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Algeria. 

 Works on the inventory and the ecology of cyanobacteria in eastern Algeria began 

around the 1990. Since then, results of numerous studies conducted in various bodies of 

water (dams, lakes, lagoons ...) revealed the presence of toxin (microcystin) and a large 
number of genera of cyanobacteria to which potentially toxic recognized species are 

attached. The aim of this work is to study the influence of some environmental 

parameters on the spatial and temporal dynamics of microalgae through the application 
of statistical tests.For this, we have proceeded, on a monthly rate, in collecting water 

samples and measuring some abiotic and biotic parameters from 10 stations: some for 

raw water at different levels of the water column and others from treated water.The 
reservoir of Mexa is home to seven genera of cyanobacteria: Microcystis, Oscillatoria, 

Pseudanabaena, Planktothrix, Lyngbya, Spirulina and Merismopedia. Among these 

seven genera five are recognized to be potentially toxic: Microcystis, Oscillatoria, 
Pseudanabaena, Planktothrix and Lyngbya. Microcystis predominates with an average 

density higher than 500 000 cells/ml. Diversity is higher in summer, but more than 95% 

of the total density is recorded during fall. Density decreases in water column as the 
depth increases. Except in December, densities of cyanobacteria exceed the vigilance 

level between January and June, the alert level 1 from July to September and the alert 

level 2 in October. Calculation of the Spearman non-parametric correlation coefficient 
shows how the density in cyanobacteria (DC) is positively correlated with chl.(a) (r = 

0.91) and MCs (r = 0.54).Dendrograms obtained by Ascending Hierarchical Clustering 
are consistent with the factorial design of PCA on the variation of biotic and abiotic 

parameters and the structure of the inter-months and inter-stations variation at Mexa 

dam. The examination of the dendrogram derived from ACH based on inter-station 
variation of biotic and abiotic parameters indicates the existence of three clusters: the 

first one includes stations 9 and 10, the second includes stations 1, 2, 3, 4, and 5 and the 

third contains stations 6, 7 and 8.This study confirms the impact of weather conditions 
on the biotic and abiotic parameters of the water; with global warming, the frequency of 

these blooms could highly increase in near future. The blooms of cyanobacteria will 

have a negative environmental impact on the diversity of fauna and flora in addition to 
animal and human health problems caused by produced toxins. The detection of 

toxigenic cyanobacteria in this reservoir for the production of drinking water requires 

regular monitoring of cyanobacterial communities and cyanotoxins in raw water.  
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INTRODUCTION 

 

 The Cyanobacteria, photosynthetic microorganisms whose presence on earth date back to three billion years 

have played an important role in the formation of Earth's atmosphere and nitrogen fixation [1]. Currently, 

Cyanobacteria are most often associated with toxicity phenomena (neurotoxicity, hepatotoxicity, 

dermatotoxicity) on all biological organisms [2,3], including humans [4,5]. In addition to the toxicity associated 

with cyanotoxins, cyanobacteria have negative consequences on the production of drinking water: obstruction of 
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filtration systems, excessive organic matter and production of secondary metabolites (geosmin, 2-

methylisoborneol, p-cyclocitral) that give water odor and unpleasant taste [6, 7]. 

 Their presence is due to the nutrients widely found in water especially the phosphorus from urban and 

domestic waste, agricultural practices, erosion of fertile soil and mainly from the retention of water by building 

reservoirs. The relationship of environmental factors with the dominance of cyanobacteria and toxin production 

has been described in many studies [8, 9, 10, 11, 12, 13, 14, 15, 16]. The growth of aquatic photosynthetic 

organisms is controlled hierarchically by some physical and chemical factors [17, 18, 19, 20]. Biomass and the 

composition of the algal community depend primarily on nutrient concentrations and turbidity [21, 22, 23, 24], 

however, quantity is not the only aspect that would influence the appearance of bloom of cyanobacteria but also 

the quality of nutrients as well as brightness and temperature [25, 26, 27, 28, 29]. 

