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1. INTRODUCTION 

Lagoons are defined as paralic environments (Guelorget & 
Perthuisot, 1983), participating in both marine and continental 
domains. They are increasingly filled with sediments brought 
by the flow of continental water, sea agitation (waves, 
tides), and air movement (Bird, 2007). The Oualidia and Sidi 
Moussa lagoons are characterized by rich biodiversity and 
a diverse avifauna (El Hamoumi et al., 2000; El Hamoumi & 
Dakki, 2010; Somoue et al., 2020), which have led to their 
designation as Ramsar sites, Sites of Biological and Ecological 
Interest (SIBE), and Important Bird Areas (IBA). This complex 
is located on Morocco’s Atlantic coast between El Jadida and 

Safi, in the Doukkala region. The lagoons communicate with 
the ocean through inlets located downstream. They extend 
upstream in the form of a channel over 4 km long, up to a 
dike separating the lagoon from the salt marshes. Freshwater 
springs are distributed along both lagoons, causing surface 
water dilution along a gradient of decreasing salinity 
from downstream to upstream. In the downstream area, 
meteorological and marine dynamics are influenced by sea 
agitation (waves, tides) and winds (FitzGerald & Miner, 2013). 
The Oualidia–Sidi Moussa complex is located on Morocco’s 
Atlantic coast and has an oceanic climate: mild and rainy 
in winter, humid in summer, with no winter frosts and high 
humidity throughout the year. The region experiences typical 
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disturbances from the Atlantic, with west to northwest flows 
bringing stratiform and cumuliform clouds. Precipitation 
from these disturbances is usually steady, with the rainy 
season typically extending from October to May, with three 
peaks in November, December, and January. The area has 
four dry months from June to September (Fig. 1), a situation 
influenced by wind direction, which is driven by the Azores 
High and the region’s latitudinal position (Carruesco, 1989). 

The common characteristics of the various stations can 
be summarized as follows (Fig. 2):
•	 Predominance of moderate winds from the W, N, and NE 

sectors along the coast from Safi to Casablanca.
•	 Strong winds (11 to 16 m/s) always come from the W and 

SW sectors.

The primary objective of this study is to monitor 
the annual hydrological and sedimentary conditions of 
the Oualidia–Sidi Moussa lagoon complex, in order to 
characterize their ecosystem through the seasonal variability 
of physicochemical parameters during daily low tide (LT) 
and high tide (HT) cycles. This will help to understand the 
growth monitoring of shellfish and algal species in both 
lagoons. According to several authors, including Rharbi et al. 
(2001) and Rosa et al. (2019), a better understanding of the 
functioning of these ecosystems is essential for ensuring their 
sustainable management. The results presented in this paper 
are consistent with previous studies, particularly Elyaagoubi 
et al. (2022) and Hilmi et al. (2009).

2. MATERIALS AND METHODS
To achieve the objective of this study, three stations in the 

Oualidia lagoon and one station in the Sidi Moussa lagoon 
were selected for monthly monitoring during the 2014-2015 
period. This network of stations was chosen based on the 

locations of algaculture and shellfish farming trial facilities 
established in the two lagoons, as shown in figure 3. The study 
spans one year, with one sampling campaign conducted per 
month during spring tides at both high tide (HT) and low tide 
(LT). The first campaign took place in October 2014, and the 
final campaign was conducted in September 2015.

The oceanographic study at both sites focused on 
the hydrological variability of marine waters by assessing 
physicochemical parameters (temperature, salinity) using a 
WTW probe. At each station, water sampling at 0.5m depth 
was conducted with a reversing bottle for:
•	 Dissolved oxygen measurement, using the Winkler 

method (Strickland & Parsons, 1972). 
•	 Suspended matter determination by filtration and double 

weighing (Strickland & Parsons, 1972). 
•	 Nutrient analysis using the method from Aminot & 

Kérouel (2004) with an AA3 auto-analyzer.

