.pone.0114715
http://dx.doi.org/10.1371/journal.pone.0114715
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb41
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb41
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb41
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb41
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb41
http://dx.doi.org/10.1007/978-94-011-1986-3_16
http://dx.doi.org/10.1007/978-94-011-1986-3_16
http://dx.doi.org/10.1007/978-94-011-1986-3_16
http://dx.doi.org/10.1007/s12237-021-00939-w
http://dx.doi.org/10.1371/JOURNAL.PONE.0066320
http://dx.doi.org/10.1371/JOURNAL.PONE.0066320
http://dx.doi.org/10.1371/JOURNAL.PONE.0066320
http://dx.doi.org/10.1016/S0022-0981(00)00331-2
http://dx.doi.org/10.1016/S0022-0981(00)00331-2
http://dx.doi.org/10.1016/S0022-0981(00)00331-2
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb46
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb46
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb46
http://dx.doi.org/10.1111/faf.12063
http://dx.doi.org/10.1016/S1385-1101(03)00059-5
http://dx.doi.org/10.1016/S1385-1101(03)00059-5
http://dx.doi.org/10.1016/S1385-1101(03)00059-5
http://dx.doi.org/10.1016/j.ocecoaman.2013.10.018
http://dx.doi.org/10.1016/j.ocecoaman.2013.10.018
http://dx.doi.org/10.1016/j.ocecoaman.2013.10.018
http://dx.doi.org/10.1111/gcb.13623
http://dx.doi.org/10.1111/gcb.13623
http://dx.doi.org/10.1111/gcb.13623
http://dx.doi.org/10.1126/science.1128035
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb52
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb53
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb53
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb53
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb53
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb53
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb53
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb53
http://dx.doi.org/10.1016/j.fishres.2005.04.001
http://dx.doi.org/10.1016/j.ecss.2020.106788
http://dx.doi.org/10.1016/j.ecss.2020.106788
http://dx.doi.org/10.1016/j.ecss.2020.106788
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb56
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb56
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb56
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb56
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb56
http://dx.doi.org/10.3354/meps11848
http://dx.doi.org/10.2989/1814232X.2013.798244
http://dx.doi.org/10.2989/1814232X.2013.798244
http://dx.doi.org/10.2989/1814232X.2013.798244
http://dx.doi.org/10.1051/alr/2013056
http://dx.doi.org/10.1111/j.1600-0587.2010.06436.x
http://dx.doi.org/10.1111/j.1600-0587.2010.06436.x
http://dx.doi.org/10.1111/j.1600-0587.2010.06436.x
http://dx.doi.org/10.1111/faf.12057
http://dx.doi.org/10.1111/faf.12057
http://dx.doi.org/10.1111/faf.12057
http://dx.doi.org/10.2989/1814232X.2013.847495
http://dx.doi.org/10.1016/j.rsma.2020.101425
http://dx.doi.org/10.1016/j.rsma.2020.101425
http://dx.doi.org/10.1016/j.rsma.2020.101425
http://dx.doi.org/10.3354/meps09849
http://dx.doi.org/10.1002/eap.1897
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb66
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb66
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb66
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb66
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb66
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb66
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb66
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb67
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb67
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb67
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb67
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb67
http://dx.doi.org/10.1016/j.ecolmodel.2008.05.006
http://dx.doi.org/10.1111/j.1365-2419.2010.00546.x
http://dx.doi.org/10.1111/j.1365-2419.2010.00546.x
http://dx.doi.org/10.1111/j.1365-2419.2010.00546.x
http://dx.doi.org/10.2305/IUCN.UK.2018-2.RLTS
http://dx.doi.org/10.2305/IUCN.UK.2018-2.RLTS
http://dx.doi.org/10.2305/IUCN.UK.2018-2.RLTS
http://dx.doi.org/10.1016/S0990-7440(01)01110-X
http://dx.doi.org/10.1016/S0990-7440(01)01110-X
http://dx.doi.org/10.1016/S0990-7440(01)01110-X
http://dx.doi.org/10.1016/j.seares.2009.08.003
http://dx.doi.org/10.3354/meps13910
http://dx.doi.org/10.1016/j.seares.2005.10.003
http://dx.doi.org/10.1016/j.seares.2005.10.003
http://dx.doi.org/10.1016/j.seares.2005.10.003
http://dx.doi.org/10.3354/meps12223
http://dx.doi.org/10.3354/meps12223
http://dx.doi.org/10.3354/meps12223
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb76
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb76
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb76
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb76
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb76
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb77
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb77
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb77
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb77
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb77
http://dx.doi.org/10.3390/d15010005
http://dx.doi.org/10.1016/j.ecss.2003.08.002
http://dx.doi.org/10.1016/j.ecss.2003.08.002
http://dx.doi.org/10.1016/j.ecss.2003.08.002
http://dx.doi.org/10.3897/BDJ.7.e31374
http://dx.doi.org/10.1201/9781420037449.ch.10
http://dx.doi.org/10.1201/9781420037449.ch.10
http://dx.doi.org/10.1201/9781420037449.ch.10


Y.E. Vally, C.L. Quenum, M. Thiaw et al. Regional Studies in Marine Science 65 (2023) 103067

