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Abstract 
In present investigation, algal communities which are used as indicator of organic pollution were 
reported from three stations of Lakhal reservoir over a two-years period (April 2006-March 
2008). Total of 258 taxa have been identified, among these 117 species belonged to 
Chlorophyceae, 67 species to Bacillariophyceae, 38 species to Cyanophyceae,  17 species to 
Euglenophyceae, 9 species to Pyrrophyta, 7 species to Xanthophyta and 3 species to 
Rhodophyta. Chlorophyceae members constituted the dominant phytoplankton group in terms 
of species number. In the same time, the physico-chemical water quality of Lake was 
monitored in order to bridge the information on its limnology. The mean values of 
temperature of water, electrical conductivity (EC), pH, dissolved oxygen percent saturation 
(DO), nitrates, nitrites, sulfates, ammonia, inorganic phosphorous, chloride, sodium, calcium, 
magnesium, organic matter (Org. m.) and chlorophyll a (Chl. a) were analyzed to assess the 
trophic status of Lakhal reservoir. A statistical analysis was done using the Principal 
Component Analysis (PCA). The most pollution tolerant species of Euglena, Phacus, 
Phormidium, Oscillatoria, Microcystis, Scenedesmus, Eudorina, Pandorina, Pediastrum, 
Chlamydomonas, Closterium and Nitzschia listed. These are pollution tolerant genera and 
species according to Palmer (1969). The algal communities indicate that the reservoir was 
highly organically polluted. The Nygaard’s compound index value and composition of 
phytoplankton indicate that the trophic state of Lakhal Dam Lake was eutrophic. 
 

Keywords:  Lakhal Dam Lake, Algal biodiversity, water quality, Palmer index, Nygaard’s index, 
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1. INTRODUCTION 
 

Reservoirs are recognized an aquatic ecosystems that harbor high 

biological diversity, provide sustenance for millions of people and face 
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ongoing threats as a result of human activities throughout the world (Gopal 

& Chauhan 2001). Many aquatic organisms show sensitivity to physical and 

chemical changes in aquatic environment which they live (Shiklomanov, 

1999). Algae that form the source of food and oxygen for heterotrophic 

organisms in aquatic habitats, directly affect primary productivity by 

forming first circle of food chain. And also, it is reported that the algae have 

a role in determining water pollution and cleaning waste water (Colak & 

Kaya, 1988). Phytoplankton abundance in a water body reflects the average 

ecological condition and, therefore, it may be used as an indicator of water 

quality (Bhatt et al. 1999; Saha et al. 2000). Population pressure, 

urbanization, industrialization and increased agricultural activity have 

significantly contributed to the pollution and toxicity of aquatic ecosystems. 

Continuous monitoring of the quality of aquatic ecosystems is one of the 

best protection techniques and recently, “using biological organisms for 

environmental monitoring” is the most popular topic for the scientific 

community (Atici & Ahiska, 2005; Tokatli, 2013). Palmer (1969) also 

demonstrated that algal assemblages could be used as indicators of clean or 

polluted water. Similarly Myxophyceae and Chlorophycean forms have 

been reported to reflect specific state of aquatic habitats on the basis of 

Nygaard’s indices. 

To date any studies have been conducted to investigate the Lakhal 

Dam Lake, this is the first report on the phytoplankton composition of this 

Dam Lake, one of the drinking water resources of the Bouira area. The aim 

of the study is to determine the diversity of the phytoplanktonic algal flora 

of the Lakhal reservoir and the determination of water quality using algae as 

biomonitors. 

 
 
2. MATERIALS AND METHODS 
2.1. Study area 
 

The Lakhal Lake Dam (altitude: 670 m, depth 45 m) is located at  

36°15’44”N, 3°42’55”E and about 4 km southeast of Ain Bessem near 

Bouira (80 km southeast of Algiers). It is established at the confluence of 

the Lakhal and Fahem rivers. The water samples for physico-chemical and 

plankton analysis were collected near the surface on a monthly basis for the 

calendar year 2006-2008 from three monitoring stations. 

