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Madeiran sardenella (Sardinella maderensis) is an important species actually
fished in sea waters along the coasts of Mauritania with an increasing fishing
state observed at different fisheries. Therefore, a critical study is necessary
for sustainable conservation of the species. The aim of this work is to estimate
the growth rate and the age of the species coming from artisanal fisheries at
the Nouakchott fishermen’s beach in Mauritania. The study was carried out
from the landings of Madeiran sardenella stock landed at the artisanal
fishmen’s beach of Nouakchott during the period of January to September
2015. A total sample of 1048 specimens (568 females and 480 males) was
collected. According to the method of Battacharya, 4 age-groups were
identified. Using the equations of Von Bertalanffy, L∞ (cm) = 38.44, K = 0.53,
and t0 = -0.60. The overall size-weight relationship gives an isometric
overweight, defined by two allometric parameters: a = 0.007 and b = 3.09,
with a high correlation coefficient (r = 0.93). A linear growing of the species
was observed during the first year for both sexes; however females grow more
than males while males live longer than females. Thus, the species has so far
a capacity to support important exploitations; nevertheless, the fishing of the
species need to be regulated to avoid an over-exploitation state and to build a
sustainable management of the species.
Key words: Madeiran sardenella, Sardinella maderensis, artisanal fisheries, growth,
structure, Mauritania.

INTRODUCTION
Madeiran sardenella (Sardinella maderensis Lowe, 1838) is a
pelagic fish with a tropical biogeographic affinity and
recorded along the Mauritanian littoral. Relatively a
sedentary fish, the species lives on the continental coastal
zones of 50m deep (Maigret, 1972). According to IMROP
(2014), in the Nouakchott fishmen beach, the global biomass
all fish harvested from artisanal fishering was estimated to
increase from 43,000 tons in 2006 to 333,000 tons in 2013.
The small pelagic species constituted 287,000 tons. The
exploitable biomass of S. maderensis was estimated to 340
000 tons a year and is the third most captured pelagic

species in Mauritania (Ould Taleb Ould Sidi et al., 2013)
intended to commercial and industrial fish processing for
food factory supply and for human consumption. For these
purposes, the stock of S. maderensis is mainly targeted by
artisanal fishing. S. maderensis is often caught together with
the related commercial species Sardinella aurita (Zeeberg et
al., 2008). In 2013, the captured biomass of S. maderensis
was estimated to be about 66,293 tons corresponding to
24% of the total landed biomass of small pelagic species at
the artisanal fishery of Nouakchott (IMROP, 2014).
Because of the increasing exploitation of the species and a
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Figure 1: Study area and migratory cycle of S. maderensis (adapted from Boëly, 1979)

particular commercial interest (IMROP, 2014; Jeyid, 2017),
that naturally can lead to an overfishing in the future, the
characterization of the growing properties of individuals
becomes critical for sustainable management of the species
in sea waters (Hilborn and Walters, 1992). Earlier different
research works were conducted on the growing properties
of the species; among those are the works in Congo (Gheno
and Le Guen, 1968), and Senegal (Boëly, 1979; Camarena,
1986; Samba, 2011). In Mauritania, the present work is the
first to give scientific information on growth parameter of S.
maderensis using the method of frequency distribution in
size and weight. The computed growth parameters will
allow to understand the dynamic growth model of the
species in the sea waters; model that can be used for a
sustainable exploitation of the stock.
Therefore, this study seek to measure the main biological
parameters of S. maderensis captured from artisanal fishing
in Mauritanian sea waters and landed at the fishermen beach
of Nouakchott. Specifically, it consists to determine the
sexual type of individuals in the capture population, to

identify the demographic structure, to determine the age of
individuals and parameters of the species related to its
growth.
MATERIAL AND METHODS
The study area
With a length of 720 km, the Mauritanian coast belongs to
the Atlantic Ocean between 16°04 and 20°46 North.
Nouakchott (Figure 1) is located at around 18°07 North. In
2008, Mauritanian population was estimated at around
3,200,600 inhabitants and 41% of which were urban
population (ADB Group et al., 2009). The country is
experiencing a relatively progressive rate of urbanization
and consequently nearly half of the population lives in the
coastal cities of Nouakchott and Nouadhibou (Ouattara
2011). Between 2000 and 2008 Nouakchott city area had
increased from 83.84 km2 to 92.97 km2 and with an annual
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Figure 2a: Repartition of Mauritanian artisanal park along the littoral (Kinadjian et al. 2014). NPB: National Park
of Banc d’Arguin

