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Abstract. We used genetic markers, namely allozymes, to study the genetic structure (stock unit) and the sardine 
stocks movement along the Moroccan Atlantic coast and its relationship regarding the environmental features, 
especially upwelling. In this study, we have combined previous results obtained by analyzing eight samples 
collected during the spawning season (winter 2004) (chlaida et al.2008) and new data obtained by analyzing eight 
samples gathered during the feeding season (summer 2006).  Therefore, we compiled 765 individuals from an 
earlier study and the 2006 summer sampling and compared seasons' results. In winter, a substantial heterogeneity 
(Fst =0.205) is described, with a significant genetic break in the Agadir Bay (latitude 30° 48' N) that cuts the 
coastal sardine populations in the Moroccan Atlantic into two stocks (north and south). In summer, the genetic 
structure showing two groups is maintained (Fst= 0.135). Still, the genetic break separating the two stocks arises 
southward, near Tarfaya (latitude 28°08’10” N), suggesting a spreading out towards the south of the northern 
stocks. This result seems to be related to the sardine movement along the Moroccan Atlantic coast regarding 
reproduction needs in winter and for trophic reasons in summer. The species' observed genetic break and seasonal 
activity along the Moroccan coast are expected to result from the Cape Ghir Hydrological barrier, impermeable in 
winter and semi-permeable in summer. This barrier comprises currents, gyres, and different mesoscale structures 
related to upwelling dominating in this zone. 

Keywords: Sardina pilchardus, migratory behavior, genetic structure, upwelling, Moroccan Atlantic coast. 

 

1. Introduction 

Small pelagic population size and abundance 
fluctuate significantly from year to year, mainly 
due to strong variability of recruitment, 
overfishing (PARRISH et al. 1989; GAGGIOTTI et 
al. 1999; SCHWARTZLOSE et al. 1999; CENDRERO 
et al. 2002). However, the real challenge is the 
management of small pelagic fisheries due to 
climatic and hydrological variations, as well as 
variation in seasonal migrations of species 
(LLUCH-BELDA et al. 1989; CURY 1994; 
GUISANDE et al. 2001; FAO 2004). Therefore, the 
assessment of intra-specific diversity and 
determining the geographical extent of sustainable 
populations or groups of sub-populations linked 
by gene flow is vital for managing marine 

resources to ensure lasting exploitation (ILES & 
SINCLAIR 1982; GRANT et al. 1999). For example, 
the European sardine (Sardina pilchardus 
Walbaum 1792) is a clupeoid found in the 
Atlantic, from the Celtic Sea and the North Sea to 
south Mauritania, together with populations in the 
Mediterranean and the Black Sea. On the other 
hand, populations of Madeira, the Azores, and the 
Canary Islands are at the western limit of the 
distribution (PARRISH et al.1989). Occasionally, 
populations may be found as far south as Senegal 
during episodes of low water temperature 
(CORTEN et al. 1996; BINET et al. 1998).  

Sardines are the most abundant and commercially 
important fish species on the Moroccan shelf, with 
annual purse seine catches exceeding 650,000 
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tons. These total catches represent about 70% in 
the 2000s (FAO 2008). However, the stocks and 
populations dynamics of this species remain not 
well-known. Former studies conducted on sardine 
population’s identification in (CHLAIDA et al. 
2005; LAURENT et al. 2007; ATARHOUCH et al. 
2007; CHLAIDA et al. 2008)] and its ichthyologic 
aspect FURNESTIN & FURNESTIN 1970; BELVÈZE 
1984; ETTAHIRI et al. 2003; BERRAHO 2007) 
brought important information regarding the 
reproduction and the genetic structure of sardine 
stocks. Nevertheless, the stock definition requires 
knowledge of the fish's life history, migrations, 
mortality, and strategic adaptation to deal with the 
environmental fluctuations to which the species is 
permanently exposed (AGENBAG et al. 2003). 
Moreover, this knowledge can help understand 
this pelagic fish's behavior with relatively high 
migratory capacities. Indeed, this species is 
characterized by a high gene flow that is 
accelerated by a strong dispersion. In addition, the 
adequate size of this population opposes genetic 
drift (WAPLES 1989; GONZLES & ZARDOYA 
2007). Homogenizing forces linked to the 
hydrodynamic environment characterize this flow. 
This is notably the case of the northwestern 
African coasts with the Canary Current and the 
upwelling phenomenon (LE FLOCH 1974; 
BELVÈZE &ERZINI 1983) For this reason, each 
piece of the information constitutes a new element 
in the understanding of sardine stocks. 

