
Hassi et al., J. Mater. Environ. Sci., 2020, 11(6), pp. 977-987 977 

 

 

 

J. Mater. Environ. Sci., 2020, Volume 11, Issue 6, Page 977-987 

 

http://www.jmaterenvironsci.com 

 

Journal of Materials and  
Environmental Science 
ISSN : 2028-2508 
CODEN : JMESCN 

 
Copyright © 2020, 
University of Mohammed Premier      
 Oujda Morocco 

 

Qualitative and quantitative study of the spring phytoplankton 

community in the Naïla lagoon (Moroccan Atlantic coast)  
 

Mohammed HASSI1,2, Mohamed ALOUANI3, 4,  Mohamed Said FAARAS5, 

Mohamed STAITI5  
1 Ibn Zohr University, Faculty of Sciences, Department of Biology, Laboratory of Microbial Biotechnology and Plants 

Protection, BP 8106. Agadir- Morocco. 
2 Ibn Zohr University, Taroudant's polydisciplinary faculty, Hay El Mohammadi, BP 271, 83 000, Taroudant. Morocco.  

3 Ibn Zohr University, Faculty of Sciences, Department of Biology, Laboratory of Biotechnology and Valorization of 

Natural Resources, BP 8106. Agadir- Morocco. 
4 Ibn Zohr University, Faculty of Applied Sciences - Ait Melloul, Route Nationale N°10, cite d’Azrou à côté de l'institut 

Agronomique et Vétérinaire Hassan II, Ait Melloul- Morocco. 
5Institut National de Recherche Halieutique, centre régional Laâyoune (INRH), Hay Almarsa Laâyoune- Morocco. 

 

 
 

 

 

 

 

 

 

 

 

 

1. Introduction  

Most microalgae species are microscopic, unicellular aquatic organisms, which are usually known as 

"phytoplankton" [1,2]. The microorganisms constituting phytoplankton are endowed with performance 

and plasticity allowing them to colonize any type of environment such as: freshwater, oceans, sebkhas 

and lagoons. Microalgae are currently attracting considerable interest due to their metabolic power [2]. 

The interesting biological and biochemical properties of microalgae give them a large number of 

applications in the scientific and industrial worlds, including aquaculture [3-6]. Phytoplankton occupies 

a primordial trophic position and constitutes the first link in the food chains of aquatic ecosystems [7]. 

The rate of development of these populations determines that of primary consumers and the latter in turn 

regulate that of secondary consumers [8]. Approximately 90% of global aquaculture production uses 

phytoplankton as a food source during one or more stages of farming [9]. However, among the thousands 
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of marine phytoplankton species recorded, some of them can cause nuisance by producing toxic 

substances or phycotoxins [10]. These phycotoxins can transit along aquatic food chains and reach 

dangerous concentrations, even fatal, for humans at certain trophic levels [10-11]. The proliferation of 

these harmful and toxic microalgae species represents a real danger to consumer health and to the 

commercial and recreational exploitation of certain marine species [12]. 

To protect the health consumer against poisoning, the INRH (Institut National de Recherche Halieutique) 

initiated in 1995 a program for monitoring the toxicity of molluscs along the Moroccan coast [13]. The 

Naïla lagoon (Khnifiss area) located on the Atlantic coast of Morocco is a favorable environment for 

shellfish farming [14]. 

Given the lack of data on the composition of phytoplankton populations in the Naïla lagoon, this study 

is devoted to contribute in elaborating of an inventory of phytoplankton species and particularly 

microalgae of aquaculture interest and those that are potentially harmful. This work also aimed to launch 

a long-term follow-up program. 

 

2. Material and methods 

2.1. Study Site: Naïla Lagoon (Khnifiss area) 

The lagoon of Naïla (28o02’54”°N, 12o13’66”°W) is located on the south Atlantic coast of Morocco in 

the rural commune of Akhfennir, Tarfaya circle and oriented along a NE-SW axis. This lagoon (Figures 

1 and 2) is located 120 kilometers south of Tan-Tan and 70 kilometers north of Tarfaya.  Its length is 20 

km and its surface area is 65 km2. The depths of the main channel are on average between 5 and 6 meters 

in the pass and then decrease in the upstream direction [14]. It is characterized by a climate which is 

located in the Saharan bioclimatic stage where the dominant winds (trade winds driving elements of the 

upwelling phenomenon) are from the North-North-West to North-East direction [15].  

 
Figure 1: Naïla Lagoon. 

 
Figure 2: Map of geographic location of sampling points at Naïla Lagoon. 

Fresh water inflows are almost absent and the only continental inflows into the lagoon come from the 

Oued Awdri, generally dry, which leads to the Sebkha Tazra saline [14]. It presents an ecological and 
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scientific interest and it is recognized as a RAMSAR area (Convention on Wetlands of International 

Importance) since 1983 [16] and identified as a Sites of Biological and Ecological Interest (SIBE) area 

since 1996. 