increment of 1.14 km2 per year and a growth rate of 10.88%.
The economic growth of Mauritania, is driven by
construction, agriculture, fishing, land use, gold and copper
mining (Mele, 2014). In the capital Nouakchott, fishing is a
main activity of relative for most many people of the city that
occupy one third of artisanal fishery along the Mauritanian
littoral (Kinadjian et al., 2014) (Figure 2a).

m1: average female size, m2: mean male size, v1: female
variance, v2: male variance, n1: number of females, n2:
number of males.
During this comparison, a significant difference at p < 5%
corresponds to |𝜀| ≥ 1.96.

Biological aspects study of the species

For the age study, the indirect method of the logarithmic
differences of Battacharya (1967) using FISAT II software
(version 2005) was applied according to Gayanilo et al.
(2005). This method is based on the decomposition of the
distribution of size structures into age structures. The fish
were then grouped in size classes of 1cm interval.

Identification of the demographic structure
The biological data used in this study come from the analysis
of monthly samplings of purse seine landings at the artisanal
fishermen beach of Nouakchott during the period from
January to September 2015. A sample of about 40 specimens
were collected three times a month (simple random
sampling). For each fish, the total length (Tl) to the nearest
millimeter, the total weight (Tw) to the nearest gram and the
sex were recorded. In order to be analyzed, the frequencysize data were ordered by sex and size class intervals of 1 cm
total length (Tl).
During this activity, the mean size of individuals per sex
obtained from the stock landed at the artisanal fishermen
beach is measured. A comparison test of two observed
average sizes (homogeneity test) based on the value of the
reduced difference ε (Schwartz, 1983) was performed
according to the formula:
ε = |𝑚1 –𝑚2| /√((v1 / n1) + (v2 / n2))
, with (n1≥ 30 et
n2 ≥ 30)

Age determination

Absolute linear growth
To establish a linear growth curve of the studied species, the
mathematical expression generally used to describe this
phenomenon is the equation of Von Bertalanffy (1938),
which is a descriptive model of the growth depending on the
age and taking into account the seasons (Sparre and Venema,
1996).
𝐿(𝑡) = 𝐿∞ (1 − 𝑒 −𝐾(𝑡−𝑡0) )
Where L(t) is the length at age t, 𝐿∞ is the asymptotic length
or the theorical maximum length, K is the evolution rate of
the animal at 𝐿∞ . K > 0 to the age when the size of the fish is
theorically nul (L(t) = 0). 𝐿∞ and K were determined from the
analysis of the size frequency distribution using FISAT II
software (version 2005) and following the equation of Pauly
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(1983). According to this equation, L∞ = Lmax /0.95 and
Lmax is the length of the largest fish measured in the sample.
The value of 𝑡0 is obtained from the empirical equation
recommended by Pauly (1980) as following:
𝐿10 (−𝑡0 ) = −0.3922 − 0.2752𝐿𝑜𝑔10 𝐿∞ − 1.038𝐿𝑜𝑔10 K
The longevity or age corresponding to the average
maximum size is determined according to the formula
(Pauly, 1983):
𝑇𝑚𝑎𝑥 = 3/K
Relative weight growth
The weight and size of a fish are usually linked by a
relationship (typical power) expressed by the formula
(Ricker, 1980):
𝑊 = 𝑎𝐿𝑏
Where W is the total fresh weight, a is the ordinate at
origin and b is the allometric coefficient.
The rate of allometric coefficient b varies from 2 to 4, but
is most often close to 3 (Le Cren 1951).
When b = 3 the growth is isometrically perfect and the
specific density of the species does not change.
If b > 3, the allometry is great, the weight increases faster
than the cube of the length.
If b < 3, the allometry is minor, the weight increases less
quickly than the cube of the length.
From this equation, the parameters a and b are calculated
for females, males and both sexes using the “adjustment
function” of the SPSS software (IBM20 Version).
The reduced difference test based on the comparison of
two slopes (theoretical and observed) is introduced to
confirm or refute the type of the allometry of this
relationship (Schwartz, 1992):
|𝑃 − 𝑃0 |
|𝑡| =
𝑆𝑝0
Where 𝑃 = 3 correspond to the theorical slope, 𝑃0 is the
slope calculated by method of the least squares. 𝑆𝑝0 is the
standard deviation of the calculated slope with (𝑆𝑝0 )2 =
(𝑆𝑦/𝑆𝑥 )2 −( 𝑃0)2