All analyses were performed at the INRH-Casablanca 
central labs, covering both low and high tides during spring 
tides at the four stations across both lagoons.

The sedimentological study involved multiple campaigns  
(Fig. 4) with granulometry and organic matter content assessment:
•	 Substrate texture was evaluated by weight percentage 

after wet sieving (Plumb, 1981; CEAEQ, 2003), using 
Wentworth’s classification (Foucault & Raoult, 1988). 
Sediment facies were determined by positioning each 
fraction in Folk’s (1974) triangular diagram (modified).

•	 Organic matter was measured through sample ignition 
(weight loss by combustion) following CEAEQ (2003), 
with samples heated for 16 hours at 375°C. Organic 
matter percentage was calculated as: % O.M. = (dry 
sample weight - burned sample weight) / (dry sample 
weight) × 100. 

Fig. 1. Fluctuation of average monthly precipitation between 1993 and 2017 (Source: ORMVAD OULED GHANEM 2017).



21Geo-Eco-Marina 32/2026

Ahmed Makaoui et al. – Hydrological characteristics of the Oualidia and Sidi Moussa lagoon complex (Morocco)

Fig. 2. Main wind directions in the OULED GHANEM area between 1931 and 1961 (Carruesco, 1989).

Fig. 3. Hydrological station network established in the Oualidia Lagoon and Sidi Moussa Lagoon.
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•	 The bathymetry of the two lagoons was conducted 
during two distinct periods during a spring tide using an 
integrated system mounted on a Zodiac boat. This system 
included an echo sounder to display water depth and the 
geographic coordinates of the points, a probe lowered 
into the water to measure the depth, and a GPS antenna 
for recording the geographic coordinates of the surveyed 
area. The entire system was connected to a laptop, using 
AMAT software to record the data.

3. RESULTS

3.1. Bathymetry of the two lagoons

The bathymetric surveys of the Oualidia lagoon 
conducted in October 2017 show that the depth of the 
lagoon varies between the shoreline and 7 meters at high 
tide, while it does not exceed 5 meters at low tide (Fig. 5). 
The area between Parc 3 and Parc 8 is the deepest part of the 
lagoon, where the depth exceeds 6 meters at high tide. The 
upstream area is the shallowest, showing a gradual decrease 
in depth, except for the “souille” zone, where the depth 
exceeds 2 meters at high tide. 

By correcting the depth according to the tidal variation, 
which ranged from 0.8 meters at low tide to 3.6 meters at high 
tide during the study period, it is observed that the depth 
varies between the shoreline and 5 meters, maintaining the 
same bathymetric structure from downstream to upstream 
(Fig. 5). Previous results by Bennouna et al. (2002) and Bidet & 
Carruesco (1982) suggested that the average maximum and 
minimum depths in the lagoon are 5 meters and 1.5 meters, 
respectively.

Regarding the Sidi Moussa lagoon, the bathymetric 
survey was conducted on October 16 and 17, 2012, during 
the peak of high spring tide, lasting 3 to 4 hours along 
radials perpendicular to both banks of the main channel. 
The bathymetric measurements taken during this mission 
(Fig. 6) reveal a subdivision of the lagoon into two zones. 

The downstream zone, which includes the sand pit and the 
lower part of the main channel, shows depths exceeding 3 
meters at high tide. In contrast, the upstream zone indicates a 
gradual decrease in depth, rarely exceeding 2 meters, except 
in the area of the former breach, where the depth surpasses 
3 meters.

3.2. Physicochemical characterization and 
hydrological variability of the lagoons

Temperature 

The evolution of water temperatures in both lagoons has 
shown seasonal variation at both high and low tides. During 
full tides, the minimum temperatures (between 15 and 16°C) 
are observed in summer, due to the influence of upwelling 
waters (Makaoui et al., 2018) and persist until autumn and into 
winter. The maximum temperatures are recorded in spring. 
In contrast, at low tides, higher temperatures are recorded in 
autumn and summer. The minimum temperatures are mainly 
observed during the winter season (15 and 16°C) and can 
reach 13°C in February at Oualidia (Fig. 7).

