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Abstract – Understanding the reproductive biology of a species is an important means of determining the
renewal capacity of natural stocks, especially in the case of heavily exploited species. It is a fundamental
element in supporting the implementation of management measures. Here, we studied the bloody cockle
(S. senilis) in the Sine-Saloum, with the aim of describing its seasonal and spatial reproductive cycle. S.
senilis reproduction was studied over an annual cycle at two sites chosen for their contrasting situations
along the upstream-downstream gradient. The reproductive cycle was studied by histological analysis of a
pool of individuals maintained in-situ and sampled throughout the year. Our results showed that gamete
maturation is asynchronous within and between individuals. Gametogenesis mostly occurred in October.
The maturation stage showed a seasonal pattern with continuous reproduction throughout the year, with two
preferred periods between May and July and December and February. The reproductive cycle is highly
dependent on temperature and salinity variations, resulting in a seasonal cycle and spatial heterogeneity. The
temperature induces gametogenesis and salinity synchronizes the spawning periods.
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1 Introduction

The Sine-Saloum delta is a mangrove ecosystem located
along the Atlantic Ocean inWest Africa, in Senegal (Fig. 1; 14°
110 N, 16° 150 O). The only freshwater input is rainfall during
the monsoon season, which runs from July to October. It is
subject to spatial and seasonal variations in salinity. During the
dry season, from November to June, the highest salinities are
recorded upstream due to evaporation (Descroix et al., 2020).
This justifies its qualification as an inverse estuary (Pages and
Citeau, 1990). The amplitude of seasonal salinity variability
increases with distance from the ocean. The lowest salinity of
40 is recorded during the rainy season upstream, at Kaolack,
around 100 km from the mouth of the delta, while in the dry
season it can exceed 100 (Descroix et al., 2020).

This ecosystem is home to a wide diversity of molluscs
such as oysters (Crassostrea tulipa), “Yett” (Cymbium spp.),
“Touffa” (Murex spp., Thais spp.) and bloody cockle “Pagne”
(Senilia senilis) (Camara et al., 2017). The bloody cockle
S. senilis (Linnaeus, 1758) is a key resource for local
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communities. This species has been harvested artisanally for
millennia, as evidenced by the presence of numerous shell
middens (Carré et al., 2022; Hardy et al., 2016). This shellfish
is fished mainly by women, historically for food purposes.
Today, the accelerated exploitation of this bivalve no longer
follows a logic of self-consumption, but is also part of a
marketing chain, and as such constitutes an important source of
income for women of the Sine-Saloum delta. Agricultural
activities have been abandoned in favor of fishing due to the
salinization of the soil (Dia, 2003). Fishing yields have been
declining for a decade and the size of the individuals caught
tends to decrease due to the pressure and over-salting of
estuarine waters. In addition to these various constraints, the
bloody cockle is also impacted by the effects of climate
change, such as the disruption of rainfall patterns and rising
water temperatures (Diouf and Sarr, 2014).

From a sustainable development perspective, understand-
ing the reproductive biology of this species is an important
means of determining the renewal capacity of natural stocks
and the parameters that can affect population renewal. It is a
fundamental element in supporting the implementation of
management measures. The description of the reproductive
cycle of S. senilis has not yet been the subject of specific work
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Fig. 1. (A) Location of the Sine-Saloum delta on the map of Senegal and (B) location of the experimental monitoring study sites.
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in the Sine-Saloum delta. The mode of reproduction and the
effect of environment parameters remains uncertain. While
some authors, such as Yoloye (1974), support hermaphrodit-
ism, others, such as Yankson (1982), demonstrate the opposite.

The reproduction of marine bivalves is favored by optimal
environmental parameters and can be compromised under
stressful conditions (Vázquez et al., 2021). Reproduction is
especially influenced by environmental parameters such as
temperature, salinity and food availability (Broom, 1983).
Food modulates gamete quality and quantity (Utting and
Millican, 1997). Temperature is involved in germ cell
maturation and spawning initiation (Fabioux et al., 2005;
Hadfield and Anderson, 1988). In tropical environments,
seasonal fluctuations in water temperature are less important,
but salinity variations can be significant and periodic,
especially in ecosystems subject to the influence of the
monsoon (Baron and Clavier, 1992).