, (α = 5%), N is the number of pair values, Sx is
the standard deviation of x (Lt) and Sy is the standard
deviation of y (Wt).
𝑁−2

Absolute weight growth
The weight growth is obtained using a combination of the
linear growth equation and the equation of the height weight
relationship (Gulland and Holt, 1959). Using the two
equations, the absolute weight growth equation of Von
Bertalanffy (1938) can be written as following:
𝑊𝑡 = 𝑊∞ (1 − 𝑒 −𝐾(𝑡−𝑡0) )𝑏
With 𝑊𝑡 the total weigth at the moment t, 𝑊∞ the
asymptotic weight corresponding to 𝐿∞ , b the allometric
coefficient, and K and t0, the parameters of the equation of
Von Bertalanffy (1938).

Determination of individual sexes
Determining the sex help know the portion of males and
females in the targeted stock. S. maderensis is a gonochoric
species, the two sexes are perfectly separated, and there is
no apparent secondary sexual characteristics in fish during
or outside the reproductive period allowing sexual
dimorphism. Therefore, a dissection is required for direct
observation of gonads and determination of both sexes.
The study of the variations of the morphological aspect of
the gonads was carried out by the simplest method that is
the macroscopic observation of the gonads (the ovaries,
testicles), based on: the coloring, the consistency, the
importance of the superficial vasculature, the thickness and
transparency of the wall, the shape and volume occupied by
the gonad in the abdominal cavity. From this method, it is
possible to follow the evolution of the male and female
gonads during the reproductive cycle using a macroscopic
scale of sexual development or gonad maturity stages. The
maturity of S. maderensis is for example defined in five (5)
stages following the description stages of (Holden and Raitt,
1974).
Sex-ratio
The sex ratio (SR), which refers to the proportion of the
sexes in a sample, represents the abundance of one sex of a
given population over the other. It is determined after the
macroscopic observation of the gonads of the examined
species and identification of the sex. This index is expressed
in different forms:

Masculinity or feminity rate

The ratio between the female number and male
number or conversely
In this study, the ratio of the number of females to the
number of males (♀/♂): the masculinity rates (MR) and the
feminity rates (FR) are defined as following:
𝐹
𝐹𝑅 =
∗ 100
(𝐹 + 𝑀)
𝑀
∗ 100
(𝑀 + 𝐹)
F and M are respectively the number of females and the
number of males.
The distribution of males and females in term of number
and percentage with a risk accuracy (a) of 5% are calculated
from the percentage of males (p), the percentage of females
(q) and the total number of males and females (n) from
Schwartz's relation (1983).
a = ±1,96√𝑝𝑞/𝑛
𝑀𝑅 =

RESULTS
Fishing types in the Mauritanian sea waters
Among the different fishing types (industrial, coastal and
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Figure 2b: A side over view of the artisanal fishermen’s beach of Nouakchott with purse seine dugout

