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Abstract 
The diversity of phytoplankton communities in marine waters depends on the 
environmental, physical, chemical and biological factors in which they occur. 
The aim of our work is to determine the effect of certain physicochemical pa-
rameters on the proliferation of five planktonic taxa (1: Alexandrium 2: Dino-
physis 3: Gymnodinum; 4: Pseudonitzschia; 5: Proocentrum) identified on the 
sites of Mehdia and Moulay Bousselham, Gharb of Moroccobetween 2017 and 
2018. The results confirm the presence of these toxic taxa in both sites but with 
different densities. The ACP has allowed separating two distinct groups with 
coefficients of determination of more than 70%. Indeed, the first group con-
cerning the site of Mehdia, it is characterized by an abundance of the taxa of 
Gymnodium and Pseudoni, which prefers salt water and oxygenated, thus im-
portant phosphate and nitrate levels. Moreover, unlike the temperature factor. 
However, the second group concerning the Moulay Bousselham site is located 
on the positive side of the axis, essentially characterized by moderately high 
temperatures. These conditions are favorable for the Dinophysis, Alexandrum 
and Proocentrum taxa. This trend makes it possible to classify the Moulay 
Bousselham site as a risk zone. In light of these results, the authorities of all 
stakeholders in the sector must increase efforts to overcome this constraint. 
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1. Introduction 

Water quality is recommended by increasing its degree of trophy, known as eu-
trophication. Eutrophication is defined as “nutrient enrichment of waters that 
results in a series of symptomatic changes such as increased production of algae 
and macrophytes” [1]. However, the study of bio-indicator organisms, allows 
evaluating the ecological state of an aquatic environment. According to Blandin 
(1986) [2], a biological indicator (or bioindicator) is an organism or group of 
organisms that, by reference to biochemical, cytological, physiological, ethologi-
cal, or ecological variables, makes it possible to characterize the state of an eco-
system. 

Phytoplankton are all the cyanobacteria and microalgae (microscopic plants) 
present in surface water that can be carried away by water currents [3] [4]. The 
factors favoring a better microalgal production are the illumination, and the 
temperature whose optimum is 18˚C to 24˚C according to the species. The pH 
must be between 8.2 and 8.7, nitrogen and phosphorus and other elements. 
Phytoplankton occupied the place of the first link in the food chain [5]; it is the 
basis of ecosystems in marine environments [6]. The distribution, abundance, 
production and biodiversity of different species or groups of plankton are likely to 
be profoundly affected by climate change and the physical and chemical properties 
of the oceans [3]. Of the many species that make up phytoplankton, some produce 
toxins called phycotoxins. They belong mainly to the Dinophycea class [7]. 

In Morocco, there are 84 listed wetlands according to the 1997 Protected 
Areas Study. An ongoing 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 
planktonic 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 

1) Description of the study site 
The samples were taken from two ocean sites, the Mehdia and Moulay Bous-

sleham in the Rabat-Sale-Kenitra region. The geographic coordinates of Mehdia 
and Moulay Bousselham are respectively “Latitude: 34˚16'04''N; Longitude: 
006˚39'46''W” and “Latitude: 34˚52'42.96''N; Longitude: 6˚17'35.99''W”. 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 sum-
mer. The average annual temperature is 18.1˚C, and the average annual precipi-
tation is 622 mm. 

2) Identification of species 
For the identification of phytoplankton, a volume of 500 ml of seawater is col-
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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 at room temperature. Then sub-
jected to observation under optical microscope morpho-anatomic characters 
(shape, size and color) representing the identification keys retained by Graneli et 
al., 1990; Bourrelly, 1985 and Marcaillou-Le Baut et al., 1990 [8] [9] [10]. The 
cells are then counted per liter per vat. 