S

S

T

T

V

palding, M.D., Fox, H.E., Allen, G.R., Davidson, N., Ferdaña, Z.A., Finlayson, M.,
Halpern, B.S., Jorge, M.A., Lombana, A., Lourie, S.A., Martin, K.D., McManus, E.,
Molnar, J., Recchia, C.A., Robertson, J., 2007. Marine ecoregions of the world:
A bioregionalization of coastal and shelf areas. Bioscience http://dx.doi.org/
10.1641/B570707.

tefánsson, G.S., Stefánsson, G., 1996. Analysis of groundfish survey abundance
data: combining the GLM and delta approaches. ICES J. Mar. Sci..

régarot, E., Meissa, B., Gascuel, D., Sarr, O., El Valy, Y., Wagne, O.H., Kane, E.A.,
Bal, A.C., Haidallah, M.S., Fall, A.D., Dia, A.D., Failler, P., 2020. The role of
marine protected areas in sustaining fisheries: The case of the national park
of banc d’arguin. Mauritania. Aquac. Fish 5, 253–264. http://dx.doi.org/10.
1016/j.aaf.2020.08.004.

rimoreau, E., Archambault, B., Brind’Amour, A., Lepage, M., Guitton, J.,
Le Pape, O., 2013. A quantitative estimate of the function of soft-bottom
sheltered coastal areas as essential flatfish nursery habitat. Estuar. Coast.
Shelf Sci. 133, 193–205. http://dx.doi.org/10.1016/j.ecss.2013.08.027.

asconcelos, R.P., Le Pape, O., Costa, M.J., Cabral, H.N., 2013. Predicting estuarine
use patterns of juvenile fish with generalized linear models. Estuar. Coast.
Shelf Sci. 120, 64–74. http://dx.doi.org/10.1016/j.ecss.2013.01.018.
12
Vidy, G., 2000. Estuarine and mangrove systems and the nursery concept :
which is which ? : the case of the Sine saloum system (Senegal), printed iiz
the netlierlands. In: Wetlands Ecology and Manageiiieizt. Kluwer Academic
Publishers.

Wasserman, R.J., Whitfield, A.K., Deyzel, S.H.P., James, N.C., Hugo, S., 2020.
Seagrass (Zostera capensis) bed development as a predictor of size structured
abundance for a ubiquitous estuary-dependent marine fish species. Estuar.
Coast. Shelf Sci. 238, 106694. http://dx.doi.org/10.1016/j.ecss.2020.106694.

Whitfield, A.K., 2017. The role of seagrass meadows, mangrove forests, salt
marshes and reed beds as nursery areas and food sources for fishes in
estuaries. Rev. Fish Biol. Fish. 27, 75–110.

zu Ermgassen, P.S.E., Mukherjee, N., Worthington, T.A., Acosta, A.,
Rocha Araujo, A.R. da, Beitl, C.M., Castellanos-Galindo, G.A., Cunha-
Lignon, M., Dahdouh-Guebas, F., Diele, K., Parrett, C.L., Dwyer, P.G., Gair, J.R.,
Johnson, A.F., Kuguru, B., Savio Lobo, A., Loneragan, N.R., Longley-Wood, K.,
Mendonça, J.T., Meynecke, J.-O., Mandal, R.N., Munga, C.N., Reguero, B.G.,
Rönnbäck, P., Thorley, J., Wolff, M., Spalding, M., 2020. Fishers who
rely on mangroves: Modelling and mapping the global intensity of
mangrove-associated fisheries. Estuar. Coast. Shelf Sci. 247, 106975.
http://dx.doi.org/10.1016/j.ecss.2020.106975.

http://dx.doi.org/10.1641/B570707
http://dx.doi.org/10.1641/B570707
http://dx.doi.org/10.1641/B570707
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb83
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb83
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb83
http://dx.doi.org/10.1016/j.aaf.2020.08.004
http://dx.doi.org/10.1016/j.aaf.2020.08.004
http://dx.doi.org/10.1016/j.aaf.2020.08.004
http://dx.doi.org/10.1016/j.ecss.2013.08.027
http://dx.doi.org/10.1016/j.ecss.2013.01.018
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb87
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb87
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb87
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb87
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb87
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb87
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb87
http://dx.doi.org/10.1016/j.ecss.2020.106694
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb89
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb89
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb89
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb89
http://refhub.elsevier.com/S2352-4855(23)00257-8/sb89
http://dx.doi.org/10.1016/j.ecss.2020.106975

	Quantitative mapping of effective habitats for the White grouper Epinephelus aeneus (Geoffroy Saint–Hilaire, 1817) in North West Africa
	Introduction
	Materials and methods
	Area description
	Scientific surveys data
	Coastal data
	Continental shelf data

	Environmental data and spatial and temporal stratification
	Seabed type
	Bathymetry
	Proximity to estuaries and the Banc d'Arguin
	Spatial and temporal stratification

	Modelling of E. Aeneus distribution on the continental shelf
	Splitting trawl catches in juvenile and adult specimens
	Structure, selection and validation of habitat suitability models 
	Density predictions combined with uncertainties and mapping


	Results
	Qualitative analysis of coastal data
	Habitat suitability models on the continental shelf
	Extrapolation of measurements
	Selection and validation of sub-models
	Distribution of juvenile and adult E. aeneus 


	Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


