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a b s t r a c t

In many marine ecosystems small pelagic fish exert a crucial role in controlling the dynamics of the
community, mainly due to their high biomass at intermediate levels of the food web. These fish use
coastal marine ecosystems as nursery areas, but also to forage and to avoid predation or competition.
We studied spatial, seasonal, lunar and diel variations in a coastal fish community from a marine
protected area of the Bijagós Archipelago, Guinea-Bissau. Fish were sampled with 46 beach seine net
sessions in 2015 and 2016. A total of 35 fish species of 25 families were captured. Fish abundance
varied between years and seasons, with a higher abundance in the dry season, but not by lunar tide.
Nonetheless, the community composition was broadly similar over the seasons, among islands and
between lunar tides. Clupeidae, Haemulidae and Gerreidae were the most abundant fish families.
Sardinella maderensis highly dominated the captures throughout the year, with catches much higher
than any other species. The differences in abundance between seasons and years may be related with
movements to or from the shore due to feeding activity or to avoid predation, or else to differences in
recruitment between years. There were no significant diel differences in species richness and diversity,
although higher numbers of fish were captured during daytime. For most species the majority of
individuals captured were immature, highlighting the importance of the archipelago as nursery area
for several species. These small pelagics, and particularly Sardinella maderensis, represent the main
prey for several marine predators. Thus, the conservation of such fish species may be key for the
management of the Bijagós Archipelago.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Small pelagic fish are essential to the functioning of ma-
ine ecosystems, connecting the lower and upper trophic levels
n food webs worldwide (Rice, 1995; Bakun, 1996). Therefore,
luctuations in small pelagic populations may modify ecosystem
tructure and functioning (e.g. Cury et al., 2000; Shannon et al.,
000). Several small pelagics use coastal marine ecosystems in
he near-shore as nursery grounds. Yet these ecosystems are
mong the most damaged by anthropogenic changes and one of
he most vulnerable to future impacts of climate change (Barbier
t al., 2011; Harley et al., 2006; Martínez et al., 2007; Sheaves
t al., 2014).
Coastal marine ecosystems, due to their dynamic structure,

xhibit fluctuations in abundance of different species and in the
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E-mail address: ednaritacorreia@gmail.com (E. Correia).
ttps://doi.org/10.1016/j.rsma.2021.101892
352-4855/© 2021 Elsevier B.V. All rights reserved.
diversity of their communities (Gibson, 1993; Krumme, 2009).
At a short temporal scale, this variability in the number of indi-
viduals may result from short-term movements among different
habitats for feeding, reproducing or to avoid predation and com-
petition and are often influenced by lunar, diel and tidal cycles
(e.g. Ferreira et al., 2001; Hitt et al., 2011; Krumme, 2009). At a
larger temporal scale, annual or seasonal migrations for feeding
and spawning as well as the recruitment of young may also
contribute to fluctuations in coastal marine communities (Gibson
et al., 1993).

In the Eastern Central Atlantic region small pelagics are the
most important group for fisheries, constituting almost 50% of
the landings (Failler, 2014; FAO, 2018a). Most pelagic fish stocks
are considered either fully exploited or overfished (FAO, 2018a).
Moreover, this region is one of the most affected by illegal,
unreported and unregulated fishing (Belhabib et al., 2015; Doum-
bouya et al., 2017; Intchama et al., 2018). Guinea-Bissau, located
in the region, is strongly dependent on fisheries as one of its

https://doi.org/10.1016/j.rsma.2021.101892
http://www.elsevier.com/locate/rsma
http://www.elsevier.com/locate/rsma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rsma.2021.101892&domain=pdf
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ain economic activities (Lafrance, 1994; Campredon and Cuq,
001; Belhabib et al., 2015). Fish is also the main animal pro-
ein source for the human population (Patsche et al., 2019). The
ijagós Archipelago, in particular, is recognized for its abundant
ish resources and also considered as a nursery area for several
ish species (Lafrance, 1994; Arkhipov et al., 2015; Campredon
nd Catry, 2016). The archipelago is free from industrial fishing,
epresenting a refuge for several fish species that are strongly
arvested in neighbouring countries (Polidoro et al., 2016). Fish
ommunities at the Bijagós Archipelago are dominated by Clu-
eiformes and Perciformes (Lafrance, 1994; van der Veer et al.,
995). The archipelago possibly holds some resident populations
ince most common species are present throughout the year,
lthough few studies have addressed the local coastal fish com-
unity and related seasonal variations (Lafrance, 1994; van der
eer et al., 1995).
The marine ecosystem of Guinea-Bissau is influenced by the