 The interest of the scientific community in the causes and consequences related to cyanobacteria date back 

to the 1980 and still expands in most countries [7]. Works on the inventory and the ecology of cyanobacteria in 

eastern Algeria began around the 1990. Since then, results of numerous studies conducted in various bodies of 

water (dams, lakes, lagoons ...) revealed the presence of toxin (microcystin) and a large number of genera of 

cyanobacteria to which potentially toxic recognized species are attached [30, 31, 32, 33, 34, 35]. 

 Water deficit compared to the needs of the population continues to increase around the world. This situation 

is likely to get worse in the coming years due to the impact of climate change as reported by many authors [36, 

37, 38, 39, 40]. In Algeria, mainly in the north, the urbanization of watersheds and water bodies in addition to 

the increasing rate of fertilizer’s use (Government’s support of the agricultural development) may cause an 

eutrophication of natural waters and an increase in the blooms frequency of toxic microalgae in addition to 

many other micro-pollutants in both urban and agricultural discharges. 

 This study aims, at a first step, to characterize the waters of Mexa dam by assaying the physicochemical 

parameters of the water, to identify and count the cyanobacteria and assay the microcystins, then it investigate 

the influence of some environmental parameters on the spatio-temporal dynamics of microalgae through the 

application of statistical tests. 

 

MATERIALS AND METHODS 

   

2.1. Presentation of the study site and sampling stations: 

 Mexa dam is located in the municipality of Bougous, County of El Tarf (36 ° 45'14.31 "N 8 ° 23'33.68" E). 

It covers an area of 518,268 hectares and involves a volume of 75 million m3 with 30.24 million m3 of 

regularisable volume and supplied from three wadis: Oued El-Kebir, Bougous and Ballouta. It was built to 

provide drinking water and irrigate the counties of El Tarf and Annaba. Its watershed "Mexanna" is a densely 

wooded area that covers a total area of 651 km2 [41]. 

 The 10 sampling stations (fig. 1) were selected to monitor the spatiotemporal dynamics of cyanobacteria, 

chlorophyll a and microcystins and to assess the treatment efficiency and the quality of water received by the 

consumer: 

 Stations S1, S2, S3, S4 and S5 are situated in the water reservoir. Surface water sampling (-50 cm depth) is 

performed in these stations; 

 Stations S6 and S7 are situated at the same point as S5, at depths of -3m and -6m respectively; 

 S8 and S9 stations correspond, respectively, to the inlet and the outlet of the water treatment plant of the 

dam; 

  The station S10 corresponds to a sampling taken from a consumer’s tap water treated in Mexa dam. 

 

 
 

Fig. 1: Localization of different stations on Mexa Dam. 
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2.2 Sampling: 

 For the realization of this cycle of study (January to December 2011) we conducted monthly and at every 

station, in situ measurements of some physico-chemical parameters and water samples to identify and count 

cyanobacteria and to assay nutrients and microcystins. 

 Cyanobacteria sampling was performed using plankton net with 20 µm of mesh size and a Van Dorn bottle 

(for stations in depth); 

 The in situ temperature measurements (TW), dissolved oxygen (DO), pH, salinity (Sal.) and conductivity 

(Cond.) were performed using a multi parameter provided with probes (WTW 340i ) and turbidity (Turb.) water 

using a turbidimeter (HACH); 

 Nitrates (NO3), nitrites (NO2), ammonium (NH4) and orthophosphate (PO4) assays were performed in the 

laboratory from water samples stored at low temperatures for the application of spectrophotometric methods 

[42]. For the chlorophyll (a) (Chl. (a)) determination, we used the SCOR UNESCO trichromatic method [43, 

44]. 

 The Identification of cyanobacteria is based on the observation of morpho-anatomical characteristics 

according to retained identification keys [45, 46, 47, 48]. For the counting of cyanobacteria (DC) we used 100 

ml of filtrate preserved in 37% formaldehyde and Nageotte counting chamber [43, 49, 50]. 