The water temperature in the Sidi Moussa lagoon is 
generally higher than that of the Oualidia lagoon throughout 
the year, both at high and low tides. In Oualidia, the waters 
are very homogeneous, with temperatures being the same 
at the three farming sites. However, at low tide, Station 3 
experiences a more pronounced warming of the waters, 
which can range from 1 to 4°C (as seen in April and July). 

Salinity

Since October 2014, during the period of intense rainfall, 
both lagoons have shown a noticeable decrease in salinity at 
low tide, with salinity values reaching approximately 25 psu 
at Oualidia (Station 3) and 15.5 psu at Sidi Moussa. At high 
tide, the waters have maintained a relatively stable salinity 
around 35 psu. This indicates an increase in the discharge of 
freshwater due to various sources of freshwater surrounding 
both lagoons, primarily upstream (Fig. 8). 

Fig. 4. Network of sedimentological stations in the Oualidia Lagoon (left) and Sidi Moussa Lagoon (right).
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Fig. 5. Bathymetric surveys carried out at low tide in October 2017 in the Oualidia Lagoon.

Fig. 6. Bathymetric surveys carried out in the Sidi Moussa Lagoon during the period of 16–17 October 2012.
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Indeed, in the Oualidia lagoon, this situation is particularly 

evident at Station 3, which records the lowest salinity compared 

to Stations 1 and 2, which are located further downstream.

Suspended Matter (SM)

The evolution of turbidity in both lagoons is characterized 

by high levels in spring, exceeding 50 mg/l at both high tide 

(HT) and low tide (LT). During other seasons, the suspended 

matter is below 50 mg/l, except for the month of July, during 

which elevated values were observed, due to high wind 

velocity in summer season (Fig. 9).

Dissolved oxygen

Throughout the study period, dissolved oxygen 
concentrations were generally higher at high tide than at low 
tide in both Oualidia and Sidi Moussa lagoons. In Oualidia, the 
highest concentrations were observed at high tide, reaching 
approximately 8 ml/L in March and September, whereas 
lower values were recorded at low tide, including about 5 
ml/L in November and 4.8 ml/L in September. In Sidi Moussa, 
dissolved oxygen concentrations also varied with the tidal 
phase, with high-tide values reaching approximately 7.9 
ml/L in March and 7.6 ml/L in September, while values below 
5 ml/L were observed at low tide, particularly in November 
(Fig. 10). 

Fig. 7. Evolution of temperature (°C) in the Oualidia Lagoon (O St1, O St2 and O St3) and in the Sidi Moussa Lagoon (SM) at high tide (HT) and low 
tide (LT) over the period October 2014 – August 2015.

Fig. 8. Evolution of salinity (psu) in the Oualidia Lagoon (O St1, St2 and St3) and in the Sidi Moussa Lagoon (SM) at high tide (HT) and low tide 
(LT) over the period October 2014 – August 2015.
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These variations may reflect the combined influence 
of tidal renewal, water residence time, temperature, and 
biological processes.

Nutrients

The evolution of nutrient levels in both lagoons indicates 
significant mineral richness at low tide. At high tide, despite 
the influx of marine waters from the Atlantic Ocean, phosphate 
levels remain elevated during February and March 2015 (Fig. 
11). Nitrate concentrations are nearly diluted by 50%.

Regarding spatial variation in the Oualidia lagoon, 
Stations O1 and O2 are most affected by marine waters 
at high tide, as nutrient concentrations are more diluted 
there, while Station O3, located upstream, experiences less 
influence. Thus, it is observed that both lagoons maintain 
mineral richness throughout the year, which contributes to 

significant organic enrichment, especially in the Oualidia 
lagoon (Somoue et al., 2020).