 

2.2. Sampling and methodology  

The collection of a water sample is a delicate operation to which the greatest care must be taken; it 

conditions the analytical results and the interpretation that will be given [17]. Figure 2 shows the 

geographical location of the three sampling points (P1: downstream of the lagoon, P2: middle of the 

lagoon and P3: upstream of the lagoon) at Naïla lagoon. Two samples were taken each month during the 

period April-May 2019. For the qualitative study, a standard plankton net (24 cm in diameter and 50 cm 

long with a mesh of 20 µm) was used and it was trained horizontally. For the quantitative study, samples 

were taken directly from the sea surface using 1L bottles. Immediately after collection, the samples are 

stored, using a 2 % formalin and a 1% Lugol acid solution respectively for the qualitative and 

quantitative studies [11]. Sampling is always done in the morning at high tide because phytoplankton 

moves vertically in response to light. For each sample, the physico-chemical parameters (temperature, 

dissolved oxygen and pH) were measured using a multi-parameter kit (Handheld Multi-Parameter 

Instruments: WTW 350i). 
 

2.3. Sample preparation  

To resuspend the sample after a longer or shorter storage periods, it is necessary to shake the bottle 

containing the sample to be treated. Agitation is done manually for about 2 minutes and includes 

rotational movements. This agitation should not be too vigorous so as not to destroy the filaments and 

cenobes of the phytoplankton cells. After samples homogenization, 10 ml were taken to fill the 

sedimentation vats. Then, the vats were placed on a flat surface without vibration and covered with a 

round glass plate to prevent the deposit of dust and convection currents which prevent uniform 

distribution of the particles. This operation must be performed avoiding trapping air bubbles. 

Sedimentation takes place in the dark, at a constant ambient temperature and for 8 hours [18]. 
 

2.4. Determination and enumeration of phytoplankton species  

The enumeration of phytoplankton is made according to the Utermöhl method [19] under a Leica DM 

IRB inverted microscope. This technique is the most widely used method in monitoring systems [20]. 

The phytoplankton composition is enumerated by performing a visual scan to observe and identify the 

phytoplankton found in the tanks.  

This enumeration aims to describe the total microflora (the most represented species) or partial (number 

of toxic species). This procedure is repeated at various magnifications depending on the size of the 

species present, the specific determination scale and the ease of counting. Phytoplankton is determined 

using appropriate systematic identification keys [21, 22]. The total number of phytoplankton cells (N) 

contained in a liter is: N= (n x 1000)/V with (n= number of cells and V = volume of the sedimentation 

tank (ml)). 

 

3. Results and discussion 

3.1. Physico-chemical parameters  

All physicochemical parameter values measured at the three sampling points during the period April-

May are very similar for temperature, pH and dissolved oxygen (Figure 3). The water temperature values 

fluctuate between 19.5 °C (point 1) and 19.8 °C (points 2 and 3). The temperatures recorded at the three 
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sampling points are within the normal range [23]. A similar study, carried out at the Oualidia lagoon 

(Moroccan Atlantic coast) on spring of 2011, has shown that the surface water temperature varied 

between 18.7°C in the downstream station and 20.6°C in the upstream station with an average value of 

19.55°C [24]. At high tide, when our samples were taken, the waters were stirred by wave currents and 

the temperature differences are therefore insignificant between surface and bottom waters [23]. 

However, this difference is much more pronounced in areas at the very bottom of the lagoon, due to 

shallow depths. 

The pH of the marine environment is generally basic; it is between 7.5 and 8.5 [25]. The pH values at 

the three points are almost the same with a slight difference at the third point (Figure 3). They varied 

between 8.3 at points 1 & 2 and 8.42 for the sampling point upstream of the lagoon.  

Dissolved oxygen values are identical at sampling points 1 and 2, while at point 3 the value is slightly 

higher (Figure 3). The lagoon waters are more oxygenated and the values are moderately between 9.04 

and 9.25 mg per liter. The low dissolved oxygen concentration gradient from downstream to upstream 

of the lagoon can be explained by the fact that during waves, the renewal of the waters improves oxygen 

levels inside the lagoon [14]. Similar results were recorded in spring of 2011 in the Oualidia lagoon 

surface water with an average oxygenation value of 9.29 mg/l [24]. The high oxygenation values 

recorded during this period can also be explained by the photosynthetic activity of phytoplankton. 
  

 
Figure 3: Naïla lagoon physicochemical parameters in the different sampling points   

3.2. Qualitative study of Naïla lagoon phytoplankton 

During the period April-May, the microscopic study of phytoplankton communities in Naïla lagoon 

resulted in the identification of several taxa (Table 1). The classification and some characteristics of the 

phytoplankton inventoried are summarized in Table 1. The identified species represent 9 families and 4 

classes (Bacillariophyceae, Mediophyceae, Dinophyceae and Coscinodiscophyceae). The type of 

phytoplankton community is essentially composed of diatoms (90%) and dinoflagellates (10%); the 

same distribution was found in similar lagoons, notably Oualidia lagoon (Morocco) [13, 26]. The 

dominance of diatoms is mainly due to their preferential proliferation in nutrient-rich environments, i.e. 

nitrogen and phosphate products [18]. The Naïla lagoon is characterized by a water circulation mode 

according to an alternating (ebb and flow) and bidirectional rhythm [14]. This hydrological feature 

contributes to the site’s richness in phosphate and nitrogen products, particularly during the spring period 

(period of our study), which favors the dominance of diatoms compared to other taxonomic groups. 

https://www.algaebase.org/browse/taxonomy/?id=4337
https://www.algaebase.org/browse/taxonomy/?id=139117
https://www.algaebase.org/browse/taxonomy/?id=4346
https://en.wikipedia.org/wiki/Coscinodiscophyceae
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Diatoms are represented by 9 genera (Chaetoceros, Navicula, Nitzschia, Pseudo-nitzschia, Pleurosigma, 

Coscinodiscus, Licmophora, Amphora and Diploneis) while only the genus Alexandrium represents 

dinoflagellates (Table 1).  