ropical climate with two distinct seasons. The dry season
November to May) with close to zero precipitation (0.1 mm), is
nfluenced by the Canary Current upwelling system and the rainy
eason (June to October), characterized by intense precipitation
median 400 mm/month) is influenced by the Guinean Current
Pennober, 1999; Valdés and Déniz-González, 2015; Republic of
uinea-Bissau, 2019). The effect of the currents along with the
nput of organic matter from rivers, results in a relatively high
roductivity in the marine coastal areas of Guinea-Bissau (Berrit
nd Rebert, 1977; Longhurst, 1983; Bakun, 1996; Tandstad et al.,
014).
The sea-surface temperature ranges from 26 to 30 ◦C and

alinity from 36 to 30 ppt, in dry and rainy seasons, respectively
Lafrance, 1994) and the waters are mainly shallow usually not
xceeding a depth of 20 m.
Here, we aimed to characterize the inshore pelagic fish com-

unity in a relatively undisturbed area of the Bijagós, part of a
arine Protected Area. Furthermore, we explored variations in
pecies abundance between seasons (dry and rainy), lunar cycle
spring and neap tide), and diel periods (night and day) in the
oastal fish community.

. Material and methods

.1. Study area and sampling

Fieldwork was carried out in the João Vieira and Poilão Ma-
ine National Park (JVPMNP) in the southeast of the Bijagós
rchipelago (Fig. 1). The park covers 49,500 ha (of which only
% are terrestrial) and comprises four main islands. The entire
arine area of the JVPMNP is managed in regards to fishing
ctivities, with two distinct zones. One of them representing 19%
f its total area where fishing is totally banned, and another
here some types of fishing nets, such as shark nets and all
onofilament nets, are forbidden, and only fishermen of the local
ommunities are allowed to operate (IBAP, 2007). Beach seine is
ot usually used for commercial or subsistence fishing in the park.
Our sampling was carried out using a beach seine 29.6 m in

ength and 1.70 m to 8.5 m in height (reaching the highest height
n the central zone) with 1 cm mesh size. In the central area, it
ad an additional pyramid with a 1.5 m2 base and 1 m in height
ith 0.5 cm mesh size (Fig. A.1).
Net setting started from the beach using a small boat to

tretch the net perpendicular to shore, always keeping the two
opes from one end ashore secured by two people, until reaching
pproximately 35 m from the shoreline. In the farthest point from
he shore the depth was on average 2.45 m. The net was then
rawn towards the shore so as to form a semi-circumference.
hen the semi-circumference was formed, two to three people
2

Table 1
Number of sessions (N) by season and lunar tide of the beach seine performed
in the João Vieira from 2015 to 2016.
N Season Lunar tide

9 Dry Neap
9 Spring

5 Rainy Neap
4 Spring

on each end pulled the ropes in order to completely pull the net
out from the water. This process represents one haul. We always
performed four consecutive hauls approximately ten metres apart
from each other. We considered each group of four hauls as
one session. All samples were collected at high tide, and those
obtained in the same session were pooled.

In every haul, we counted and weighted (to the nearest 0.1
g) the total number of fishes by species. Furthermore, 50 ran-
dom individuals from each species were measured (to the near-
est 0.5 mm) and weighted. Rays (Chondrichthyes) were quickly
measured on the beach and released alive and they were not
weighted. Fishes were identified to the lowest possible taxonomic
level following guides (Fischer et al., 1981; Schneider, 1990;
Paugy et al., 2003). We were not able to identify all Pomadasys
specimens to the species level (most probably Pomadasys rogerii,
Pomadasys perotaei or Pomadasys jubelini; Lafrance, 1994; per
obs), so we refer to them as Pomadasys sp. In the case of Mugili-
dae, individuals were identified to the genus or family level.
Within the ones identified to the genus level, for most individuals
we were able to identify four different groups, and we refer to
them as Mugil sp.1, Mugil sp.2 (that are most probably Mugil
bananensis, Mugil cephalus or Mugil curema; Lafrance, 1994; per
obs), Liza sp.1 or Liza sp.2 (that are most probably Chelon dumerili,
Neochelon falcipinnis or Parachelon grandisquamis; Lafrance, 1994;
per obs).