Some oyster species of the genus Crassostrea spawn at the
start of the monsoon season when water salinity decreases
(Sühnel et al., 2023; Barman et al., 2022; Paixão et al., 2013;
Stephen, 1980). A similar pattern is also observed in the
Anadara genus, which is phylogenetically related to the bloody
cockle (Manjarrés-Villamil et al., 2013; Broom, 1983). We can
therefore ask whether a similar phenology is observed in the
bloody cockle S. senilis due to salinity fluctuations occurring in
the Sine-Saloum delta.

The present study aims (1) describing the seasonal
reproductive cycle of S. senilis and (2) assessing the existence
of a spatial contrast in the Sine-Saloum delta. The reproductive
cycle was studied in-situ by histology over 1 yr period at two
sites chosen for their contrasting situations along the upstream-
downstream gradient and representative of the main fishing
grounds. The obtained results make it possible to describe
spatial and temporal patterns for various descriptors such
as sex ratio, reproductive investment and the evolution of
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maturity stages. Finally, the measurement of key environmen-
tal parameters enables us to propose scenarios for the
environmental determinism of the reproductive cycle of
S. senilis in the Sine-Saloum region.

2 Material and methods

2.1 Study site

The study sites were chosen close to two villages in the
Sine-Saloum delta: Niodior and Falia. These two sites, which
are artisanal shellfish fishing areas, show contrasting oceanic
influences: the village of Niodior, located downstream
opposite the Sangomar breach, is significantly influenced by
oceanic waters, whereas the village of Falia, located upstream
in the heart of the mangrove swamp, is less influenced by
oceanic waters (Fig. 1). Both experimental sites are located in
the intertidal zone. Water level at high tide on both sites is
between 80 cm and 100 cm, depending on neap or spring tides.
Sane et al., unpublished data. In the following, the two sites
will be referred to as “upstream site” for Falia and
“downstream site” for Niodior.

2.2 Experimental system

At each site, an intertidal mudflat has been identified to
house an experimental park. An area of 16 m2 was marked out
with wire mesh and wooden stakes, and the surface was
completely cleared of all bloody cockles. At each site, 500
individuals with a shell height (antero-posterior dimension)
between 22mm and 24mm were sampled in the vicinity and
seeded in the park. This size class was selected to correspond
to mature individuals, the size of first maturity being
estimated at 20mm (Tito De Morais, 2011; Yankson,
1982). The densities obtained were therefore 31 ind.m�2,
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Fig. 2. (A) Anatomy of the S. senilis bloody cockle: black lines show the cut section; (B) Microscopic illustration of the transversal cut section.
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which ensures that there is no effect of density on individual
performances (Diouf and Sarr, 2014). Mortalities were
comparable between the two sites, although a precise
measurement was not made due to the difficulties in
identifying dead individuals. We did not replace individuals
that died during the experiment.

2.3 Monitoring strategy

Sampling was carried out every three to six weeks between
March 2021 and March 2022. More frequent (three weeks)
sampling was carried out between July and September,
corresponding to the intense monsoon period. For each
sampling, 10 individuals were randomly caught from the
seeded individuals at each experimental park. It should be
noted that due to the limited number of individuals at the end of
the experiment, two dates could not be sampled at the upstream
site (Falia) at the end of the period (February and March). The
height and total fresh mass of each individual sampled were
measured. The bloody cockles were then carefully opened with
a scalpel and the flesh of the animals was fixed individually in
Davidson’s solution for 48 h (Howard and Smith, 1983).
Samples were then transferred to a 70% ethanol solution until
histological process.
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2.4 Histological analyses

As the gonad is diffused around the digestive gland in this
species (Yankson, 1982), a cut wasmade through the bodymass
to obtain a cross-section of the gonad, digestive gland and
muscular tissuesof the foot (Fig. 2A).The tissue sectionwas then
placed in a cassette anddehydrated in ethanol baths of increasing
concentration (80, 95, 95, 95, 100, 100, 100%). Samples were
thencleanedwithxylenebeforebeingembedded inparaffinwax.
Five-micrometer thick sections were cut with a microtome and
mounted on glass slides. The sections were then rehydrated in
series of decreasing concentration ethanol (100, 100, 96, 70%),
stained with aqueous hematoxylin-Eosin Y and covered with a
coverslip (Fabioux et al., 2005). The sectionswere then digitized
under a microscope (ZEISS Stemi 508) at x60 equipped with a
camera (AxioCam MRc5) (Fig. 2B).

