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Abstract. The demographic structures of Atlantic bonito, Sarda sarda (Block, 1793), in the South
Atlantic coasts of Morocco were studied from the biological sampling data of the landings coastal units
targeting this species, between 2012 and 2015. In total, 2688 individuals are measured for size
frequency analysis and 158 individuals for biological parameters determination. The season of
reproduction was determined by the monthly evolution of the gonado-somatic index and the monthly
evolution of the percentage of sexual maturity. The demographic structure of the Atlantic bonito is
dominated by sizes between 45 and 52 cm and the gonado-somatic index shows that this species
reproduces between May and July.
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Introduction. Atlantic bonito (Sarda sarda (Bloch, 1793)) which is a member of
Scombridae is distributed in both sides of the tropical and subtropical Atlantic Ocean, in
the Gulf of Mexico, and in the Mediterranean and Black Seas. In the Eastern Atlantic it is
distributed from Oslo (Norway) to Port Elizabeth (South Africa), including the
Mediterranean and Black Sea. In the western Atlantic off the east coast of the United
States and Canada its usual northern limit is Cape Ann but also has been recorded along
Nova Scotia (ICCAT Manuel, 2010 edition). Atlantic bonito is a small tuna species that
feeds on small fishes, especially clupeoids such as anchovy, sardine, and sprat, and also
on crustaceans (Campo et al 2006). Maximum length in the Atlantic is 91.4 cm fork
length (FL) and 5.4 kg and in the Black Sea is 85 cm and 5 kg weight (Collete & Nauen
1983). Common size is 50 cm fork length and about 2 kg. Maximum published weight is
11.0 kg (IGFA 2001).

In Morocco, this species is distributed along the Atlantic Coasts, especially in the
southern part of the the Atlantic coast (Abid et al 2015). Coastal fishing units, using gill
net as the main gear, mainly exploit the Atlantic bonito. However, other gears catch also
this species as by catch such as hand line and trawls. Indeed, other fishing vessels as
ocean-going trawlers for example do not target Atlantic bonito but landed more or less
significant quantities of the species.

The fisheries targeting Atlantic bonito in Morocco are particularly important in
terms of catches, but the information about the stock is not available. So, the study of
biological parameters of this species is very important as the first step to a rational
management of the stock.

This document presents a study of some biological aspects of the Atlantic bonito,
being said that the knowledge regarding biology of this species is very limited in the
Atlantic Ocean.
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Material and Method

Study area. Samples were collected between 2012 and 2015 at the ports of Laayoune
and Dakhla. The geographical coordinates are respectively 27°05'43.66 N, 13°25’45.79
W and 23°39'33” N, 15°56’47" W (Figure 1).

This region of the Kingdom of Morocco is among the most important fishing areas
in the world, due to the phenomenon of upwelling, which is almost permanent (Makaoui
et al 2000). In the area north of Cap Boujdour, the surface temperature is between 18.4
and 20°C. In south of Cap Boujdour, temperatures between 18.4 and 21.6°C are
recorded. The distribution of surface salinity corresponds to the temperature distribution,
with 36.2-36.4 ppm in Upwelling zone and 36.5-36.8 ppm in deeper waters (Figure 2).
The Atlantic bonito can adapt to temperatures ranging from 12 to 27°C and at salinities
from 14 to 39 ppm (Bianchi et al 1999).
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Figure 1. Location of the study area.
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Figure 2. Distribution of the surface temperature in °C (left) and salinity in ppm (right)
(Source: Atlantida 2007).

Biological sampling and data sources. All biological sampling data of Atlantic bonito
were collected by the laboratories of fishery resources based in Laayoune and Dakhla.

For each biological sampling operation, four boxes (two per category, small and
large) are taken randomly from the commercial catches of coastal fishing units to
determine their size composition and estimate the biological parameters of Atlantic
bonito.

Table 1 shows the number of individuals sampled annually per port. All individuals
are measured at the nearest 1 cm (fork length). The biological parameters data were
taken from 158 individuals during 2015 and the collected parameters for each fish are:
size (mm), weight (g), sex, sexual maturity stage, gonads weight (g) and liver weight

(@.

Table 1
Number of Atlantic bonito individuals sampled per year and per port
Year Number Port
2012 498 Laayoune
2013 875 Laayoune
2014 530 Dakhla
2015 785 Dakhla

Reproduction. Two approaches were used to determine the spawning period of the
Atlantic bonito: a qualitative approach based on monitoring the monthly variation of
percentage of different stages of gonad development, and a quantitative approach based
on monthly monitoring of changes in gonad somatic index (GSI) (Lahaye 1980) and
condition factor K (Do Chi 1978):
GSI = (GW/TW) x 100
where: GW is the gonads weight (g) and TW is individual total weight (Q).
K= (TW*100)/L3

where: TW is individual total weight (g) and L is fork length (cm).

The sex ratio is defined as the proportion of each sex in the population,
determined by macroscopic observation of gonads. The X? test is used in order to
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compare sex proportions. It consists of comparing the observed values and theorical
values equality of the workforce.