 

2.2. Physico-chemical analysis 
Fourteen water quality parameters were selected for analysis in this 

study: temperature, pH, oxygen saturation (O. Saturation); Nitrate (NO3
-); 
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Nitrite ((NO2
-); sulphate (SO4

2-); ammoniac (NH4
+); phosphates (PO4

3-); 

sodium (Na+); chloride (Cl-); calcium (Ca2+); magnesium (Mg2+) and 

organic matter (Org. m.) with standard methods for the examination of 

water and wastewater (APHA, 1998; Rodier, 1984).  Chlorophyll-a was 

determined spectrofluorimetrically. 

 

2.3. Phytoplankton Analysis 
 

The phytoplankton samples were collected using a 105 μm mesh size 

planktonic net from 0.5 m depth of the water column and were preserved in 

4% formalin for further analysis. The water samples were allowed to 

sediment for microscopic identification of plankton. For quantitative 

analysis, one drop of sample was taken on a clean glass slide and 

phytoplankton were counted by Lackey’s drop count method, in which the 

coverslip was placed over a drop of water on the slide and the whole of the 

coverslip was examined by parallel overlapping strips to count all the 

organisms in the drop. About 20 strips were examined in each drop. The 

number of subsamples to be taken depended on examining 2 to 3 successive 

subsamples without any addition of encountered species when compared to 

the already examined subsamples (Trivedy & Goel, 1984). The results 

obtained were expressed as number of organisms per ml. The phytoplankton 

analyzed was assigned to major groups, namely green algae (Chlorophyta), 

blue green algae (Cyanophyta), Diatoms (Bacillariophyta), Pyrrophyta, 

Rhodophyta and Euglenophyta. 

The identification of phytoplankton was carried out with the help of 

standard books and monographs (Bourrelly, 1966; 1968; 1970; Anagnostidis 

& Komárek, 1988;1990; Komárek & Anagnostidis, 1986; 1989; 1999; 

2005);  Opute (1992 and 2000).  

 

 
2.4. Data treatment and statistical analysis 
 

Both the biological and physico-chemical parameters were subject to 

statistical analysis for the comparison of mean values for various 

parameters. The Pearson correlation coefficient was used to establish the 

relationship among various environmental variables with phytoplankton 

density. A principal component analysis (PCA) was established to highlight 

the links between species composition and environmental variables using 

Statistica 10, Statsoft Inc., Tulsa, USA. 

From the basic biological data various pollution indices like 

Palmer’s algal pollution species index (Palmer, 1969) and Nygaard’s index 
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(Nygaard, 1949), were calculated to qualify the water quality of the water 

bodies.  

 

 

3. RESULTS 
3.1. Water Quality Parameters 
 
The two years average hydrochemical properties of water are given in Table 

1. The surface water temperature of Lakhal Dam ranged between 

12.8±0.4oC in winter to 26.2±1.0oC in summer. The temperature showed a 

gradual increase from the month of March till the onset of the summer 

season and gradually decreased in the winter season. In general, samples 

from Lakhal reservoir shows slightly alkaline condition, with a pH range 

between 7.7±0.2 (in winter and spring) to 7.9±0.2 in summer. The pH of the 

Lakhal Dam Lake was observed near neutral to alkaline. The electrical 

conductivity (EC) measurement varies from 630±15 μScm-1 in autumn to 

717±30 μScm-1 (in summer). Oxygen saturation ranges between 66.2±2.9 % 

(in autumn) to 92.3±7.8 % in spring. There was a slight increased in 

concentration of DO during spring and summer seasons. The most 

chemically stable form of nitrogen is nitrate. High nitrate concentration can 

result in excess algal blooms in water body. Fertilizers, decayed vegetables 

and animal matter are the principle sources of nitrates in a water body. In 

the present study, the maximum value of nitrate was recorded as 9.15±1.16 

mg.L-1 in the spring and minimum value observed in autumn (3.05±0.73 

mg.L-1) with a mean value on two years of 5.93±0.64 mg.L-1 (Table 1). 