2.5 Sex-ratio determination

In order to differentiate the sexof each individual, the gonadal
structurewas examined to identify the presence ofmale or female
germ. Individuals showing both distinct male and female germ
cells were classified as hermaphrodites, while those whose sex
could not be distinguished due to the absence of sexually
differentiated germ cells were classified as indeterminate.
f 11



Table 1. Description and classification criteria for the reproductive stages of Senilia senilis.

Stage Histological characteristics

Male Female

1. Early gametogenesis Gonadal tubules filled with spermatogonia,
spermatocytes and spermatids, Spermatozoa are
absent (Fig. 4A)

Non-mature oocytes at the start of gametogenesis,
well arranged (joined) at the periphery of the gonadal
tubules, tubule center empty. No mature oocytes
(Fig. 4F).

2. Active gametogenesis Gonadal tubules filled with male germ cells at all
stages of development, presence of mature
spermatozoa in the center of the tubules (Fig. 4B).

Pear-shaped maturing oocytes still attached to the
tubule wall and a few mature oocytes detached from
the tubule wall (Fig. 4G).

3. ripeness Gonadal tubules filled with a thin layer of immature
male germ cells (spermatogonia, spermatocytes and
spermatids) at the periphery of the tubules and a
majority of spermatozoa in the center of the tubules.
Very dense (Fig. 4C).

Gonadal tubules filled with mature oocytes detached
from the tubule wall, high density (Fig. 4H).

4. Partial spawning Layer of immature male germ cells visible at the
periphery of the tubules (spermatogonia,
spermatocytes and spermatids). A lighter, less dense
area in the center of the tubules compared to stage 3,
reflecting partial spermatozoa emission. Occasionally,
free spermatozoa are visible in the egg-laying ducts
(Fig. 4D).

Some immature oocytes still at the periphery of the
tubules, free mature oocytes frequently observed in
the center of the tubules, signs of regression
(infiltrated hemocytes in the center of the tubules,
cellular material from oocyte regression...) (Fig. 4I).

5. Total spawning or rest Presence of hemocytes within the tubules, empty
tubules or presence of immature male germ cells at
the periphery of the gonadal tubules, some residual
spermatozoa in the center of the tubules (Fig. 4E).

Some rare residual mature oocytes observed in the
center of the tubules or some rare non-mature oocytes
in the periphery of the tubules. Presence of
hemocytes within the tubules (Fig. 4J).

B. Sané et al.: Aquat. Living Resour. 2023, 36, 33
2.6 Reproductive investment

Reproductive investment is estimated by the gonadal index
(GI), which represents the ratio of gonadal area to total
histological section area. This is a commonly used method for
assessing maturity in bivalves (e.g. Fabioux et al., 2005;
Wilson, 1987; Barber and Blake, 1983). Indeed, the surface
area occupied by the gonad increases as the gonadal tubules
develop during the gametogenesis process (Broquard, 2019).
Surface areas were determined by image analysis using ImageJ
software (Schneider et al., 2012). The gonad and the entire
section were delimited by manual contouring, and surfaces
were extracted automatically enabling the calculation of GI,
such as:

Gl ¼ 100� Surface of Gonad

Surface of individual histological section
:

2.7 Determination of maturity stage

In order to more accurately describe the annual dynamics
of bloody cockle reproduction, we studied the evolution of the
germ cell stages in the gonadal region at both sampling sites
and for the entire period sampled. A classification of the
observed stages of development of germ cells was established
from all the samples, based on analysis of the structure and
morphology of the male and female germ cells. Thus, 5
reproductive stages were identified (Tab. 1 and Fig. 3). The
different stages of maturation were identified on the basis of
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the work of Suwanjarat et al. (2009) and Freites et al. (2010)
and adapted according to the histological observations made.