 The determination of microcystins (MCs) was performed in the UMR Ecobio unit, CNRS Rennes 1 

University. For that, 1 liter of water was filtered through a glass microfibre filter (Whatman GF/C; 0.45 e 

Analysis of microcystins were performed using a HPLC coupled with diode array detection (DAD) method. A 

P4000 solvant delivery system from Thermo scientific equipped with an UV6000 LP detector from Thermo 

Finnigan was used for all analysis. Separation was carried out on a Kinetex C18 column from Phenomenex 

(4,6mm i.d×100mm long; 2,6μm particle size) which was maintained at 35°C. Samples (20µL were eluted with 

acetonitrile: ammonium acetate 0,01M (24/76) over 30 min at a flow rate of 1mL/min. Eluent was monitored 

from 200 to 300 nm and microcystins were quantified by external standard at 238 nm. Instrument control, data 

acquisition and processing were achieved using Chromeleon. 

 

2.3 Statistical Analysis: 

 Statistical analysis of the data was performed under R (R Development Core Team, 2014 Version 3.1.2) 

developed by Ross Ihaka (1996). The normality condition of the distributions was checked beforehand by 

applying the Shapiro-Wilk (not shown). Distributions, being usually of asymmetric time, forced us to choose 

non-parametric alternatives for the statistical analysis. 

 The correlations between the sets of parameters are evaluated by the non-parametric Spearman correlation 

coefficient (r) to analyze the intensity of relations between our parameters. Furthermore, the inter-station and 

inter-month comparisons were performed using the nonparametric Kruskal-Wallis test. Moreover, principal 

component analysis (PCA) was carried out using the package FactoMineR [51] on the normalized data. 

 The principal component analysis (PCA) was used as a descriptive and exploratory method aiming to 

characterize, through a multivariate approach, the structuring of our inter-months and inter-stations variations at 

Mexa dam. 

 Subsequently, an Ascending Hierarchical Clustering (AHC) of the inter-stations and inter-months 

variability was performed. This statistical analysis allows ranking months and sampling stations on the basis of 

biotic and abiotic parameters measured from the waters of the dam Mexa in 2011. It provides a repartition of 

months and stations into groups or homogeneous or separated classes [52, 53, 54, 55]. 3.  

 

Results: 

3.1. Physico-chemical characteristics of water:  

 To determine the physicochemical characteristics of Mexa dam’s water column, we calculated for each 

physicochemical variable, the following statistical parameters: the arithmetic mean (m) median, standard 

deviation (s), the minimum value (min) and the maximum value (max.). The results for this analysis are shown 

in Tables (tab. 1, 2 and 3, in the annexes) 

 Medians of measured physical and chemical parameters range between: 9.2 and 27.5°C for TW, 7.4 and 9.2 

for pH, 4.2 and 9.4 mg/l DO, 420.5 and 632 µs/cm for Cond., 0.1 and 0.3 g/l for Sal., 16.4 and 61.15 NTU for 

turb., 1.61 and 12.66 mg/l for NO3, 0.02 and 0.33 mg/l for NO2, 0.06 and 0.17 mg /l for NH4 and 0.07 to 0.42 

mg/l for PO4. 

 It appears from tables 1, 2 and 3 that temperatures of more than 20°C are recorded from June to September. 

Alkaline pH often exceeds the value 8 except during November where it reaches the lowest value. The dissolved 

oxygen contents of more than 8 mg/l are denoted in autumn season and in February (9.4 mg/l). The values of the 

conductivity of more than 550 microseconds /cm were witnessed during the period between May and October. 

Salinity shows values close to 0.30 g/l between May and August. Turbidity shows values of more than 30 NTU 

from January to June with peaks higher than 59 NTU in winter. 
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 NO3 shows values of less than 6 mg/l from June to November. However, during the rest of the year, values 
range between 7 and 13 mg/l. NO2 values remain below 0.11 mg/l except in February (0.28mg/l), July and 
August (0.33mg/l). The ammonium content (NH4) does not exceed 0.06 mg/l except in January (0.09 mg/l), in 
February (0.08 mg/l) in October (0.10 mg/l) and November (0.17 mg/l). 
 
3.2 . Diversity and spatiotemporal dynamics of cyanobacteria:  
 Observation of morpho-anatomical characteristics of collected cyanobacteria in Mexa dam allowed us to 
identify seven genera related to the Chroococcales (Microcystis and Merismopedia) and Oscillatoriales 
(Planktothrix, Oscillatoria, Lyngbya, Pseudanabaena and Spirulina). Among these seven genera five are 
recognized to be potentially toxic: Microcystis, Oscillatoria, Pseudanabaena, Planktothrix and Lyngbya. 
 According to table 4, it seems that the largest generic diversity is observed during the period extending from 
June to September. Microcystis is not met during July and August while Planktothrix is present only during 
February, March and April. 
 