artisanal) used in the Mauritanian sea waters for the
collection of sea foods, the artisanal and the coastal types are
mainly used by the fishermen of Nouakchott. The industrial
fishing is mainly adopted by fishermen coming from Europe
and America. The artisanal and coastal fishings are used to
supply factories and local consumers use.
In the artisanal fisheries, pelagic species including S.
maderensis are mainly exploited using the purse seines as
fishing gear (Figure 2b). The purse seine is the most
elaborate artisanal fishing gear and the closest to the
industrial fishing gear. It usually measures 300 to 400
meters long with 30 to 40 m depth and are extended by two
towing arms from 500 to 600 meters. The mesh of the pocket
central is small: 30 to 40 mm of stretched mesh
(Champagnat et al., 1983).
The fishing is usually done with two dugouts, the smallest,
12 to 15 m, carries the net, and allows to encircle the school
of fish. The manipulation of the slide allow closing the
pocket-shaped net in the lower part. The fish is then scooped
with large landing nets by the many fishermen aboard; the
fish caught is gathered into a second canoe which is larger
(up to 24 m) and can lift and land between 10 and 20 tons of
fish. The second canoe is commonly called a carrying canoe.
The fishing areas in general of these boats are located at 1550 m of depth and within 6 miles of the coast.
Sexes and sex ratio in the stock
After dissection and macroscopic observations of gonads,
the sex of each individual was determined (Figure 3). Using
the gonad characteristics and difference between males

and females, they were divided into 480 males, 568 females
for a total of 1048. The masculinity rate (MR) and feminity
rate (FR) are respectively 45.80% and 54.20%. the risk
accuracy (a) of 5% calculated is a = 0.09.
Demographic structure of S. maderensis
For the 1048 individuals collected from artisanal fishing, the
size was varying from 19 to 37 cm total length. The average
sizes were 29.31 cm and 28.30 respectively for females and
males (Table 1). The fully represented size classes are
spread between 25 and 33 cm and Figure 4 illustrates the
percentages of percent sizes in both sexes.
Using the homogeneity test, the reduced differences show
that the value of ε was found to be greater than that given by
the Table of the reduced-deviation (t) at the risk of 5% (ε =
1.96).
The analysis of the demographic composition of collected
individuals (Figure 4) yields that the size spectrum of the
exploited species is very wide (19-37cm), the frequently
caught individuals being of medium to large sizes. The
juveniles were absent in the catches.
The relationship age length
The applied Bhattacharya method allowed to sort all the
catch samples obtained during the study period and to
obtain 4 cohorts with corresponding average sizes ranging
from 24.05 to 33.31cm total length (Figure 5, Table 2).
The average sizes of the 4 age groups (Table 2) ranged
from 4 to 30.31cm. The largest population belongs 2 to age
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Male gonads (testicles)

Female gonads (ovaries)

Figure 3: sexual differentiation in S. maderensis

Figure 3: sexual differentiation in S. maderensis

Table 1. Comparison of average sizes by sex
Sex
Effectif
Average (cm)
Variance(S2)
Difference (5%)

Females (♀)
568
29.31±0.7
9.41
5.30

16

♀ = 568
♂ = 480

14

Size frequency (%)

Males (♂)
480
28.30 ±0.7
9.47

12

F

10

M

8
6
4
2
19 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
Total lenght (cm)

Figure 4: The demographic structure of the collected flat sardinella population

group 3 with a proportion of 45.31%, followed by age group
2 with 31.84%, then the age group 4 with 12.8% (Fish
fraction the oldest) and finally the age group1 (youngest
fish) with 10%. Catches mainly consist of fish aged 2 to 3
years.

Linear growth
Using the equation of Von Bertalanffy and replacing the
parameters by the exact values corresponding to the males,
females or both, the 𝐿(𝑡) equation will be respectively as
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Figure 5: Decomposition of size frequency distribution of Sardinella maderansis in 4 cohorts or age
classes by the method of Bhattachariya; each pick is an age group ranging from age 1 to 4
respectively from left to right.

Table 2. Relationship age-length obtained by the method of
Bhattacharya (1967)
Group
1
2
3
4

Computed mean
24.05
26.17
29.77
33.31

S.D.
0.85
1.04
1.51
1.14

Population
108.14
343.20
488.77
138.67

S.I.
na
2.02
2.08
2.06

SD: standard deviation, SI: separation index (SI ≥ 2)

Table 3. Theoretical and observed size-age relationship of S.
madrensis (both sexes)
Age (year)
0
1
2
3
4