Water Circulation 

The hydrodynamic study conducted by Hilmi et al. (2009) 
in the Oualidia lagoon showed that the currents are primarily 
tidal currents, with a predominance of the semi-diurnal M2 
component (with a period of 12 hours and 25 minutes). 
During spring tide periods, the maximum observed speeds 
are around 0.77 m/s; the filling time during the flood is 7 
hours and 25 minutes, while the emptying time during the 
ebb is 5 hours.

In neap tide periods, the current speeds are lower, 
ranging from 0.1 to 0.2 m/s. The filling time is 4 hours and 25 
minutes during the flood, and the emptying time is 8 hours 
during the ebb. 

Fig. 9. Evolution of Suspended Matter (SM) in Oualidia (O St1, O St2, O St3) and Sidi Moussa (SM) at high tide (HT) and low tide (LT) over the 
period from October 2014 to September 2015.

Fig. 10. Evolution of dissolved oxygen saturation (ml/L) in Oualidia (O St1, O St2, O St3) and Sidi Moussa (SM) at high tide (HT) and low tide (LT) 
over the period from November 2014 to September 2015.
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However, these filling and emptying times differ from 
downstream to upstream in the lagoon and are related to the 
complex topography of the lagoon, as well as the presence 
of secondary channels and marshes upstream (Hilmi et al., 
2005b).

Moreover, the circulation and water renewal times in the 
Oualidia lagoon are primarily driven by the tide outside the 
entrance passes (Koutitonsky et al., 2006, 2007). According to 
Hilmi et al. (2005b), the renewal time in the Oualidia lagoon 
varies from a local renewal time (TRL) of about 1 day near 
the entrance passes to approximately 25 days upstream at 
the artificial downstream dam. According to Koutitonsky et 
al. (2007), the TRL at the artificial downstream dam is about 
30 days.

The figure 12 shows the spatial variation in current 
intensity, with very strong currents near the lagoon inlet 
(> 1 m s-1), intermediate currents in the central sector, and 

weak currents in the upstream sector. In contrast, the water 

renewal time (days) is shorter near the inlet and progressively 

increases toward the upstream part of the lagoon. The 

dashed lines indicate the three main hydrodynamic sectors: 

downstream, intermediate, and upstream lagoon (Hilmi et al., 

2008).

3.3. Sedimentological Characteristics

Granulometric Distribution

The various analysis results are presented in the form of 

maps depicting the distribution of different sedimentological 

facies (Fig. 13). The sedimentary cover of the Oualidia lagoon 

consists of two types of deposits: poorly sorted bioclastic 

sands, which occupy the marine-origin internal tidal delta, 

and muddy materials located in the upstream area of the 

lagoon.

Fig. 11. Evolution of nitrates and phosphates (µM) in Oualidia (O St1, O St2, O St3) and Sidi Moussa (SM) at low tide (LT) and high tide (HT) over 
the period from October 2014 to August 2015.

Fig. 12. Hydrodynamic zonation of Oualidia Lagoon based on spatial variations in current intensity and water renewal time.
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The sandy facies, which characterizes the pass area and 
the sand bank, generally consists of sands that exhibit similar 
characteristics to beach sands. These sands can be divided 
into two groups:
•	 Medium to coarse bioclastic sands, that form the 

internal tidal delta. They are transported by intra-lagoon 
dynamics and redistributed within the lagoon to form the 
sand bank.

•	 Fine sands, that occupy the lagoon’s edge and part of 
the upstream area. These fine sands resemble those 
found in dune cordons. Wind may play a significant role 
in supplying this type of sand to the lagoon (Bidet & 
Carruesco, 1982).

The intertidal zone of the lagoon is characterized by a 
muddy facies. This area can be regarded as depressions with 
low hydrodynamics, where sedimentation occurs through 
settling and flocculation. In the central zone towards the salt 
marshes, there is a marked decrease in the sediment fraction 
and an increase in fine sediment rates, thus indicating 
a decreasing energy gradient due to the diminishing 
competence of tidal currents.