Histological examination showed an asynchronous evo-
lution of gametogenesis between different regions of the gonad
of the same individual, with tubules at different stages of
development. Based on the 5 defined stages, the maturity level
of each individual was determined by image analysis,
identifying the contribution of each reproductive stage to
the total gonad surface area. For each histological section, the
area occupied by each stage was delimited by a polygon using
ImageJ software (illustrated in Fig. 4). The proportion of each
stage was calculated as the ratio between the surface area of
one stage and the sum of the surface area of all stages. This
analysis was carried out for the 10 individuals of each
sampling time, at each site. Results were expressed as the
average proportion of each stage for all individuals over a
sampling date.

2.8 Measurement of environmental parameters

Throughout the sampling period, water column tempera-
ture (±0.1 °C), pressure (±0.2 cmH2O) and conductivity
(±4ms.cm�1) were recorded by a CTD-Divers probe
(vanEssen Instruments) placed a few centimeters from the
sediment. Salinity was obtained by converting conductivity
using the gsw_SP_from_C package on R software (Hill et al.,
1986). In addition to the CTD probe, a Wimo probe (NKE
Instrumentation), equipped with a salinity and temperature
sensor, was placed at the upstream park. For this study,
measurements were recorded every 10min. Due to significant
f 11



Fig. 3. Photographs of gonadal structures illustrating the 5 stages of maturation identified for males (A-E) and females (F-J) of Senilia senilis:
(A) and (F) early gametogenesis (stage 1), (B) and (G) active gametogenesis (stage 2), (C) and (H) ripeness (stage 3), (D) and (I) partial spawning
(stage 4), (E) and (J) total spawning or rest (stage 5). Legends: ET empty tubule; H hemocyte; N nucleus; Nov non-mature oocyte; Mov mature
oocyte; Rov residual oocyte; Spg spermatogonia; Spc spermatocyte; Spz spermatozoid; T tubule.
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fouling episodes on the sensors, particularly at the upstream
site, only usable data were retained, combining data from both
sensors. Data processing was carried out to retain only the
temperatures recorded during immersion, based on pressure
measurements.

Immersion time was determined using pressure measure-
ments. Immersion periods were identified by applying a
threshold to exclude periods of emersion. An adjustment was
made to
the emersion time to account for the 15 cm distance between
the sensor and the sediment. The immersion rate was computed
as the ratio of immersion time to the total recording
duration.
Page 5 o
2.9 Statistical analyses

The Chi2 test was used to test if the sex ratio of the studied
populations at the two sites showed a sex ratio different from
1:1. All analyses were performed using R software (R Core
Team, 2020).

3 Results

3.1 Sex-ratio

Out of a total of 190 individuals analyzed, 8 were classified
as indeterminate and 1 as hermaphroditic at the downstream
f 11



Fig. 4. Example of surface delimitation of the different maturation stages for one S. senilis histological section. Each color represents a stage:
pink corresponds to the stage of ripeness (stage 3), blue to partial spawning (stage 4) and green to total spawning or rest (stage 5).
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site (Niodior) and 9 as indeterminate and 3 as hermaphroditic
at the upstream site (Falia).

At the upstream site, the percentage of females and males
were 51.9% and 49.1%, respectively, but the sex-ratio was not
significantly different from 1:1 (Chi-2 test, p-value = 0.3). The
downstream site showed 65.3% females versus 34.7% males.
The sex ratio significantly favors females (Chi-2 test,
p-value = 0.002).

3.2 Seasonal and spatial patterns
3.2.1 Environmental parameters

The recorded immersion rate from July 2021 to March
2022 at the downstream location showed a lower value of 67%
in comparison to the 74% measured upstream. During the
monitoring year, water temperatures appeared very similar at
both sites, with the same seasonal pattern. The highest
temperatures were recorded during the monsoon season
between June and November. They exceeded 28 °C during
this period, with a maximum of 31.8 °C (±0.6 °C) recorded in
October (Fig. 4A). The dry-season period from November to
March was marked by the lowest temperatures at both sites,
with a sharp drop recorded in December: 3 °C in 2 days. The
minimum temperature recorded during this period was 21.4 °C
(±0.6 °C) (Fig. 4A).