L(t) (theory) cm
10.40
23.00
28.50
32.73
35.00

following:
Males: 𝐿(𝑡) = 37.79(1 − 𝑒 −0.62(𝑡+0.51) ), for L∞ (cm) =
37.79, K= 0.62, t0 = -0.51
Females: 𝐿(𝑡) = 38.60(1 − 𝑒 −0.50(𝑡+0.58) ), for L∞ (cm) =
38.60, K = 0.50, t0 = - 0.58
Both: 𝐿(𝑡) = 38.44(1 − 𝑒 −0.53(𝑡+0.60) ), for L∞ (cm) =38.44,
K= 0.53, t0 = -0.60
The model of Von Bertalanffy gives the theorical linear
growth of S. maderensis. The calculation of the theoretical
linear growth of the species gives some size-age
relationships that are relatively close and comparable to the
average values observed for each cohort determined (Table
3). The asymptotic length is always greater than the
maximum length observed (37 cm). The asymtotic length
(L∞) of males was greater than that of females while the

Lt (observed) cm
24.00
26.17
29.77
33.31

theorical length during the same age was greater in the
females (Figure 6).
The growth curves (Figure 6) of both sexes show a
differential growth and the calculation of the theoretical
maximum age (tmax) gives however an estimate of the
longevity of S. maderensis, with 5.5 years for the males and
4.5 years for females. This species shows rapid growth
during its sub-adult phase, especially during the first two
years.
Relative growth weight
The length-weight relationships were established separately
by sex and overall and a power type regression of the couple
values of growth and weight shows a strong positive
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Figure 6: Theoretical linear growth curves of S. maderensis

Figure 7: relationship of length-weight for both samples

correlation (Figure 7) between the two variables (r = 0.93).
However, as shown in Table 4, a comparison of two slopes
(theoretical and observed), gives less significant values (tcal
<1.96, α = 5%).
The absolute growth weight
The combination of the length-weight relationship and the
von Bertallanffy equation allowed establishing the sex and
gender weight growth equations (Table 5). Age-weight keys
were plotted for females and males at the different age
groups obtained (Figure 8).

The gains in weight were more observed in the females, the
difference in weight between females (109 g) and males (86
g) of one year reaches 23 g, but this difference that favored
the females decreases with age and becomes in favor of
males from the age of five.
DISCUSSION
Artisanal fishing and S. maderensis stock
In Mauritania coasts where the conditions are found to be
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Table 4. Equations of weight-size relationships of examined S. maderensis
Sex
Females
Males
Both

Relation
Wt = 0.008L3.038
Wt = 0.008L3.048
Wt = 0.007L3.09

N
568
480
1048

r
0.92
0.93
0.93

tcalα= 5%
0.07
0.09
0.17

Allometry Type
Isometry
Isometry
Isometry

Table 5. Weight growth equations for Sardinella maderensis
Sexes
Females
Males
Confondus

Equations of growth weight
W(t) = 495.5* (1 – e-0.62(t +0.51))3.038
W(t) = 548 .3* (1 – e-0.5(t +0.58))3.048
W(t) = 548*(1 – e-0.53(t +0.60))3.09

Figure 8: Theoretical growth curves of S. maderensis

favorable for the reproduction of small pelagic resources,
fish species and other small animals are exploited by three
main types of fisheries: industrial fishing (IP), coastal fishing
(CP) and artisanal fishing (PA). Today, the sub-sector of the
artisanal fishery is in full mutation, it adapts very quickly to
the needs of the market. Consequently, the amount of
catches is increasing with years passing (IMROP, 2014).
Different studies (e.g., Belevèze, 1983; Grall et al., 1982;
Minas et al., 1982, 1986; Orbi et al., 1991; Roy et al., 1992)
have shown that the dynamics of coastal pelagic fish stocks
is closely associated with that of environmental factors such
as intensity and seasonal and interannual variability of
upwellings, aspects of primary or secondary production as
well as hydrodynamic characteristics. Interestingly, the
weather conditions are good for existence of important
biomass of phytoplankton and zooplankton that mainly
compose the diet of Sardinella species (Sossoukpe et al.,
2016) leading to high productivity and the renewal of fish