 
Table 1: List of phytoplankton identified in the Naïla lagoon with their classification and main characteristics. 

Species list Classification [27] Main characteristics [21, 22, 27] 

Navicula sp. 

Class : Bacillariophyceae  

Order: Naviculales  

Family : Naviculaceae  

Genus : Navicula 

Shape: solitary, usually in the form of a “shuttle”. 

Size: width 7– 21 μm, length 32–130 μm, diameter 

6-42 μm 

Chaetoceros sp. 

 

Class : Mediophyceae  

Order: Chaetocerotales 

Family : Chaetocerotaceae 

Genus : Chaetoceros  

Shape: chain-shaped; more or less rectangular for 

the belt.  

Size: diameter 2–85 μm, length 2 – 45 μm 

Nitzschia sp. 

 

Class : Bacillariophyceae 

Order: Bacillariales 

Family : Bacillariaceae  

Genus: Nitzschia  

Shape: solitary and very weakly silicified with 

elongated extremities. 

Size: width 2 – 14 μm, length 6 – 375 μm. 

Pseudo-nitzschia sp. 

 

Class : Bacillariophyceae 

Order: Bacillariales 

Family : Bacillariaceae  

Genus : Pseudo-nitzschia 

Shape: elongated, fusiform  

Size: width 2-8 μm, length 40-175 μm  

Licmophora sp. 

 

Class  : Bacillariophyceae 

Order : Licmophorales  

Family : Licmophoraceae 

Genus : Licmophora  

Shape: fan-shaped triangular, striking around a 

central rod 

Size: width 2.4 – 3.6 μm, length 25 – 43 μm 

 

Pleurosigma sp. 

 

Class : Bacillariophyceae 

Order: Naviculales 

Family : Pleurosigmataceae  

Genus : Pleurosigma 

Shape: solitary and the contour of the valves is 

lanceolate 

Size: 90 – 600 µm 

Alexandrium sp. 

 

Class :   Dinophyceae  

Ordre: Gonyaulacales 

Family:  Pyrophacaceae 

Genus :   Alexandrium 

Shape: Spherical  

Size: width 17 – 44 μm, length 22 – 51 μm 

Diploneis sp. 

 

Class :  Bacillariophyceae 

Order : Naviculales 

Family: Diploneidaceae 

Genus : Diploneis 

Shape: Panduriform valve, with a clear constriction 

in the centre.  

Size: width 20 μm, length 40-45 μm,  diameter 20-

42 μm 

Coscinodiscus sp. 

 

Class : Coscinodiscophyceae  

Order : Coscinodiscales 

Family:  Coscinodiscaceae 

Genus : Coscinodiscus  

Shape: Wedged cylindrical disc and solitary. 

Size: Diameter 35 - 200 μm, height 30 - 180 μm 

Amphora sp. 

 

Class : Bacillariophyceae 

Order : Thalassiophysales 

Family : Catenulaceae 

Genus : Amphora 

Shape: Recognized by their strongly dorsiventric 

frustules. 

Size: Length 63 µm by 32.4 µm wide. 

 

Phytoplankton can play a very important role in aquaculture due to its good nutritional quality. Different 

microalgae in aquaculture have been studied and analyzed for their contribution to the growth of various 

invertebrate species and species frequently  used in mariculture [28]. Microalgae have been used as live 

natural feeds for larvae and juveniles of many finfish and crustaceans, for all bivalve molluscs (clams, 

oysters, scallops) and as food for zooplankton in aquaculture food chains [29]. In terms of microalgal 