Present investigations displayed that phosphates varied from 0.082±0.047 to 

0.229±0.100 mg.L-1. The overall mean value obtained was 0.151±0.035 

mg.L-1. The value of phosphate was found maximum during spring and it 

falls down during the autumn season. In the present investigation, the 

minimum chloride was recorded during spring season and the maximum 

during the summer and autumn seasons. The overall mean value obtained 

was 62.2±2.0 mg.L-1.  

Throughout the study period, the predominant anions can be 

arranged in the following sequence in decreasing order of their average 

concentration: SO4
2- > Cl-. Among cations, values for Ca2+ were higher than 

for Mg2+ and Na+. Maximum chlorophyll a concentration was recorded 

during spring, as 39.1±5.8 μg.L-1. 
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Table 1: Seasonal variations of physico-chemical parameters in Lakhal Lake 
Dam (T: Temperature; EC: Electrical conductivity; D.O.: Dissolved oxygen 

percent saturation; NO3
-: Nitrate; NO2

-: Nitrite; SO4
2-: Sulfate; NH4

+: Ammoniac; 
PO4

3-: Phosphate; Na+: Sodium; Cl-: Chloride; Ca2+: Calcium; Mg2+: 
Magnesium; Org. m.: Organic matter; Chl.a: Chlorophyll a). Data are given as 

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) 

2-years 
average 

18.8±1.3 7.8±0.1 670±14 81.7±3.7 5.93±0.64 0.25±0.04 159±4 0.127±0.046 

 
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) 

Chl.a  
(µg.L-1) 

2-years 
average 

0.151±0.035 45.0±2.2 62.2±2.0 64.4±3.1 27.9±1.4 6.89±0.25 31.7±1.9 

 

3.2. Phytoplankton 
 

In the present study, the phytoplankton comprised 258 species, 

among which 117 species belong to Chlorophyceae, 67 species to 

Bacillariophyceae, 38 species to Cyanophyceae, 17 species to 

Euglenophyceae, 9 species belong to Pyrrophyta, 7 species to Xanthophyta 

and 3 species to Rodophyta. The Chlorophyta was observed to be the most 

dominant division of phytoplankton and its contributed in three sites about 

3836±2062 cells.mL-1 in overall two years followed by Cyanobacteria with 

mean 1644±723 cells.mL-1, Bacillariophyta (919±331 cells.mL-1) and 

Euglenophyceae (517±257 cells.mL-1) (Table 2).   

 

Table 2. Descriptive statistics Data 

Taxa Minimum Maximum Mean Standard 
Error 

Median 

Chlorophyta 171 17666 3836 2062 1536 

Cyanobacteria 35 6097 1644 723 607 

Bacillariophyceae 77 2835 919 331 660 

Euglenophyceae 35 2231 517 257 517 

Pyrrophyta 4 1536 348 184 348 

Xanthophyceae 4 20 13 3 13 
The density of phytoplankton is depicted in Figure 1 
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  Figure 1. Distribution of phytoplankton density in the Lakhal Dam Lake. The 
graph show the box-plot with the median, the 25%-75% limits totalizing fifty 

percent of the values and the non-outlier range 
 

The correlation coefficients of physico-chemical parameters and 

phytoplankton revealed that the most important parameters with the 

phytoplankton density showed a positive correlation of temperature with 

Cyanophyceae (r =0.815), Bacillariophyceae (r = 0.871), Pyrrophyta 

(0.782); electrical conductivity with Cyanophyceae (r=0.857), 

Bacillariophyceae (r=0.794), Pyrrophyta (r=0.850); nitrites with 

Euglenophyceae (r=0.743) and sulfates with Xanthophyceae (r= 0.928). 

However, electrical conductivity, DO and nitrates showed negative 

correlation with Xanthophyceae (r = -0.924, -0.939 and -0.962 respectively). 

Furthermore, the correlation was negative with calcium (r =-0.942) and 

positive with sodium (r= 0.943).  