stock in the coasts of Mauritanian. At the Atlantic coast of
Mauritania, weather conditions result from seasonal
variations in three pressure centers: the Azores anticyclone,
the Saint Helena high pressure, the Saharan depression and
movements of the inter-tropical convergence zone (ZITC),
which in Mauritania is only felt in the southern part up to the
latitude of Nouakchott (18 °05N) (Domain, 1980). An
alternation of two types of seasons is observed: a cold season
(November-Mai) and a hot and humid monsoon season
(June-October) with intermediate or transition seasons. The
period considered (January to September) does not cover an
annual cycle but integrates the peak uwpelling intensity
season, responsible for high primary productivity and
therefore better growth. Zeeberg et al. (2008) note also the
percentage of S. maderensis decreases in the catches during
summer when S. aurita abundance increases.
Artisanal fishing mainly targets species of Sardinella
(Sardinella aurita and Sardinella maderensis) and is
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practiced all year long, mainly from Nouakchott, about 70
Mauritanian canoes of Senegalese type engage in this
activity. In general, fish stock artisanally exploited, S.
maderensis does not occupy the large portion. Indeed,
considering the annual cycle and according to IMROP
(2014), the artisanal exploitation of small pelagic fish
species is dominated by S. aurita (about 45%), Ethmalosa
fimriata (about 31%) and S. maderensis (about 24%).
Population structure of S. maderensis stock
The homogeneity test based on the calculation of the
reduced difference (Schwartz, 1983) showed a ε > 1.96. That
would therefore mean that the females were on average
larger than the males and the two size structures were
different. The collected individuals were found to be mostly
adults as the average size of harvested species was about 28
cm for males and 29 cm for females. This result is confirmed
when applying the method of Bhattacharya (1967). Indeed,
four groups were sorted and the important harvested
population was found to be of fishable size (> 26 cm total
length). After investigations on S. maderensis in the
nearshore water of Benin Sossoukpe et al. (2016) found the
existence of two cohorts within the populations with a
maximum length (L∞) of 33.6 cm, a maximum longevity of
4.61 years and a natural instantaneous mortality of 1.30
years. For the same species, Gabche and Hockey (1995) in
Cameroon found a natural instantaneous mortality of 0.75
years for a longevity of 6.25 years. A comparison of the two
results allow Sossoukpe et al. (2016) concluding that weaker
the natural mortality rate is and greater is the longevity.
According to this conclusion, in this study, the average
longevity that was about 5 years shows that in the
Nouakchott coastal rivers, the average mortality is lower
than 1.30 years and higher than 0.75 years.
Considering the age and the height of the species, the
relationship analysis showed that the longevity of males was
5.5 years and 4.3 years for females. This analysis revealed
that the species presents a rapid growth rate during the subadult phase especially during the two first years. Hence, the
average length at 6 months was 16.98 cm and at two years,
the length of S. maderensis could reach 28.7 cm. In
Senegalese seawaters, Boëly (1979) estimated a length of 910 cm for juveniles of the species at 4 months age and a
length reaching 18-20 cm at one year age. Samba (2011)
found almost similar results with a length of 15.7 cm at one
year age and 26 cm at two years age.
In S. maderensis stock obtained from artisanal fishing, the
number of females was high than the one with respectively
MR = 45.80% and FR = 55.20%. The male-female ratio in the
catches obtained after macroscopic observation of gonads
and sorting of males and females is a useful data, either to
better know the demographic structure of a population, or
to estimate the fecundity of the stocks (Camarena, 1986). It
is generally known that in a population, the sex ratio should
be 1:1. There are several other factors such as temperature,
water velocity, and vulnerability of females to their
predators, migratory phase and other ecological hazards,

