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 Cyanobacteria (blue-green algae) are prokaryotic photosynthetic organisms found in a wide range of 
habitats (Whitton and Potts, 2000). In fresh water, eutrophication, defined as an enrichment of water bodies with 
plant nutrients and precursors, typically n
the main cause of mass cyanobacterial blooms globally (Chorus and Bartram
 Cyanobacterial blooms are recognized as one of the most serious problems in eutrophic fresh water 
systems, because they form surface scums that cause problems with taste and odor (Wu 
have adverse effects on many aquatic animals, including zooplankton, zoobenthos, fish, amphibians, aquatic 
birds, and aquatic plants (Yamsaki, 
2006; Atencio et al., 2008; Chen et al
Anabaena,Aphanizomenon,Cylindrospermopsis
blooms. Additionally, some increases in cyanobacteria biomasses are associated with the production and release 

FISHERIES AND HYDROBIOLOGY, 10(14) October 2015, Pages: 157-168 

ESEARCH JOURNAL OF FISHERIES AND H

© 2015 AENSI Publisher All rights reserved

Copyright © 2015 by authors and American-Eurasian Network for Scientific 

This work is licensed under the Creative Commons Attribution International 

License (CC BY). http://creativecommons.org/licenses/by/4.0/

The effect of Environmental 

Cyanobacteria AbundanceinOubeira Lake 

(Northeast Algeria) 
Meriem Imen Boussadia, 4Nadira Sehli, 2Aissam Bousbia, 

Ouzrout and 4Mourad Bensouilah 
ABSTRACT 
Mass occurrences of cyanobacteria in aquatic ecosystems, often accompanied by the release 

of secondary metabolites, pose a significant threat to the safety of drinking, irrigation, and 

aquaculture water. Hence, an understanding of the environmental factors

blooms is essential. For this reason, the abundance of cyanobacteria and physicochemical 

parameters were monitored twice monthly at six sampling stations in Oubeira Lake, 

Northeast Algeria. Samples were collected from February 2009 to January

analyzed by various techniques. The results revealed that cyanobacterial diversity was 

dominated mainly by Aphanizomenonissatschenkoi, 

Cylindrospermopsisraciborskii and Microcystis aeruginosa. 

cyanobacteria abundances were recorded in summer and autumn, when 

blooms occurred. The relationships between cyanobacteria and abiotic parameters were 

explored using both principal component and Pearson correlation analyses. Statistical 

analysis results revealed that cyanobacterial growth depends strongly on pH and nutrient 

availability, particularly ammonium and orthophosphates. Our study is the first report on 

the presence of the toxic cyanobacteria C. raciborskiiand A. issatschenkoi

provides new evidence in support of the theory that even under optimal nutrient 

conditions, N2-fixing cyanobacteria do not thrive unless other requirements are satisfied 

(e.g., high pH, light, and temperature). 
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INTRODUCTION 

green algae) are prokaryotic photosynthetic organisms found in a wide range of 
2000). In fresh water, eutrophication, defined as an enrichment of water bodies with 

plant nutrients and precursors, typically nitrogen, phosphorus, and organic matter (Ansari and khan
the main cause of mass cyanobacterial blooms globally (Chorus and Bartram, 1999). 

Cyanobacterial blooms are recognized as one of the most serious problems in eutrophic fresh water 
, because they form surface scums that cause problems with taste and odor (Wu et al

have adverse effects on many aquatic animals, including zooplankton, zoobenthos, fish, amphibians, aquatic 
 1993; Ghadouani et al., 2003; Gérard and Poullain, 2005; Buryskova 

et al., 2009). Moreover, numerous cyanobacterial genera, such as 
Cylindrospermopsis, and Planktothrix (Graham et al., 2010), can form dense 

