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Abstract. The impact of seasonal variations in the water physico-chemical parameters on the zooplankton 

and phytoplankton composition was investigated in the Boukourdane reservoir (Tipaza, Algeria) over two 

years (April 2005-March 2007). High levels of nitrites were observed during the cold seasons, and the 

phosphate levels were higher in summer with a very high NO3
-
/PO4

3- 
ratio (>30) in winter. A significant 

increase in the level of chlorophyll a (Chl a) was observed in spring. The relative standard deviations 

(RSDs) highlighted a large variability during the warm seasons, especially for nitrites, nitrates, 

phosphates and ammonia. A great species diversity was observed (rotifers: 79, copepods: 13, and 

phytoplankton: 83). The weighted averages of the species enabled us to determine the optimal values of 

their physico-chemical parameters, as elevated temperatures for Bacillariophyta and Pyrrhophyta or high 

concentrations of chlorophyll a for Charophyta. The zooplankton was more prevalent during the spring 

and appeared to be correlated with sulfates and electrical conductivity. A redundancy analysis (RDA) 

corroborated the previous results and explained 84.1% of the total variance. This analysis highlights the 

influence of some of the environmental variables on the seasonal distribution of plankton, characterized 

by a high profusion in spring and scarcity in autumn and winter. 

Keywords: environmental parameters, zooplankton, RDA, correlations, weighted average 

Introduction 

Dams have been used for thousands of years to regulate river flows and ensure an adequate 

supply of water during dry periods (McCartney et al., 2001). The steadily increasing demand 

for water in recent decades poses various problems, both qualitative and quantitative 

(Ramdani et al., 2012). Changes in land use and management practices can have a 

considerable impact on water quality parameters (Brainwood et al., 2004). Due to the 

tremendous development of industry and agriculture, the disposal of untreated public sewage 

water, and agricultural runoff, the water quality and its biotic resources are in continuous 

deterioration (Venkatesan, 2007; Elmaci et al., 2008). 

Through biomonitoring, the environmental quality of a given site can be judged from 

its species assemblages, based on knowledge of environment–biota relationships 

(Pilière et al., 2014). 

Knowledge of the characteristics of a habitat, its species composition and the physico-

chemical and biological factors that directly or indirectly affect the inhabitants are essential 

for a proper appraisal of the ecology of the aquatic animal species. 

Zooplankton and phytoplankton have recently been used as indicators to observe and 

understand changes in an ecosystem because they seem to be strongly influenced by climatic 
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features (Beaugrand et al., 2000; Al-Ghanim, 2012). Telesh (2004) stated that plankton is an 

important ecosystem component that responds to ecosystem alterations rather rapidly. 

The ecology of aquatic environments has been widely studied elsewhere in the world, but 

very few limnological studies have been made on the freshwater ecosystem of Algeria 

(Cherbi et al., 2008; Hamaidi et al., 2008, 2009, 2010; Chaib et al., 2011; Hamaidi-Chergui 

and Hamaidi, 2013; Hamaidi-Chergui et al., 2013). The aim of this study was to establish 

relationships between the seasonal variations of environmental and biological variables and to 

contribute to an understanding of the ecology of the copepod, rotifer and phytoplankton 

taxonomic composition in the Boukourdane Lake Dam. 

Material and methods 

Area of study 

The Boukourdane rockfill dam (Fig. 1) is located in the northwest of Mitidja (Sidi Amar, 

36°32’03’’N 02°18’18’’E) and was constructed in 1985. It has a height of 74.4 m and a 

retained water volume of 97 hm
3
. It receives water from the Menaceur and Fedjana rivers 

and is situated in a sub-humid climate region with 500 mm average pluviometry (Cherbi et 

al., 2008). It can be considered as a mid-size dam (Foum El Gueiss 0.43 hm
3
, Beni Haroun 

998 hm
3
), and it supplies fresh water to Tipaza, Cherchell and the capital Algiers. Its waters 

are also used for irrigation of the western Mitidja perimeter. 

 

Physico-chemical analysis 

The water samples were collected between 9 and 11 a.m. from three sites of near 

surface water, three times per month between April 2005 and March 2007, and were 

then placed in polyethylene containers (2 L). 

The pH and the electrical conductivity (EC) were measured in the field using a Hach 

sensION pH meter and a HD 3406.2 (Delta Ohm) conductivity meter, respectively. 

Nitrate, nitrite, chloride and phosphate were analysed according to the standard 

methods described by APHA (1998) and Rodier (1997). 

 

 
Figure 1. Location of the Boukourdane Lake Dam (Algeria). 

