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INTRODUCTION 

Paralic environments are humid ecosystems of 
great ecological and biological importance. Giv-
en their importance, they have been the subject of 
several biological studies, especially planctology, 
as it has been demonstrated in different estuarine 
environments (Benabdellouahad, 2006; Basdi et 
al., 2012) and lagoons (Bennouna et al., 2000;  
Bennouna et al., 2002; El Madani et al., 2011; 
Natij et al., 2016). Due to certain hydrological, 
physical and metrological factors, certain phyto-
plankton species proliferate intensely and cause 
the ‘algal blooms’ phenomenon. These blooms 
can be caused by one or a few species dominating 
the phytoplankton assemblage up to millions of 
cells per liter (Hallegraeff, 2003). These blooms 
sometimes color the water and make the envi-
ronment in which they grow hypoxic or anoxic 
(Hallegraeff et al., 1995). Prorocentrum micans 

(Ehrenberg, 1834) is a planktonic, neritic dino-
flagellate with worldwide distributions (Gómez, 
2005). It is commonly recognized as the origin of 
many red water phenomena, it has been the sub-
ject of several works which have been devoted to 
its flowering (Wang et al., 2001; Hesham M. et 
al., 2022).  In the present study, the authors were 
interested in the bloom of the dinoflagellate P. 
micans in three different stations of the Oum Er 
Rbia estuary and highlighted its dominance over 
other phytoplankton species, especially of the 
class Dinophyceae.

MATERIALS AND METHODS

Study area

The Oum Er Rbia estuary (33°16’ N, -8°20’ W) 
is located on the North Atlantic Moroccan coast, 
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ABSTRACT
The present work addressed the study an episode of red waters of great extent, which was observed off the Oum Er Rbia 
estuary in spring 2019. The responsible species was Prorocentrum micans. The study was carried out on three stations 
with different characteristics, distributed in the estuary upstream and downstream of an urban wastewater discharge. 
The cell densities observed were maximum in March 2019. Some environmental parameters (temperature, salinity, 
dissolved oxygen, chlorophyll (a) and pheopigments) were simultaneously recorded. The P. micans densities increased 
from downstream to upstream with cell concentrations of 1.03×105 cell/l in S3, 9.1×106 cell/l in S2 and 14.11×107 cell/l 
in S1. The contribution of P. micans to the total dinoflagellates density was higher and reached 99.54% in station S1. 
These blooms would be associated with high concentrations of chlorophyll (a) and pheopigments, which equaled 40 µg/l 
and 909 µg/l, respectively, and dissolved oxygen supersaturations (17.05 mg/l). This phenomenon also corresponded 
to a marked decrease in salinity. According to the application of the Kruskal-Wallis test, the difference was found to be 
significant between the three stations (p = 0.0034). In addition, densities were higher in surface waters than in bottom 
waters at all three stations. However, this difference did not appear to be statistically significant (p > 0.05). 
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at 17 km North of El Jadida. The sampling was 
carried out on March 28th, 2019, at three stations 
from the estuary (Figure 1):
	• Station 1 – located upstream of the estuary, 

(S1: 33°17’0.3ʺ N; -8°20’6.11ʺ W), this sta-
tion would be the most subject to the influence 
of fresh water. It has a depth of 5 meters.

	• Station 2 – in the immediate vicinity of the 
outfall (S2: 33°17’44.97ʺN; -8°20’22.45ʺW), 
it is subject to a strong discharge of urban 
wastewater. This station is additionally ex-
posed to an adjacent anthropogenic action. Its 
depth can reach 2.2 meters.

	• Station 3 – located downstream of the estu-
ary, (S3: 33°18’10.96ʺN, -8°20’23.54ʺW), it 
is most directly subject to the influence of ma-
rine waters. Its depth is 3.4 meters.

Sample collection and data analysis

The water samples were collected at the sur-
face and at the bottom of each station, from a boat 
and using a “Niskin, type 1 GO” bottle with ca-
pacity of 6 liters. 