Salinity also showed a seasonal pattern marked by two
periods of high salinity decrease: an initial low salinity period
between April and July, and a second, more significant during
the monsoon season, between August and November (Fig. 4B).
Salinity varied between 23.8 (±0.2) and 38.08 (±0.2)
downstream and between 18.4 (±0.6) and 38.6 (±0.6)
upstream. The amplitude of salinity variation was greater
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upstream, around 20.2 compared with 14.2 downstream. The
return period to initial salinities appeared longer upstream than
downstream (Fig. 4B).
3.2.2 Reproductive investment

An increase in mean gonadal index was recorded during
the monsoon period between July and October for both sites
(Fig. 4C). The maximum GI percentage was reached in
October during the period of low salinity and high temperature.
This phase of increase was followed by a period of sharp
decrease in GI from October to November. The minimum GI
(18%) was reached in December at both upstream and
downstream sites. Between March and July, the variation in
gonad index was relatively low, even during periods of low
salinity. The area occupied by gonads thus varied between 18%
and 40% downstream and between 18% and 30% upstream
(Fig. 4C).
3.2.3 Maturation stages

Figure 4D represents the frequency of each maturation
stage at each date downstream and upstream. Qualitative
analysis of the maturation stage showed a seasonal pattern
characterized by total or partial spawning events (stages 4
and 5) throughout the year, but with two main peaks (Fig. 4D).
The first peak, less significant in terms of total spawning,
occurs during the first low salinity period, between May and
July. This spawning event was followed by an increase in
gametogenesis (stage 2) and maturity (stage 3) stages during
the monsoon, between July and October, at both sites. The
maximum number of mature tubules was recorded in October.
f 11



Fig. 5. Proportion of males and females at each sampling site: ns indicates a non-significant difference between males and females (Chi-2 test,
p > 0.05); * indicates a significant difference between males and females (Chi-2 test, p < 0.05).
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However, the percentage of mature tubules was lower
upstream (20%) than downstream (50%). The second
spawning peak occurred after the monsoon, between Decem-
ber and February, when the temperature dropped and salinity
returned to its initial value recorded in July. The percentage of
tubules on total spawning or rest (stage 5) during this period
was more important downstream than upstream. In December,
98% of tubules downstream were in the total spawning or rest
stage, whereas it was only 75% upstream.

4 Discussion

4.1 The sex-ratio

In some bivalves, the predominance of males or females
may be due to variations in environmental conditions
(Chahouri et al., 2022). Yankson (1982) reported that in a
population of bloody cockles from Ghana, the sex ratio was
balanced in the open lagoon and significantly in favor of
females at salinities >50 and surface water temperatures of
32-34 °C. Another example, in pearl oysters Pinctada
mazatlanica and Pinctada margaritifera, showed a balanced
sex ratio when the animals were in natural conditions, but
under farmed conditions, the sex ratio was in favor of males
(Saucedo and Southgate 2008). As in the latter’s work, we
showed a very low percentage of individuals with simulta-
neous hermaphroditism (4/200 individuals), for whom both
male and female gonads were active and at different stages of
development. Our results show that the upstream sex ratio is
balanced between males and females. In contrast, the sex ratio
was unbalanced in favor of females at the downstream site. The
balanced sex-ratio seems in line with results reported for other
species of the Anadara genus in various locations: A. granosa
in Malaysia (Broom, 1983), A. antiquata in the Philippines
(Toral-Barza and Gomez, 1985), in India (Narasimham, 1988),
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A. trapezia in Australia (Hadfield and Anderson, 1988),
A. inaequivalvis on the southeast coast of the Black Sea (Sahin
et al., 2006). This has also been observed for S. senilis by
Yankson (1982) in Ghana, but our observations seem to
contradict his observations, which indicate that more restric-
tive conditions, with higher salinities and temperatures,
favored a sex ratio dominated by females. Our observations
indicate that more oceanic conditions promote females in the
Sine-Saloum delta. However, this observation needs to be
validated. The main aim of our work was not to study the sex
ratio. A broader sampling protocol would be needed to be
representative of the population and to confirm or not our
observations.