https://www.algaebase.org/browse/taxonomy/?id=4337
https://www.algaebase.org/browse/taxonomy/?id=4490
https://www.algaebase.org/browse/taxonomy/?id=77626
https://www.algaebase.org/browse/taxonomy/?id=139117
https://fr.wikipedia.org/wiki/Bacillariophyceae
https://fr.wikipedia.org/wiki/Bacillariales
https://fr.wikipedia.org/wiki/Bacillariaceae
https://fr.wikipedia.org/wiki/Bacillariophyceae
https://fr.wikipedia.org/wiki/Bacillariales
https://fr.wikipedia.org/wiki/Bacillariaceae
https://fr.wikipedia.org/wiki/Bacillariophyceae
https://fr.wikipedia.org/wiki/Bacillariophyceae
https://fr.wikipedia.org/wiki/Bacillariales
https://fr.wikipedia.org/wiki/Bacillariaceae
https://www.algaebase.org/browse/taxonomy/?id=4346
https://www.algaebase.org/browse/taxonomy/?id=93911
https://www.algaebase.org/browse/taxonomy/?id=4795
https://www.algaebase.org/browse/taxonomy/?id=4337
https://www.algaebase.org/browse/taxonomy/?id=4490
https://www.algaebase.org/browse/taxonomy/?id=77632
https://www.algaebase.org/browse/taxonomy/?id=77662
https://en.wikipedia.org/wiki/Coscinodiscophyceae
https://www.algaebase.org/browse/taxonomy/?id=4337
https://www.algaebase.org/browse/taxonomy/?id=4337
https://www.algaebase.org/browse/taxonomy/?id=4490
https://www.algaebase.org/browse/taxonomy/?id=4490
https://www.algaebase.org/browse/taxonomy/?id=77632
https://en.wikipedia.org/wiki/Coscinodiscaceae
https://fr.wikipedia.org/wiki/Bacillariophyceae
https://en.wikipedia.org/w/index.php?title=Thalassiophysales&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Catenulaceae&action=edit&redlink=1
https://www.linguee.com/english-french/translation/frequently.html
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communities, diatoms are distinguished by their high nutritional content and can contribute with 

essential amino acids and highly unsaturated fatty acids [29]. Most of the diatom genera identified in the 

Naïla lagoon have the potential to be used in aquaculture. 

Chaetoceros is a genus of solitary diatom algae mainly in chains. The cells have a rectangular shape 

characterized by the presence of one or more chloroplasts inside the cell. It is used in particular for 

feeding larval penaeid shrimp, feeding the larval, post larval and juvenile stages of bivalves, as well as 

for feeding Artemia [30, 31]. Becker [32] has shown that Chaetoceros gracilis is among the most 

frequently used species in commercial mariculture. 

Navicula is a genus of algae that have a rectangular boat shape with a rounded end; it has two flattened 

chloroplasts, each elongated on each side of the cell, the presence of a raphe in both valves and a central 

nodule. Navicula is also used for abalone, shrimp and sea urchin farming. In addition, the highest levels 

of fatty acids were observed in treatments with diatoms, indicating the benefits of Navicula sp. on 

increasing the growth and fatty acid content of post-larvae of white shrimp (Litopenaeus vannamei) 

cultivated in bioflock systems [33]. 

Nitzschia is a genus of solitary diatom algae but they can also be in colonies. The cells have a spindle 

shape characterized by the presence of chloroplasts at each cell end. Nitzschia is a microalgae 

recommended for abalone farming, nutrition of larval penaeid shrimp [30, 34, 35] and also in sea urchin 

nutrition [35]. The species Navicula lenzi, Navicula vemnuede, Nitzschia laveas showed the best results 

for the survival and growth tests of abalone juveniles [36]. 

The genus Amphora has been described as an excellent food for post-larvae abalone, while a mixture of 

feeds containing Amphora and Nitzschia laevis or Navicula lenzi ensures very high survival and growth 

rates [37, 38]. The results showed that Amphora, Navicula could be used as a food supplement to 

improve the growth and survival of post-larvae of Penaeus monodon [39]. 

Hua [40] analyzed the gut content of the microbiota of Opihi (marine gastropod mollusc) and found the 

presence of Chaetoceros sp., Navicula sp., Amphora sp., Licmophora sp., Nitzschia sp., Pleurosigma 

sp., Diploneis sp. and other species of microalgae and bacteria. 

However, toxic phytoplankton algae are present in all marine environments around the world. The INRH 

Laâyoune is particularly interested in the search for species belonging to the genera Pseudo-nitzschia, 

Dinophysis and Alexandrium. These three species are the most dangerous and can be the cause of fatal 

intoxications. The species Dinophysis sp. is known worldwide as a producer of diarrhoeal toxins (DSP: 

Diarrheic Shellfish Poison) [41]. It was not observed during this study. 

 

3.3. Quantitative study of Naïla lagoon phytoplankton 

Among the diatoms, Chaetoceros (88.5%) and Amphora (6.7%), were recorded as the dominant genera 

in the phytoplankton assemblage of the Naïla lagoon and in third order come the genus Diploneis (1.5%) 

followed by Navicula (1.2%) (Figure 4). However, this abundance of observed phytoplankton also varies 

according to the sampling point (Figure 5). In the downstream of the lagoon (P1), a very high abundance 

of Chaetoceros was observed with a number of cells exceeding 105 per liter, followed by Amphora (7500 

cells/l) then Navicula (1100 cells/l), while Pleurosigma was absent at this point. The phytoplankton 

found at sampling point 2 (center of the lagoon) are dominated by Chaetoceros (151500 cells/l) followed 

by Amphora (8000 cells/l) in second order then Diploneis (1900 cells/l), however the presence of 

Pleurosigma (100 cells/l) is noted. In the upstream of the lagoon (P3), Chaetoceros (152500 cells/l) is 

still very abundant, followed by Amphora (7300 cells/l), but the absence of Pseudo-nitzschia, 

Pleurosigma and Alexandrium was noted. The cell density of Alexandrium was not exceeding 200 cells 

per liter at this lagoon; it respectively 180 and 190 cells / l for sampling points 1 and 2. 
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Figure 4: Abundance (%) of phytoplankton found in Naïla Lagoon 