 

 

The calcium and magnesium concentrations were determined using atomic 

absorbance spectrophotometry (AAS), and the sodium was measured using flame 

photometry. The permanganate oxidation method was used to determine organic matter. 
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Sub-samples were filtered (Whatman GF/C membranes) and used to quantify Chl a 

concentrations using spectrofluorimetry. 

 

Plankton identification and enumeration 

Sampling was carried out using a plankton net of 105-μm mesh size. One litre of 

sub-surface collected water was immediately preserved with 5 mL of 4% formalin 

solution and then kept for 24 h undisturbed to allow the sedimentation of the plankton. 

The supernatant was pipetted out, and the sample was concentrated to 10 mL. 

The drop count method (Trivedy and Goel, 1984) was used for the quantitative 

estimation of the phytoplankton and zooplankton. 

The phytoplankton was identified in accordance with standard methods (Bourelly 

1966, 1968, 1970; Sournia, 1968; Compère, 1974, 1975a, 1975b, 1977, 1991, 1992, 

2001; Komarek and Anagnostidis, 1986, 1989; Anagnostidis and Komarek 1988, 1990) 

and more specific literature. 

The zooplankton groups were identified according to the literature on copepods 

(Dussart and Defaye, 1985, 2001; Einsle, 1996; Karaytug, 1999) and rotifers (Pourriot 

and Francez, 1986; Nogrady et al., 1993). 

 

Data treatment and statistical analysis 

The data distributions were first tested for the normality and the homogeneity of 

variances using the Kolmogorov-Smirnov and Levene tests, respectively. The Pearson’s 

correlation coefficients were determined to identify relationships among the 

environmental variables and between these variables and species abundances. The 

sampling variability was estimated by calculating the “relative standard deviation” 

(RSD), also known as the “coefficient of variation”. 

The seasonal variations (spring, summer, autumn and winter) were compared using 

one-way ANOVA, and the significant differences were highlighted using the Newman-

Keuls or Tukey post hoc tests. When the assumptions of the normality and homogeneity 

of variances were violated, the alternative Kruskal-Wallis ANOVA on ranks with 

multiple comparisons on groups was performed. The analysis was performed using 

Statistica 10 (Statsoft Inc, Tulsa, OK, USA), and the results are given as the mean±SE 

(SE: standard error of mean). 

Each species has its own optimal environmental conditions for proliferation. An 

estimate of this optimum value of each parameter for each species was made by 

calculating the weighted average 

 

∑∑
i

i

i

ii (Abund)(Abund)(Env)= WA(Sp)

 

 
where (Env)i is the value of the environmental variable in the i

th
 sample and (Abund)i 

is the abundance of the species in the same sample (Leps and Smilauer, 2003). 

The general relationships between the physico-chemical variables and taxa were 

studied using the redundancy analysis (RDA) under Canoco 4.5 for Windows (ter Braak 

and Smilauer, 2002). This technique can summarize the relations between response 

variables and several predictors, the biological species and environmental variables, 

respectively (Leps and Smilauer, 2003). 
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Results 

Physico-chemical variables 

The seasonal variations of the physico-chemical variables of water over the two 

years of the experiment are given in Table 1. 

 
Table 1. Seasonal variations of physico-chemical variables in the Boukourdane Lake Dam 

(EC: Electrical conductivity; DO: Dissolved oxygen; Org. m.: Organic matter; Ch.a: 

Chlorophyll a, AG: Algerian guidelines). Data are given as the mean±SE 

 
T (°C) pH 

EC 

(μS.cm-1) 

DO 

(%) 

Nitrates 

(mg.L-1) 

Nitrites 

(mg.L-1) 

Sulfates 

(mg.L-1) 

Ammonia 

(mg.L-1) 

Spring 21.2±0.6 7.8±0.1 803±31 91.9±2.2 4.5±1.1 0.024±0.011 150.7±7.2 0.034±0.034 

Range 18.5-23.0 7.6-8.1 710-900 85-98 2.5-8.0 0-0.068 131-178 0-0.20 

Summer 27.2±0.8 7.5±0.3 735±25 95.8±8.8 3.4±1.7 0.023±0.015 146.8±5.7 0.023±0.016 

Range 25-30 6.3-8.0 690-840 76-127 0-11 0-0.09 130-164 0-0.10 

Autumn  16.8±1.1 7.5±0.1 655±12 75.0±9.3 2.9±1.7 0.038±0.017 127.5±1.8 0.015±0.007 

Range  13.7-20.3 7.0-7.8 600-680 44-111 0.30-11.00 0-0.112 122-135 0-0.042 

Winter  14.3±0.7 7.7±0.1 600±11 83.6±6.9 4.1±1.2 0.307±0.134 130.2±2.2 0.102±0.045 