2.2. Lunar and seasonal variation

Catches were carried out between February 2015 and Septem-
ber 2016. In order to explore the seasonal variation in the pelagic
fish community we performed 27 sessions of beach seine in João
Vieira Island in the study period (site 1, see Fig. 1). We always
fished on three consecutive days, except for one occasion when
only one day was sampled, and another one when only two
days were sampled due to unsuitable weather and sea conditions
(Table 1).

2.3. Spatial variation

In order to assess whether our main study site was representa-
tive of the whole marine park, and whether there was important
spatial variation in the fish community, we sampled two different
points of each of the three islands (João Vieira, Cavalos and Meio,
Fig. 1) in six consecutive days in January 2016.

2.4. Diel variation — day/night

We explored diel variation in the pelagic fish community by
performing eight catches during both day and night periods, in

João Vieira (site 1, see Fig. 1), between January and March 2016.
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Fig. 1. Beach seine sampling location performed between 2015 and 2016, dash line delimitates Bijagós Archipelago, solid line delimitates João Vieira and Poilão
Marine National Park (JVPMNP).
Fig. 2. Relative abundance (%) by species of the fishes captured during 19 sessions in the dry season and 9 sessions in the rainy season in João Vieira from 2015 and
016, only species with relative abundance > 0% included; N — mean of the total number of individuals captured by session (complete information in Table A.2).
Table 2
Mean total length (TL) (mm) ± standard error by year and season for the most abundant species captured by beach seine in João Vieira, N —
number of individuals measured.
Family Species 2015 2016

Dry Rainy Dry Rainy

N TL (mm) ± SE N TL (mm) ± SE N TL (mm) ± SE N TL (mm) ± SE

Clupeidae Sardinella maderensis 1920 59.08 ± 0.26 590 69.82 ± 0.62 872 68.13 ± 0.47 1309 60.96 ± 0.34
Gerreidae Eucinostomus melanopterus 1072 78.01 ± 0.46 204 87.60 ± 1.50 380 68.82 ± 1.00 264 84.53 ± 1.58
Gerreidae Gerres nigri 4 105.75 ± 8.73 30 109.17 ± 4.36 131 94.83 ± 4.23 64 110.13 ± 3.54
Haemulidae Pomadasys sp. 1872 51.72 ± 0.36 30 84.93 ± 5.35 663 52.70 ± 0.51 130 35.54 ± 1.03
3
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.5. Data analysis

The abundance of fish corresponded to the total number of
ndividuals captured in a session (four consecutive hauls), and
he richness as the total number of species. For each species,
e calculated the mean number and relative abundance of in-
ividuals caught per session. We further calculated, for each
pecies, the mean total length and mean total mass of the in-
ividuals measured in João Vieira between February 2015 and
eptember 2016 at site 1 (Fig. 1). To evaluate the diversity of
he community, we calculated the Shannon–Wiener (H’) diversity
ndex and the Pielou’s evenness index (J), (Brower and Zar, 1998)
ollowing the equations: H’ = −

∑
pi loge pi; J = H’/log(S);

here pi is the proportion of species i in relation to the total
umber of species; J is the Pielou’s evenness index. We tested
or differences between lunar tides, islands and diel period in the
iversity (Shannon–Wiener and Pielou’s evenness) and richness
sing ANOVAs. The abundance of individuals was tested account-
ng for species on one hand, and for lunar tides/islands or diel
eriod on the other, using two-way ANOVAs. Concerning seasonal
ariations, we tested the effect of season and year on diversity
nd richness using two-way ANOVAs, and tested the effect of
pecies, season and year on the abundance of individuals using
hree-way ANOVAs. Statistical analyses were carried out using the
oftware R (R Core Team, 2020).