Temperature and salinity measurements were 
taken directly in situ by a multiparameter analyz-
er (Multi 340i model WTW). The determination 
of chlorophyll (a) and pheopigment concentra-
tions was done by spectrophotometry using Lo-
renzen’s equation (1967). Dissolved oxygen was 
fixed on site in lapped vials and then titrated in 

the laboratory using Winkler’s method (1888). 
Primary production was estimated using Win-
kler’s method. The sampling of biological ma-
terial was carried out using plankton net for the 
qualitative census and using a Niskin bottle for 
the quantitative analysis. The samples designed 
for quantitative analysis were fixed in situ with 
lugol, Rhode’s solution and formalin. The micro-
scopic identification of phytoplanktonic organ-
isms was done according to several morphologi-
cal criteria, cell counts were performed according 
to the standard technique of Utermöhl (1958) and 
in triplicate.

The Kruskal-Wallis test was applied to iden-
tify the spatial effect between the three stations. 
The Wilcoxon test was applied to identify the 
difference between surface and bottom. Data pro-
cessing was done by the free software R Statisti-
cal v 4.1.0 (R Core Team 2020) as well as ggplot2 
(Wickham, 2016), ggpubr (Kassambara, 2023), 
Scales (Campitelli, 2020), corrplot (Wei et al., 
2021), FactoMineR (Lê et al., 2008) and factoex-
tra packages (Kassambara, 2020).

RESULTS AND DISCUSSION

Environmental parameters

The results relating to the environmental pa-
rameters recorded in-situ and measured in the 

Figure 1. Geographic location of sampling stations (S1, S2 and S3) in the Oum Er Rbia 
estuary which flows into the Atlantic Ocean at the Azemmour commune
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laboratory are summarized in Table 1. Among all 
the parameters that constitute the physico-chem-
istry, very high quantities of dissolved oxygen 
were observed on the surface of the station S1 
(12.15 mg/l) and station S2 (17.05 mg/l) in Mars 
2019, while their depths approach hypoxia (2.61 
mg/l at the bottom of S1 and 5.42 mg/l at the bot-
tom of S2). The S3 station exposed to the tides 
showed a slight difference between the surface 
and the bottom during the same period.

Dinoflagellates 

Microscopic observations have revealed, 
among the dinoflagellates encountered, the domi-
nance of several species of Prorocentrum. It was 
possible to identify, in addition to P. micans, sev-
eral other taxa including P. minimum, P. triesti-
num and Prorocentrum spp, Gyrodinium spirale, 
Protoperidinium steinii, Polykrikos sp, Oxytoxum 
sp, and Dinophysis accuminata.

Cell concentrations of dinoflagellates, all spe-
cies combined, were detected in March 2019. 
They fluctuated remarkably between a maximum 
recorded at the surface of S1 having reached 
14.18×107 cell/l and a minimum of 1.97×104 
cell/l noted at the bottom of station S3. The cell 
density of dinoflagellate P. micans consequently 
decreased from upstream to downstream towards 
the mouth. Similarly, decreases in cell densities 
were clearly noticed passing successively from 
the surface to the bottom of each station, since 
they fell from the surface to the bottom of each 
station of 14.18×107 to 1.99×105 cell/l in S1; of 
9.2×106 to 3.37×105 cell/l in S2 and of 1.43×105 
to 1.97×104 cell/l in S3. 

Prorocentrum micans

In the Oum Er Rbia estuary, P. micans was the 
most frequently encountered and dominant spe-
cies among dinoflagellates at all three stations. 
It was generally denser in the waters originating 

from the surface than in those originating from 
the bottom (Figure 2).