Range  12.8-16.4 7.5-7.9 580-650 63-104 0-8.00 0-0.817 125-139 0-0.300 

p  0.29 0.0002 0.25 0.88 0.019 0.003 0.18 

2-years means 19.9±1.1 7.6±0.1 698±18 85.9±3.9 3.7±0.7 0.098±0.041 138.8±3.1 0.043±0.016 

AG 30 6.5-8.5 2800 
 

50 0.1  0.5 

WHO standards 25-30 6.5-8.5 180-1000 
 

50 ≤0.1  ≤0.1 

 

 
Phosphates 

(mg.L-1) 

Sodium 

(mg.L-1) 

Chloride 

(mg.L-1) 

Calcium 

(mg.L-1) 

Magnesium 

(mg.L-1) 

Org. m. 

(mg.L-1) 

Chla 

(µg.L-1) 

Spring 0.24±0.24 47.5±3.0 67.3±6.2 75.7±2.7 31.5±2.0 6.18±1.49 7.72±1.65 

Range 0-1.47 40-57 41.84 69-87 24-37 3.2-13.3 4.5-13.3 

Summer 0.55±0.34 41.3±2.5 76.8±4.1 67.7±3.3 34.4±2.3 4.18±0.62 5.72±0.96 

Range 0-2.14 31-49 58-86 54-76 30-43 2.3-6.1 2.30-8.54 

Autumn  0.34±0.17 42.8±3.2 74.7±1.1 67.5±0.7  3.62±0.43 2.40±0.50 

Range  0-1.16 35-52 70-78 66-70  2.00-4.60 1.07-4.30 

Winter  0.13±0.11 40.8±2.3 69.7±0.6 64.5±2.4  6.32±1.50 3.10±0.98 

Range  0-0.67 33-48 68-72 60-75  2.6-11.9 0.12-5.40 

p 0.64 0.33 0.11 0.029 0.37 0.24 0.017 

2-years means 0.32±0.11 43.2±1.3 72.1±1.9 68.8±1.4 32.8±1.5 5.07±0.58 4.74±0.68 

AG 0.5 100 250 75 50   

WHO standards 0.2 150 250 200 50 <5  

 

 

The biennial average temperature was 19.9±1.1°C, and the water pH fluctuated 

slightly between 7.5 and 7.8. The electrical conductivity (mean 698 μS.cm
-1

) was 

significantly higher in spring and summer (p<0.01). 

Despite not significant variations, the nitrate concentration reached high values in 

spring and winter (2.9 to 4.5 mg.L
-1

). The nitrite concentration remained low throughout 
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the year but increased sharply in winter to 0.31 mg.L
-1 

(three times the standard value). 

The phosphate level fluctuated between low levels in winter and high levels in summer, 

0.13 and 0.55 mg.L
-1

, respectively. 

The NO3
-
/PO4

3-
 ratio is an interesting parameter, sometimes used to identify the 

element that inhibits the development of phytoplankton. It was found to be very high in 

winter (>30) and low in summer and autumn (<10). 

The seasonal average of ammonia remained under standard values, suggesting a low 

degree of sewage pollution in the lake, with the highest values recorded in winter and 

the lowest in summer and autumn. The sulfate level was significantly higher in spring 

and summer (>145 mg.L
-1

) but decreased in autumn and winter (<128 mg.L
-1

). 

The level of sodium was found to be slightly higher during spring but otherwise 

moderate. The calcium level was significantly higher in spring (75.7 mg.L
-1

) and fell 

during winter to 64.5 mg.L
-1

, remaining at intermediate values during the rest of the 

year. The level of magnesium during spring and summer was found to be under 

standard limits. 

Chl a was significantly higher in spring (7.72 μg.L
-1

), remained at intermediate 

values in summer, and then fell under 3.2 μg.L
-1 

in autumn and winter. The variations in 

the organic matter content were not significant throughout the period of study (3.62 to 

6.32 mg.L
-1

). 

 

Relative standard deviation (RSD) 

Over a low concentration range, the variability is estimated as the average standard 

deviation of replicates, while over a high concentration range, the variability can be 

estimated as the average of the factor )x/σ.(100RSD= , where σ is the standard 

deviation and x
 
the mean of the variable. 

The extreme seasonal fluctuations of the environmental variables were identified 

through the factor RSD (Table 2). 

 
Table 2. Extreme RSD (relative standard deviation in %) of physico-chemical variables in 

the Boukourdane Lake Dam for the four seasons. 