Table 1: Monthly generic diversity of listed cyanobacteria. 

genera / Month J F M A M J J A S O N D 

Microcystis + + + + + + - - + + + + 

Oscillatoria - - - - + + + + + - - - 

Planktothrix - + + + - - - - - - - - 

Pseudanabaena - - - - - + + + + - - - 

Spirulina - - - - - - - + + - - - 

Lyngbya - - - - - - + + - - - - 

Merismopedia - - - - - + + + - - - - 

 
 Occurrence frequency estimation of the identified genera (tab. 2) shows the constancy of Microcystis and 
the regularity of Oscillatoria; the 5 other genera are incidental. 
 
Table 2:  Generic appearance frequency of cyanobacteria. 

Genera Frequency of occurrence (F %) Observation 

Microcystis 83 constant 

Oscillatoria 50 regular 

Pseudanabaena 33 accessory 

Spirulina 33 accessory 

Planktothrix 25 accessory 

Lyngbya 25 accessory 

Merismopedia 25 accessory 

 
3.2.1. Aaverage density of cyanobacteria: 
 Microcystis predominates with an average density higher than 500 000 cells/ml. This is followed by 
Oscillatoria, Spirulina and Pseudanabaena which record respectively 18 000, 1000 and 600 cells/ml. The 
density of Merismopedia, Planktothrix and Lyngbya do not exceed 260 cells/ml (fig. 2). 
 

 
 
Fig. 2: Average density of the genera of cyanobacteria collected.  
 
3.2.2. Seasonal distribution: 
 Cyanobacteria are present mainly in autumn (rates of 95,47% of the overall density) and summer (rates of 
3.74 % of the overall density); their rates do not exceed 0,8% during winter and spring ( tab.3) 
 
3.2.3. Spatial distribution: 
 Cyanobacteria are present mainly (99%) in the surface portion of the water column  
(fig. 3). Their densities decrease gradually as the depth increases (S6 and S7), and are absent in treated water 
(S9 and S10). 
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Table 3:  Seasonal Distribution of cyanobacteria. 

 Cyanobacteria 

Seasons Densities (Cell/ml) Proportions (%) 

Winter 323.933333 0.05 % 

Spring 4 380.5 0.7 % 

Summer 22 744.5 3.74 % 

Autumn 579 635.867 95.47% 

 

 
 

Fig. 3: Spatial distribution of cyanobacteria 

 

3.2.4. Monthly densities of cyanobacteria: 

 Cyanobacterial densities exceed the level of vigilance between January and June, the alert level 1 from July 

to September and the alert level 2 in October (fig. 4). The lowest value is recorded in December.  

 

 
 

Fig. 4: Monthly fluctuations of the identified cyanobacteria. 

 

3.3 Global microalgal biomass (or chlorophyll a): 

 In order to estimate the overall microalgal biomass contained in the water of Mexa, the following basic 

statistical parameters have been calculated: the median (M), standard deviation (s), the minimum (min) and 

maximum value (max) for each of the chlorophyll (a) contents recorded in each station (tab. 7 in the annexes). 

 Medians of chl. (a) concentrations in the water column pass from 13.7μg/l to 7.7 g/l and 2,2μg/l in 

respective depths of -50 cm (S5) -3m (S6), and -6m (S7). However, chl. (a) concentrations vary in surface water 

depending on the following descending order (S1> S2> S4> S5>S3) 

 The calculation of the Spearman non-parametric correlation coefficient shows the existence of a strong 

correlation between the densities of cyanobacteria and chlorophyll a contents (r = 0.92). Chlorophyll a and 

densities in cyanobacteria show similar fluctuations illustrated by the peak of October when pigment and 

microalgae are at their optimal values (fig. 5). 

 

3.4 Toxicity of Mexa dam water: 

 For a better toxicity evaluation of the waters of Mexa dam, the following basic statistical parameters were 

calculated: the arithmetic mean (m), standard deviation (s), the minimum (min) and maximum value (max) for 

each concentration of intracellular microcystins in ten sampled stations. 
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Fig. 5: Monthly variations of cyanobacterial densities and levels of chlorophyll a. 