 

The difference in distribution of the different phytoplankton taxa inventoried is due to the fact that they 

have strict requirements and tolerances with regard to the luminosity and the physico-chemical 

parameters of the environment and nutritional needs [42-46]. Temperature, salinity, depth, pH, dissolved 

oxygen and suspended sediment concentration play an important role in determining diversity, 

promoting or limiting the growth of different phytoplankton groups [42]. Nutrient availability is the main 

factor controlling phytoplankton under the adequate light and temperature conditions [43]. Indeed, it can 

affect its growth rate [44], its biomass and its specific composition [45]. In addition, disturbance of the 

nitrogen/phosphorus ratio results in the selection of some microalgae over others [46]. Depth can also 

play a determining role in the distribution of taxa [42]. Depths in the main channel of Naïla Lagoon 

average between 5 m and 6 m in the pass and then decrease upstream direction [14]. 

Our study of phytoplankton shows the presence of two toxic species, Pseudo-nitzschia sp. and 

Alexandrium sp., which are found downstream and in the center of the lagoon studied (Figure 5). 
 

 
Figure 5: Mean concentrations of the different phytoplankton inventoried in the three sampling points carried out in the 

Naïla lagoon. 

Pseudo-nitzschia is a well-marked species in the study site, its density varied from 400 cells per liter in 

downstream to 1300 cells per liter in the center of the lagoon. Some species of Pseudo-nitzschia produce 
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Amnesic Shellfish Poisoning (ASP) toxins [47], which can cause neurological disorders, including 

memory loss, in consumers of contaminated shellfish. ASP toxins are sought when Pseudo-nitzschia is 

detected at concentrations greater than 105 cells per liter [48]. This genus has not caused toxicity; it is 

still below the alert threshold. 

The species Alexandrium sp. was encountered during the month of April and was present until the end 

of May. It is a nuisance species found in our samples, but with concentrations not exceeding 200 cells 

per liter. The genus Alexandrium is associated with the production of PSP (Paralytic Shellfish Poisoning) 

toxins [49-52]. The proliferation of these microalgae, especially in aquaculture sites, can affect shellfish 

production and can also be fatal to human health. However, the search for PSP toxin is performed when 

an increase in the concentrations of the Alexandrium alga is observed (>103 cells per liter) [52]. During 

the period of our study, none exceeded of the alert threshold is recorded.  

 

Conclusion  

This present work allowed us to study the phytoplankton community of the Naïla lagoon and 

to verify the presence of toxic microalgae harmful for the fauna which feeds on it and for the 

consumer. In this lagoon, and during the spring period of 2019, the microalgae species 

inventoried were composed of two groups dominated by diatoms. Most of the diatoms found 

(Chaetoceros, Amphora, Navicula, Diploneis, Nitzschia, Pleurosigma and Licmophora) are 

potentially usable in mariculture.  Two toxic species (Alexandrium sp. and Pseudo-nitzschia 

sp.) were repertoried but with concentrations not exceeding alert thresholds. 

The presence of these two harmful or toxic phytoplankton, even at low densities, requires 

the establishment of an effective and rigorous monitoring system in Naïla lagoon. The 

proliferation of these toxic microalgae requires the measurements of toxin levels in wildlife 

of economic interest, including oysters, mussels and clams harvested from the lagoon. 

This study is only an initiation of research towards more in-depth work in order to 

investigate phytoplankton biodiversity in this particular lagoon. It is very important to 

determine the annual availability of useful phytoplankton and also harmful phytoplankton 

charge in this lagoon as well as the determination of the environmental factors responsible 

for the proliferation of each species. 
 

References 

1. C. Davies, A. Coughlan, G. Hallegraeff et al., A database of marine phytoplankton abundance, 

biomass and species composition in Australian waters. Sci Data 3, 160043 (2016). 

https://doi.org/10.1038/sdata.2016.43. 

2. B. Sialve, P. Steyer, Les microalgues Promesses et défis, Innovations Agronomiques, INRA 26 

(2013)  pp.25-39. (hal-01137072) 

3. B.H. Ben Amor. Etude et optimisation de bioaccumulation de magnésium dans les microalgues 

Chlorella vulgaris, Thèse. Doct. université Paris-Saclay et université de Sfax préparée à l’Ecole 

centrale SUPELEC, Paris, (2015) 206 p. https://tel.archives-ouvertes.fr/tel-01281323/document 

4. D. Diadié, Production d’aliments enrichis en acides gras polyinsaturés à partir de microalgues pour 

les besoins aquacoles, Mémoire. Université du Québec à Rimouski, Institut des sciences de la mer 

de Rimouski, Québec  (2009) 138 p. http://semaphore.uqar.ca/id/eprint/288 

5. R. Filali, Estimation et commande robustes de culture de microalgues pour la valorisation 

biologique de CO2. Thèse de doctorat. Supélec, France (2012) 227p. https://tel.archives-

ouvertes.fr/tel-00765421/document 

6. J.L. Rastoin, Le secteur des microalgues en méditerranée, IPEMED, études et analyses (2016) 94p. 

https://hal.archives-ouvertes.fr/hal-01137072
https://tel.archives-ouvertes.fr/tel-01281323/document
http://semaphore.uqar.ca/id/eprint/288
https://tel.archives-ouvertes.fr/tel-00765421/document
https://tel.archives-ouvertes.fr/tel-00765421/document


Hassi et al., J. Mater. Environ. Sci., 2020, 11(6), pp. 977-987 985 

 

7. K. Koffi, D.K. Philippe, K.A. Marcel, A.N. Maryse, K.A. Kagoyire, A.A. Adingra, Seasonal 

Distribution of Phytoplankton in Grand-Lahou Lagoon (Côte d’Ivoire), Eur J Sci Res 26 (2009) 

329-341. 