Based on biological certainties, these informations 
allow sardine stocks delimitation that 
characterizes its migratory flow (direction and 
amplitude) and adapts management plans for 
Moroccan sardine fisheries. We used enzyme 
polymorphism (allozymes) to compare opposite 
seasons (winter and summer) and to understand 
the sardine movement along the Moroccan 
Atlantic coast by investigating the relationship 
between genetic results and migratory behavior 
with the upwelling conditions (CHLAIDA et al. 
2008; and new data). This is due to the availability 
and diversity of information using genetic 
markers, the definition of geographical limits and 
stock evolution (RICO et al. 1997; EXADACTYLOS 
et al. 1998 ; GUARNIERO et al. 2002), as well as 

life history monitoring (BORSA et al. 1997; GRANT 
& BOWEN 1998; GILLES et al. 2000) and the study 
of the migration and the estimation of the fish 
dispersal rate (SOTKA & PAUMBI 2006; PLANES & 
RAMOS 2004), we used enzyme polymorphism 
(allozymes) to compare opposite seasons : winter 
(CHLAIDA et al. 2008) and summer (new data) and 
understand the movement of the sardine along the 
Moroccan Atlantic coast by investigating the 
relationship between genetic results and migratory 
behavior in relation to the upwelling conditions. 

2. Material and methods  

2.1 Sampling 

To compare the genetic structure observed during 
the 2004 spawning season (CHLAIDA et al. 2008) 
to that of the feeding season, another batch of 8 
samples of sardines, with 50 individuals per 
sample, were collected along the Moroccan 
Atlantic coast on board the R/V “Al Amir Moulay 
Abdallah” in July 2006 (Fig. 1). Fishes were 
dissected to isolate the liver and a piece of muscle. 
Each piece of tissue was manually grounded in 1 
ml of pure water on a bench of ice to limit any 
degradation of the enzymatic activity. 
Homogenates were sub-divided in 4 Eppendorf 
and then stored at -30°C.  

2.2 Allozymes electrophoresis. 

For 2006 Sampling, we only surveyed 
polymorphic loci described in earlier studies 
(CHLAIDA et al., 2005; Laurent et al., 2006; 
CHLAIDA et al., 2008), SOD* [EC.1.15.1.1] and 
PGM* [EC 2.7.5.1] (SHAKLEE et al. 1990) for 
locus nomenclature). Alleles were separated on 
horizontal starch gel electrophoresis following the 
technique of Pasteur et al. (1987) and using TG 
(pH=9) buffer. Alleles and genotypes were scored 
according to SHALKLEE et al. (1990) with the most 
common allele in the first sample being designated 
as 100. The other variants were subsequently 
according to SHALKLEE et al. (1990), we scored 
Alleles and genotypes, with the most common 
allele in the first sample designated 100. The other 
variants were subsequently numbered according 
to their electrophoretic mobilities relative to the 
most common allele. 
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Figure 1: Map of the Moroccan Atlantic coast showing the location (red spots) of sardine sampling site. 
 

2.3 Genetic data analysis 

Allele and genotype frequencies were obtained by 
counting phenotypes directly from the gels and 
analyzed with the GENETIX 4.05 package 
(BELKHIR et al. 1996-2004) (http://www.univ-
montp2.fr/genome-pop/genetix.htm). Departure 
from the Hardy-Weinberg proportions was 
assessed with the fixation index (FIS) and 
statistically tested using the Markov chain method 
implemented in Genepop 3.4 (RAYMOND & 
ROUSSET 1995). We adjust the level Significance 
for statistical tests according to the standard 
Bonferroni procedure (RICE 1989). In addition, we 
used Wright’s standardized variance in allele 
frequencies (FST) to perform Genetic divergence 
among pairs of samples (WRIGHT 1969). 
Following the method of Weir and Cockerham 
(1984), calculate this index (FST) using the all-
samples algorithm. Therefore, we adjusted the 
level significance according to the sequential 
Bonferroni procedure (RICE 1989). Finally, we 
tested the genetic structure using the hierarchical 
analysis of molecular variance (AMOVA) 

implemented in ARLEQUIN v. 2.000 000 
(SCHNEIDER et al. 2000; EXCOFFIER et al. 1992).  

