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Abstract 
Phytoplankton is all cyanobacteria and microalgae (microscopic plants) 
present in surface water that may be carried by water currents. The study was 
conducted at two oceanic sites Mehdia and Moulay Bousselham, Rabat sale 
Kenitra region, Morocco, between 2017 and 2018. The objective of this study 
is to compare the spatiotemporal evolution of certain toxic planktonic species 
between the two sites. The planktonic species identified all have toxic potency 
but to varying degrees such as Alexandrium, Dinophysis, Gymnodinum, 
Pseudonitzschia and Proocentrum. The comparison of the abundance of 
these taxa in the two sites confirms that the Moulay Bousselham site is cha-
racterized by the presence of the most toxic planktonic species represented 
mainly by Pseudonitzschia in contrast the Mehdia site experienced an abun-
dance of the Proocentrum kind. This situation requires a more detailed study 
of the essential causes of the proliferation of these species. 
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1. Introduction 

Phytoplankton is all the cyanobacteria and microalgae (microscopic plants) 
present in surface water that can be carried away by water currents [1] [2]. They 
are defined as unicellular or multicellular organisms, either eukaryotes or pro-
karyotes [3]. Microalgae occupy most ecological niches, mainly aquatic envi-
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ronments; they live in salt marshes, in acidic or strongly alkaline environments 
[4]. According to Greenway and Munns (1980); Dabbadie (1992); Netondo et al. 
(2004); Perrine et al. (2012) [5] [6] [7] [8], the factors favoring a better microal-
gal production are the illumination, the temperature whose optimum is 18˚C to 
24˚C affording to the species. The Ph must be between 8.2 and 8.7, nitrogen and 
phosphorus and other elements. Phytoplankton occupies the place of the first 
link in the food chain [9], it is the basis of ecosystems in marine environments 
[10]. The distribution, abundance, production and biodiversity of different spe-
cies or groups of plankton are likely to be deeply affected by climatic changes 
and the physical and chemical properties of oceans [1]. Of the many species that 
make up phytoplankton, some produce toxins called phycotoxins. They belong 
mainly to the Dinophyceae class [11]. 

In Morocco, there are 84 listed wetlands according to the 1997 Protected 
Areas Study. Another study reports about 300 sites covering an area of 400,000 
ha. Morocco’s Gharb is rich in wetlands such as the Mehdia area and Moulay 
Bousselham, which are considered among the most populated areas by plank-
tonic species. 

The objective of this study is to compare the spatiotemporal evolution of cer-
tain toxic planktonic species between two wet sites Mehdia and Moulay Bous-
selham. 

2. Material and Methods 
2.1. Description of the Study Site 

The samples were taken from two ocean sites, the Mehdia and Moulay Boussel-
ham in the Rabat-Sale-Kenitra region. The first site is a picturesque coastal town 
near the Kenitra city, 30 km northeast of the capital Rabat. The average annual 
temperature is 18.6˚C and the average rainfall is 283 mm. The second site is 
known for heavy rainfall in winter than in summer. The average annual temper-
ature is 18.1˚C, and the average annual precipitation is 622 mm. 

2.2. Identification of Species 

For the identification of phytoplankton, a volume of 500 ml of seawater is col-
lected at 0.5 m depth using opaque glass bottles. The sample is then fixed with 
2.5 ml of alkaline lugol and placed in a cool box protected from light. In the la-
boratory, samples are recorded and stored in the dark at 4˚C. 

After vigorous stirring, the samples are decanted for 24 hours and then sub-
jected to observation under optical microscope morpho-anatomic characters 
(shape, size and color) representing the identification keys retained by Gregoire 
et al., 1978; Bourrelly, 1985 [12] [13]. The cells are then counted per liter per vat. 

2.3. Statistical Analyzes 

The collected data are entered on an Excel support, the exploitation is carried 
out on a statistical processing software. The selected analyzes in this sense are 
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significance tests such as single-point analysis of variance, correlations, principal 
component analysis. The results are generally expressed as relative frequencies 
and/or means ± standard deviation. 

3. Results and Discussion 
3.1. Study of the Density Variation in the Two Sampling Sites 

Table 1 presents the results of the distribution of planktonic cells according to 
the years of sampling and according to the sampling sites. The results are ex-
pressed in mean and standard deviation. The comparison test and the student 
test. An Asterix marks significant differences. 

* In a first step, we compared the average densities between the two sites by 
year of sampling. The results obtained show that, in general, the abundance in 
2017, except for the Proocentrum taxon where the density in the Mehdia station 
exceeds that of Moulay Bousselham, the other planktonic species have been 
highly represented in the Moulay Bousselham station. The student test con-
firmed the effect of the site only for the Dinophysis taxon with a t = 3.41 and p < 
0.003. 