blooms. Additionally, some increases in cyanobacteria biomasses are associated with the production and release 
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of toxins (Sivonen and Jones, 1999) that are grouped according to the physiological systems, organs, tissues, 
and cells that they primarily affect. These include potent hepatotoxins, neurotoxins, irritants, and gastrointestinal 
toxins (Wiegand and Pflugmacher, 2005). Recent studies have reported the discovery of a new cyanobacterial 
neurotoxin amino β-methyl amino- L -alanine (BMAA), and several new cyanobacteria genera capable of 
producing these toxins (Cox et al., 2005; Cox, 2009; Brand, 2009). The dominant cyanobacteria and their toxic 
metabolites in fresh water resources are a major risk to both human and ecosystem health. Therefore, the 
influence of different environmental variables on cyanobacteria dynamics and toxin production has been widely 
studied. Nevertheless, most of the research has shown that the low total nitrogen (TN): total phosphorus (TP) 
ratios, along with thermal stratification, reduced transparency, and increased water temperature and pH 
frequently leads to the occurrence of cyanobacterial blooms (Dokulil and Teubner, 2000; Havens et al., 2003; 
Mischke, 2003; Giani et al., 2005; Maskeet al., 2010; Okello and Kurmayer, 2011). Other factors important for 
blue-green dominance are buoyancy, differential light requirements, avoidance by herbivores, superior cellular 
nutrient storage, and ammonium-N exploitation (Hyenstrand et al., 1998). 
 In this investigation, we present of the dynamics of cyanobacteria in Oubeira Lake during the period 
February 2009 to January 2010 and examine the significant environmental variables which affect the 
cyanobacteria population abundance such as temperature, pH, dissolved oxygen, conductivity, orthophosphates, 
nitrites, nitrates, and ammonium. 
 

MATERIALS AND METHODS 
 
Study area and collection sample: 
 Oubeira Lake is a good example of a rare and unique representative wetland in the Mediterranean region 
lying in the Mediterranean’s third largest wetland complex after the Ebro Delta, Spain and the Camargue, 
France. It is an endorheic natural freshwater lake, located at 36°50'N, 08°23'E with an average altitude of 25 m, 
covering an area of ~2200 ha, with a maximum depth of 4 m, and is situated 35 km west of El Kala city 
(extreme northeast Algeria) (Fig. 1). The lake is very important for wintering water birds and hosts an 
interesting aquatic flora including water chestnut (Trapanatans), white water lily (Nupharalba), and yellow lily 
(Nuphar luteum). This site has great socioeconomic importance in terms of fish production and the use of water 
for irrigation and peanut cultivation.  
 Water and cyanobacteria samples were collected twice a month during the period February 2009 to January 
2010. Six sampling stations were established in the lake: DemnetRihana (DR), Boumerchen (B), DeyL’Grâa 
(DL), Messida (M), center (C), and Euchlahmar (EL) (Fig. 1). 
 At each sampling station, physical factors (temperature, pH, dissolved oxygen (DO), and conductivity) 
were measured in situ using a multi-parameter probe (Model WTW Multi 340i/SET-82362, Weilheim, 
Germany). Water samples for nutrient determination (PO4 -P, NH4-N, NO3-N, and NO2-N) were collected sub-
superficially, filtered through 0.45-μm Whatman GF/C™ glass microfiber filters (GE Healthcare Ltd., UK), and 
kept in polypropylene sampling containers at 4°C in darkness and analyzed as soon as possible. The NO3-N, 
NO2-N, NH4-N, and PO4-P concentrations were analyzed according to previous reports (Mullin and Riley, 1955; 
Bendschneider and Robinson, 1952; Sagi, 1966; Murphy and Riley, 1962). Water samples for chlorophyll-a 
(Chl-a) determination were filtered through 0.45-µm membrane filters 47 mm in diameter (Whatman 
GF/CTM™, GE Healthcare Ltd.). Pigments were extracted in 90% acetone and measured by spectrophotometry 
(Shimadzu UV-1700 Pharma Spec UV-VIS) (SCOR-UNESCO, 1966). 
 A heat-treated (450°C, 30 min), 0.45 µm pre-weighed glass fiber filter 47 mm in diameter (Whatman 
GF/CTM™, GE Healthcare Ltd.) was used for filtration of the surface water sample to measure suspended 
solids matter (SS) concentration. After filtration, the filter was dried at 70°C for 48 h. The SS concentration was 
determined from the difference between the weight of the filter before and after filtration.  
 Cyanobacterial samples were collected using a plankton net (20 µm mesh size, Hydro-Bios, Kiel, 
Germany), and fixed in phormol (5% v/v) for species identification.Cyanobacteria species were identified 
according to its morphology using light microscope (Carl Zeiss, Axiostar plus 1169-149, Germany).The 
following taxonomic literaturewas used for the identification of cyanobacteria (Hindák, 1992; Komàrek and 
Kling, 1991; Komàrek and Anagnostidis, 1989, 1998, 2005). 
 The enumeration of cyanobacteria cells was carried out with a 50 µl Nageottehemacytometer (counting 
chamber: 50 µl volume, 40 bands, 0.500 mm depth, Assistent) whose volume was following concentration (100 
ml) on a 1 µm WhatmanCyclopore® polycarbonate membrane filter, (47 mm diameter 5U, pore size 1 µm, 
Whatman, USA.) (Brient et al., 2008). 
 