8. M. Garrido, V. Pasqualini, Du phytoplancton à la gestion des écosystèmes côtiers, Stantari - 

Histoire naturelle et culturelle de la Corse , Kyrnos publications 33 (2013) 18-24. (hal-01301314)   

9. O. Santini, Utilisation des microalgues en aquaculture, Mémoire DESS: Productions animales en 

régions chaudes, Montpellier Université Montpellier 2 (2004) 34 p. 

10. S. Krys, J.M. Frèmy, Phycotoxines et produits de la mer: risque sanitaires associés et mesures de 

prévention, Revue Francaise. Vol 348 (2002) 29-38. https://doi.org/ 10.1016/S0338-

9898(02)80305-5 

11. G.M. Hallegraeff, D.M. Anderson, A.D. Cembella, Manual on Harmful Marine Microalgae, IOC 

Manuals and Guides, UNESCO, 33 (1995) 551 p. 

12. F.M.V. Dolah, Marine Algal Toxins: Origins, Health Effects, and Their Increased Occurrence, 

Environmental Health Perspectives (108) Supplement 1 (2000), 133-141. 

https://doi.org/10.2307/3454638 

13. A. Bennouna, O. Assobhei, B. Berland, J. El Attar, Étude des populations phytoplanctoniques de la 

lagune de Oualidia (Maroc) ; dinoflagellés potentiellement nuisibles, Mar. Life, Vol. 10 (1-2) (2000) 

3-18. 

14. J. Lakhdar Idrissi, A. Orbi, F. Zidane, K. Hilmi, F. Sarf, Z. Massik,  A. Makaoui, Organisation et 

fonctionnement d’un écosystème côtier du Maroc : la lagune de Khnifiss. Revue des sciences de 

l'eau / Journal of Water Science, 17 (4) (2004), 447–462. https://doi.org/10.7202/705542ar. 

15. A. Orbi, M. Nemmaoui, Fluctuation des vents et variabilité de l'upwelling le long de la Côte 

Atlantique Marocaine. INRH, Casablanca, Maroc, Rapport. Trav. Doc n° 75, (1992) 50 p. 

16. RAMSAR, Wise use of wetlands: Resolution C.5.6. Fifth of the conference of the contracting 

parties to the Ramsar convention, Kushiro, Japan, June 1993(1), 169-183. 

17. J. Rodier, B. Legube, N. Merlet, L'analyse de l'eau - 9ème édition,- Eaux naturelles, eaux 

résiduaires, eau de mer: Analyse de l’eau, 9ème édition, Paris, Dunod. (2009) 1600 p  

18. R. Margalef, Perspectives in ecological theory. Chicago series in Biology. University Chicago Pres, 

Chicago III, (1968) 111 p. 

19. H. Uthermöl, Zur Vervollkommnung der quantitativen Phytoplankton-Methodik, Mitt. Int. Verein. 

Limnol., 9 (1958) 1-38. 

20. R. Paxinos, J.G. Mitchell, A rapid Utermöhl method for estimating algal numbers, J.Plankton Res., 

22 (12) (2000) 2255-2262. https://doi.org/10.1093/ plankt/22.12.2255. 

21. E. Nezan, G. Piclet, Guide pratique à l’usage des analyses du phytoplancton, Ifremer, Direction de 

l’Environnement et de l’Aménagement du Littoral, (1996) 66 p.  

22. C.R. Tomas, Identifying marine diatoms and dinoflagellates, Academic Press, Inc., San Diego 

(1996) 1–858.  

23. P.C. Beaubrun,  La lagune de Khnifiss : premières observations sur les sédiments et l’hydrologie du 

milieu, Bull. Inst. Sci. N° 1 (1976) 49-64. 

24. Z. Damsiri, L. Natij, K. Khalil, M. Loudiki, J. Richir, H. El Himer, K. Elkalay, Seasonal 

characterization of the nutrients state in Oualidia Lagoon (Moroccan Atlantic coast), Journal of 

Materials and Environmental Sciences 8 (1), (2017) 67-77.  