 

 The highest microcystins contents are found in surface waters with the following ranked order: S3>S4> 

S2>S1>S5>S6 (tab.8 in the annexes). 

 It is noteworthy that microcystins contents decrease as the depth increases (4.1μg/l S5, 1.7μg/l S6 and 

0.5μg/l S7). It is completely absent in treated waters. 

 According to figure 6, microcystins levels recorded monthly in Mexa dam water show a low amplitude in 

July (1.69 g/l) and a peak of high amplitude in October (17.36 g/l); during the rest of the year, contents do not 

exceed 1μg/l. 

 The calculation results of the Spearman’s Coefficient r have shown equal increasing intensity of the 

relationship between our three variables by comparing them in pairs. The concentrations of intracellular 

microcystins are, hence, positively correlated with the presence of cyanobacteria in the water column of Mexa 

dam (r = 0.5), from one hand and the chlorophyll a (r = 0.5) from another. 

 

 
 

Fig. 6: Monthly variations of the average levels of the total microcystins. 

 

3.5 Biotic and abiotic characterization of water quality of the Mexa dam: 

 The use of principal component analysis (PCA) as a preliminary and exploratory descriptive approach 

helped visualizing the structure of the temporal and spatial variation in Mexa dam according to fourteen 

measured biotic and abiotic variables: (cell density of cyanobacteria (DC), chlorophyll a (chl(a)) , Mycrocystine 

(MCs), air temperature (Tair), water temperature (TW), pH, Dissolved Oxygen (DO), Conductivity (Cond.), 

Salinity (Sal.), turbidity (Turb.), nitrate (NO3), nitrite (NO2), ammonium (NH4) and orthophosphate (PO4); 

PCA also led to investigate the existence of possible similarities between different months and stations. 

 The PCA has been used as a tool for modeling linear relationships between biotic and abiotic variables to 

characterize the water quality of Mexa dam. It is noteworthy that the DC cyanobacteria variable was used as an 

additional quantitative variable to achieve the PCA by the FactoMineR package. Moreover, PCA was performed 

on the reduced-centric data (standard PCA), whose results are summarized in figures (7 and 8). 

 

Monthly change in biotic and abiotic parameters: 

 The first two major components contain 62.41% of the total inter-month variability of the matrix of biotic 

and abiotic variables (fig.7). 

 Axis 1 is of a clear difference between the group of the warmest months (August, July, June and 

September) and the cold months (January, February, November and December). This more or less seasonal 

structure could be explained by the strong positive correlations with this axis of Tair variables (r = 0.97), TW (r 

= 0.93), Cond. (r = 0.83) and Sal. (r = 0.82). The variables Tair, TW, Cond. and Sal. are the most important on 

the axis 1 Construction Plan (cos²  = 0.94, cos² = 0.87, cos²  = 0.70 and cos²  = 0.66 respectively).  
 Axis 2 enabled us to identify the specificity of October compared to other months. This could be explained 
by the strong negative correlations of this axis with the variables: Chl (a) (r = -0.70), MCs (r = -0.75) and DO (r 
= -0.68), which contribute significantly to its construction (cos²  = 0.6; cos²  = 0.5; cos²  = 0.6 and cos²  = 0.6 
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respectively). Moreover, the additional variable DC seems to be positively correlated with chl.(a) and MCs on 
this axis. 
 Calculation of the Spearman non-parametric correlation coefficient shows how the density in cyanobacteria 
(DC) is positively correlated with chl.(a) (r = 0.91) and MCs (r = 0.54). 
 However, axis 2 is positively correlated with the phosphate variable and, to a lesser degree, with nitrate 
variable (r = 0.62; cos²  = 0.78 and r = 0.42; cos²  = 0.65, respectively). 
 Nonparametric comparison between the months through the application of Kruskal Wallis test shows 
significant differences (p <0.05) for each of the measured variables. This result justifies the significant variation 
in the biotic and abiotic parameters from one month to another at Mexa dam. 
 