Statistical analysis: 
 Statistical analysis was carried out in the SPAD 5.5 (Morineau and Morin, 2000) software package. 
Principal component analysis (PCA) was performed to compare samples collected from different sampling 
locations, examine the relationships between cyanobacterial densities and environmental factors, and classify 
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water bodies from Oubeira Lake based on abiotic and biotic features. Prior to the PCA analysis, 19 
environmental variables with complete data sets were put into a correlation matrix. These environmental 
variables included limnological variables (temperature, pH, DO, SS, conductivity, nitrites, nitrates, ammonium, 
and orthophosphates) and biological variables (Chlorophyll-a (Chl-a),Aphanizomenon (Aphz), Oscillatoria 
(Oscil), Cylindrospermopsis (Cylin), Microcystis(Micr), Anabaena 
(Ana),Pseudanabaena(Psan),Aphanocapsa(Apc),Woronichinia(Wor), and total cyanobacterial density (Cyan)). 
The number of components to be retained was determined by Kaiser’s criterion. The correlation structure within 
the set of environmental variables was visualized by plotting the correlations of the variables with the extracted 
PCA axes (Figs. 5 and 6). Pearson correlation analysis was conducted to identify which environmental variables 
were significantly correlated with cyanobacterial density with degrees of freedom: *p < 0.05, ** p < 0.01, *** p 
< 0.001. 
 

 
 
Fig.1: Sampling stations in Oubeira Lake. 
 
Results: 
Physicochemical parameters and chlorophyll-a: 
 The concentration ranges and averages of water quality variables between February 2009 and January 2010 
are presented in Table 1. The water temperature variation is plotted in figure 2a, it shows that the water 
temperature reached its maximum value (29.2°C) in August, whereas, the lowest value was recorded in February 
(9.35°C). Figure 2a shows that the dissolved oxygen concentration varied temporally and ranged from 5.27–
13.50 mg/L, with an average of 9.04 mg/L. Alkaline pH values were recorded during the study with the 
exception of the period from February–April (Fig. 2b). Conductivity was generally high; the lowest value 
(264.65µS/cm) was recorded in April (Fig. 2b). Figure 2c depicts the variation of ammonium and 
orthophosphate concentrations. As regards the ammonium variation, it ranged from 0–5.99 µmol/L; the highest 
value (5.99µmol/L) was recorded in November. The orthophosphate PO4-P concentration curve shows three 
peaks above 4µmol/L recorded in May, July, and October. Nitrites and nitrates were detected in the water 
throughout the study period, and ranged from 0.29–5.40 and 0.50–9.76 µmol/L, respectively; maximum 
concentrations for nitrites (5.40 µmol/L) were measured in April, and nitrates (9.76 µmol/L) in December 
(Fig.2d). 
 
Table 1: Summary of major water quality variables in Oubeira Lake (February 2009–January 2010). 

Parametres No. Mean Min Median Max StDevx C.V.y 
Temp (°C) 144 19.61 9.35 17.90 29.2 6.82 0.34 

pH 144 8.18 6.75 8.24 9.30 0.81 0.10 
DO (mg/l) 144 9.04 5.27 8.88 13.50 2.51 0.27 

N-NH4 (µmol/L) 144 1.64 0 1.23 5.99 1.65 1.00 
N-NO2 (µmol/L) 144 2.27 0.29 2.25 5.40 1.52 0.67 
N-NO3 (µmol/L) 144 4.11 0.50 4.57 9.76 2.47 0.60 
P-PO4 (µmol/L) 144 2.37 0.82 2.04 5.88 1.25 0.52 
Cond (µs/cm) 144 467.11 264.65 479.83 506.83 48.57 0.10 

SS (mg/l) 144 71.83 15.66 49.66 323.83 66.68 0.92 
Chl-a (µg/L) 144 50.57 1.40 12.16 187.21 68.43 1.35 

xStandard deviation; ycoefficient of variation (StDev/Mean).Temperature: Temp; Dissolved oxygen: DO;  
 



160 

 

 

 Ammonium: N-NH4; Nitrite: N-NO2; Nitrate: N-NO3; Orthophosphate: P-PO4; Cond: Conductivity; 
Suspended solids: SS; Chl-a: Chlorophyll-a; No.: the number of water quality variables. 
 The highest Chl-a concentration value in Oubeira Lake, 187.21 µg/L, was recorded in autumn (October), 
and the lowest was in February (1.40 µg/L) with an average of 50.57 µg/L (Fig. 2e). As regards the suspended 
solids matter, our data shows that the values were generally < 100 mg/L, except in April when a peak of 323.93 
mg/L was recorded (Fig. 2e). 
 