We have to note that there is an uncertainty about the
reproduction mode, protandrous hermaphroditism or gon-
ochoric, of S. senilis. Yoloye (1974) claimed that S. senilis was
protandrous hermaphrodite. He showed in Lagos lagoon
system that all individuals start life as males and close to 75%
changed to females at 6 months old and about 19mm long. He
also noted that most individuals undergo only one sex change
during their life cycle. In contrast, Yankson (1982) showed
strong evidence that A. senilis, like A. granosa and A. trapezia,
was basically gonochoristic. Our results are inconclusive on
this point, although they seem to confirm the observations
made by Yankson (1982). Firstly, we used animals between 22
and 24mm long, considered as sexually mature and we found
more than 30% of males in each sampling site, which does not
appear in accordance with the Yoloye hypothesis (Yoloye,
1974). We also found no evidence of transition or sex reversal.
Although the immersion time is slightly longer upstream,
growth disparities exist between the two sites, with individuals
upstream growing more slowly than those downstream (Diouf
and Sarr, 2014 and unpublished personal data). These
variations result in a situation where upstream individuals
are older for an equivalent size. Therefore, it appears that the
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Fig. 6. Variation of (A) temperature, (B) salinity, (C) gonad index and (D) frequency of each maturation stage upstream and downstream,
measured between March 2021 and March 2022.
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individuals monitored downstream are generally younger,
further reinforcing our disagreement with the protandrous
hermaphroditism hypothesis (especially due to the higher
prevalence of females downstream).
4.2 Reproductive phenology

For the present work, we established a classification of
maturity stages for S. senilis, which was not available in the
literature. Total spawning and resting stages were combined, as
resting was poorly or not at all visible. The gametogenesis
stage was subdivided into two stages: early gametogenesis and
advanced gametogenesis, depending on the presence or
absence of spermatozoa in the tubule. Our work thus provides
a classification of germ cell developmental stages for S. senilis
that can be used for future work on the species. The
reproductive cycle of S. senilis showed asynchronous
maturation of the gonads and between individuals. In the vast
majority of individuals, within a single individual, the gonad
comprises tubules at different stages of gametogenesis
advancement. For this reason, we have considered the average
percentage of tubules at each stage for each date.

The results of the maturation cycle of S. Senilis at both sites
showed that spawning takes place throughout the year. This is
typical behavior for bivalves in tropical zones (Mahmoud and
Yassien, 2022; Manjarrés-Villamil et al., 2013; Narasimham,
1988; Toral-Barza and Gomez, 1985). This is consistent with
the results of Le Loeuff and Zabi (1993), who reported the
year-round presence of S. senilis larvae in the Lagos lagoon in
Nigeria. The year-round presence of bloody cockle larvae was
also reported by Afinowi (1976) in Ghana and Nigeria. In
addition to this typical behavior, we observed two main
spawning peaks at both sites: the first, smaller peak between
May and July, and the second, larger peak between December
and February. This type of behavior has also been described for
tropical bivalves that reproduce year-round with one or two
peak clutches associated with specific environmental con-
ditions (Ghribi et al., 2017; Sahin et al., 2006).

Temperature and salinity are very important factors
influencing the reproductive cycle of bivalves. In tropical
zones, the most intense spawning periods are frequently
triggered by an increase in temperature (Rodríguez-Jaramillo
et al., 2022; Jahangir et al., 2014; Ren et al., 2003; Massapina
et al., 1999). In this study, the two periods of spawning were
identified at temperatures around 26 °C and 24 °C (May and
December), which do not correspond with the maximum
temperatures observed (> 30 °C), so temperature does not
seem to be the trigger for spawning of the bloody cockle in the
Sine-Saloum delta. On the other hand, the two most intense
spawning periods coincided with two periods of desalination.
This observation therefore tends to confirm the hypothesis that
the bloody cockle’s reproductive cycle is influenced by
variations in salinity. These results suggest an inverse
relationship between water salinity and spawning in S. senilis,
and are consistent with data from Okera (1976), according to
which the bloody cockle reproduces after the monsoon in
Sierra Leone. Freshwater intake during the monsoon season is
also considered an influential factor on reproductive mecha-
nisms in Anadara granosa in Malaysia (Broom, 1983) and
India (Manjarrés-Villamil et al., 2013).
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A salinity depression leads to growth and maturation of the
gametes in A. granosa (Broom, 1983). Reproduction in this
species occurs mainly when low-salinity conditions are
maintained for a long period (Broom, 1982). It has also been
shown that in Cerastoderma edule, an intertidal species that
can live in salinities ranging from 18 to 40. Salinity changes of
5 to 20 and 10 to 25 in March and May, respectively, induced
massive spawning followed by gonad recovery (Vázquez et al.,
2021). These results differ, from those found by Debenay et al.
(1994), who reported a maximum spawning period during the
rainy season in theMbodjiène lagoon in Senegal. In the present
study, significant gametogenesis activity was recorded
upstream and downstream during the monsoon season between
July and October.