Xzobszz (Nobs‘Nthe)Z/Nthe
where: Ngps is observed effective of sex in samples; Ny is the theoretical effective
calculated of sex samples.

Principal hypothesis supposes that we have equal proportions of sexes. The
alternative hypothesis proposes that we have a significant difference in proportions
between the two sexes:

If Xobs < X M; 0.05, principal hypothesis is accepted.
If Xobs > X M; 0.05, principal hypothesis is rejected.

Results

Demographic structures. The size frequency analysis of Atlantic bonito catch by
coastal long liners shows a dominance of sizes between 31 cm and 74 cm. The large sizes
(45-55 cm) are the most dominant in catches. Concerning the port of Laayoune,
demographic structures in 2012, shows a predominance of sizes between 44 and 66cm,
with two modal classes, 48-49 cm (26%) and 50-51 cm (21%). While in 2013, the
demographic structure covers sizes between 41 and 72 cm, with two modal classes, 49-
50 cm (17%) and 51-53 cm (27%).

For Dakhla port, the annual size frequency distribution shows a wide range of
sizes, with a dominance of sizes between 45 and 55 cm. By comparing the two ports,
there is the appearance of sizes less than 40 cm at Dakhla, which is not the case in
Laayoune where the minimum sample size is 40 cm FL.

In 2012 and 2013, the monthly distribution of sizes shows generally the
dominance of sizes between 48 and 58 cm, with the appearance of large sizes in June,
July, August, November and December.

The monthly size structure at the port of Dakhla shows an appearance of large
sizes in June, July and August (Figures 3 and 4).
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Figure 3. Annual size structure distribution of Atlantic bonito sampled at the port of
Laayoune (2012 and 2013) and Dakhla (2014 and 2015).
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Figure 4. Annual, monthly size distribution of Atlantic bonito sampled in ports of
Laayoune (2012 and 2013) and Dakhla (2014 and 2015).

Reproduction. The analysis of GSI shows that the reproduction period of Atlantic bonito
is between May and July (Figure 5). The smallest mature female in our samples
measures 42 cm (45 cm, Dardignac 1962), while the smallest mature male measures 41
cm (40 cm, Dardignac 1962). These results are confirmed by the monthly monitoring of
the percentage of mature individuals. The highest proportion of mature individuals is
recorded in May (80%), June (72.7%) and July (77.7%) (Figure 6).
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Figure 5. Monthly variations of gonado-somatic index of Atlantic bonito.
AACL Bioflux, 2016, Volume 9, Issue 5. 958

http://www.bioflux.com.ro/aacl



%
e L " I -~ W |
©c © © o o

80

70

60 ‘ | |

0 ..I|. .||. .|I. al Al | ||I ‘| | ‘I|. |
an Feb r May u Sep QOct Nov Dec

J Mars Ap! n July Aug

Month

ES1 W52 W53 mS4+55

Figure 6. Sexual maturity stages of Atlantic bonito (S1, S2...S5, are the maturity stage).

Condition factor (K). The condition factor (K) varies in the opposite direction of the
GSl. Indeed, the maximum value of this index is recorded during the biological recovery
of the species (Figure 7).
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Figure 7. Condition factor of Atlantic bonito.

Sex-ratio. One hundred fifty eight (158) individuals of Atlantic bonito were sampled in
2015 for biological studies. They were divided into 75 females and 83 males. The
difference between the two sexes is significant during the seasons of the year (Table 2).
The proportions of males and females sampled during 2015 are shown in Figure 8.
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Table 2
Variations of proportions of males and females with seasons

Winter Spring Summer Autumn
Male 32 11 15 25
Female 21 18 13 23
Total 53 29 28 48
%Male 39.62 62.07 46.43 47.92
%Female 60.38 37.93 53.57 52.08
XZcal 5.36 7.42 0.98 0.71
P 0.25 0.12 0.91 0.95
Rules decisions SS SS SS SS
Sexe-ratio

mF

M

Figure 8. Proportions of males and females in Atlantic bonito.

Discussion. The sizes frequency analysis of Atlantic bonito at ports of Laayoune and
Dakhla shows a dominance of mature individuals, whose size is larger than 40 cm.
However, we observe sizes smaller than 40 cm only in Dakhla but in small percentage.
Knowledge of the early life stages in tunas is very scarce, during the first life stages
bonitos are not caught and juvenile life history is unknown (Zengin et al 2005).

Unpublished studies on selectivity conducted in the southern Atlantic coast of
Morocco (Baibbat et al 2015), suggest that Atlantic bonito is fully accessible to fishing
only from the age of 4 (FL > 40 cm).