Cyanobacteria community diversity: 
 Table 2 shows that the Oubeira cyanobacteria community comprised 17 genera and 25 species. The 
proportion of individual cyanobacterial genera was as follows: Aphanizomenon 53%, Oscillatoria 21%, 
Cylindrospermopsis11% Microcystis10%, and the remaining 5% comprised a mixture of other genera. 
Additionally, the number of species identified per sample ranged from 0–14. The maximum species number was 
found in October 2009 at DL station, whereas, the minimum was detected at the following stations: Messida 
station in April 2009 and January 2010, at EL station in December 2009, and at the center of the lake in January 
2010.  
 
Cyanobacteria variations in abundance: 
 During the sampling period, cyanobacterial density varied among sampling stations (Fig. 3). However, the 
highest cellular density was recorded at Center station (207.42 × 103 cells/ml) and the lowest at Euchlahmar 
station (35.04 × 103 cells/ml). Additionally, the cyanobacteria population had the same temporalvariation at all 
sampling stations. Besides, it is well known that the lowest cell numbers occur in winter and spring, while, the 
most remarkable increases in cyanobacterial density took place from summer to autumn when the highest cell 
numbers were recorded in October at Center and Boumerchen stations (1404.58 and 1275.72 × 103 cells/ml, 
respectively). At DemnetRihana and DeyL’Grâa stations, respective cell numbers in November were 540.74 × 
103 and 704.2 × 103 cells/ml (Fig. 3).At Messidaand Euchlahmarstations, a peak > 500 × 103 cells/ml was 
recorded in August. These results appear to be dependent upon the influence of climatic factors on cyanobacteria 
growth rates and distribution. 
 
Variation in cyanobacterial species composition: 
 Figure 4 shows the variation in cyanobacterial species composition and their abundance during the study 
period. The predominant cyanobacterial species in Oubeira Lake belonged to the genera Aphanizomenon, 
Oscillatoria,Cylindrospermopsis,andMicrocystis. Throughout the investigation period the mean Microcystis 
density did not exceed 20 × 103 cells/ml, except in May and October when two peaks of 26.8 × 103 and 73.53 × 
103 cells/ml were recorded, respectively.Aphanizomenonissatschenkoi was dominant from August to November, 
when the highest mean abundance of 262.02 × 103 cells/ml was recorded. Oscillatoriaspecies numbers were 
high in August (173.31 × 103 cells/ml). The mean Cylindrospermopsisraciborskii densities were low during the 
study period, except in autumn when high values were recorded in October (145.04 × 103 cells/ml). 
 Pseudanabaenaand Anabaenawere detected in high numbers in August (10.68 × 103  and 9.60 × 103 

cells/ml, respectively), andAphanocapsain October (8.60 × 103 cells/ml).Woronichiniaand species from other 
genera were present at relatively low densities (< 10 × 103 cells/ml).  
 
Influence of environmental factors on cyanobacteria: 
 Figures 5 and 6 illustrate the PCA performed using 19 variables and based on 144 complete data sets. The 
first (PC1), second (PC2), and third components (PC3) explained 45.74% of the data variation (PC1 = 23.61%; 
PC2 = 13.48%; PC3 = 8.64%). The projection of the variables onto the factorial plane (Fig. 5) shows that PC1 
was defined mainly by cyanobacterial biomass-related variables including total cyanobacterial density, 
Aphanizomenon,Chl-a, and pH. PC2 was influenced mainly by physical water quality variables such as 
temperature and DO. PC3 was defined by conductivity and nitrates. The test values of the illustrative modalities 
indicate that there is no significant difference (p > 0.05)between the six sampling stations on axes 1, 2, and 3. 
 Additionally, the PCA demonstrates that water quality in the study area could be divided into three classes 
(Fig. 6). Class 1 consisted of samples taken from February to July 2009, December 2009, and January 2010, 
when the lowest concentrations of cyanobacterial cells and nutrient elements were recorded. Class 2 included 
samples collected from August to November 2009, when a distinct bloom clearance was observed and reached 
its peak in November as a result of high pH and ammonium availability. Class 3 included samples taken in 
September and October 2009 reflecting the response of the cyanobacteria population tohigher orthophosphate 
concentrations. 
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Fig. 2:Temporal variations in temperature, DO (a); conductivity, pH (b); NH4-N, PO4-P (c); NO3-N,NO2-N (d) 

and SS, Chl-a (e) from February 2009 to January 2010 (each dot represents the average of six sampling 
stations). 