The AMOVA provided estimates of the portion of 
the observed total variance accounted for within 
and among groups of samples. The objective was 
to test for the best grouping by maximizing the 
variance among groups while minimizing the 
variance within groups. Statistical significance 
was determined using a permutation of genotypes 
among groups (> 1000 permutations). 

3. Results and discussion 

Statistical analyses showed that overall samples 
analysis was in Hardy-Weinberg equilibrium (FIS 
= -0.0306, p<0.732). Furthermore, the Observed 
heterozygosity (Ho) in Laâyoune 2006 and Safi 
2004 is respectively ranged from 0.071 to 0.310; 
while the expected heterozygosity (He) is ranged 
among similar values, from 0.067 (in Laâyoune 
2006) to 0.276 (in Safi 2004), (Table 1). Thus, all 
samples were in Hardy-Weinberg equilibrium 
after standard Bonferroni correction of the 
threshold value.  
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The overall genetic differentiation was highly 
significant with FST = 0.135 (p<0.000). This 
differentiation is the result of the variation of a 
single locus, enzymatic system SOD (Super 
Oxyde Dismutase). A comparison of SOD* allele 
frequencies (Table 1) shows a structured spatial 
variation of allele frequency with a north-south 
gradient as well as and a temporal variation (i.e., 
see allele frequencies in Tarfaya in 2004 compared 
as in 2006). The test of genetic differentiation test 
for all pairs of samples illustrates allele 
frequencies differences (Table 2). In both seasons, 
the FST estimates obtained for the southern 
samples (Dakhla, Laâyoune, Boujdour) are indeed 
not significant with FST estimates of 0 - 0.02 (all 
p-values non-significant after Bonferroni 
corrections). Consequently, these populations can 
be considered to be homogenous. Also, the 
northern samples (Agadir, Safi, and Larache) 
belong to a second homogeneous group 
irrespective of the season (FST estimates obtained 
among these samples of 0 – 0.106, all p-values 
non-significant after Bonferroni correction) 
(Table 2). Among the two seasons, we noticed 
differences in the transition zone between northern 
and southern groups identified earlier. Indeed, the 
Tarfaya sample appeared genetically 
homogeneous to the southern group in winter (FST 
of 0.00). At the same time, in summer it made a 
homogenous entity with the northern group, being 
then significantly different from the southern 
group (FST of 0.142-158, p<0.001, Table 2). 
Likewise, Sidi Ifni appeared homogeneous to the 
northern stock in summer while it was 
significantly differentiated from it in winter 
(though FST estimates < 0.10). The global FST 
estimate reaches 0.205 (p<0.000) (result of 
CHLAIDA et al. 2008) in winter and 0.135 
(p<0.000) in summer (2006 data), suggesting 
summertime movement and/or a mixture of the 
two stocks. We evaluated the best groupings by 
testing the significance of two different 
segregations with an AMOVA (Table 3). 

The results of the AMOVA showed that grouping 
the samples in 2 groups (North and South) with the 
Sidi Ifni sample of 2004 in the northern group 
explained 20.12 % of the total variance (p<0.000), 
with 1.65 % (p<0.000) of the total variance being 
explained within groups. However, when the Sidi 
Ifni sample of 2004 (winter) is included in the 
southern group, the results are nearly identical, 
explaining 19, 65 % (p<0.000) of the total 
variance (1.72% (p<0.000) being explained within 
groups). This result confirms the intermediate 
position of the Sidi Ifni sample from 2004 
(CHLAIDA et al. 2008) suggesting that this sample 
may be composed of a mix of the two stocks. 