3) Statistical analyzes 
The collected data are entered on an Excel support, the exploitation is carried 

out on a statistical processing software. The analyzes selected in this sense are 
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 

1) Study of the density variation in the two sampling sites 
Table 1 summarizes the results of the descriptive analysis of the density of 

planktonic taxa identified in the two sampling sites. An Asterix marks significant 
differences. It appears from this table that: 
 
Table 1. Characteristics of the taxa identified in the two sampling sites. 

taxon Site average Er. Std 

95% confidence 
interval for the average Min Max student 

lower higher 

1 

Site 1 61.39 16.051 28.10 94.68 0 290 
3.680 

(p < 0.049)* 
Site 2 251.57 97.829 48.68 454.45 0 1990 

Total 156.48 51.023 53.71 259.24 0 1990 

2 

Site 1 80.43 55.055 −33.74 194.61 0 1250 
3.51 

(p < 0.0435)* Site 2 689.57 320.656 24.57 1354.57 0 7500 

Total 385.00 167.141 48.36 721.64 0 7500 

3 

Site 1 532.61 249.478 15.22 1049.99 0 4500 
0.62 

(p < 0.41) 
Site 2 326.09 82.684 154.61 497.56 0 1600 

Total 429.35 130.852 165.80 692.90 0 4500 

4 

Site 1 3691.3 1112.20 1384.74 5997.87 0 19,000 
1.28 

(p < 0.26) 
Site 2 7097.8 2799.29 1292.44 12,903.22 0 65,000 

Total 5394.5 1510.73 2351.78 8437.35 0 65,000 

5 

Site 1 4652.1 1444.09 1657.30 7647.04 0 28,000 
0.17 

(p < 0.68) 
Site 2 4000.0 631.830 2689.66 5310.34 0 16,000 

Total 4326.0 780.842 2753.39 5898.78 0 28,000 

1: Alexandrium. 2: Dinophysis. 3: Gymnodinum; 4: Pseudo-Nitzschia; 5: Proocentrum; Avg: average; ErStd: 
standard error; Min: minimum; Max: maximum; *: significant difference. Site 1: mehdia. Site 2: Moulay 
Bousselham. 
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 For the Alexandrium taxon, the student test shows a significant difference 
between the mean density of the Mehdia site (mean = 61.39 ± 16.05 cells/liter) 
and the average density of the Moulay Bousselham site (mean = 251.57 ± 
97.83 cells/liter), with a t value of 3.68 and a p < 0.049. Both sites displayed 
maximum densities of 290 cells/liter for the Mehdia site and 1990 cells/liter 
for the Moulay Bousselham site. 

 The same for the Dinophysis taxon. The student test shows a significant dif-
ference between the two sites (t = 3.51, p < 0.0435). The average density in 
the Moulay Bousselaham site greatly exceeds that of Mehdia, they are respec-
tively 689.57 cells/liter and 80.43 cells/liter, with a maximum density of up to 
7500 cells/liter. 

 For the other three taxa, the student test did not show a significant difference 
between the two sites. However, differences in average densities are thus rec-
orded. For the Pseudonitzschia taxon, the average density in the Moulay 
Bousselham site greatly exceeds that of Mehdia. In addition, the Gymnodi-
num and Proocentrum taxa were very abundant in the Mehdia site with av-
erage densities of 532.61 cells/liter and 4652.1 cells/liter, respectively.  

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. 

2) Study of the variation of physicochemical parameters in the two sites 
The results concerning the distribution of certain physicochemical parameters 

at the two sampling sites are given in Table 2. This table shows two groups of  
 
Table 2. Physicochemical characteristics in the two sampling sites. 