*In a second time, and in 2018, the average density of plankton in the Moulay 
Bousselham site exceeds that of the Mehdia site, with the exception of Gymno-
dinum and Pseudonitzscia where it is the opposite. The student test shows a sig-
nificant difference between the two stations for the Alexandrium taxon. 

The planktonic species identified all have toxic potency but to varying de-
grees. Because of this, the abundance of these species in the Moulay Bousselham 
site makes the environment really too incriminated. 

3.2. Study of the Spatio-Temporal Variation of Toxic Taxa 
3.2.1. Variation of the Genus Alexandrium 
Alexandrium is a nucleated unicellular living organism belonging to the Dino-
phyte group. Several Alexandrium species (Gonyaulax or Protogonyaulax) pro-
duce paralytic toxins, particularly in the Pacific Northwest, North East Coast of 
North America and Northern Europe. While in Morocco, paralytic poisoning is 
due to the efflorescence of Gymnodinum catenatum [14]. 

The distribution of Alexandrium densities according to years of sampling 
shows a very remarkable difference between 2017 and 2018, these averages are re-
spectively 217.83 ± 470.19 cells/liter (Min = 0, Max = 1990) and 89.55 ± 74.03 
cells/liter (Min = 0, Max = 200). This difference in density is largely felt between 
the two sampling sites Mehdia and Moulay Bousselham, with mean values of 61.39 
± 7.98 cells/liter (Min = 0, Max = 290) and 251.57 ± 46.17 respectively. Cells/liter 
(Min = 0, Max = 1990), this difference is significant between the means of the two 
sampling sites (Fisher = 3.68, p < 0.048). Analysis of variance did not show any in-
teraction between the year factor and the sampling site factor (Fisher = 1.06, p < 
0.31). Figure 1 shows the mean points of the monthly density in the two sta-
tions. The results show an abundance of the Alexandrium species in Moulay 
Bousselham station. Indeed, two maximum peaks characterize the two sites, 
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Table 1. Presentation of plankton species according to years and sampling sites. 

species Site Year of sampling: 2017 Year of sampling: 2018 Significant 

  Mean (cells/liter) Standard deviation Mean (cells/liter) Standard deviation  

Alexandrium 
Site I 74.33 95.51 47.27 50.81 NS 

Site II 361.33 638.92 131.82 70.68 NS 

signification  t = 1.54; p < 0.14  t = 3.54; p < 0.004**   

Dinophysis 
Site I 41.67 90.03 122.73 375.08 NS 

Site II 371.67 322.77 1036.36 2198.76 NS 

signification  t = 3.41; p < 0.003**  t = 1.36; p < 0.194   

Gymnodinum 
Site I 216.67 257.91 877.27 1680.98 NS 

Site II 466.67 502.87 172.73 134.84 t = 1.87; p < 0.037** 

signification  t = 1.3; p < 0.14  t = 1.39; p < 0.19   

Pseudonitzschia 
Site I 2741.67 4792.13 4727.27 5921.84 NS 

Site II 10,616.67 18,005.04 3259.09 2972.78 NS 

signification  t = 1.46; p < 0.16  t = 0.73; p < 0.47   

Proocentrum 
Site I 6166.67 9369.52 3000.00 1788.85 NS 

Site II 4250.00 4025.49 3727.27 1489.36 NS 

signification  t = 0.65; p < 0.5  t = 1.04; p < 0.31   

NS: no significant; **: significant at 5%. 

 

 
Figure 1. Number of cells counted per month at both sites at Alexandrium. 

 
• For the Moulay Bousselham station, average densities are highest during the 

months of April and August, which correspond to the spring and summer 
seasons, with respectively more than 1000 cells/liter and more than 800 
cells/liter. 

• For the Mehdia site, the monthly distribution shows that the cell density 
peaks are recorded during the month of May (more than 180 cells/liter) and 
the month of October (more than 200 cells/liter) which correspond to the 
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seasons spring and autumn. 

3.2.2. Variation of the Genus Dinophysis 
The Dinophysis genus belongs to the class of dinophyceae. It includes many Di-
nophysis species, most of which are toxic. 