From a dominance perspective, P. micans pre-
sented itself with variable densities according to 
the three stations. Its quantitative variations glob-
ally dominated those of the other dinoflagellates. 
This taxon was a principal component of dinofla-
gellates at stations S1 and S2 in the Oum Er Rbia 
estuary in March 2019 (Figure 3). It represented 
99.54% and 92.31% of the total dinoflagellates 
at the surface and bottom of station S1, respec-
tively, and 98.71% and 96.57% at the surface and 
bottom of station S2. In contrast, at station S3, 
the percentage of its representation had fallen to 
80.62% at the surface and 68.62% at the bottom, 
respectively, in relation to the total density of all 
dinoflagellates (Figure 3).

Despite this appearance, no significant dif-
ferences were displayed statistically between 
the bottom and surface of the three stations in 
terms of P. micans densities (p > 0.05). Densities 
were remarkably higher at S1 (station upstream 

Table 1. Environmental parameters of the three stations (S1, S2 and S3) of the Oum Er Rbia estuary at the surface 
and at the bottom (March 2019)

Station T, °C Salinity, g/l Dissolved oxygen, mg/l Chlorophyll (a), µg/l Pheopigments, µg/l
S1 Surface
S1 bottom -5 m

19.4
18.1

27.8
34.4

12.15
2.61

40.94
9.61

909.4
247.35

S2 Surface
S2 Bottom -2.2 m

19.8
8.4

30.2
34.5

17.05
5.42

8.84
1.6

231.7
35.24

S3 Surface
S3 Bottom -3.4 m

18.6
17.7

31.7
35.3

9.03
8.43

0.56
0.56

15.51
3.32

Figure 2. Spatial evolution of P. micans cell density 
at the surface and at the bottom by station (S1, S2 

and S3) of the Oum Er Rbia estuary (in March 2019)
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of the estuary) with 14.11×107 on its surface 
and 1.84×105 cell/l at its bottom, followed by 
those recorded at the surface and at the bottom 
of the station S2 (9.1×106 and 3.26×105 cell/l). 
Minimum densities were recorded at station S3 
jointly at the surface and at the bottom (1.03×105 
– 1.55×104 cell/l). The distribution of P. micans 
in the three stations (S1, S2 and S3) proved to be 
statistically very significant (p = 0.0034), with a 
clear significant difference between S1 and S3 
(p = 0.0022) on the one hand and between S2 
and S3 on the other hand, thus showing identi-
cal significance (Figure 4). However, no signifi-
cant difference was detected between S1 and S2, 
which are close to each other.

Generally, P. micans required suitable envi-
ronment like temperature, salinity, irradiance, pH 
(Wang et al., 2001; Pei et al., 2022). In the present 
study, a potential impact of the urban discharge 
of the city of Azemmour would have an impact 
on the distribution of the algal bloom caused by 
P. micans at the water level of the Oum Er Rbia 
estuary, since the flowering of P. micans was very 
accentuated in station S2, located in the immedi-
ate vicinity of the urban discharge of the city of 
Azemmour. It is also at station S1 which is affect-
ed in the same way by the waters of the discharge, 
particularly at rising tide. High levels of iron 
would support phytoplankton blooms (Schine 
et al., 2021). The bloom observed could be fed 
by iron, potentially present in urban wastewater. 
Minimum densities of P. micans were recorded at 
station S3. This observation could be explained 
by the alleviation of the rejection impact by the 
contributions of marine waters.

The high densities of P. micans, recorded dur-
ing this study, were jointly accompanied by high 
concentrations of chlorophyll (a) (r = 0.97) and 
pheopigments (r = 0.95), in particular in the station 
S1, which reached 40 µg/l and 909 µg/l, respec-
tively, and which would be induced, consequently, 
by a strong primary production (0.11 g/m3/h). A 
drop in salinity (r = - 0.78) accompanied, at the 
same time, the high densities of P. micans (Figure 
5). The principal component analysis (PCA) was 
approached to analyze the existing correlations 
within our data having considered six variables: 
the cell density of P. micans, temperature, salin-
ity, dissolved oxygen, chlorophyll (a and pheopig-
ments. Table 2 shows which variables contribute 
most to the construction of each component.