. Results

In total we captured 35 fish species from 25 families. The list of
pecies with the respective threat status (IUCN, 2020) is in Table
.1.

.1. Lunar and seasonal variation

Sardinella maderensis accounted for more than 70% of the total
f individuals captured in the dry season and c. 80% in the rainy
eason (Fig. 2, Table A.2), followed by Pomadasys sp. (19% in dry
eason and 3% in rainy season) and Eucinostomus melanopterus
8% in dry season and 10% in rainy season). Total mean mass of
ndividuals by species and by season is presented in Table A.3.

Concerning the variation between spring and neap tides, there
ere no differences in diversity (ANOVA: Shannon–Wiener diver-
ity — F1,25 = 0.28, P = 0.60), in evenness (Pielou’s evenness
1,25 = 2.00 × 10−3, P = 0.97), or in species richness (ANOVA:
1,25 = 2.02, P = 0.17). We tested for differences in the number
f individuals captured among species and between spring and
eap tides. There were significant differences in the abundance of
ndividuals between species (two-way ANOVA F30,239 = 5.62, P <
.001) but not by tide (F1,239 = 1.33, P = 0.25). Also, there was no
ignificant interaction between species and tide (F19,239 = 0.39, P
0.99). Therefore, data from neap and spring tides were pooled

or subsequent analyses.
There were no effects of season or year in Shannon–Wiener

iversity per session (two-way ANOVA: season: F1,24 = 0.02, P
0.90; year: F1,24 = 0.41, P = 0.53), that presented a mean of

.92 ± 0.01 (SE). There were also no significant effect of season or
ear differences in Pielou’s evenness (two-way ANOVA: season:
1,24 = 0.21, P = 0.65; year: F1,24 = 3.60, P = 0.07), that
resented a total mean of 0.40 ± 0.01 (SE). There was a significant
ffect of year and season on species richness (two-way ANOVA:
eason: F1,24 = 5.06, P = 0.03; year: F1,24 = 14.66, P < 0.001).
he average species richness per session was 10.7 ± 0.1 (SE). We
ested the effect of species, season and year on the abundance
f individuals captured (three-way ANOVA). All variables had a
ignificant effect on the abundance of individuals, however the
pecies accounted for most of the variance (species: F =
30,257

4

able 3
ean Shannon–Wiener diversity (H′), mean Pielou’s evenness (J) diversity

ndexes and mean richness ± standard errors by island of the captures with
each seine in January 2016, N — number of sessions.
Island N H′ J Richness

Cavalos 2 0.95 ± 0.05 0.39 ± 0.00 11.5 ± 1.5
Joao Vieira 2 0.93 ± 0.04 0.48 ± 0.02 7.0 ± 0.0
Meio 2 1.17 ± 0.12 0.57 ± 0.01 8.0 ± 2.0

6.23, P < 2.0 x10−6; season: F1,257 = 8.44, P < 0.01; year:
F1,257 = 9.31, P < 0.01). We compared the total length between
seasons and year for the three most captured families (Table 2;
information on the total length and total mass of individuals of
the remaining species are presented in Table A.4). We tested
the effect of season (dry and rainy) and year (2015 and 2016)
on total length of Sardinella maderensis, Pomadasys sp, Eucinosto-
mus melanopterus and Gerres nigri. The total length of Sardinella
aderensis was significantly higher in rainy season (F1,4687 =

3.45, P < 0.001) and in 2016 (F1,4687 = 21.04, P < 0.001). Con-
versely, Pomadasys sp. and Eucinostomus melanopterus were both
significantly larger during dry season (F1,2691 = 34.04, P < 0.001;
F1,1916 = 109.13, P < 0.001, respectively) and in 2015 (F1,2691 =

.51, P = 0.03; F1,1916 = 63.57, P < 0.001, respectively). The size
f Gerres nigri was larger during the rainy season (F1,225 = 7.20,

P < 0.01), but no differences were found between years (F1,225 =

.01, P = 0.91). There was a significant interaction between year
nd season on the total length of Sardinella maderensis, Pomadasys
p. and Eucinostomus melanopterus (F1,4687 = 492.11, P < 0.001;
F1,2691 = 258.60, P < 0.001; F1,1916 = 8.95, P < 0.01 respectively),
but no for Gerres nigri (F1,225 = 0.28, P = 0.60).

