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Abstract. The first objective of this study consists of an exhaustive description of growth, reproduction
and age of 2 species of pelagic fish: the sardinella Sardinella aurita (N = 649) and the sardine Sardina
pilchardus (N = 648). Samples were collected monthly from November, 2012 to October, 2013 along
the Algerian eastern coasts. Concerning S. aurita, 7% was no identified (NI) against 22% of non-
sexually differentiated (IM) individuals, 31% of males (M) and 40% of females (F). The relationship
between the size and the weight revealed a majorant allometry (b = 3.13) from all material. The key
size-age highlights that the majority of the IM (51) and adults (186) have a size included between: 8-
11 cm at 0-1 year and 16-17 cm at 3-4 years respectively. From S. pilchardus, the proportions of
females are slight higher than males (42%-41%) against 12% of immature individuals and 5% of no
identified individuals. Length—weight relationships revealed the equation: W = 0.005 L3 (sexes
combined). The most important proportion of the males and females measures 12-15 cm at 3-4 years.
Finally, estimated parameters of the von Bertalanffy model of both species were characterized.
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Introduction. Most clupeiform fishes have indeterminate fecundity (the Atlantic herring
Clupea harengus is an exception) and are characterized by a small size, high growth
rates, a relatively short life span (Sinovcic 1986; Alemany & Alvarez 1993; Voulgaridou &
Stergiou 2003; Silva et al 2008), and late maturity (up to the second year of life; Silva et
al 2006) occurring at a large size relative to adult size such that energy is first allocated
to growth and then to reproduction (Nunes at al 2011), these characteristics, in addition
to important inter-annual fluctuations in population biomass and recruitment, make their
stocks especially difficult to manage (Cole & McGlade 1998; Schwartzlose et al 1999;
Borges et al 2003; Carrera & Porteiro 2003; Silva et al 2009).

On the other hand, knowing the age of fishes allows us to better understand the
dynamics of fish stocks and how fish populations react to exploitation and environmental
stresses, and thus can be used to analyze the effect of changes in relative exploitation
patterns on the stocks and enables us to provide more precise management advice to the
fisheries managers (Sylla at al 2012).

In the light of this information, we have choose to undertake this investigation, on
two pelagic teleost along the Algerian eastern coasts: the sardinella (Sardinella aurita)
and the sardine (Sardina pilchardus), that the aims is firstly, to determine the age by
otolithometry- for the first time in this area- and to establish a key size-age for those
specimens, secondly to study their growth and reproduction to understand the dynamic
of this population.
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Material and Method

Fish sampling. Sampling was carried out monthly between November 2012 and October
2013. A total of 649 S. aurita and 648 S. pilchardus were collected along the Algerian
eastern coasts: El Kala 36°54’1.02”N 08°25’23.94”E, Annaba 36°54’11”N 07°47'03"E
and Chetaibi 37°04'04”N 07°83’03"E (Figure 1), they were brought back to the
laboratory on ice and then weighed (total mass -Wt, with 0.1 g accuracy) and measured
(total length -Lt, in mm).
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Length-weight relationship. As fish grow in length, they increase in weight. The
length—weight relationships were calculated using the equation:
W (t) = aLt®
Where: a is a coefficient relative to body form;
b is an exponent indicating isometric growth when equal to 3.0, allometry
marjorant when >3 and allometry minorant when <3 (Froese 2006).

Otolith analysis. The neatness of the otolith growth marks of the captured fish allowed
us to interpret them directly without prior preparation using a Leica WILD M3z
microscope with reflected light against a dark background. Assessment of their age was
done by counting of the winter rings (Panfili et al 2002).

Modeling of growth. For modeling of growth of the fish population in question we used
the following von Bertalanffy (FCVB) equation:
Lt = Loo (1-e™(t10)

This model is perhaps one of the most widely used models to describe age and
growth relationships of fishes. The above equation describes how an individual length
(Lt), is predicted as a function of its age (t) as a result of the values of the parameters k
and Lco. k is the instantaneous growth rate (units of time, year-1) and Loo is the
maximum length attained by an average individual in the population.

Results

Sex-ratio. Concerning S. aurita, 7% was no identified (NI) against 22% of non-sexually
differentiated (IM) individuals, 31% of males (M) and 40% of females (F) (Figure 2).
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Figure 2. Proportion of different stage of Sardinella aurita from the Algerian eastern
coasts.

Out of the total sardine specimens analyzed during the study (N = 648), 264 (41%)
specimens were males, 273 (42%) were females, 76 (12%) non-sexually differentiated
(IM) individuals and 35 (5%) undetermined specimens, giving an overall sex ratio of 0.97
(Figure 3).
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Figure 3. Proportion of different stage of Sardina pilchardus from the Algerian eastern
coasts.