parameters site average Er. Std 

95% confidence 
interval for the average Mini Maxi student 

lowe higher 

TC 

1 19.174 0.51 18.12 20.23 15.00 24.0 
0.05 

(p < 0.8) 
2 19.326 0.47 18.34 20.31 15.50 24.0 

Total 19.250 0.34 18.56 19.94 15.00 24.0 

Salinité 

1 34.430 0.30 33.80 35.06 32.00 38.0 
1.12 

(p < 0.3) 
2 34.796 0.16 34.46 35.14 33.00 36.0 

Total 34.613 0.17 34.26 34.96 32.00 38.0 

O2 

1 10.087 0.21 9.65 10.53 8.00 11.5 
7.31 

(p < 0.010)* 
2 9.413 0.13 9.14 9.68 8.20 10.5 

Total 9.750 0.13 9.48 10.02 8.00 11.5 

Nitrate 

1 55.17 2.08 50.85 59.50 40.00 69 
2.49 

(p < 0.12) 
2 50.65 1.97 46.57 54.73 39.00 70 

Total 52.91 1.46 49.98 55.85 39.00 70 

Phosphate 

1 2.217 0.14 1.93 2.51 1.50 3.8 
3.98 

(p < 0.05)* 
2 1.830 0.14 1.55 2.11 0.80 3.0 

Total 2.024 0.10 1.82 2.23 0.80 3.8 

ErStd: standard error; Min: minimum; Max: maximum; *: significant difference. Site 1: Mehdia. Site 2: 
Moulay Bousselham. 
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parameters, the first group is composed of the parameters that have shown sig-
nificant differences between the two sites, it is therefore represented by the dis-
solved oxygen parameters (t = 7.31, p < 0.01) and phosphate (t = 3.98, p < 0.05) 
and a second group consisting of temperature, salinity and nitrate parameters. In 
addition, the average oxygen and phosphate contents at the Mehdia site (mean 
oxygen = 10.09, average phosphate = 2.22) are higher than those recorded at the 
Moulay Bousselham site (mean oxygen = 9.41, average phosphate = 1.83). How-
ever, although the difference is not significant between the two sites, the average 
nitrate content in the Mehdia site (55.17) exceeds that of the Moulay Boussel-
ham site (50.65). The temperature and salinity parameters show almost identical 
average values between the Mehdia and Moulay Bousselham sites, with contents 
close to 19.25˚C and 34.6˚C respectively.  

The multiple pearson correlation test between the 5 physicochemical parame-
ters studied by assembling the two sites shows that the temperature is moving in 
the opposite direction of nitrate (r = −0.69) and phosphate (r = −0.61). However, 
nitrate evolves in the same direction as phosphate (r = 0.59) (Figure 1). 
 For the Mehdia site, we found negative correlations between temperature and 

phosphate parameter with a correlation coefficient of (r = −0.78, p < 0.000), 
between temperature and nitrate with a coefficient correlation of (r = −0.71, 
p < 0.000), and between the temperature and the salinity parameter with a 
correlation coefficient of −0.42 and p < 0.046. Similarly, there was a positive 
bond this time between oxygen and salinity (r = 0.50, p < 0.016) on the one 
hand and between nitrate and phosphate on the other hand (r = 0.69, p < 
0.000). 

 For the Moulay Bousselham site, negative correlations were found between 
the temperature and the phosphate and nitrate parameters, with correlation 
coefficients of r = −0.47, respectively; p < 0.024 and r = −0.69; p < 0.000. 
Negative correlation thus binds salinity and oxygen (r = −0.52, p < 0.011) 
and a positive binding associates nitrate and phosphate (r = 0.42, p < 0.049). 

 

 
Figure 1. Projection of average nitrate points and temperature versus phosphate. 
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3) Joint analysis 
For the joint analysis of planktonic taxa and the physicochemical factors that 

they characterize, we used a principal component analysis ACP. The results are 
shown in Figure 2 and Figure 3. This graph shows two distinct groups. 
 

 
Figure 2. ACP projection of studied physicochemical parameters. 
 

 
Figure 3. Projection of the coordinates of the two sampling sites. 
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 The first group concerning the Mehdia site, it is characterized by an abun-
dance of Gymnodinum and Pseudoni taxa that prefer saline and oxygenated 
waters, as well as important phosphate and nitrate levels and unlike the tem-
perature factor. 

 The second group concerning the Moulay Bousselham site is located on the 
positive side of the axis, essentially characterized by moderately high temper-
atures. These conditions are favorable for the taxon Dinophysis, Alexandrum 
and Proocentrum. 

4. Discussion 

The identification of the toxic species in the two Moroccan sites allowed us to 
mention five species known by their toxic power. Moreover, Dinophysis and 
Alexandrium are two planktonic taxa of which some species are capable of pro-
ducing respectively diarrheal toxins and paralytic toxins. The abundance of these 
species is under the direct or indirect effect of several physicochemical parame-
ters such as temperature, O2, pH etc. The effect of temperature on microalgal 
growth has been described by many authors, the latter confirming that the mi-
croalgae preference for temperatures between 15˚C and 30˚C. Good oxygenation 
promotes a massive proliferation of phytoplankton and consequently the growth 
of these microalgae, provides an additional source of oxygen through its photo-
synthetic activity. Low oxygen concentrations indicate more active remineraliza-
tion on the surface [11]. Indeed, when the temperature increases, the solubility 
of the gas decreases. The surface layer thus heated by solar radiation further lim-
its the ocean/atmosphere oxygen exchanges and thus the surface layer is dep-
leted. The observed decrease could also be due to a heterotrophic activity of re-
mineralization of the organic matter in this zone [12]. 
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