Figure 3. Stacked column plot showing the contribution of P. micans to 
total dinoflagellate density by surface and bottom station

Figure 4. Comparison of the density of P. micans 
of the three stations (S1, S2 and S3) of the waters 

of the Oum Er Rbia estuary (March 2019)
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Figure 5. Correlations between P. micans 
density (D.Pm) and environmental parameters 

(March 2019) with consideration of p-values of 
calculated correlations. The size of the circles is 
proportional to the correlation coefficient; empty 
boxes correspond to non-significant correlations

Table 2. Contribution of variables to the factorial axes (Oum Er Rbia Estuary-March 2019)
Parmeter Dim.1 Dim.2 Dim.3 Dim.4 Dim.5

D. Pm 18.12 12.02 11.94 8.43 47.52

T 14.81 20.80 38.45 8.02 17.91

Sal 20.33 3.07 4.28 56.29 16.01

Chl. a 18.61 12.65 0.03 7.87 3.30

Pheo 18.75 11.53 0.42 14.96 13.85

O2 9.38 39.93 44.87 4.41 1.41

Figure 6. Correlation plot of contributing variables to the principal factorial axes 
(Oum Er Rbia estuary – March 2019 with D.Pm : density of P. micans)

Once the axes are created, the PCA has made it 
possible to reorganize all the information by creat-
ing a first axis that synthesizes the most informa-
tion possible with a value of 74.8%. Then, a second 
axis with a value of 20.4% was created. The F1 axis 
and the F2 axis contribute to 95.6 % of the total 
variance (Figure 6). The variables that most influ-
enced the construction of the axes are those with 
the highest contributions. The most contributing 
variables were highlighted on the correlation graph 
(Figure 6). The density of P. micans, chlorophyll 
(a) and pheopigments thus contribute equally to the 
construction of the first axis. It was deduced that 
these variables are positively correlated with each 
other. The salinity variable also contributes, more 
strongly, to the construction of the first axis but is 
negatively correlated with these last three variables. 
For the second axis, the dissolved oxygen variable 
contributes essentially to its construction. From this 
analysis, it could be identified that factor 1 causes 
the most variance. This first dimension corresponds 
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rather to primary production and salinity, which is 
negatively correlated. Factor 2 would be rather re-
lated to the oxygenation of the waters.

CONCLUSIONS

At the end of this preliminary note, the estuary 
of Oum Er Rbia has known, during the month of 
March 2019, a bloom that would be recorded for 
the first time in the stations surveyed. It turns out 
that the species P. micans was the principal phy-
toplanktonic component responsible for this red 
water episode following its blooms. The prolif-
eration of P. micans was clearly more pronounced 
in both stations S1 and S2, accompanied by an 
impoverishment of phytoplanktonic biodiversity, 
particularly within the dinophyceae.

The salinity of the waters of these two sta-
tions was lower compared to that of the station 
S3 which, conversely, presented lower densities 
of P. micans compared to the total density of all 
dinophyte species. This observation would be due 
to the tidal currents which would reduce the im-
pact of the discharge waters on biodiversity and 
would greatly influence the composition of the 
dinophyceae communities which would eventu-
ally find a restored biodiversity. The episodes of 
hypoxia occurring in depth of S1 and S2 would 
be the consequence of the strong blooms of P. 
micans which would have induced an excessive 
supply of organic matter during these processes 
which would sediment and degrade in depth by 
the bacteria in the environment by consumption 
of dissolved oxygen. Conversely, the mixing by 
the tides, at the level of the waters of the S3 sta-
tion, would restore the balance of the oxygenation 
of the waters between the surface and the bottom. 

Finally, it would be necessary to regularly 
detect the occurrence of red water episodes in 
this estuarine environment, which would require 
much closer monitoring, and to consider detecting 
the presence of probable toxins of phytoplankton-
ic origin at different trophic levels, particularly in 
certain organisms of economic interest. 
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