Length-weight relationship. A total of 1,297 specimens of S. aurita and S. pilchardus,
ranging in total length from 8 to 25.5 cm (mean 15.74+3.26 cm) and 8.3 to 19.5 cm
(mean 14.15+1.69 cm) respectively and in weights between 3.71-140.27 g (mean
32.72+20.93 g) and 3.71-54.73 g (mean 22.18%8.08 g) respectively, were sampled.

Relationships were calculated for males, females and non-sexually differentiated
individuals (Table 1) of S. aurita. Females had a slight higher regression coefficient (b =
3.16; R? = 0.98) than males (b = 3.13; R?> = 0.97). The relationship for non-sexually
differentiated specimens was: W = 0.0057 LT *°; R? = 0.98. The slope of the regressions
and regression coefficients indicate the majorant allometry nature of growth for all
material (Table 1).
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Length-weight relationship of both species from the Algerian eastern coasts

Table 1

N a b R? Allometry type
Sexes
S. aurita S. pilchardus S. aurita S. pilchardus S. aurita S. pilchardus S. aurita S. pilchardus Si . S-
aurita pilchardus
M 199 264 0.0052 0.0045 3.13 3.18 0.97 0.93 majorant
F 261 273 0.0047 0.00456 3.16 3.19 0.98 0.92 majorant
1M 143 76 0.0057 0.006 3.09 3.07 0.98 0.94 majorant
IM - non-sexually differentiated individuals, M — males, F — females.
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Concerning S. pilchardus, the relationship between length and weight was from males,
females and non-sexually differentiated individuals: W = 0.0045 LT 38, W = 0.0046 LT 3'°
and W = 0.006 LT %7 respectively. The allometry coefficient b is higher than 3 reflecting
that growth is a majorant allometric (Table 1).

Key size-ages. Otolith examination based on specimens samples caught in the Algerian
eastern costs gave a success rate of 90.60% (588/649) of S. aurita, it highlighted that
the total length is ranged between 8 and 25.5 cm, and their age between 11 months and
7 years. Males ranged in size from 12.7 to 24.4 cm (from 1.16-6 years) and females
from 12.7 to 25.5 cm (from 1.16-6 years). Non-sexually differentiated individuals were
between 8 and 14.7 cm long (from 11 months-3.9 years). The age 3-4 years is the most
dominant for males (86) and females (100) (Table 2).

Table 2

Key size-ages (cm-years) for Sardinella aurita from the Algerian eastern coasts

) Age class
Size
(cm) 0-1 1-2 2-3 3-4 4-5 5-6 6-7
IM IM M F IM M F IM M F M F M F M F
8-9 36
10-11 15 32 4
12-13 11 5 5 26 4 5 5 1
14-15 1 5 5 28 51 5 22 31 1 1
16-17 5 8 48 55 15 13 3 4
18-19 14 11 24 22 4 8
20-21 2 1 5 13 6 4 1
22-23 1 1 5 5 2 3
24-25.5 1 1 3 1
IM - non-sexually differentiated individuals, M — males, F — females.
Concerning S. pilchardus, otolith readings gave a success rate of 87.96% (570/648), age
range of the sampled fish was 10.8 months — 6.75 years, with a predominance of age
classes of 3—4 years in the catch (51.22% individuals). Females predominated in almost
all age classes, except in 4-5 years (predomination of males). Finally, in age class 3-4
years, both sexes were equally presented (Table 3).
Table 3
Key size-ages (cm-years) for Sardina pilchardus from the Algerian eastern coasts
Age class
Size
(cm) 0-1 1-2 2-3 3-4 4-5 5-6 6.75
IM M M F IM M F M M F M F M F M
8-9 2 6 3
10-11 2 5 2 2 15 7 4 1 2 1
12-13 1 2 21 21 30 6 60 37 2 1
14-15 6 7 80 102 34 31 1
16-17 1 2 28 26 4 10
18-19 1 1 1 1 1

Modeling of growth. Estimated parameters by the direct method of von Bertalanffy
were resumed in the following Table 4. It shows that the males and the non-sexually
differentiated individuals of S. aurita have a slight high growth rate (k = 0.18 and 0.19
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year™ respectively) than females k = 0.13 (year™) and that these, therefore, reach a
final size (asymptotic length) Loo = 32.26 cm higher than males Lo = 27.3 cm (Table 4).

Concerning S. pilchardus, juvenile exhibit an extremely fast growth (k = 0.8) but
the rate of growth (k = 0.2) and the asymptotic length (Lco = 21.04 cm) are the same in
both sexes (Table 4).