which probably change the sex composition in streams or
rivers (Domínguez-Petit et al., 2017). According to the
results of this study, the females were relatively higher in
number than males in the Madeiran Sardinella stock. The
causes for skewed sex ratios have been suggested to stem
from differences in size and age linked natural mortality
between the sexes (Jakobsen and Ajiad, 1999), differential
predation (Britton and Moser, 1982). Size selective and
unequal removal of the sexes by fishing (Shepherd et al.,
2010) seems to not be the reason of the lower number of
male in the stock as adult females were found to be higher in
size (more sensible to be removed) than males.
The growth of S. maderensis
S. maderensis in the present investigation shows an
isometric growth, which implies that the fish length
increases in equal proportion with fish body weight for
constant specific gravity. This result is similar to the finding
of Sossoukpe et al. (2016) at the nearshore water of Benin.
As reported by USAID and COMFISH (2012) and similarly to
the results in this study, the growth of S. maderensis in the
coasts of Senegal and Mauritanian is mostly observed during
the first two years of life. However, in Mauritanian areas, the
species seems to have a fast growing compare to other areas
in the atlantic coastal areas. This could be explained by
favorable environmental conditions like the upweling
intensity. The growth performance could be assigned to
important food availability (zooplankton, phytoplankton
and fish larvae in water) and other favorable environmental
conditions (Sossoukpe et al., 2016). Indeed, the height and
weight of a species are strongly sensitive to factors such as
the sampling period, the sex and the maturity level of this
species (Fréon, 1988). These two parameters were
positively correlated (r = 0.93) as observed during different
studies with some variances (Table 6).
Catch of S. maderensis
The relatively high length (28-29 cm) of the harvested
populations mostly composed of adults is a good
exploitation type that means fishermen use mesh of gear
that excludes the smallest size. In senegalo-mauritanian
zone, it is demonstrated that the important reproduction is
observed with adults of about 25 cm length and juvenile
genitors of 18 cm < L > 25 cm (USAID and COMFISH, 2012).
This situation seems to be interesting with the size level (29
cm average) of individuals of S. maderensis exploited in the
coasts of Mauritania. Therefore, as a result, important
individuals over 25 cm are captured probably excluding in
the meantime great quantity of brood stock in these systems.
This exploitation can therefore be considered as a
sustainable use of the populations of S. maderensis by
fishermen in the seawater systems of Nouakchott.
Furthermore, the productivity of the species will be
maintained for the sustainability of the species but also for a
perpetual replacement of harvested populations over time.
Thus, artisanal fishery that provides important quantity of S.
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Table 6. Values of length-weight parameters of S. maderensis in different areas of the western Atlantic
region
Study areas
Sénégal
Cap-Vert
Gambie
Mauritanie(industrial fishery)
Mauritanie (Artisanal fishery)

Relative growth parameters
A
B
4.43.10-6
3.20
0.0098
3.17
9E-06
3.01
22.92.10-3
2.78
6.97.10-4
3.15
6.10-3
3.12
7.10-3
3.09

Authors
Boëly (1979)
Camarena (1986)
Samba (2011)
FAO (1987)
Ecoutin et al. (2005)
Pascual-Alayón et al. (2008)
Present study

Figure 9: annual variability of fished stock of S. maderensis for industrial, artisanal purpose in
Atlantic Ocean waters in Mauritanian

maderensis for food factory supply and for human
consumption will continue being a good lucrative activity for
fishermen and supplying important quantity of sea food to
the city of Nouakchott.
However, because of the exponential increasing
exploitation of S. maderensis specifically since 2006 (Figure
9) driven by the increasing demand, management actions
need to be considered to avoid overfishing in the future.
Conclusion
In the stock of collected biomass landed at the artisanal
fishermen beach of Nouakchott, Sardinella species have a
wide size range of 19 cm to 37cm with a dominance sizes of
25 cm to 33 cm (85%). The average size of females (29.3 cm)
was observed to be greater than that of males (28.3 cm). The
collected individuals were then found to be mostly adults
and juveniles were found to remain in see water systems.
This exploitation can therefore be considered as a
sustainable use of the populations of S. maderensis by

fishermen in the seawater systems of Nouakchot.
Furthermore, the productivity of the species will be
maintained for the sustainability of the species but also for a
perpetual replacement of harvested populations during
time. The development of Von Bertallanffy general growth
equation in 1938, describes a rapid linear growth, with an
asymptotic size (L∞) of the order of 38.4 cm (including
sexes) for a curvature coefficient (K) of 0.6/years, a
differential linear growth between the two sexes was
observed.
Females grow faster than males, this difference is
apparent in the first year of life with a longevity of males (5
years) is slightly higher than that of females (4.3 years).
However, the analysis of the overall size-weight
relationships shows an isometric allometry which means
that the shape of the body does not change during the
increase.
Comparison results showed that the growth of Sardinella
maderensis on Mauritanian coasts appears to be faster than
that of populations in other western Atlantic regions,
indicating that these coasts have good growth conditions
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for the species.
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