The electrophoresis allozyme survey, during 
winter and summer, reveals the existence of two 
large sardine populations segregated along the 
Moroccan coast. The first one was located on the 
southern coast of Morocco and included the 
samples from Laâyoune, Boujdour, and Dakhla; 
the second northern population consisted of 
Agadir, Safi, and Larache samples (See sample 
location on Fig. 1). Although SOD* loci mainly 
drove the analyses, this genetic structure was 
stable during the two winter seasons, 2003 and 
2004 (CHLAIDA et al. 2005; 2008) and 2006 data 
of summer season. These two large homogeneous 
populations are set apart by more than 200 km 
transition zone located between Cape Juby 
(latitude ~28°N) and the Agadir-bay (latitude 
30°38’N) (Fig. 1). Considering the switch in allele 
frequencies, in summer and winter periods, the 
Tarfaya samples and the distinctiveness of the Sidi 
Ifni sample (northern and southern stocks), our 
results suggest that this zone is successively 
occupied in winter by sardine of the southern stock 
and in summer by those of northern stock. Thus, 
the limit of the two stocks is placed between 
Laâyoune and Tarfaya in summer (possibly at 
Cape Juby) and around Sidi Ifni in winter. (see 
Figure 2 for seasonal distribution). 
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Table 3: AMOVA results comparing two groups of Sardina pilchardus. (A) Group 1 = samples from Larache 
2004, Larache 2006, Safi 2004, Safi 2006, Sidi Ifni 2004, Agadir 2004, Agadir 2006, Sidi Ifni 2006, Tarfaya 2006; 
Group 2 = samples from Tarfaya 2004, Laayoune 2004, Laayoune 2006, Boujdour 2004, Boujdour 2006, Dakhla 
2004, Dakhla 2006. (B) same grouping except that Sidi Ifni 2004 is moved to Group 2. 
 
 

 

 

 

 

 

Figure 2: Summary Map showing seasonal distribution of sardine stocks along the Moroccan Atlantic coast 
 
 
Several authors have already described massive 
sardine movements along the Moroccan Atlantic 
coast (FURNESTIN & FURNESTIN 1970; 
JOHANNESON et al. 1975; FAO 1978; LAMBOUF 
1977; BELVÈZE & ERZINI, 1983; BELVÈZE, 1972, 
1984). The small pelagic fish can undertake large 
migrations seasonally. Therefore, our results 
confirm that sardines undergo seasonal drifts 
along the Atlantic coast. These movements 
depend on the developmental stage, nutrient 

availability, reproduction, and thermal conditions 
of the study area (OLIVAR et al. 2001; RIVEIRO et 
al. 2000).  

The global hypothesis suggests that the sardine 
coming from the south migrate northwards during 
the summer season. This idea is supported by 
significant sardine catches conducted by fishing 
vessels operating between Safi and Sidi Ifni. 
Encouraged by wide sardine availability, fishing 

Source of variation d. f. Variance components % 

A 
Among groups 1 33.93 20.12*** 
Among samples within groups 14 7.3 1.65*** 
Within samples 1544 263.37 78.23*** 

B 
Among groups 1 33.76 19.65*** 
Among samples within groups 14 7.46 1.72*** 
Within samples 1544 263.37 78.23*** 
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activity indeed increases during the summer 
season (BELVÈZE, 1984; FAO 1985; KIFANI. 
1991). Authors of the abovementioned studies 
stated that the sardines migrate back to the south 
for reproduction purposes during winter.  Other 
works reported that sardines from the south 
concentrate in Dakhla during this spawning season 
(DOMANOVSKI & BARKOVA 1976). However, 
neither the direction nor the amplitude of this 
migratory flow has been verified using molecular 
techniques or tagging experiments. Near the 
Moroccan Atlantic Coast, in the North-Eastern 
Atlantic, and within the framework of SARDYN 
Project (2002-2005), only one trial of sardine 
tagging has been undertaken. The results of this 
campaign were promising regarding the survival 
in captivity of the marked individuals. Still, the 
experiment was not concluding about fish 
movement, primarily because of the meager 
percentage of recaptured (SARDYN report).  

Regarding the direction of this migration, our 
results confirm that Moroccan sardines undergo 
seasonal migrations, except that these are not 
consistent with what has been admitted. The 
genetic analyses have revealed that in winter, the 
southern population scatters from the Cape Blanc 
(19°03’N) to the south of Sidi Ifni (29°12’ N)  
(CHLAIDA et al. 2005; ATTARHOUCH et al. 2007; 
CHLAIDA et al. 2008; and summer samples 
included in this study), While in the summer, its 
northern limit arose south to the winter season 
limit, between Laâyoune and Tarfaya 
(28°08'10"N). Consequently, our results suggest a 
sardine migration towards the south in summer, 
contrary to previously stated. 