Table 4
Growth parameters of both species from the Algerian eastern coasts
Loo(cm) K(year™) to(year)
Sexes S. S. S. S. S. S.
aurita pilchardus aurita pilchardus aurita pilchardus
M 27.3 21.04 0.18 0.2 -1.9 -2.4
F 32.26 21.04 0.13 0.2 -1.99 -2.4
IM 18.41 11.99 0.19 0.8 -3.01 -1.11

Discussion. The sex-ratio in the population of S. aurita and S. pilchardus along the
Algerian eastern coasts is in favor of females (40% and 42% respectively). The
dominance of the females seems to be a general rule to Clupéidae (Boély 1980) because
it was noticed at other species: Sardinella maderensis (Boély 1979) and anchovy
Engraulis mordax (Parrish et al 1986). The numerical superiority of the females can be
the result of several factors among whom the most credible would be a bigger longevity
and a fast growth of the females (precocious development of the ovaries), a more
important vulnerability in relation to the devices of gear of fishing or else of the
migratory movements different from those of the males (Khemiri & Gaamour 2009).
Furthermore, variations of the sex ratio at different sizes are related to unequal rates of
growth and mortality (Turner et al 1983).

Our results regarding sex-ratio is in agreement with the results of several authors
in different area: in Morocco (Baali et al 2015), Balearic Islands (Andreu & Rodriguez-
Roda 1952), Senegalese coast (Conand 1977; Boély 1979), EEZ Mauritanian (Cheibany
1990). According to Diouf et al (2010), there is a predominance of males among the first
individuals arrived, followed by a numerical inequality of females and males, and a
female predominance in late migration.

Analysis of length-weight relationship showed that female had a slight higher
regression coefficient from both species and that the slope of the regressions indicates
the majorant allometry nature of growth for all material.

Our age and growth estimates from S. pilchardus are similar to those calculated
on the age—length data reported by: Brahmi et al in Algiers (1998) (a = 0.00385; b =
3.20), Bouchereau (1981) (a = 0.0096; b = 3.48) in the Bay of Oran, Guerault & Avrilla
(1978) in the gulf of Gascogne (a = 0.00395; b = 3.24); and from S. aurita by: Baali et
al (2015) in Morrocco, Camarena (1986) and Boély (1979) in Senegal, Ghéno & Fontana
(1981) in Congo and Holzléhner el al (1983), Wagué & Mbobj (2002), Diouf et al (2010),
Samba (2011) in Mauritania. On the contrary, in the same region Bedairia & Djebar
(2009) and Kartas (1981) in Tunisia found from S. pilchardus an isometric growth results
(a = 0.00488; b = 3.055). A number of factors such as growth phase, season, degree of
stomach fullness, gonad maturity, sex, size range, health and general fish condition, and
preservation techniques are known to influence the length-weight relationship in fishes
(Bedairia & Djebar 2009).

Our study on the growth of S. aurita showed that this species has a slow growth,
with a maximum age observed in 7 years. In Morocco, Baali et al (2015) show that this
species has a rapid growth, with a maximum age observed in 5 years, reaching average
19 cm after one year. Other studies showed that the growth of S. aurita is fast, reaching
an average of 18 cm after one year (Camarena 1986; Cury & Fontana 1988). In the
Senegalese coast, the size is growing rapidly, reaching its maximum after 3 years of life.
The recent study of the growth of Sardinella from peninsula of Cape Verde, performed by
Samba (2011), also shows very rapid growth of S. aurita with maximum observed
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morphological trait at 4 years. The interpretation of the results is complicated by the
existence of two relatively long breeding seasons and migrations carried out by this fish.
The difference concerning, in particular, the growth rate may be fast for some, or
relatively slow for others (Baali et al 2015).

The analysis of the growth performed without discrimination between sexes point
out that the sardine can live until 6.25 years, juvenile exhibit an extremely fast rate of
growth (k = 0.8) notably in the course of first 3 years of life, however, and from the third
year, the growth in length becomes of more in slower, and is possible to be estimated in
some millimeters/year. Sardine populations across the Atlantic and Mediterranean waters
show large variation in Von Bertalanffy growth parameters and maximum age and the
longevity of sardine in the Atlantic is higher than in the Mediterranean; indeed, in the
Mediterranean, the ages recorded show a maximum of 6 years and correspond to values
of Loo of 22.56 cm, 19.44 cm and 22.58 cm, respectively from Gulf of Annaba-Algeria
(Bedairia & Djebar 2009), Bou—Ismail-Algeria (Mouhoub 1986) and Galicia-Spain (Alvarez
1980). In the Atlantic, however, longevity is 8 years, which corresponds to asymptotic
lengths of 25.5 cm in the Bay of Biscay (Guerault 1980) and 24 cm in the east Atlantic
(Copace 1978). It is extremely difficult to assess the possible influence on growth rates
that is directly ascribable to the different environmental and biological factors in the
regions considered, the most likely candidates, i.e., temperature, food availability,
competition, and predation, have mainly been determined for larvae or in laboratory
studies (Morales-Nin & Pertierra 1990).

Conclusions. This study highlights the following points:

* The sex-ratio in the population of S. aurita and S. pilchardus is in favor of females
(40% and 42% respectively);

* The relationship between the size and the weight revealed a majorant allometry for
both species;

* The growth of both species is relatively slow but juvenile of S. pilchardus exhibit an
extremely fast rate of growth (k = 0.8).
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