 RSD<5%   RSD>120% 

 Spring Summer Autumn Winter   Spring Summer Autumn Winter 

pH 2.1  3.6 1.9  Phosphates 244.9 151.9 126.5 203.2 

EC   4.6 4.3  Ammonia 244.9 174.7 120.5 109.1 

Sulfates   3.5 4.1  Nitrites 114.9 162.4  106.8 

Cl
- 

  3.6 2.2  Nitrates  121.7 139.2  

Ca
2+ 

  2.4        

 

 

The variables of pH, EC, sulfates, chloride and calcium had the lowest variabilities, 

below 5%, during the cold periods (autumn and winter), while the variables of 

phosphates, ammonia, nitrites and nitrates had the highest variabilities, over 120%, 

mostly in summer. 
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Pearson’s correlation coefficients 

When two variables are correlated, tracking one of them enables measuring the 

change in the other, reducing the experimental costs of physico-chemical monitoring. 

The most significant positive correlations (p<0.01, Table 3) were observed between 

T, EC and SO4
2-

; EC and Ca
2+

; pH and Na
+
; NO2

- 
and NH4

+
; and EC and Chl a. 

The most significant negative correlations (p<0.01) were observed between the pH 

and PO4
3-

, NH4
+ 

and Cl
-
, and PO4

3-
 and Cl

-
. 

 

Table 3. Pearson’s correlation coefficients among environmental variables (
 *
p<0.05; 

**
p<0.01; 

***
p<0.001) 

 

 

Plankton analysis, seasonal richness of copepods, rotifers and phytoplankton 

A total of 92 zooplankton species belonging to the two principal zooplankton groups 

(13 copepods and 79 rotifers) were found in the Boukourdane Lake Dam. 

Some species of rotifers, including Polyarthra remata, Keratella quadrata quadrata, 

Lecane monostyla, Lecane luna, Testudinella patina patina, Brachionus quadridentatus 

quadridentatus and Asplanchna priodonta, occurred in most of the samples (73.3% of 

the counted total). 

The most prevalent species in spring were Keratella quadrata quadrata, Lecane 

monostyla, Lecane luna, Brachionus quadridentatus quadridentatus. Another species 

present in summer samples was Hexarthra fennica. 

Polyarthra remata was present, especially in winter (53.0%), together with 

Asplanchna priodonta; Testudinella patina patina and Filinia longiseta were found in 

autumn. 

Only three species of copepods, namely Copidodiaptomus numidicus (calanoid, 

32.2%), Acanthocyclops trajani (cyclopoid, 14.8%) and Eucyclops agiloides (cyclopoid, 

11.6%), were widespread and occurred in most of the samples. 

Cyclops strenuus strenuus and Metacyclops minutus were also observed, but in 

smaller quantities. 

  T pH EC DO NO3
- NO2

- SO4
2- NH4

+ PO4
3- Na+ Cl- Ca2+ Mg2+ Org m Chl a 

T  1,00               

pH -0,06 1,00              

EC 0,58** 0,24 1,00             

D.O. 0.42 0,21 0,15 1,00            

NO3
- 0,04 0,36 0,11 0,54** 1,00           

NO2
- -0,37 0,13 -0,36 -0,02 0,17 1,00          

SO4
2- 

0,57** 0,36 0,69*** 0,40 0,22 -0,22 1,00         

NH4
+ -0,22 0,05 -0,42* 0,18 0,10 0,53** -0,30 1,00        

PO4
3- 0.28 -0,53** -0,09 -0,24 -0,40 -0,08 -0,22 0,25 1,00       

Na+ -0,01 0,63*** 0,42* 0,37 0,42* -0,06 0,31 -0,04 -0,37 1,00      

Cl- 0,17 0,04 0,18 0,20 0,17 -0,04 0,39 -0,52** -0,59** 0,06 1,00     

Ca2+ 0,26 0,36 0,64*** 0,29 0,16 -0,22 0,44* -0,27 -0,05 0,46* 0,03 1,00    

Mg2+ 0,28 -0,07 0,20 -0,60 0,37 0,61* 0,64* -0,21 -0,19 -0,24 0,48 -0,22 1,00   

Org. m. -0.11 0,34 0,11 0,43* 0,19 0,34 -0,11 0,47* -0,28 0,43* -0,12 0,22 -0,67* 1,00 
 

Chl a 0.43* 0,11 0,61** 0,13 0,10 -0,27 0,31 -0,41* -0,19 0,16 -0,04 0,44* -0,20 0,20 1,00 
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The average number of copepods (Fig. 2) was high in spring (median=251 ind.L
-1

) 

and summer (198 ind.L
-1

) but much lower in autumn (with a large variability) and 

winter (<100 ind.L
-1

). 

Rotifers (Fig. 3) abounded in spring (median=204 ind.L
-1

), with a large variability 

during this season (standard error = 83 ind.L
-1

), but their number sharply dropped in 

summer (12 ind.L
-1

). 