 
Table 2: Cyanobacteria species recorded in Oubeira Lake (February 2009–January 2010). 

Genera Species 

Microcystis Microcystisaeruginosa, Microcystisflosaquae, Microcystiswesenbergii, Microcystis 
viridis, Microcystisbotrys. 

Chroococcus Chroococcusminutus. 
Woronichinia Woronichinianaegeliana. 
Merismopedia Merismopediaregularis. 
Synechococcus Synechococcus sp. 

Gloeocapsa Gloeocapsagelatinosa. 
Chlorogleae Chlorogleae sp. 
Aphanocapsa Aphanocapsa sp. 

Cylindrospermopsis Cylindrospermopsisraciborskii. 
Aphanizomenon Aphanizomenonissatschenkoi. 

Anabaena Anabaena planktonic, Anabaena maxima. 
Pseudanabaena Pseudanabaenalimnetica. 

Oscillatoria Oscillatoriarubescens, Oscillatoriaattenuata, Oscillatoriasp. 
Lyngbya Lyngbya sp.1, Lyngbya sp.2. 

Phormidium Phormidium sp. 
Arthrospira Arthrospira maxima. 
Spirulina Spirulina sp. 

 
 The Pearson’s correlation analysis shown in Table 3 reveals several statistically significant correlations. 
Cyanobacterial abundance was significantly positively correlated with pH, Chl-a, and ammonium. Microcystis 
abundance was significantly positively correlated with pH (r = 0.41, p ˂  0.05), Chl-a (r = 0.60, p ˂ 0.01), and 
orthophosphates (r = 0.52, p ˂ 0.01). AphanocapsaandCylindrospermopsis abundances were significantly 
positivelycorrelated with pH (r = 0.46, p ˂ 0.05; r = 0.43; p ˂ 0.05, respectively) and Chl-a (r = 0.72, p ˂ 0.001; 

r = 0.72, p ˂  0.001); however, Woronichinia abundance was significantly positively correlated with DO and 
PO4-P. Oscillatoria and Anabaena species abundance were significantly negatively correlated with nitrites (r = 
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−0.47, p ˂  0.01; r = −0.42, p ˂ 0.05, respectively), and positivelywith temperature (r = 0.46, p ˂ 0.05; r = 0.61, p 

˂ 0.05, respectively) and pH (r = 0.51, p ˂ 0.01; r = 0.45, p ˂ 0.05). For Aphanizomenon, the dominant genus, 
positive significant correlations were recorded between their abundance and pH (r = 0.70, p ˂ 0.001), 
ammonium(r = 0.64, p ˂ 0.001), and Chl-a (r = 0.95, p ˂ 0.001).  
 

 
 
Fig. 3: Temporal distribution of cyanobacteria abundance at six sampling stations. 
 
 

 

 
 
Fig. 4:Cyanobacteria community composition and succession in Oubeira Lake. 
 
 D: Density; MIC: Microcystis; APC: Aphanocapsa; WOR: Woronichinia; PSA: Pseudanabaena; OSC: 
Oscillatoria; ANA: Anabaena; APZ: Aphanizomenon; CYL: Cylindrospermopsis; CYA: Cyanobacterial; DC: 
Cyanobacterial density: DR; DemnetRihana; B: Boumerchen; DL; DeyL’Grâa; EL: Euchlahmar; C: Center. 
 At the spatial scale, significant correlations were confirmed between cyanobacterial abundance and 
environmental factors (Table 3). At DemnetRihana and Boumerchen stations, respectively, pH (r = 0.62, p ˂ 
0.001; r = 0.53, p ˂ 0.01), DO (r = 0.54, p ˂ 0.01; r = 0.43, p ˂ 0.01), NH4-N (r = 0.85, p ˂  0.001; r = 0.72, p ˂ 