The granulometric study of the sands collected in 
February 2013 (winter period) along the Sidi Moussa lagoon 
reveals the presence of four sedimentary facies, ranging 
from downstream (pass area) to upstream (salt marshes): a 
sandy facies, sandy-muddy facies, muddy-sandy facies, and a 
muddy facies (Fig. 13).

The sandy facies occupy the pass area, the sand bank, and 
extends nearly one kilometer. Sand accumulations have also 
been noted along the coastal cordon.

The sandy-muddy facies is located in the tidal channels 
and slikkes in the middle of the lagoon, resulting from a 
decrease in depth and an increase in the energy of the 
environment.

The muddy-sandy and muddy facies characterize the 
intertidal zone and the marshes; however, there is a noted 
enrichment of the fine fraction upstream in the lagoon. 
This area can be considered as depressions with low 
hydrodynamics, where sedimentation proceeds through 
settling and flocculation of the mud.

This study has highlighted two morpho-sedimentary 
sectors in the Sidi Moussa lagoon: a downstream sector at 
the pass characterized by strong marine hydrodynamics 
and an upstream sector characterized by weak marine 
hydrodynamics. 

Organic Matter Content

The evolution of organic matter in the surface sediments 
of the Oualidia lagoon indicates the presence of an increasing 
gradient from downstream to upstream (Fig. 14). The values 
are consistently high in the upstream area, reaching up to 
16.87%, suggesting the significant influence of continental 
inputs (plant debris). In contrast, the stations located 
downstream of the lagoon exhibit lower organic matter 
content (1.07%), which can be explained by the combination 
of two factors: the sparse vegetation cover in the intertidal 
zone and the strength of the currents (Hilmi et al., 2005a, 
2009), which do not favor the sedimentation of fine particles 
or the trapping of organic matter.

The organic matter content along the Sidi Moussa 
lagoon fluctuates between 1.91% and 8.32% (Fig. 14), also 
demonstrating an increasing gradient from downstream 
to upstream. The values remain notably high upstream, 
reaching 8.32% (St1), which again highlights the importance 
of continental contributions (plant debris). The morphology 
of the lagoon plays a crucial role in trapping fine sediments, 
leading to a greater accumulation of organic matter upstream. 
Conversely, in the stations located downstream, the organic 
matter content is low at 1.91% (St14) due to the strong 
agitation in this area, which hinders the sedimentation of fine 
fractions and consequently the deposition of organic matter.

Fig. 13. Distribution of sedimentary facies in the Oualidia and Sidi Moussa lagoons.
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This pattern likely reflects the same combination of 
factors identified for the Oualidia lagoon — sparse vegetation 
cover in the intertidal zone and strong currents limiting the 
sedimentation of fine particles and the trapping of organic 
matter. In the lagoon’s sediments, terrigenous inputs 
represent an additional source of organic matter, which can 
become predominant in the upstream areas of the lagoon. 
Maanan (2003) reported a high percentage of organic matter 
content, ranging from 3.4% to 9.5%. 

4. CONCLUSIONS
The annual hydrological monitoring of the Oualidia – 

Sidi Moussa lagoon complex has allowed us to characterize 
its ecosystem through seasonal variability of the 
physicochemical parameters during the two daily tides, at 
low tide (LT) and high tide (HT). This variability can have a 
direct impact on the growth of shellfish and algal species in 
both lagoons.

Indeed, at low tides, the waters are cold and enriched 

with nitrates throughout the year, experiencing significant 

warming during the summer and autumn seasons. At high 

tides, the waters are generally saltier from the upstream to 

the downstream areas of the lagoons, as fresh water masses 

are located upstream of both lagoons.

The upstream regions of the lagoons are characterized by 

a high percentage of organic matter and the dominance of 

muddy fractions due to low hydrodynamics, which is favored 

by the shallow depth in this area. This condition has led to 

the deposition of organic muddy sediments. In contrast, 

downstream, there is a dominance of coarse fractions and 

a very low percentage of organic matter. This observation 

can be attributed to strong hydrodynamics, especially at the 

entrance channel, and more so in the Oualidia lagoon, which 

is more exposed to wave action than the Sidi Moussa lagoon.