 

 

Figure 2. Seasonal features of copepods         Figure 3. Seasonal features of rotifers 

 

 

A total of 83 algal taxa were identified. The large spring-like richness of the 

phytoplankton community and its variability are highlighted (Figs. 4 and 5) and 

consisted of Chlorophyceae (38 species), Cyanobacteria (11), Bacillariophyceae (23), 

Pyrrhophyta (3), Euglenophyceae (5), Rhodophyta (1) and Charophyta (2). They 

contributed 33.2%, 33.0%, 26.2%, 6.5%, 0.86%, 0.14% and 0.09% of the total 

phytoplankton abundance, respectively.  

 

 

Figure 4. Distribution of the phytoplankton community (□ median, box 25-75%, I.C. 5-95%). 
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Figure 5. Seasonal features of phytoplankton (□ median, box 5-95%). 

 

 

The density of phytoplankton was distributed from the most common variety, 

Chlorophyta (median=118 ind.mL
-1

), to the least common one, Euglenophyta (2.2 

ind.mL
-1

), not including Rhodophyta and Charophyta, which were not considered due to 

their smaller quantities. 

Cyanobacteria had the greatest variability (median=29.5 ind.mL
-1

, standard 

error=52.4 ind.mL
-1

). Among the Chlorophyceae, Pediastrum simplex, Pediastrum 

boryanum, Chlorella sp. and Crucigeniella rectangularis were the most abundant. 

Among the Bacillariophyceae, Synedra acus and S. pulchella were the most abundant. 

Microcystis, Oscillatoria limnetica and Microcoleus chthonoplastes were the most 

prevalent of the Cyanobacteria; Euglena, Lepocinclis and Phacus were the only 

observed genera of the Euglenophyceae. Chlorophyta represented a dominant 

phytoplankton division (33.2% of total), followed by Cyanobacteria (33.0%) and 

Bacillariophyta (26.2%). 

The seasonal variations of the phytoplankton are shown in Fig. 5. 

Chlorophyta was most abundant in spring (average 221 ind.mL
-1

). Cyanobacteria 

were also at maximum density in spring (323 ind.mL
-1

) but were practically absent in 

autumn (2 to 3 ind.mL
-1

). Bacillariophyceae proliferated in July (summer average: 160 

ind.mL
-1

) but fell sharply in autumn (23 to 24 ind.mL
-1

). Pyrrhophyta and, to a lesser 

extent, Euglenophyceae were present in spring and summer but were completely absent 

in autumn and winter. 
 

Weighted average of the species 

The weighted average WA(Sp) (Table 4) is the simplest way to estimate the species 

optimum. This method allows determining, for each species, the optimal values of the 

environmental variables. 
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Table 4. Estimation of species optima using the weighted averages of the values of 

environmental variables (Cop: copepods, Rot: rotifers, Cyan: Cyanobacteria, Baci: 

Bacillariophyta, Pyrr: Pyrrhophyta, Eugl: Euglenophyta, Chloro: Chlorophyta, Charo: 

Charophyta, Rhod: Rhodophyta, Alg: algae, Org. m.: organic matter, Chl a: chlorophyll a). 
 

 