3.2. Spatial variation

Sardinella maderensis and Pomadasys sp. accounted for more
than 75% of the relative abundance in all three islands (Fig. 3,
Table A.5). The diversity indexes and richness by island are pre-
sented in Table 3. We tested the effect of species and island on
the abundance of individuals. There were significant differences
in abundance of individuals of each species (two-way ANOVA
F19,99 = 9.15, P < 0.001) but not between islands (F2,99 = 2.00, P
= 0.14). There was also no significant interaction between species
and islands, so the factor island was removed from these analyses
(results not shown). Total mean mass of individuals by species
and by island is presented in Table A.6.

3.3. Diel variation — day/night

Sardinella maderensis and Pomadasys sp. were the most abun-
dant species during the daytime, while at night the most abun-
dant groups were Pomadasys sp. and Mugilidae (Fig. 4, Table
A.7).

The mean Shannon–Wiener diversity index was 1.21 ± 0.09
(SE) during daytime and 1.45 ± 0.14 (SE) during night-time, there
were no differences between the two periods (ANOVA: Shannon–
Wiener F1,14 = 2.17, P = 0.16). The mean species richness was
10.0 ± 1.1 (SE) during daytime and 8.75 ± 0.92 (SE) during night-
time and did not differ significantly (ANOVA: F1,14 = 0.73, P =

0.41). The Pielou’s evenness index, however, varied significantly
(F1,14 = 6.15, P = 0.03), with a mean value of 0.54 ± 0.04 (SE)
during the day and 0.68 ± 0.04 during the night period. We tested
the effect of species and period in the abundance of individuals.
There was a significant interaction between species and period
(Two-way ANOVA: F23,336 = 6.43, P < 0.001), meaning that the
relationship between periods and abundance is dependent on the
species. There were significant differences in the total number of



E. Correia, J.P. Granadeiro, A. Regalla et al. Regional Studies in Marine Science 46 (2021) 101892

a
i
(
b

4

n
b
I
o
t
p
i
T
c
A

4

s
2
i
n
e
t
t
P
c

Fig. 3. Relative abundance (%) by species of the fishes captured by islands (Cavalos, João Vieira and Meio) during 6 consecutive days in January 2016, 2 sessions by
island; only species with relative abundance > 0% included; N — mean of the total number of individuals captured by session (complete information in Table A.5).
individuals captured of each species (F23,336 = 6.83, P < 0.001),
s well as between periods (F1,336 = 18.34, P < 0.001), with more
ndividuals captured during the daytime except for a few species
Fig. 4, Table A.7). Total mean mass of individuals by species and
y island is presented in Table A.8.

. Discussion

This study showed that the coastal shallow water fish commu-
ity of the Bijagós Archipelago is strongly dominated by species
elonging to the Clupeidae, Haemulidae and Gerreidae families.
n particular, Sardinella maderensis was by far the most numer-
us species with a relative abundance of over 70% throughout
he seasons. There were also differences between day and night
eriods. During the night, most species were much less abundant
nshore, except for Mugilidae, which was much more numerous.
he fish species captured in this study are some of the most
ommon coastal species in the Eastern Central Atlantic West
frica (Carpenter and DeAngelis, 2016; Polidoro et al., 2016).

.1. Lunar and seasonal variation

The overall diversity was low when compared to other beach
eine studies in West Africa (e.g. Aggrey-Fynn and Sackey-Mensah,
012), mainly due to the much higher dominance of three species
n our samples — Sardinella maderensis, Pomadasys sp. and Euci-
ostomus melanopterus (see Fig. 2, Table A.2). This is very clearly
xpressed in the very low values of equitability (<0.5). Most of
he fish captured were immature individuals as assessed by their
otal length (Table 3 and Table A.4; Panfili et al., 2006; Froese and
auly, 2020. This may be expected in shallow coastal areas, which

an provide refuge from predation (Krumme, 2009). We found

5

no differences in fish community composition between neap
and spring tides. Such differences in tropical coastal ecosystems
seem to be expected in heterogeneous shores, where spring tides
give access to types of habitats that are not available during
neap tides (Lubchenco et al., 1984; Krumme, 2009). The area
sampled in our study was mostly composed of sandy bottoms
and the habitat made available during spring tides is most likely
not different from the one already available in neap tides, ex-
plaining the resemblance in fish community between the two
(Castellanos-Galindo et al., 2010).