25. A. Loumrhari, R. Akallal, A. Mouradi et A. Mouradi, Succession de la population 

phytoplanctonique en fonction des paramètres physicochimiques (sites Mehdia et Moulay 

Bousselham), Afrique Science 05(3), (2009) 128 – 148. ISSN 1813-548X 

https://hal.archives-ouvertes.fr/hal-01301314
https://doi.org/%2010.1016/S0338-9898(02)80305-5
https://doi.org/%2010.1016/S0338-9898(02)80305-5
https://doi.org/10.7202/705542ar
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1093%2Fplankt%2F22.12.2255


Hassi et al., J. Mater. Environ. Sci., 2020, 11(6), pp. 977-987 986 

 

26. L. Somoue, Structure des communautés planctoniques de l’écosystème pélagique de l’atlantique 

sud marocain entre Cap Boujdor et Cap Blanc (26830-218N), Thèse Doct. Océanogr., Univ. Hassan 

II. Ain Chock (2004) 211 p. 

27. M.D. Guiry in M.D. Guiry, G.M.Guiry, AlgaeBase. World-wide electronic publication, National 

University of Ireland, Galway (2020). http://www.algaebase.org; searched on 19 April 2020. 

28. A. Mau, R. Jha, Aquaculture of two commercially important molluscs (abalone and limpet): existing 

knowledge and future prospects, Reviews in Aquaculture 10(3), (2017) 611–

625. https://doi.org/10.1111/raq.12190.  

29. Z.Y. Ju, I.P. Forster, W.G. Dominy, Effects of supplementing two species of marine algae or their 

fractions to a formulated diet on growth, survival and composition of shrimp (Litopenaeus 

vannamei), Aquaculture 292 (2009) 237–243. https ://doi.org/10.1016/j.aquaculture.2009.04.040. 

30. M. R. Brown, Nutritional value of microalgae for aquaculture, In: Cruz-Suárez, L. E., Ricque-Marie, 

D., Tapia-Salazar, M., Gaxiola-Cortés, M. G., Simoes, N. (Eds.). Avances en Nutrición Acuícola VI. 

Memorias del VI Simposium Internacional de Nutrición Acuícola. 3 al 6 de Septiembre del 2002. 

Cancún, Quintana Roo, México (2002). 

31. P. Lavens, P. Sorgeloos, Manual on the production and use of live food for aquaculture, Edit, Lavens 

and Sorgeloos, Ghent, Belgium. Bulletin: FAO Fisheries Technical Paper 1996 No.361 (1996) 295 

p. 

32. W. Becker, The nutritional value of microalgae for aquaculture. Handbook of Microalgal Culture: 

Biotechnology and Applied Phycology, Edited by Amos Richmond, ISBN 0–632–05953–2 (2004) 

380-391. 

33. J.Ld. Abreu, L.O. Brito, P.C.Md. Lima, S.M.B.Cd. Silva, W. Severi, A.O. Gálvez, Effects of 

addition of Navicula sp. (diatom) in different densities to postlarvae of shrimp Litopenaeus 

vannamei reared in a BFT system: Growth, survival, productivity and fatty acid profile, Aquac Res. 

50 (2019) 2231–2239. https ://doi.org/10.1111/are.14104. 

34. M. R. Tredici, N. Biondi, E. Ponis, L. Rodolfi, G. Chini Zittelli, Advances in microalgal culture for 

aquaculture feed and other uses Ecosistemi, Italy. In book: New technologies in aquaculture: 

Improving production efficiency, quality and environmental management, Chapter: 20, Publisher: 

Woodhead Publishing, Cambridge, Editors: Burnell G., Allan G., (2009) 610-676. 

35. R. J. Shields, I. Lupatsch, Algae for aquaculture and animal feeds, Journal Animal Science 21(1) 

(2012) 23-37. https://doi.org/10.14512/tatup.21.1.23 

36. O. Zmora, A. Richmond, Microalgae Production for Aquaculture. Handbook of Microalgal Culture: 

Biotechnology and Applied Phycology, Edited by Amos Richmond ISBN 0–632–05953–2 (2004) 

365-379. 

37. M. Harel, A.R. Place, Heterotrophic Production of Marine Algae for Aquaculture. Handbook of 

Microalgal Culture: Biotechnology and Applied Phycology, Edited by Amos Richmond ISBN 0–

632–05953–2 (2004) 513-524.  

38. G. Courtois de Viçose, M.P. Viera, S. Huchette, M.S. Izquierdo, Improving nursery performances 

of Haliotis tuberculata coccinea: Nutritional value of four species of benthic diatoms and green 

macroalgae germlings, Aquaculture 334-337 (2012) 124–131. https://doi.org/10.1016/ 

j.aquaculture.2011.12.040 

39. H. Khatoon,  S. Banerjee   F.M. Yusoff   M. Shariff, Evaluation of indigenous marine 

periphytic Amphora, Navicula and Cymbella grown on substrate as feed supplement in Penaeus 

monodon postlarval hatchery system. Aquaculture Nutrition, 15 (2009) 186–193. 

https://doi.org/10.1111/j.1365-2095.2008.00582.x 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Lavens%2c+P.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Sorgeloos%2c+P.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22FAO+Fisheries+Technical+Paper%22
https://doi.org/10.14512/tatup.21.1.23
https://doi.org/10.1016/j.aquaculture.2011.12.040
https://doi.org/10.1016/j.aquaculture.2011.12.040
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=KHATOON%2C+H
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=BANERJEE%2C+S
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=YUSOFF%2C+FM
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=SHARIFF%2C+M
https://doi.org/10.1111/j.1365-2095.2008.00582.x


Hassi et al., J. Mater. Environ. Sci., 2020, 11(6), pp. 977-987 987 

 

40. N.T. Hua, Development of aquaculture technology for the Hawaiian opihi Cellana spp,. Doctoral 

Dissertation, Honolulu University of Hawaii at Manoa (2014) 184p.  