 
Cop Rot Cyan Baci Pyrr Eugl Chloro Charo Rhod Alg 

T (°C) 21.0 19.6 21.6 23.0 25.1 22.4 18.8 21.0 16.7 21.3 

pH 7.6 7.7 7.8 7.6 7.5 7.8 7.7 7.8 7.5 7.6 

E.C. (mS.cm
-1

) 0.72 0.74 0.79 0.73 0.75 0.79 0.73 0.80 0.65 0.73 

DO (%) 88.3 89.6 92.6 90.2 93.1 94.2 84.4 93.1 77.7 89.0 

NO3
- 
(mg.L

-1
) 3.82 4.16 3.93 4.36 3.16 4.62 3.90 3.86 3.41 3.46 

NO2
- 
(mg.L

-1
) 0.064 0.079 0.029 0.075 0.019 0.027 0.096 0.020 0.038 0.083 

SO4
2- 

(mg.L
-1

) 141.6 142.4 147.2 147.0 145.7 150.5 142.9 147.0 128.1 142.2 

NH
+ 

(mg.L
-1

) 0.035 0.054 0.040 0.023 0.033 0.031 0.033 0.045 0.012 0.043 

PO4
3- 

(mg.L
-1

) 0.33 0.27 0.33 0.28 0.54 0.24 0.22 0.33 0.28 0.38 

Cl
-
 (mg.L

-1
) 71.9 68.7 67.0 75.7 71.9 69.9 70.0 64.8 74.9 70.3 

Ca
2+

 (mg.L
-1

) 70.2 72.4 75.0 68.7 70.2 74.9 70.8 76.7 67.5 70.2 

Mg
2+

 (mg.L
-1

) 33.0 31.2 31.1 35.9 32.9 32.6 32.5 30.1 
 

32.4 

Na
+
 (mg.L

-1
) 44.1 45.9 47.1 42.4 43.3 47.1 43.6 48.4 44.3 43.5 

Org m (mg.L
-1

) 5.06 6.19 6.24 4.38 5.07 5.88 5.16 6.76 3.51 5.38 

Chl a (μg.L
-1

) 5.35 5.88 7.30 5.55 6.42 7.22 5.81 7.68 2.46 5.83 

 

 

The Pyrrhophyta abundance weighted optimum was characterized by elevated 

temperature, DO and phosphate levels. That of Bacillariophyceae was characterized by 

elevated temperatures (T>=23.0°C), whereas Chlorophyta was generally more abundant 

at low temperatures (T<19.0°C). The prevalence of Charophyta was characterized by 

high optimal levels of Chl a and organic matter but low levels of nitrites. 

Conversely, Rhodophyta reached its optimal level at low levels of temperature, EC, 

Chl a, organic matter and ammonia. The rotifers showed their abundance-weighted 

optimum at high concentrations of organic matter, ammonia and nitrites. 

 

Factors regulating the seasonal dynamics of the zooplankton and phytoplankton 

assemblages 

A correlation matrix of environmental-species variables was produced (Table 5) to 

highlight the internal structure that ultimately contributes to the identification of the 

major sources of growth not visible at first glance. 

This table highlights the strong correlations between the copepod population and the 

variables EC and Chl a. The rotifers showed a slightly significant correlation with 

calcium. Cyanobacteria were highly correlated with calcium, Bacillariophyta with 

sulfates, and Euglenophyceae with EC, calcium and Chl a. 
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Table 5. Correlation matrix of the species-environmental variables of the Boukourdane Lake 

Dam waters (Cop: copepods, Rot: rotifers, Cyan: Cyanobacteria, Baci: Bacillariophyta, 

Pyrr: Pyrrhophyta, Eugl: Euglenophyta, Chloro: Chlorophyta, Org. m.: organic matter, Chl 

a: chlorophyll a). (
*
p<0.05; 

**
p<0.01; 

***
 p<0.001) 

 

 
Cop Rot Cyan Baci Pyrr Eugl Chloro 

T  0,63 -0,06 0,24 0,85
* 

0,91
* 

0,15 0,72 

pH 0,24 0,53 0,48 0,19 -0,25 0,75 0,44 

EC 0,91
** 0,54 0,75

* 
0,81

* 
0,36 0,92

** 0,79 

DO 0,44 0,27 0,34 0,53 0,55 0,54 0,09 

NO3
- 

0,11 0,19 0,06 0,25 -0,20 0,39 0,05 

NO2
- 

-0,80
* 

-0,16 -0,38 -0,39 -0,64 -0,06 -0,32 

SO4
2- 

0,65 0,31 0,47 0,88
** 0,35 0,64 0,87

* 

NH4
+ 

-0,42 0,20 -0,04 -0,38 0,42 0,27 -0,42 

PO4
3- 

0,11 -0,13 0,02 -0,04 0,50 -0,35 -0,09 

Na
+ 

0,53 0,54 0,51 0,07 -0,13 0,54 -0,03 

Cl
- 

-0,10 -0,59 -0,56 0,58 -0,17 -0,41 -0,16 

Ca
2+ 

0,81
* 

0,79
* 

0,87
** 0,52 -0,02 0,92

** 0,49 

Mg
2+ 

-0,52 -0,56 -0,63 0,94 -0,23 -0,24 1,00 

Org m -0,02 0,56 0,38 -0,21 0,31 0,77 -0,14 

Chl a 0,81
* 0,55 0,80

* 
0,82

* 
0,60 0,84

* 0,90
* 

 

 

RDA analysis 

The redundancy analysis (RDA) was applied to 15 environmental variables and 10 

species variables, which were reduced to 11 and 7 variables, respectively, in the final 

RDA (Figs. 6A and 6B). The large number of variables required to efficiently diagnose 

the water quality is an obstacle to the implementation of a coherent and sustainable 

monitoring program. Therefore, certain variables were omitted, due to insufficient 

collected data or errors. 