As seen in Table 3, the length range of sampled specimens in this study was
similar to those found in other studies: Gibraltar Strait: 40.0-55.0 cm (Rodriguez-Roda
1966) and 33.0— 70.5 cm FL (Rey et al 1984); the Spanish Mediterranean coasts: 41.0—
48.0 cm (Macias et al 2005) and 40.0-61.0 cm (Valeiras et al 2008); Tiran and Sicily
coasts of Italy, respectively: 35.0-82.0 cm and 35.0-67.0 cm (Di Natale et al 2006);
Adriatic Sea coasts: 33.0-67.0 cm (Franicevi¢ et al 2005); the Turkish coasts of the
Black Sea, the Sea of Marmara, and the Mediterranean Sea: 29-37 cm (Yankova et al
2013), 14.0-90.0 cm (Kara 1979), 23.0-66.0 cm (Oray et al 2004), 23.5-71.0 cm (Ates
et al 2008), 23.8—-72.0 cm (Cengiz 2013).
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Table 3
The length range of specimens for Atlantic bonito in different area

I—min‘ I-max

Authors Area N

(cm)

Rodriguez-Roda (1966) Strait of Gibraltar, Spain 165 40-55

Rey et al (1984) Strait of Gibraltar, Spain 878 19-72

Macias et al (2005) Spanish coast of the Mediterranean Sea 183 41-48

Valeiras et al (2008) Spanish coast of the Mediterranean Sea 136 40-61

Di Natale et al (2006) Tyrrhenian coast, Italy 240 35-82

Di Natale et al (2006) Sicilian coast, Italy 109 35-67

FraniCevic¢ et al (2005) Coast of the Adriatic Sea 665 33-67

Kara (1979) Turkish coasts of the Black Sea and the Sea of 1608 14-90
Marmara

Oray et al (2004) Turkish coasts of the Black Sea and the Sea of 1168 23-66
Marmara

Ates et al (2008) Turkish coasts of the Black Sea and the Sea of 694 23-71
Marmara

Cengiz (2013) Northern Aegean Sea (Gallipoli Peninsula and 238 23-72

Dardanelles)

Yankova et al (2013) Black Sea, Bulgaria 411 29-37

Kahraman et al (2014) Turkish coasts of the Black Sea and the Sea of 212 17-63
Marmara

Present study (2016) Moroccan Atlantic coast 2688 31-74

All the species of genus are heterosexual and without any dimorphism, however some
fishermen are able to recognize male from female by the rigidity of the ventral skin in
proximity of the anus (Dardignac 1962; Demir 1963).

Atlantic bonito inhabits neritic and offshore waters, but spawning generally occurs
in more coastal area. In the Western Mediterranean there are several spawning grounds:
the Algerian coast, Sicily and Belearic Island, the Tyrrhenian, the Ligurian and the
Catalan Sea. On the Atlantic coast of Morocco spawning areas have been recognized near
Agadir and Casablanca-Fedala (Dardignac 1962; Rodriguez-Roda & Di Centa 1980).

The study of the GSI and the stages of sexual maturity show that Atlantic bonito
reproduction period is between May and July. The maximum values of GSI are reported
during this period of the year, also the maximum of gonads activity.

These results are in agreement with those by Dardignac (1962), however, other
authors reported different period in different area (Table 4). The observed difference in
the spawning season could be due to several factors such as variability in environmental
conditions (e.g., temperature and salinity), season habitat, fishing area, depth, sampling
methodology, selectivity of fishing gear, sex and gonad maturity (Ricker 1969; Bagenal &
Tesch 1978; Potts et al 1998; Basilone et al 2006; Froese 2006; Soykan et al 2010).

Table 4
Spawning periods and grounds of Atlantic bonito (from Rey et al (1984) with addition)

Authors Area Period
Sanzo (1932) Sicily May 20 - June 30
Dieuzeide et al (1954) Algerian coast March-May
Rodriguez-Roda (1966) Gibraltar May-July
Fournestin (1958) Atlantic Morocco June-July

Frade & Postel (1955)
Postel (1955)

Tropical East Atlantic
Dakar

February-March
December-June

Bigelow & Schroeder (1953) Western Atlantic-USA June
Sette (1943) Western Atlantic July

Sabates & Recasens (2001) Catalan coast July
Present study Southern Atlantic Morocco May-July
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The condition factor (K) evolution shows that both male and female have a similar
strategy in using intake energy during the gonads maturity. The maximum values of K
correspond to the months that precede the beginning of the reproduction. This implies an
accumulation of reserves by the species for the reproduction process, then a transfer of
energy for gamete production.

Sex ratio has been studied in Mediterranean since 1966 (Rodriguez-Roda 1966).
In this paper a significant difference was observed between the two sexes during the 4
seasons (Table 5). Other studies in the lonian Sea in the period 1992-1994 (AAVV 1995)
obtained a parity of sex ratio.

Table 5
Sex ratio of Atlantic bonito in the lonian Sea

Year Sex Samples Sex ratio

1992 Males 130 1.24
Females 105

1993 Males 33 0.73
Females 44

1994 Males 24 0.77
Females 31

Total Males 187 1.04
Females 180

Conclusions. In conclusion, the Atlantic bonito stock status remains unknown, although
there are some signs of over-exploitation. In addition, continued fishing pressure on this
species without any regulation could ultimately reduce the spawning stock below levels
sufficient to remain the population. Therefore, it is expected that this results will
contribute to further studies to be carried out in the future in terms of fishery
management.
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