Seasonal variation in fish abundance was influenced by year
and season. The interannual differences found in this study may
be related to migrations to and from the coastal areas (Boely et al.,
1978). Moreover, since fish recruitment is limited by food avail-
ability and spawning density, it is expected to fluctuate between
years shaped by environmental conditions, influencing inshore
abundance (Cury and Roy, 1989; Neill et al., 1994; Cury et al.,
2000). The higher fish abundance found during the dry season
can be related to a higher recruitment of juveniles during this
season, which happens for several species in West Africa (e.g. Sar-
dinella maderensis, Whitehead, 1985; Cury and Roy, 1989), or else,
be related to migrations between adjacent inshore and offshore
environments (Boely et al., 1978). Some species, including Sar-
dinella spp, show seasonal migrations within their main areas
of abundance in West Africa. These species move from Guinea-
Bissau to Mauritania in May/June and the other way around
in October/November; and also, from Angola to Congo during
July/August and back in February/April (Boely et al., 1978; Fischer
et al., 1981; Fréon, 1988; Cury and Fontana, 1988; Thiaw et al.,
2017). Nonetheless, as only adults are expected to migrate and
most of the individuals captured in this study were immatures,

these movements should not have influenced our results. The
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Fig. 4. Relative abundance (%) by species of the fishes captured by daytime (day, night) during 8 sessions in daytime and 8 sessions in night-time of beach seine
in João Vieira Island in 2016 only species with relative abundance > 0% included; N — mean of the total number of individuals captured by session (complete
information in Table A.7).
frequent capture of Chondrichthyes, particularly Fontitrygon mar-
arita/margaritella and, to a lesser extent, Glaucostegus cemiculus,
uggests that the Archipelago may be highly relevant for the con-
ervation of this group, particularly since these species are listed
s Endangered/Data Deficient, Critically Endangered by the IUCN,
espectively. Chondrichthyes are declining rapidly worldwide and
est Africa is among the priority geographic hotspots for their

onservation (Dulvy et al., 2017). The Bijagós Archipelago may
epresent one of the most significant areas in West Africa for this
ish group, holding large numbers of individuals (Tous et al., 1998;
ampredon and Cuq, 2001).

.2. Spatial variation

The fish community was overall similar among the three is-
ands. Sardinella maderensis was the most abundant species in all
slands (Fig. 3). Therefore, the results obtained from the beach
eine performed in João Vieira from 2015 to 2016 may be repre-
entative of the composition and variations of the overall coastal
ish community of the JVPMNP.

.3. Diel variation — day/night

Species abundance and richness were generally higher dur-
ng the daytime. However, Mugilidae was much more abundant
t night, meaning that these individuals move nearer to shore
uring this period. Alongside Mugilidae, Haemulidae was also
elatively abundant in night captures (Fig. 4). Due to the decrease
n the dominant species, the values of equitability were signif-
cantly higher during the night, while keeping similar average
iversities. The variation of fish behaviour along diel cycle differs
6

between species and leads to differences in inshore catchability
(Parsley et al., 1989). Therefore, some species are more prone to
be captured during daytime and others during night-time (Parsley
et al., 1989; Nash and Santos, 1998). The behavioural differences
may be related to feeding activity (Torricelli et al., 1981), or to
predation/competition (e.g. Hitt et al., 2011). The use of inshore
shallow waters by small fish may reduce the risk of predation
by subsurface predators but may increase the predation risk by
aerial marine predators (e.g. Erwin, 1996; Krumme, 2009). Still,
shallow waters may offer fewer foraging opportunities for some
species. Thus, different strategies may be used by different species
concerning the temporal use of these areas in order to achieve
an equilibrium between low predation risk and foraging success
(e.g. Erwin, 1996; Krumme, 2009). The relatively high abundance
of Mugilidae and Haemulidae in night-time captures might be
related with inshore movements for feeding, as for both species,
night feeding activity has already been reported (Blaber, 1976;
Torricelli et al., 1981; Nagelkerken et al., 2000; Dankwa et al.,
2005; Krumme, 2009).