 

 

Figure 6. Biplot in the redundancy analysis (RDA) of zooplankton and phytoplankton species in 

relation to environmental scores. 
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The RDA biplot of the plankton species and the environmental scores corroborate 

our previous observations. The first two axes explain 84.1% of the data variance, which 

is a satisfactory percentage. Most of the taxa appear on the right side of the factorial 

graph, corresponding mostly to the spring and related to “intermediate to high” levels of 

mineral content or trophic state. 

The zooplankton and a large part of the phytoplankton abundance were quite sharply 

influenced by the levels of sulfates, EC, Chl a and calcium. This effect was lower for 

dissolved oxygen, sodium and nitrates. Rotifers and Chlorophyta appeared to be more 

influenced by pH variability, sodium and organic matter contents. Bacillariophyta and 

Pyrrhophyta appeared in summer and were influenced by elevated temperatures. 

Discussion 

Physico-chemical variables and Pearson’s correlations 

The pH values classify Boukourdane Lake Dam in the quasi-alkaline range (6.3-8.1), 

which is indicative of the medium production and alkaliphilous water body category 

under the criteria of Venkateswarlu (1983). The observed fluctuations in the electrical 

conductivity could be due to variations in the decomposition rate of organic matter, the 

low level of water caused by evaporation, or the influx of seepage and nutrients from 

the drainage basin. This reservoir can be classified as eutrophic according to the Olsen 

criteria (1950) (conductivity >500 μS.cm
-1

). 

In general, the solubility of oxygen decreases when the temperature and salinity 

increase. Throughout the study period, the dissolved oxygen level was generally close 

to saturation in summer and spring. The relatively low levels in autumn may be due to 

pollution in the site or to decaying algal cells that used up the available dissolved 

oxygen at the water surface. These results were identical to those reported by Shah and 

Pandit (2013). 

A high concentration of nitrates, as observed in spring and winter, is useful in 

irrigation, but their entry into water resources increases the growth of nuisance algae 

and triggers eutrophication and pollution (Trivedy and Goel, 1984). This could also be 

due to the high level of dissolved oxygen during these periods. In winter, the high levels 

of nitrites might be partly due to influx of nutrients from the watershed areas along with 

the runoff water in this cold period. Using Pearson's correlation, Yu et al. (2014) 

suggest a strong and positive correlation between toxicity and the total nitrogen in 

wastewater, including NO2
- 
and NH4

+
. The pattern of nitrite-nitrogen concentration was 

found to be quite similar to that observed by Garg et al. (2010) and Sulthana et al. 

(2011). 

The actual level of phosphates defines the Boukourdane reservoir as a eutrophic 

water body (Lee et al., 1981). Based on the total phosphorus level, Tammeorg et al. 

(2014) found a similar evolution, with the highest values during late summer and early 

autumn and the lowest during the winter and spring periods in different lakes. The very 

high levels (>30) of the NO3
-
/PO4

3-
 ratio are related to the poverty of plankton in winter 

and are in agreement with the results of Herut et al. (2000). A ratio of 20:1 suggests that 

the algae may be phosphorus-limited, which is typical for most freshwater systems 

(Sargeant, 1997). 

The high concentrations of sodium limit the biological diversity due to osmotic 

stress; the encountered levels are consistent with the findings of Mathur et al. (2010) 

and Usharani et al. (2010). The slightly higher levels of chloride in summer and autumn 
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may be attributed to the rise in temperature increasing the rate of evaporation, causing a 

decline in water cover. These results are in accordance with the reports of Govindasamy 

et al. (2000) and Moundiotiya et al. (2004). Under the classification of Unni (1983), this 

reservoir can be categorized as a polluted water body. 

The magnesium level, which is essential for chlorophyll growth (Dagaonkar and 

Saksena, 1992), remained under standard values but could not be measured during 

autumn and winter. 

The chlorophyll in an aquatic body is a direct indication of algal growth. According 

to the OECD criteria (1982), its concentration was practically in the mesotrophic range 

(2.5-8.0 µg.L
-1

). 

A correlations analysis highlighted significant relationships between land use types 

and water quality during the dry and rainy seasons in a basin (Bu et al., 2014). The 

correlation analysis in another lake showed that a select number of macroinvertebrate 

metrics were significantly correlated with environmental variables (Johnson and 

Ringler, 2014). These relationships have been essentially confirmed in this work for EC 

correlated to copepod abundance, and for EC, sulfates and calcium correlated with a 

part of the phytoplankton. 

 

Seasonal richness of copepods, rotifers and phytoplankton 

The principal species found in the Boukourdane Lake Dam were consistent with those 

described by other studies performed on the Algerian aquatic ecosystem (Samraoui et al., 

1998; Cherbi et al., 2008; Bouzidi et al., 2010; Hamaidi et al., 2010; Hamaidi-Chergui et 

al., 2013). The rotifer results are consistent with those of Zanata and Espindola (2002), 

who found them to be dominant during the dry period. Sartori et al. (2009) and other 

studies showed that rotifers are always the species with the highest richness. 