Qualitative analysis of maturation stages is very often
coupled with more quantitative analysis. The most widely used
method in the Anadara genus is the calculation of the condition
index (Freites et al., 2010; Narasimham, 1988). Reproductive
investment is widely used in oysters (Fabioux et al., 2005). Our
results indicate that the period of gametogenesis and
maturation observed from the identification of maturity stages
coincides well with the phase of increasing gonadal index
between July and October. This validates a methodological
approach for this species, which is technically simple to
implement. However, the percentage occupied by gonads was
lower at the first low salinity period, between April and May,
than during monsoon, between July and October. The
difference between these two spawning episodes suggests
that salinity is not the only driver of reproduction in this
species. Indeed, between April and May, as the proportion of
mature tubules is lower, there are quantitatively few spawning
events, even during desalination. During this period, temper-
atures are still low. However, during the monsoon season,
when temperatures are higher (>30 °C), significant gameto-
genesis activity was recorded upstream and downstream.
Partial spawning also increases, then in October, when the
majority of tubules are mature, the minimum salinity causes
almost all the tubules to “empty”. High temperatures
therefore seem to act as a primary driver, allowing the
majority of individuals to mature, culminating in significant
spawning when environmental conditions become unfavor-
able. In this way, high temperature synchronizes maturation
and salinity triggers oviposition in S. senilis in the Sine-
Saloum delta.

A comparison between the two sites shows that the surface
area occupied by gonads is always smaller upstream, with the
exception of September when gonad indices are equal.
Spawning effort is therefore greater downstream than
upstream. However, studying the effect of phytoplankton
availability could help to understand this difference. It has
been shown in some bivalves that food can improve fertility
and gamete quality (Utting and Millican 1997) and reproduc-
tive investment (Enriquez-Diaz et al., 2009). This food
availability could be seasonally limited in an inverse estuary
(Villanueva, 2015). Initial data on phytoplankton communi-
ties’ dynamics suggest a seasonal pattern, with densities
increasing at the end of the monsoon season (Thomas and al.,
unpublished data). This would coincide with the period of
highest reproductive investment that we have highlighted,
offering favorable conditions for larval development and
recruitment.
f 11



B. Sané et al.: Aquat. Living Resour. 2023, 36, 33
5 Conclusion

This work on S. senilis provided an initial description of the
reproductive cycle of this bloody cockle in the Sine-Saloum
delta. It appeared that reproduction takes place all year round,
with two preferred periods between May and July and
December and February. The results also showed a reproduc-
tive cycle marked by a strong dependence on salinity
variations, resulting in a seasonal cycle and spatial heteroge-
neity. The study also enabled us to establish a standardized
classification method for future studies with described stages,
and a simple image analysis method for this species. In
addition to qualitative analysis using maturity stages,
quantitative analysis of reproductive effort by determining
the gonadal index (GI) would also appear to be a simple tool
for monitoring purposes, in addition to the condition index.
With a view to assessing the effectiveness of the observed
clutches, the monitoring of recruitment dynamics would
enable us to identify whether there are more favorable periods
for recruitment or whether it takes place all year round. Next
step will also have to be focused on trophic aspects in order to
highlight how food variability may drive reproductive patterns.
The information provided by this study is a valuable
contribution to our knowledge of the ecology of a key species
in West African coastal ecosystems. A better understanding of
the reproductive dynamics of S. senilis is a fundamental
element to feed modelling approaches at individual and
population scales, which are key steps in supporting
management measures.
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