4.4. The importance of sardinella

The most abundant families, Clupeidae, Haemulidae and Ger-
reidae, are within the most captured in coastal areas of nearby
countries (Aggrey-Fynn and Sackey-Mensah, 2012). The same
fish families had already been reported as the most abundant in
Guinea-Bissau in previous unpublished technical reports
(Lafrance, 1994; Albaret et al., 2005), yet ours is the first detailed
analysis of a coastal community in this country.

In our study area, Sardinella maderensiswas the most abundant
species in both seasons and around all the islands. This high
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bundance in the Bijagós Archipelago was not limited to the
hore, as some experimental fisheries with a gillnet in deeper
aters (up to 30 m) also showed Sardinella maderensis as the most
bundant species (Table A.9).
Sardinella maderensis is mostly present in the continental shelf,

herein immature individuals are more dependent on coastal
ones and adults usually distribute farther from the shore (Boely
t al., 1978). Along its distribution range, restricted to the At-
antic Ocean, from south-eastern Spain to Angola (Carpenter and
eAngelis, 2016; Froese and Pauly, 2020), Sardinella maderensis
resents two areas of major abundance: one from Mauritania to
uinea-Bissau, and another from Gabon to the north of Angola
Brainerd, 1991). Still, the dominance of this species in the fish
ommunities studied here is striking and unreported for other
est Africa coastal small pelagic communities (e.g. Aggrey-Fynn

nd Sackey-Mensah, 2012). Since the dominance of one or a few
pecies of small pelagics in a marine ecosystem is an indicator
f a wasp-waist structure (Bakun, 1996; Cury et al., 2000), our
esults suggest this type of ecosystem structure for the Bijagós
rchipelago (see also Correia et al., 2019).
Sardinella maderensis first matures when its total length

eaches about 170 mm (Boely, 1979; Youmbi et al., 1991). From
he randomly measured individuals from the beach seine in
oão Vieira, only one presented more than 170 mm in total
ength, thereby possibly being a mature individual. All others
ere smaller in length and therefore immature, highlighting the

mportance of the Bijagós Archipelago as a nursery area for this
pecies. The archipelago is located in one of the two main nursery
reas identified for Sardinella maderensis: one in the north of
auritania and the other ranging from the south of Senegal to

he Bijagós Archipelago (Fréon, 1988; Brainerd, 1991).
Despite the Bijagós Archipelago showing high levels of abun-

ance for Sardinella maderensis and great potential for recruit-
ent, fishing pressure in West Africa, coupled with the high
ommercial value of the species (Valdés and Déniz-González,
015; FAO, 2018b), have led to declines in its populations. The
pecies is considered overfished in the region and is now classi-
ied as Vulnerable by the IUCN (FAO, 2018a; Polidoro et al., 2016;
orten et al., 2017).
Beyond its importance for fisheries, Sardinella maderensis has

een shown to be the most frequent prey for several marine
redators in the archipelago, such as seabirds and predatory fish
Correia et al., 2017, 2018, 2019). The fact that, in the Bijagós
rchipelago, Sardinella maderensis is highly abundant and serves
s the main link between plankton and marine predators, makes
t a key species for the ecosystem. The correct management and
onservation of nursery areas for this species should therefore be
priority to ensure a healthy ecosystem. The Bijagós Archipelago,
y holding large numbers of immature Sardinella maderensis,
ertainly contributes for the maintenance of its offshore stocks
Sheaves et al., 2014). Moreover, as the archipelago still suffers
ess fishing pressure than its neighbouring waters (Campredon
nd Cuq, 2001), it represents a pivotal area for the conservation
f Sardinella maderensis.
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