Because the physico-chemical variables change throughout the year, it is of 

considerable interest to quantify the seasonal changes in the zooplankton community 

structure (Enriquez Garcia et al., 2009), and in reservoirs used for water supply, this 

knowledge can be important for quality management purposes (Garcia et al., 2002). 

Polyarthra remata was mostly present in winter, which is in agreement with Cherbi 

et al. (2008). Keratella species are inhabitants of moderately clean (mesotrophic) waters 

(Saksena, 1986). Generally, Keratella quadrata and Filinia longiseta are indicators of 

eutrophic lakes (Geng et al., 2005). 

Many rotifer species occurred sporadically, and most of them were found only in the 

littoral zone. It is known that inorganic nitrogen such as NO3
-
 and NO2

- 
can help 

increase the rotifer density, for which an important determinant is the trophic status of 

lakes (Wang et al., 2010). The oligotrophication in a lake may coincide with decreases 

in Polyarthra or Keratella (Barbiero and Warren, 2011). Hexarthra fennica, present in 

summer, is described as euryhaline and seasonal. 

The high copepod density in spring was correlated with elevated levels of Chl a. The 

most common species were Copidodiaptomus numidicus and Acanthocyclops trajani, as 

found in earlier studies (Cherbi et al., 2008). In general, an adequate food supply in 

terms of a high Chl a concentration favours the copepods, which feed more selectively 

(Voutilainen et al., 2012). Chl a had a greater impact on species common in the open 

water than on macrophytes (Enriquez Garcia et al., 2009). 

In general, the phytoplankton level is a useful tool for assessing long-term changes in 

rivers, such as those associated with eutrophication and river management (Prygiel et 

al., 1999). The abundance of the spring species Chlorophyta is consistent with the 
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results reported by Yerli et al. (2012) and Yilmaz and Aykulu (2010). Van den Hoeck et 

al. (1995) already showed that Chlorophyceae are a large and important group of 

freshwater algae. 

The high rates of productivity encountered during spring can be due to the increase 

in temperature and the high transparency, speeding up the photosynthetic activity of the 

phytoplankton (Bhoyar and Tamloorkar, 2012). Moreover, the excess nutrients can 

cause algal blooms and the possibility of water contamination by toxin producers, if 

present (Marcé et al., 2010).  

The weighted averages of the species were very useful and enabled us to develop an 

estimated mapping of species for any dataset of environmental variables, which is very 

helpful for preventive monitoring. 

 

RDA analysis 

Multivariate statistical techniques help in the interpretation of complex data matrices 

to better understand the water quality and ecological status of the systems studied 

(Shrestha and Kazama, 2007). These techniques have been applied to evaluate the 

temporal or spatial variations of water quality data and also their usefulness to obtain 

better information for the effective management of water resources (Singh et al., 2004). 

The RDA analysis corroborated a great part of the previous results reported in this 

work. A low contribution of relationships between some environmental variables and 

copepod assemblages has been found (Fiasca et al, 2014), corroborating our results for 

dissolved oxygen, pH and nitrates. The strong presence of Chlorophyta in the spring, 

which correlated with the pH and the organic matter density, is also in agreement with 

the results of O'Farell et al. (2002) who noted that the profuse phytoplankton growth led 

to increases in the pH and suspended matter content. 

Conclusions 

In conclusion, the Boukourdane Lake Dam can be categorized as eutrophic according 

to its levels of EC, phosphates and Chl a but stands at an intermediate position when 

compared to other temperate water bodies.  

The redundancy analysis revealed that sulfates, EC, Chl a and calcium were the most 

important variables affecting the zooplankton and phytoplankton distribution. Great 

variability in the levels of nitrites, nitrates, phosphates and ammonia was observed from 

one season to another. 

The values of the environmental parameters for each species optimum were 

determined through calculation of their weighted averages. This allowed us to fairly 

accurately determine the distribution of the most prevalent species for every season. 

The results confirmed earlier findings stipulating that the Boukourdane reservoir was 

dominated by rotifer species, but in spite of their lower number and predation from 

vertebrates, the crustacean zooplankton were more numerically abundant, especially in 

the spring. 

This pilot investigation suggests that more studies are necessary in Algerian lakes to 

improve our knowledge of zooplankton and phytoplankton distributions, composition 

and relationships with the water quality, so this report represents the beginning of 

studies on environmental conditions.  
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The present study offers a significant base to evaluate the fish production 

potentialities and to formulate sustainable management policies for aquaculture in the 

study area. 
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