Fig. 14. Distribution of organic matter in the Oualidia Lagoon (left) and Sidi Moussa Lagoon (right).

REFERENCES 

Aminot, A., Kérouel, R. (2004). Hydrologie des écosystèmes marins: 

paramètres et analyses. Éditions Ifremer, Plouzané, 336 p.

Bennouna, A., Berland, B., Al Attar, J., Assobhei, O. (2002). Eau colorée à 

Lingulodinium polyedrum (Stein) Dodge dans une zone aquacole 

du littoral du Doukkala (Atlantique marocain). Oceanol. Acta, 25: 

159–170.

Bidet, J.C., Carruesco, C. (1982). Etude sédimentologique de la lagune 

de Oualidia (Maroc). Oceanol. Acta, Special issue: 29–37.

Bird E. C. F., (2007). Coastal geomorphology: An introduction. John 
Wiley and Sons Ltd, Chichester, 411 p. 

Carruesco, Ch. (1989). Genèse et évolution à l’Holocène de trois 
lagunes de la façade Atlantique: Moulay Bousselham, Oualidia 
(Maroc) et Arcachon (France). Thèse de Doctorat d’Etat. Université 
de Bordeaux I, France.

CEAEQ (2003). Determination of organic matter by determination of 
organic carbon in agricultural soils by method of Walkley-Black 
(modified method). MA. 1010-WB 1.0. Ministry of Environment 
of Quebec.



29Geo-Eco-Marina 32/2026

Ahmed Makaoui et al. – Hydrological characteristics of the Oualidia and Sidi Moussa lagoon complex (Morocco)

El Hamoumi, R., Dakki, M. (2010) - Phenology of waders in the Sidi 
Moussa Walidia coastal wetlands, Morocco.Wader Study Group 
Bull. 117(2): 73–84.

El Hamoumi, R., Dakki, M., Thévenot, M. (2000) - Composition et 
phénologie du peuplement d’oiseaux d’eau du complexe 
lagunaire de Sidi Moussa–Walidia (Maroc). Alauda, 68: 275–294. 

Elyaagoubi, S., Umgiesser, G., Maanan, M., Maicu, F., Mėžinė, J., Hilmi, K., 
Razinkovas-Baziukas, A. (2022). Effects of groundwater inputs to 
the hydraulic circulation, water residence time, and salinity in a 
Moroccan Atlantic lagoon. J. Mar. Sci. Eng., 10(1): 69, https://doi.
org/10.3390/jmse10010069 

FitzGerald, D.M., Miner, D.D. (2013). Tidal Inlets and Lagoons along 
Siliciclastic Barrier Coasts.  In: Sherman D.J. (Ed.),  Treatise on 
Geomorphology. Volume 10:  Coastal Geomorphology.  Elsevier, 
Amsterdam, 149-165.

Folk, R. L. (1974). Petrology of Sedimentary Rocks, Hemphill 
Publishing Co., Austin, TX, 182 p. 

Foucault, A., Raoult, J.-F. (1988). Dictionnaire de géologie (3e éd.), 
Masson, Paris, 352 p.

Guelorget, O., Perthuisot, J.-P. (1983). Le domaine paralique: expressions 
géologiques, biologiques et économiques du confinement. 
Travaux du Laboratoire de Géologie (Paris), 16. Presses de l’Ecole 
Normale Supérieure, Paris, 136 p.

Hilmi, K., Orbi, A., Lakhdar Idrissi, J., Sarf, F. (2005a). Etude courantologique 
de la lagune de Oualidia (Maroc) en automne. Bull. Inst. Sci. Sect. 
Sci. Vie, Rabat, 26–27: 67–71.

Hilmi, K., Koutitonsky, V.G., Orbi, A., Lakhdar, J.I., Chagdali, M., 2005b. Oualidia 
lagoon, Morocco: An estuary without a river. African J. Aquat. Sci., 
30(1): 1–10. https://doi.org/10.2989/16085910509503828

Hilmi K. A., Orbi A. & J. Lakhdar Idrissi (2008). Modélisation de la 
circulation de la lagune de Oualidia durant l’été et l’automne 
2005. Travaux et Documents INRH, 116, 54 p.