The annual distribution of the average density of Dinophysis shows that in 
2017, the average is 206.67 ± 58.49 cells/liter (Min = 0, Max = 900) and in 2018 it 
reaches 579.55 ± 342.97 cells/liter (Min = 0, Max = 7500). Analysis of variance 
showed a significant sampling site effect on the distribution of this plankton 
species (Fisher = 3.50, P < 0.044). Indeed, the average density in the Moulay 
Bousselham station (689.57 ± 320.66 cells/liter) exceeds that of Mehdia (80.43 ± 
55.05 cells/liter). The analysis of variance did not show any interaction between 
the year factor and the sampling site factor (Fisher = 0.80, p < 0.37). Figure 2 
shows the mean points of the monthly density of the planktonic Dinophysis spe-
cies at both stations. It appears that this species is very abundant in the Moulay 
Bousselham station. Indeed, two maximum peaks characterize the two sites: 
• The monthly variation of the Dinophysis density in the Moulay Bousselham 

station has a peak exceeding 4000 cells/liter during the month of June, and to 
a lesser degree a second peak during the month of March (more than 170 
cells/liter). 

• For the Mehdia site, the monthly distribution shows that cell density peaks 
are recorded during the month of July (more than 500 cells/liter) and low 
during the other months of the year. 

3.2.3. Variation of the Species Gymnodinum 
The Gymnodinum sp., represent an important genus of the dinoflagellate protist 
group, the marine plankton without theca of the class Dinophyceae, order 
Gymnodinuales. It is a species of red tide forming chains and producing toxins. 

The average density of the cells of this planktonic species per liter per year of 
sampling shows that this average is 341.67 ± 83.93 cells/liter during the year 
2017, with a minimum of 0 cells/liter and a maximum of 1600 cell/liter, whereas 
for the year 2018, the average is 525.00 ± 259.74 cells/liter (Min = 0, Max = 
4500). Despite the difference in record between these two years, the Fisher test 
did not assert the direct effect of the year variation on density (Fisher = 0.48, p < 
0.49). On the other hand, the distribution of the number of planktonic cells per 
liter of water per sampling site shows that the Mehdia station has an average 
density of 532.61 ± 249.48 cells/liter (min = 0, max = 4500), higher than that 
recorded at Moulay Bousselham (mean = 326.09 ± 82.68 cells, Min = 0, Max = 
1600). Given the large intra-station dispersion, the file test did not show a sig-
nificant difference between the two stations (Fisher = 0.62, p < 0.44). The analy-
sis of variance shows that the year factor and the station factor interact signifi-
cantly with each other (Fisher = 3.44, p < 0.047), thus having an effect on the 
density of this plankton. 

Figure 3 shows the mean points of the monthly density of the planktonic  
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Figure 2. Number of cells counted per month in the two sites at Dinophysis. 
 

 
Figure 3. Number of cells counted per month at both sites at Gymnodinum. 
 
Gymnodinum species at both stations. As a result, this taxon is very common in 
the Mehdia station, with two peaks in April and May; the density during these 
two months exceeds 2000 cells/liter. However, in the Moluay Bousselham sta-
tion, there were three peaks in February (more than 500 cells/liter), in June 
(more than 600 cells/liter) and in October (more than 900 cells /liter). 

3.2.4. Variation of the Species Pseudonitzschia 
The micro-algae of the genus Pseudonitzschia are Diatoms of the family Bacilla-
riaceae. Some species of this genus produce domoic acid, a neurotoxin responsi-
ble for food poisoning (ASP for Amnesic Shellfish Poisoning). 

The mean densities of the Pseudonitzschia cells determined for the two years 
of study 2017 and 2018 are respectively 6679.17 ± 2755.33 cells/liter (Min = 0, 
Max = 65,000) and 3993.18 ± 987.93 cells/liter (Min = 0, Max = 19,000). The 
Fisher test did not show any effect of the year variation on the distribution of the 
cell density despite the difference between the average densities during the years 
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2017 and 2018, this is attributed to the great heterogeneity recorded in each 
group. The comparison of the mean Pseudonitzschia densities between the two 
sites, Mehdia and Moulay Bousselham, shows a great difference between these 
two stations, the corresponding averages recorded being 3691.30 ± 1112.202 
(Min = 0, Max = 19,000) in the Mehdia station and 7097.83 ± 2799.298 (Min = 0; 
Max = 65,000) in the Moulay Bousselham station. 

Figure 4 shows the mean points of the monthly density of the planktonic spe-
cies Pseudonitzschia in both stations. It appears from this figure that this taxon is 
very common in Moulay Bousselham station, with a peak in July and the density 
reaches more than 32,000 cells/liter. However, the distribution of this monthly 
taxon in the Mehdia station fluctuates around a density of 5000 cells/liter, espe-
cially in February, April, August and October. 

3.2.5. Variation of the Proocentrum Species 
Proocentrum is a dinoflagellate in formation, forming an armor, marine, plank-
tonic. It is a cosmopolitan species in cold temperate waters with tropical waters. 
It is generally considered harmless [15] [16] [17]. 