0.001), and Chl-a (r = 0.77, p ˂ 0.001; r = 0.75, p ˂ 0.001) were significantly positively correlated with 
cyanobacterial biomass. At DeyL’Gràa station, cyanobacterial density was significantly positively correlated 
with pH (r = 0.64, p ˂ 0.001) and Chl-a (r = 0.75, p ˂ 0.001). At EuchLahmer, cyanobacterial density was only 
significantly positively correlated with pH (r = 0.44, p ˂  0.05); however, at Center station, it was significantly 

positively correlated with pH (r = 0.63, p ˂ 0.001), PO4-P (r = 0.69, p ˂ 0.001), Chl-a (r = 0.71, p ˂ 0.001), and 
SS (r = 0.48, p ˂ 0.05). At Messida station, cyanobacterial density was significantly negatively correlated with 
NO2-N (r = −0.50, p ˂  0.01) and positively with pH (r = 0.70, p ˂ 0.001) and Chl-a (r = 0.73, p˂0.001).  
 
Discussion: 
 In general, physical and chemical parameters, including nutrient concentration, temperature, pH, DO, and 
conductivity in the water bodies studied were favorable for cyanobacterial proliferation. The temperature data 
from Oubeira Lake revealed the existence of a warm period from May to October (temperatures were above to 
18°C) (Fig. 2a). As temperatures approach and exceed 20°C, the growth rates of fresh water eukaryotic 
phytoplankton generally stabilize or decrease, while growth rates of many cyanobacteria increase, providing a 
competitive advantage (Peperzak, 2003; O’Neil et al., 2012). De SenerpontDomiset al.(2007) 
andJohnketal.(2008)confirmed that in warmer environments, cyanobacteria can take advantage of their ability to 
grow faster at higher temperatures, developing massive populations in stable environments. Beyond the direct 



163 

 

 

effects on cyanobacterial growth rate, high temperatures decrease water surface viscosity and increase nutrient 
diffusion towards the cell surface (Peperzak, 2003; Paerl and Huisman, 2009). DO readings were low during the 
warm period with a minimum of 5.27 recorded in July (Fig. 2a); this result could be attributed to high ambient 
temperatures combined with low flow rates. A significant positive correlation was also encountered between 
temperature and dissolved oxygen concentration.  
 
Projection of the variables on the factor-plane (1×2): 

 
 
Projection of the variables on the factor-plane (1×3): 

 
 
Fig. 5: PCA plots of biotic and abiotic factor variables recorded in Oubeira Lake during the study period. 
 

 
 
Fig. 6: PCA graphic of the parameters studied according to plane F1×F3. 
 
 pH values were basics from August to November in parallel with elevated cyanobacteria cell numbers. 
Rantalaet al. (2006) and Ye et al. (2009) indicated that pH values are usually higher during a bloom event 
because of algal and cyanobacterial photosynthesis. Interestingly, pH was also significantly positively correlated 
with cyanobacterial biomass in the present study. Similarly, other studies have shown that water temperatures 
between 18–30°C, weak wind, and pH 6–9 are favorable conditions for cyanobacterial growth (Vézieet al., 
2002; Graham et al., 2004). 
 Conductivity values were generally high in Oubeira Lake. The variation of this parameter is particularly 
dependent on nutrient concentrations. However, low conductivity values were observed in April, which could be 



164 

 

 

related to rainfall, a negative significant correlation was found between conductivity and SS.  
 Nutrient concentrations (nitrates, ammonium, and orthophosphate) were high during bloom periods; this 
variation is related to the significant mineralization of organic matter (e.g., dead plankton, metabolic waste, fish 
waste). Additionally, nitrite depletion during this period could be related to the nitrification process. Several 
authors Hyenstrandet al. (1998); Bouvyet al.( 2000); Oliver and Ganf(2000) andGianiet al. (2005) have 
obtained similar results and they indicated that an increase in nutrient concentrations is considered one of the 
principal factors promoting cyanobacterial growth. 
 
Table 3: Pearson correlation coefficients between biotic and abiotic parameters in Oubeira Lake. 