Hilmi, K., Orbi, A., Lakhdar Idrissi, J. (2009). Hydrodynamisme de la 
lagune de Oualidia (Maroc) durant l’été et l’automne 2005. Bull. 
Inst. Sci., Sect. Sci. Terre, Rabat, 31: 29–34.

Koutitonsky, V.G., Orbi, A., Ouabi, M., Ibrahimi, I. (2006). L’étude du 
comportement hydrosédimentaire du système lagunaire 
Oualidia par la modélisation mathématique, Phase 1: Synthèse 
des données et simulation de la réfraction des houles. Rapport 
technique, Direction des Ports et du Domaine Public Maritime, 

Ministère de l’Équipement et du Transport, Royaume du Maroc, 
150 p.

Koutitonsky, V.G., Orbi, A., Ouabi, M., Ibrahimi, I. (2007). L’étude du 
comportement hydrosédimentaire du système lagunaire 
Oualidia par la modélisation mathématique, Phase 2: 
Modélisation hydro-sédimentaire de l’état actuel et de scénarios 
d’aménagement. Rapport technique, Direction des Ports et 
du Domaine Public Maritime, Ministère de l’Équipement et du 
Transport, Royaume du Maroc, 204 p. + annexes.

Maanan, M. (2003). Etudes sédimentologique du remplissage 
de la lagune de Sidi Moussa (Côte Atlantique Marocaine): 
caractérisations granulométrique, minéralogique et 
géochimique.  Thèse de doctorat en Géologie, Univ. Chouïab 
Doukkali, Faculté des Sciences El Jadida, Maroc, 164p.

Makaoui, A., Idrissi, M., Agouzouk, A., Larissi, J., Baibai, T., El Ouehabi, 
Z., Ait Laamel, M., Bessa, I., Ettahiri, O., Hilmi, K. (2018).  Etat 
Oceanographique de la lagune de Oualidia, Maroc (2011-2012). 
European Scientific Journal, 14(18): 93, https://doi.org/10.19044/
esj.2018.v14n18p93

Plumb, R.H. (1981). Procedure for handling and chemical analysis of 
sediment and water samples. Tech. Rep. EPA/CE-81/1. U.S. Army 
Engineer Waterways Experiment Station, Vicksburg. MS, 71p.

Rharbi, N., Ramdani, M., Berraho, A., Lakhdar Idrissi, J. (2001). 
Caractéristiques hydrologiques et écologiques de la lagune 
de Oualidia, milieu paralique de la côte atlantique marocaine. 
Marine Life, 11(1-2): 3–9.

Rosa, A., Cardeira, S., Pereira, C., Rosa, M., Madureira, M., Rita, F., Jacob, 
J., Cravo, A. (2019). Temporal variability of the mass exchanges 
between the main inlet of Ria Formosa lagoon (southwestern 
Iberia) and the Atlantic Ocean. Estuar. Coast. Shelf Sci., 228: 
106349. http://dx.doi.org/10.1016/j.ecss. 2019.106349

Somoue, L., Demarcq, H., Makaoui, A., Hilmi, K., Ettahiri, O., Ben Mhamed, 
A., Agouzouk, A., Baibai, T., Larissi, J., Charib, S., Kalmouni, A., Laabir, 
M. (2020).  Influence of Ocean–Lagoon exchanges on spatio-
temporal variations of phytoplankton assemblage in an Atlantic 
Lagoon ecosystem (Oualidia, Morocco). Regional Studies in 
Marine Science, 40:101512.

Strickland, J.D.H., Parsons, T.R. (1972). A practical handbook of seawater 
analysis (2nd ed.). Fisheries Research Board of Canada, Ottawa, 
Bulletin 167 (Second edition), 310 p.