The evolution of this taxon between 2017 and 2018 shows a decrease in aver-
age density, the rate of decline reaches 35.48%. The minimum number of cells 
determined is zero cells/liter and the maximum is displayed during the year 
2017, it is 28,000 cells/liter. Regarding the distribution of this taxon in the two 
sampling sites, we did not notice a large difference between these two sites. The 
file test did not show a significant difference (Fisher = 0.17, p < 0.61), between 
the mean density at the Mehdia site is 4652.17 cells/liter and the average density 
at the Moulay Bousselham site is 4000.00 cells/liter. 

The monthly distribution at both stations is shown in Figure 5. The distribu-
tion of the Proocentrum at the Mehdia site is marked by a maximum in October 
(more than 14,000 cells/liter) and second peak in August but that does not ex-
ceed 8000 cells/liter. However, the distribution in the Moulay Bousselham station, a 
maximum is recorded in October at a density of more than 10,000 cells/liter, for 
other months, the density fluctuates between 2000 and 4000 cells/liter. 

 

 
Figure 4. Number of cells counted per month in both sites at Pseudonitzschia. 
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Figure 5. Number of cells counted per month in both sites at proocentrum. 

3.3. Global Analysis 

In this part, we used a joint analysis of the five toxic taxons according to the cell 
density, the site of the site and the month of sampling. The two figures below 
represent hierarchical classification dendrograms of the five species identified. 
Figure 6(a) shows the projection results of the toxic taxa identified in the Meh-
dia site. This analysis reveals three distinct classes. The first group is composed 
of the Alexandria, Dinophysis and Gymnodinum taxa. The second group in-
cludes the Pseudonitzschia taxon and the third group is Proocentrum. In addi-
tion, Figure 6(b), presents the results of the classification in the Moulay Bous-
selham site, this time, three groups are thus reformed, the first group is com-
posed of the taxa Alexandrium, Gymnodinum and Dinophysis. A second group 
consisting of Proocentrum and a third group includes the Pseudonitzschia tax-
on. 

The comparison of the abundance of these taxa in both sites confirms that the 
Moulay Bousselham site is characterized by the presence of genus with more 
toxic planktonic species represented mainly by Pseudonitzschia, in contrast to 
the Mehdia site known an abundance of the genus Proocentrum. This situation 
requires a more detailed study of the essential causes of the proliferation of these 
species. 

4. Conclusion 

There are five types of phytotoxins involved in human poisoning worldwide: • 
PSP or paralytic toxins • DSP or diarrheal toxins • NSP or neurotoxins • ASP or 
amnesic toxins • CFP or ciguatera toxins PSP toxins are the most common. The 
identification of the toxic species in the two Moroccan sites allowed us to men-
tion five species known by their toxic power. Moreover, Dinophysis and Alex-
andrium are two planktonic taxa of which some species are capable of producing 
respectively diarrheal toxins and paralytic toxins. These two types of toxins ac-
cumulate in shells that feed on phytoplankton: this is the case of filtering shells  
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(a) 

 
(b) 

Figure 6. (a) Hierarchical presentation of planktonic taxa in the Mehdia site. ALEX: 
Alexandrium; DINOPH: Dinophysis; gymn: Gymnodinum; pseudo: Pseudonitzschia; 
procc: Proocentrum; (b) Hierarchical presentation of planktonic taxa in the Moulay 
boussel-ham site. ALEX: Alexandrium; DINOPH: Dinophysis; gymn: Gymnodinum; 
pseudo: Pseudonitzschia; procc: Proocentrum. 
 
that become toxic to consumers, without being themselves affected. According 
to Lassus and Bardouil (1991); Marcaillou et al. (1990) [18] [19], the genus Di-
nophysis is widely represented in almost all the seas of the globe and in particu-
lar in coastal areas including the coasts of the Atlantic. Dinophysis produces di-
arrheal toxins, called DSP (Diarrheic Shellfish Poison) [20]. Another genus 
known by its toxic power that exists on the Moroccan coasts is Gymnodinum, 
which produces cytotoxic substances, hemolytic and aggressive for cell mem-
branes [21]. However, the genus Proocentrum is not toxic to marine life, but 
some species of this genus may be toxic to the consumer. In fact, they produce 
ASP21 toxins or amnesic toxins, which can cause neurological disorders, in-
cluding memory loss, in consumers of contaminated shellfish. The same assem-
blage of toxic planktonic species was found in a study conducted in Tunisia by 
Nejib et al. (2005) [22]. 
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