 
 
Fig. 7: Principal component analysis based on monthly variations in Mexa dam. Factorial design (1,2): axis 1 : 

35.73 %, axis 2 : 26.67 %. a) Projection of months on the first two principal axes. b) Correlation circle 
of biotic and abiotic variables with the first two principal axes. 

 

 
 
Fig. 8: Principal component analysis based on inter-station variations in Mexa dam. Plan factoriel (1,2) axis a1: 

49.05%, axis 2: 24.78 %. a) Projection of stations on the first two principal axes. b) Correlation circle of 
biotic and abiotic variables with the first two principal axes. 

 
3.5.1 Inter-station variation of biotic and abiotic parameters: 
 The factorial designs of the first two principal axes show clearly an inter-station variation, where the two 
axes explain 73.83% of the total variation (fig.8). 
 The first axis explains 49.05% of the total variation; it is positively correlated with pH variables 
 (r = 0.96; cos² = 0.93) Turb. (r = 0.96; cos² = 0.93) NO3 (r = 0.95; cos² = 0.92) and PO4 
 (r = 0.85; cos² = 0.73) and negatively correlated with Cond (r = -0.83; cos² = 0.69). This first axis divides 
stations 9 and 10 from the rest of the stations. 
 The second axis explains only 24.78% of the total variation; this axis is built mainly by the following 
variables: DO (r = 0.88; cos²  = 0.78), TW (r = 0.84; cos²  = 0.72), Chl. (a) (r = 0.76; cos²  = 0.57) and MCs (r = 
0.67; cos²  = 0.5). The additional variable DC seems to be positively correlated with DO, chl.(a) and MCs. 
Calculation of the Spearman non-parametric correlation coefficient shows that this variable is positively 
correlated with chl.(a) (r = 0.91) and the MCs (r = 0.54). 
 This axis has allowed us to group stations 1, 2, 3, 4 and 5 since they are located on the surface and near the 
bank and where the water column is shallow (except the station 5 which lies in sub-central position). The 
stations 7, 8, and 6 are deep and characterized by lower temperatures than those found on the surface. 
 It is worth noting that the inter-station comparison by the nonparametric Kruskal-Wallis test revealed 
significant differences (p <0.05) only with the following five variables: DC, Chl. (a) Turb., N02 and NH4. 
 
3.6 Hierarchical Clustering Analysis (HCA) of the inter-station and inter-month variability: 
 The dendrogram analysis based on Euclidean distances between the months at Mexa dam (fig.9), shows 
dissimilarities between the twelve months compared to the variation of all the measured biotic and abiotic 
parameters. 
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 We can distinguish three groups (clusters) more or less homogeneous: the first group consists of the cold 

months (January, February, November and December), a second one comprising the warmer months (August, 

July, June and September) and a third (in the center) represented only by October. This singularity is mainly due 

to high densities of cyanobacteria and high levels of Chl.(a) and MCs recorded during that month. 
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Fig. 9: Hierarchical Clustering analysis of twelve months of sampling according to the variation of 

               biotic and abiotic parameters. 

 

 Dendrogram examination indicates the existence of three clusters: the first cluster includes stations 9 and 

10, the second cluster includes stations 1, 2, 3, 4, and 5 and the third cluster includes stations 6, 7 and 8 (fig.10). 

 Dendrograms obtained by AHC are consistent with the factorial design of PCA on the variation of biotic 

and abiotic parameters and the structure of the inter-months and inter-stations variation at Mexa dam. 

 

Discussion: 

 Waters of Mexa dam contain 7 genera of cyanobacteria from which 5 are recognized as potentially toxic 

(Microcystis, Oscillatoria, Pseudanabaena, Planktothrix and Lyngbya). The Microcystis is constant but 

Oscillatoria is regular. The generic diversity is higher in summer; however, it is in autumn that over 95% of the 

overall density is recorded. Cyanobacteria are mainly present in the surface portion of the water column (99%). 

Their density decreases when the depth increases. Referring to guideline values admitted by WHO 

(cyanobacterial biomass <2000 cells/ ml) cyanobacteria densities exceed the level of vigilance from January to 

June; the alert level 1 starts from July to September and the alert level 2 in October [40, 41]. It is only in 

December that densities decrease below the level of vigilance. 