Parameters MICD APCD WORD PSAD OSCD ANAD APZD CYLD CYAD 
Temp 0.007 −0.001 −0.164 0.337 0.460* 0.031* 0.030 −0.083 0.086 

pH 0.419* 0.464* 0.023 0.319 0.514** 0.456* 0.707*** 0.430* 0.717*** 
DO 0.258 0.319 0.620*** −0.163 −0.166 −0.238 0.327 0.351 0.319 

NO2-N −0.321 −0.247 −0.057 −0.387 −0.477** −0.425* −0.337 −0.164 −0.389 
NO3-N 0.220 0.128 −0.179 −0.009 0.042 0.036 0.208 0.125 0.198 
NH4-N 0.276 0.280 0.044 −0.100 −0.069 −0.068 0.648*** 0.347 0.508* 
PO4-P 0.525** 0.461* 0.457* −0.054 −0.010 −0.036 0.188 0.341 0.298 
Chl a 0.608** 0.723*** 0.372 0.065 0.224 0.146 0.959*** 0.720*** 0.926*** 
SS 0.053 0.070 0.052 −0.175 −-0.214 −0.212 −0.009 0.080 −0.018 

Parameters DC.DR DC.B DC.DL DC.M DC.C DC.EL 
Temp −0.137 −0.088 0.110 0.121 0.173 0.318 
pH 0.625*** 0.532** 0.642*** 0.700*** 0.631*** 0.448* 
DO 0.540** 0.436* 0.252 0.219 0.167 −0.291 

NO2-N −0.083 −0.111 −0.380 −0.500** −0.358 −0.313 
NO3-N −0.131 0.332 −0.087 0.112 0.145 0.188 
NH4-N 0.853*** 0.725*** 0.192 −0.299 0.111 −0.154 
PO4-P −0.004 −0.064 −0.054 0.320 0.696*** 0.348 
Chl a 0.773*** 0.752*** 0.759*** 0.731*** 0.714*** 0.117 
SS 0.236 0.334 −0.164 −0.063 0.480* −0.111 

*P <0.05, **P <0.01, ***P <0.001. 

 
 The higher chlorophyll-a concentration in Oubeira Lake recorded from August–November 2009 were 
associated with nutrient availability and occurred when cyanobacteria were abundant. A significant positive 
relationship was observed between Chl-a and cyanobacterial cell concentrations, particularly with the abundant 
genera Aphanizomenon, Cylindrospermopsis,andMicrocystis. Based on Chl-a concentration Oubeira Lake could 
be classified as a hypereutrophic ecosystem (OECD, 1982).  
 PCA analysis applied in an attempt to identify the factors associated with the appearance of cyanobacteria 
in Oubeira Lake showed a strong relationship between cyanobacteria, pH, orthophosphate and ammonium 
concentrations, and also allowed us to classify the waters of this lake into three classes (Fig. 6) during the study 
period. Berg et al.(2003) reported that reduced organic and inorganic N forms, such as urea and ammonium 
(NH4

+), are the favored N source for cyanobacteria. Moreover, the presence of NH4
+ can also suppress genes 

encoding for the assimilation of other N sources, such as nitrate (Flores and Herrero, 2005). A similar trend was 
observed in subtropical Florida’s Lake Okeechobee (USA) where cyanobacteria increased with increasing 
NH4