The winter season corresponds to the main 
spawning period since 90% of the analyzed 
sardines were spawning (unpublished personal 
data). Furthermore, the eggs and larvae study 
carried out between 1996-2006 (ETTAHIR et al. 
2003; BERRAHO et al. 2007). confirms our results. 
The latter indicates that during winter, the south 
stock undergoes an extension northward to spread 
out towards the Sidi Ifni zone during spawning 
reasons. In contrast, the northern stock 
concentrates north of Sidi Ifni, yielding the niche 
available for the southern stock. This winter 
migration pattern would correspond to a need 

from genitors to spawn in propitious zones for 
early survival stages (BAKUN, 1989; 1996). 
Indeed, several spawning grounds have been 
identified along the Moroccan coast, between 
Cape Ghir (30°37’N) - Cape Cantin (~32°30’N), 
between Cape Juby - Cape Draa (~28°N -29° N), 
and between Cape Boujdour and Cape Barbas in 
the south (~26°-22°N) (see Fig. 1 for caps 
location). These areas have favorable hydrological 
and/or geomorphological characteristics (wide 
and shallow continental shelf) in favor of better 
water retention, as well as nutrients for adult 
species (BKAUN, 1996; ETTAHIRI, 1996).  

In summer, the reverse phenomenon would occur. 
The southern stock will be concentrated between 
Dakhla and Cape Juby (its northern limit), leaving 
the Sidi Ifni - Tarfaya zone to the sardines of the 
north stock, which spreads out southwards to the 
south of Tarfaya. This result contradicts some 
previous acoustic observations in this area, 
indicating that, in summer, sardines coming from 
the south form the fisheries located between Safi 
and Agadir, particularly from the zone between 
Sid Ifni and Laâyoune (LAMBOUF, 1977; FAO, 
1985). The southward drift of the northern stock is 
likely driven by trophic purpose since spawning is 
weak during this period (ETTAHIRI et al. 2003; 
BERRAHO et al. 2007). This expansion would then 
occur after the spawning period and recruitment of 
new individuals (June-July). Indeed, during 
summer, the upwelling activity increases along the 
Atlantic Moroccan coast, ensuring a significant 
abundance of nutrients and subsequent primary 
production (BELVÈZE 1984; MAKAOUI et al. 
2005). Concerning the area of Dakhla, the 
upwelling activity is permanent with 
intensification in summer, guaranteeing enough 
nutrients for each member of the population. 
Therefore, individuals of the southern stock would 
not have to move northward in search of food. 

4. Conclusion 

Through this study, we have clearly shown that 
Sardina pilchardus is a small pelagic resource that 
is known to be a highly fluctuating marine species. 
This high variability is mainly attributed to their 
strong dependence on the marine environment and 
their adaptive strategies to ensure their survival in 
a changing environment. We have also shown 
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that, in addition to the spatial delimitation of 
stocks, genetic markers can also provide important 
information concerning fish migrations. For 
Sardina pilchardus, in the Moroccan Atlantic 
coast, the results of this genetic analysis disagree 
with previous assumptions related to seasonal 
migrations, namely those proposed by FURNESTIN 
& FURNESTIN (1970) and BELVÈZE & ERZINI 
(1983). The patterns of sardine movements drawn 
from the present investigation suggest that during 
winter, sardines carry out a migration following a 
south-north direction, likely linked with a 
reproduction purpose. During summer, they 
undertake a trophic north-south migration. These 
movements are conditioned by the hydro-climatic 
factors which vary according to the season 
(JOHNSON & STEVENS, 2000; BARTON et al., 
2004; PELEGRI et al. 2005), and to the zone 

(BAKUN et al. 2015; XIU et al. 2018; FAO 2018). 
Future research should focus on a more acceptable 
spatio-temporal scale analysis to provide further 
details concerning seasonal sardine migrations 
that depend on the environmental conditions that 
change over time and space along the Moroccan 
Atlantic coast. 
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