 The use of principal component analysis (PCA) as a preliminary and exploratory descriptive approach 

helped visualizing the structure of the temporal and spatial variation in Mexa dam according fourteen measured 

biotic and abiotic variables: (cell density of cyanobacteria (DC), chlorophyll a (chl(a)) , Mycrocystine (MCs), 

air temperature (Tair), water temperature (TW), pH, Dissolved Oxygen (DO), Conductivity (Cond.), Salinity 

(Sal.), turbidity (Turb.), nitrate (NO3), nitrite (NO2), ammonium (NH4) and orthophosphate (PO4); PCA 

allowed also to investigate the existence of possible similarities between the different months and stations. 

 The first two major components explain 62.41% of the total inter-month variability of the matrix of biotic 

and abiotic variables. 

 Axis 1 explains a clear dissimilarity between the group of warm months (August, July, June and September) 

and the group of cold months (January, February, November and December). This seasonal structure is 

explained by the strong positive correlations between axis 1 and the variables Tair (r = 0.97), TW (r = 0.93), 

Cond. (r = 0.83) and Sal. (r = 0.82) which strongly contribute to the construction of this axis (cos² = 0.94, cos²= 

0.87, cos² = 0.70 and cos² = 0.66 respectively). Various weather variables have been related to cyanobacteria 

blooms such as air temperature [58, 38, 39], rainfall [38], wind [39, 59, 60] and sunshine hours [39].  

 It is admitted that the temperature is a physical parameter that determines a big number of biological 

processes that occur in the water [61]. Some authors report that a water temperature between 18 and 30°C, a pH 

ranging from 6 to 9 and a light wind are favorable conditions for the growth of cyanobacteria [62, 63]. 

Laboratory experiments showed that the growth rate of Microcystis sp. increased with temperature in nutrient 

and light-concentrated conditions; 0.083/day at 15 °C, 0.42/day at 20 °C and 0.81/day at 30 °C [25]. Beside 

nutrient and light, temperature can limit cyanobacterial growth [64, 26] as it directly controls the photosynthetic 

capacity, specific respiration rate and the replication rates of phytoplankton communities [65, 29].  

 When the temperature approaches or exceeds 20°C, the growth rate of the freshwater phytoplankton 

stabilizes or decreases while the growth rate of many cyanobacteria increases giving them an advantage in the 

competition. In addition to direct effects on the growth rate of cyanobacteria, high temperatures reduce the 

viscosity of the water surface and increase the nutrients diffusion to the surface cells [66, 67, 68]. Cyanobacteria 

are more competitors than phytoplankton groups are, and their growth is high during the increase of 

conductivity, temperature, stratification and nutrients. Cyanobacteria dominate at low N: P ratios and 

temperatures higher than 15 °C [21, 69, 24].  
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Fig. 10: Hierarchical Clustering analysis of the sampling stations according to the variation of biotic 

                 and abiotic parameters.  

 

 Our water body shows high values of conductivity, turbidity and pH. According to some authors, the 

flotation of cyanobacteria is highly favorable in times of great turbidity and high levels of pH in water.  

 This ability to float allows them to stay close to the water surface when they can enjoy the light and 

atmospheric CO2. This latter is usually at very low concentrations in water where the rhythm of photosynthesis 

is higher and the pH is above 9 [70, 71]. In addition to taking advantage of stratification to accumulate on the 

surface, cyanobacteria change their environment because of this accumulation to maintain conditions that ensure 

their dominance [72]. Through photosynthesis, they can exhaust CO2 reserves and consequently cause an 

increase in pH [73] which is the case of our water that shows a pH close to 9. This supports our observations on 

the density distribution of the genera identified at our water body. It should be noted that the density values and 

chlorophyll a contents decrease with the depth of the water. 

 Axis 2 allowed us to identify the specificity of October compared to other months. This could be explained 

by the strong negative correlations of this axis with the variables of Chl.(a) (r = - 0.70), MCs (r = - 0.75) and 

DO (r = - 0.68), which contribute significantly to its construction (cos² = 0.6; cos² = 0.5; cos² = 0.6 and cos²  = 

0.6, respectively). Moreover, the additional variable DC on this axis seems to be positively correlated with 

chl.(a) and MCs. 