41. T. Suzuki, LC–MS/MS analysis of okadaic acid analogues and other lipophilic toxins in single-cell 

isolates of several Dinophysis species collected in Hokkaido, Japan, Harmful Algae, 8 (2) (2009) 

233-238. https://doi.org/10.1016/j.hal.2008.06.001. 

42. Y. Aktan, V. Tufekci, H. Tufekci, G. Aykulu, Distribution patterns, biomass estimates and diversity 

of phytoplankton in Izmit bay (turkey), Estuarine, Coastal and Shelf Science 64 (2005) 372–384. 

https://doi.org/ 10.1016/j.ecss.2005.03.003 

43. R.E. Hecky, P. Kilham, Nutrient limitation of phytoplankton in freshwater and marine 

environments: a review of recent evidence on the effects of enrichment, Limnol. Oceanogr. 33 

(1988) 796–822. https://doi.org/10.4319/lo.1988.33.4part2.0796 

44. H.A. Sakka, M.A. Chikhaoui, B. El Grami, M.H. Hadj, Effects of N and P supply on phytoplankton 

in Bizerte Lagoon (western Mediterranean), J. Exp. Mar. Biol. Ecol. 333 (2006) 79-96. 

https://doi.org/10.1016/j.jembe.2005.12.049 

45. D.A. Caron, E.L. Lim, R.W. Sanders, M.R. Dennett, U.G. Berninger, Responses of bacterioplankton 

and phytoplankton to organic carbon and inorganic nutrient additions in contrasting oceanic 

ecosystems. Aquat. Microb. Ecol. 22 (2000) 175–184. https://doi.org/ 10.3354/ame022175. 

46. J. Heisler, P.M. Glibert, J.M. Burkholder, D.M. Anderson, W. Cochlan, W.C. Dennison, Q. Dortch, 

C.J. Gobler, C.A. Heil, E. Humphries, A. Lewitus, R. Magnien, H.G. Marshall, K. Sellner, D.A. 

Stockwell, D.K. Stoecker, M. Suddleson, Eutrophication and harmful algal blooms: A scientific 

consensus. Harmful Algae 8 (2008) 3–13. https://doi.org/10.1016/j.hal.2008.08.006 

47. G.R. Hasle, G.A. Fryxell, Taxonomy of diatoms. In: Hallegraeff G.M., Anderson D.M. & Cembella 

A.D. (eds) - Manual on harmful marine microalgae, IOC Manuals and Guides N° 33, UNESCO 

Bibliothèque Numérique, (1995) 339-364.  

48. M. Marchand, L'océan sous haute surveillance : Qualité environnementale et sanitaire. Editions 

Quae, 29 oct. 2013, (2013) 224 p. 

49. P. Lassus, M. Le Doux, M. Bardouil, M. Bohec, E. Erard-Le Denn, Kinetics of Alexandrium 

minimum Halim toxin accumulation in mussels and clams, Natural Toxins, 2 (1994) 329-333. 

https://doi.org/10.1002/nt.2620020513 

50. A. M. Bazzoni, M. Cangini, A. G. Mudadu, G. Lorenzoni, I. Arras, G. Sanna, F. Pino, A. Milandri, 

S. Virgilio,  Recent findings of paralytic shellfish toxins linked to the genus Alexandrium Halim in 

Mediterranean mollusc production areas, Toxicon; 174 (2020) 48-56 

https://doi.org/10.1016/j.toxicon.2019.12.157  

51. R. Jester, L. Rhodes, V. Beuzenberg, Uptake of paralytic shellfish poisoning and spirolide toxin by 

paddle crabs (Ovalipes catharus) via a bivalve vector, Harmful Algae 8 (2009) 369–376. 

https://doi.org/10.1016/j.hal.2008.08.002. 

52. R. Abouabdellah, A. Bennouna, M-Y. Dechraoui-Bottein, J. El Attar, M. Dellal, A. Mbarki, N. 

Imzilen, M. Alahyane and S. Benbrahim, Determination of PSP Toxins in Moroccan Shellfish by 

MBA, HPLC and RBA Methods: Links to Causative Phytoplankton Alexandrium minutum, 

International Journal of Biochemistry Research & Review, 21(2), (2018) 1-12. 
 

 

 

(2020) ; http://www.jmaterenvironsci.com  

https://doi.org/10.1016/j.hal.2008.06.001
https://doi.org/%2010.1016/j.ecss.2005.03.003
https://doi.org/10.4319/lo.1988.33.4part2.0796
https://doi.org/10.1016/j.jembe.2005.12.049
https://doi.org/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.hal.2008.08.006
https://www.google.co.ma/search?hl=fr&tbo=p&tbm=bks&q=inauthor:%22+Michel+Marchand%22
https://doi.org/10.1002/nt.2620020513
https://doi.org/10.1016/j.toxicon.2019.12.157
https://doi.org/10.1016/j.hal.2008.08.002
http://www.jmaterenvironsci.com/