+.In Taihu Lake (China) the proportion of cyanobacteria was positively correlated with orthophosphates and 
temperature (McCarthy et al., 2009).  
 The spatial heterogeneity in cyanobacteria abundance might be explained by the varied responses and 
dynamics of different cyanobacteria strains to different environmental variables, it has been well documented 
that environmental factors and nutrient availability play an important role in regulating the structure and 
distribution of phytoplankton communities in lakes (Paerl and Huisman, 2008). This was also supported by the 
Pearson’s correlations, recorded between cyanobacterial abundance and abiotic factors at all stations.  
 The cyanobacteria population analysis results revealed the presence of cyanobacteria in August through to 
November, when potentially toxic genera were recorded and included non-heterocystous 
(MicrocystisandOscillatoria) and heterocystous (AphanizomenonandCylindrospermopsis) algae. 
 Aphanizomenonissatschenkoi,revised as Cuspidothrixissatschenkoi (Rajaniemiet al., 2005), was among the 
known toxic cyanobacteria forming blooms. A recent report described a newly discovered toxic strain of this 
species (Wood et al., 2007). A. issatschenkoi achieved a much greater abundance. However, the increase in 
species density began in late summer and reached its maximum in November, with scum forming as a result. In 
the same period (August–September 2004) in the Mediterranean Lake Doirani, Moustaka-Gouniet al.(2010) 
signaled a bloom of this and another cyanobacteria species (Raphidiopsismediterranea). In our study, A. 
issatschenkoigrowth was affected by ammonium availability and pH, significant positive correlations were 
recorded. The apparent dependence of A. issatschenkoi on ammonium could be illusory and complicated by the 
interaction of several factors including pH, light, temperature, and orthophosphates. Supporting this suggestion 
is the fact that A. issatschenkoi (sym: C. issatschenkoi) has been classified in functional group H1, which is 
tolerant of low nitrogen concentrations and sensitive to low phosphorus concentrations (Reynolds et al., 2002; 
Padisaket al., 2009). Kahruet al.(2000) added that a surplus of dissolved inorganic phosphorus (DIP) and low 
concentrations of dissolved inorganic nitrogen (DIN) are pre-requisites for enhanced growth and bloom 
formation in N2-fixing cyanobacteria. Planktothrixrubescens previously named O. rubescensDC was the 
dominant species of the Oscillatoria genus. Our results indicate that the density of this species depends on the 
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general water quality or trophic state. Indeed, its abundance was significantly positively correlated with 
temperature and pH, and negatively correlated with nitrites, which indicates consumption of this nutrient. 
Schmitt and Olive (1980) have noted that nutrient concentrations, such as nitrogen and phosphorus, are also 
undoubtedly an important factor in determining the size and distribution of P. rubescenspopulations. Jaquetet al. 
(2005) reported thatP. rubescensmass occurrence primarily arises in lakes with high nitrogen loads and 
suggested that temperature regime is another important factor influencingitsgrowth. Besides, C. raciborskii and 
Microcystis attained maximum growth in October, both favored high pH; these results are also supported by the 
Pearson’s correlation. In this investigation, no relationships were found between the abundance of C. raciborskii 
and nutrient availability in Oubeira Lake, despite the fact that the higher densities recorded coincided with 
higher nutrient concentrations. Recent studies have suggested that C. raciborskii prefers well mixed water 
bodies characterized by elevated water temperature, pH, ammonium, and phosphorus concentrations and low 
light availability (Bouvyet al., 2000; Conroy et al., 2007; Vidal and Kruk, 2008; Posseltet al., 2009). Moreover, 
several laboratory studies have confirmed that C. raciborskii growth rates were faster when N was supplied as 
ammonium, followed by nitrate, then urea (Sakeret al., 1999; Hawkins et al., 2001; Saker and Neilan, 2001). 
For Microcystis, a significant positive correlation was recorded between itsabundance and orthophosphates. This 
is in line with the recent study by Maskeet al. (2010) where a significant positive correlation was observed 
between Microcystis biomass and PO 4

3--P in Ambazari and Phutala at Nagpur, India. According to Rapala and 
Sivonen(1998), hepatotoxic Microcystisblooms have a tendency towards the highest PO 4

3--P concentrations. 
Thus, Vézieet al. (2002) reported that the growth rates of toxic strains of Microcystis exceeded nontoxic strains 
in cultures under high orthophosphate concentrations. Previous studies in this lake report the presence of toxic 
cyanobacterial blooms dominated by Microcystis(Nasri, 2004) and the death of two species of freshwater turtle 
in October 2005 during a Microcystis sp. bloom (Nasri, 2008). Recently, Amraniet al.(2014) reported a high 
concentration of microcystins in water and carp tissues sampled from Oubeira in August and November 2010.  
 In addition to the four most common species, the nontoxic Pseudanabaenalimneticaseems to be adaptable 
to environmental changes, even turbulence. The other genera including 
Anabaena,Woronichinia,andAphanocapsa represent a small proportion of the cyanobacteria community. 
Nevertheless, it is important to report that our study is the first to report the occurrence of an 
Aphanizomenonissatschenkoi bloom and the presence of Cylindrospermopsisraciborskii in Oubeira Lake. 
 
Conclusions: 
 Based on the analysis of physical, chemical, and biological parameters, the present investigation results 
revealed that cyanobacteria cell numbers were highest in the warm period from August–November 2009 in 
Oubeira Lake. Nevertheless, cyanobacteriadynamics was driven by both nutrient availability and pH 
fluctuations. Of the 17 genera and 25 species identified, four species were most abundant: 
Oscillatoriarubescens, Microcystis aeruginosa, Cylindrospermopsisraciborskii, 
andAphanizomenonissatschenkoi. A. issatschenkoi was most common in scum form for the first time in this 
wetland area. The high occurrence of toxigenic cyanobacteria poses a potential risk to both animal and human 
health. Therefore, the control of eutrophication and the maintenance of monitoring programs are important in 
avoiding problems related to cyanobacteria and their toxic metabolites. 
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