 Calculation of the Spearman non-parametric correlation coefficient shows how the density in cyanobacteria 

is positively correlated with chl.(a) (r = 0.91) and MCs (r = 0.54). Axis 2 is positively correlated with phosphate 

variable and, to a lesser degree, with nitrate variable. (r = 0.62; cos² = 0.78 and r = 0.42; cos² = 0.65, 

respectively). Along this axis, we can say that October is characterized by heavy loads of cyanobacteria, 

significant levels of Chlorophyll (a) and microcystines and by low concentrations of orthophosphate and nitrate 

caused by their likely consumption by cyanobacteria. This high production of microcystins in October would be 

related to the lack of rainfall in the summer period in which the calm conditions, higher temperatures and 

conductivity and of rich nutrients encourage the bloom of cyanobacteria at a very high rate of toxin production. 

It is agreed upon the fact that toxin production is positively correlated to cell growth [74, 75] ) and chlorophyll a 

[76]. However, [77] reported that increasing the pH of the water would prevent adsorption of the toxin on 

sediment particles which would explain the high levels of microcystins recorded at that time. 

 PCA performed on the same biotic and abiotic variables allowed us to show the inter-station variation in 

Mexa dam. 

 This first axis divides stations 9 and 10 from the rest of the stations because they represent the treated water 

at the outlet the treatment plant and the consumer, respectively. Quality of this water is characterized by low 

levels of nutrients, a neutral pH and slightly elevated conductivities compared to raw water. It is noted, however, 

that the treated water is free of cyanobacteria, chlorophyll a and microcystins. 

 The other group consists of the stations situated at the water surface (1, 2, 3, 4 and 5); except station 5 

which lies in a sub-central position. The other stations are characterized by their proximity to the banks and the 

shallow depth of the water column. These features provide to the microalgae a suitable environment for 

development because the temperature is high enough and the achievement of the water column by nutrients is 

easy. This accumulation of cyanobacteria is also favored by the winds that blowing them when they are afloat. 

Therefore, these stations also show high concentrations of chlorophyll (a), microcystins and dissolved oxygen. 

The latter would be a result of the photosynthetic activity of cyanobacteria. 

 Stations 7, 8, and 6 are located in depth and characterized by lower temperatures than those found on the 

surface. The levels of microcystins are, as for cyanobacteria and chlorophyll a, high in surface water and 

gradually lower as the depth increases. The results of the calculation of Spearman coefficient r, showed that 

equal increasing intensity of the relationship between our three variables by comparing them in pairs. Thus, It is 

noted, that the concentrations of intracellular microcystins were positively correlated in the presence of 

cyanobacteria in the water column (r = 0.5) and with chlorophyll (a) (r = 0.5). 
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 The dendrograms analysis obtained by AHC shows a concordance with the factorial designs of PCA on the 

variation of biotic and abiotic parameters and the structure of the inter-months and inter-stations variation of 

Mexa dam. 

 This demonstration of toxigenic cyanobacteria in this drinking water production dam involves regular 

monitoring of Cyanobacterial communities and cyanotoxins in raw water [78]. The monitoring of the water 

body can be performed using simple tools such as phycocyanin probes to estimate the biomass of cyanobacteria 

[79, 80, 81] and ELISA kits [82, 83, 84, 85] used for the detection of different families of cyanotoxins 

(microcystins and others ...). 

  The installation of a monitoring protocol of water bodies will improve not only the treatment of drinking 

water, but also to make recommendations on fish consumption due to the cyanotoxins bioaccumulation in their 

flesh [86, 87, 88]. Nevertheless, it would be wise to encourage the authorities in charge of this sector as well as 

inhabitants to implement measures to reduce nutrient loads into the watershed through the establishment of a 

wastewater treatment plant before being discharged into the wadis that supply the dams. 

 

Conclusion: 

 This study examines the occurrence of blooms in Mexa dam confirms the impact of weather conditions on 

the biotic and abiotic parameters of the water. With global warming the frequency of these blooms could highly 

increase in near future. The blooms of cyanobacteria will have a negative environmental impact on the diversity 

of fauna and flora in addition to animal and human health problems caused by produced toxins. 
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