 

3.3. Species–environment relationships 
 

The scree plot shows that the extracted components which 

contributed about 73.84 % are on the steep slope, while the components on 

the shallow slope contributed little to the solution. The last big drop 

occurred between the second and third components (Figure 2). 

The data for different physico-chemical and phytoplankton variables 

were analyzed using Principal Component Analysis (PCA) (Fig. 3). The 

first factor (horizontal) explained 56.45% of the total variance of the 

environmental and phytoplankton data, whereas the second factor (vertical) 

accounted for a further 17.39 % variability for a total of 73.84% of the total 

variance (Table 3). The percentage of the latter group (Rhodophyta) did not 



128 

exceed 1% of the total density recorded, thus was neglected in graph 

representation. 

 
Figure 2. Scree plot of eigenvalues of initial component 

 

Table 3. Eigenvalues and cumulative percent variance of environmental data 
for the first four PCA axes obtained for Lakhal Dam Lake (see Figure 3) 

PCA axis Eigenvalues Cumulative percentage variance of 
environmental and phytoplankton data 

1 7.90 56.45% 

2 2.43 73.84% 

3 1.63 85.64% 

4 1.34 95.22% 

 

PCA biplot clearly indicates the correlation between different 

variables as also the relative importance of each variable in explaining the 

overall variability in the environmental and phytoplankton data (Figure 3). 

PCA analysis results also revealed that the first component was associated 

with DO, nitrites, nitrates, calcium, Chl. a and electrical conductivity. The 

second component comprised pH and temperature. In general, similar 

variables clustered together e.g., (i) phytoplankton as  Bacillariophyceae, 

Pyrrophyta and Cyanobacteria associated with temperature, electrical 

conductivity and chl. a (ii) Chlorophyceae and Euglenophyceae with 

electrical conductivity and Chl. a; (iii) Xanthophyceae with Na+ and SO4
2-  

but  inverse association with nitrites, nitrates, DO and calcium. 
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Figure 3. PCA ordination diagram for the Lakhal Lake with phytoplankton and 
environmental factors. The abbreviations used for environmental variables are 

given in Table 1. 
 

3.4. Palmer Pollution Index 
 

Algal pollution indices of Palmer (1969) based on genus were used 

in rating water samples for high organic pollution. Twenty most frequent 

genera were taken into account (Table 4). A pollution index factor was 

assigned to each genus by determining the relative number of Total Point 

Scored by each alga, for rating of water samples as high or low organically 

polluted. 

A pollution index factor of 1 through 5 has been assigned to each of 

the 20 types of algae that are most tolerant to organic pollution. Types of 

algae most tolerant of organic pollution were assigned a factor of 5. Less 

tolerant types were assigned a lower number. If the pollution index score is 

20 or more, the score is evidence of high organic pollution. A score of 15-19 

indicates probable organic pollution. Lower scores usually indicate less 

organic pollution. In present study, Palmer index was calculated for Lakhal 
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Lake and it is found that out of 20 Genus, 16 Genus were found with total 

index value of 36 that indicate high organic pollution in Lakhal Lake and 

clearly indicated that the water body was eutrophic nature.  Detailed results 

of the Palmer Index are summarized in Table 4. 

 

Table 4. Palmer Pollution Index for Lakhal Lake 

Genus Pollution Index Lakhal Lake 

Microcystis 1 1 

Ankistrodesmus 2 - 

Chlamydomonas 4 4 

Chlorella 3 - 

Closterium 1 1 

Cyclotella 1 1 

Euglena 5 5 

Gomphonema 1 1 

Lepocinclis 1 1 

Micractinium 1 - 

Navicula 3 3 

Nitzschia 3 3 

Oscillatoria 5 5 

Pandorina 1 1 

Phacus 2 2 

Phormidium 1 1 

Scenedesmus 4 4 

Stigeoclonium 2 - 

Synedra 
Anacystis sp. 

2 
1 

2 
1 

Palmer Index value 36 

 

3.5. Nygaard’s (1949) indices 
 

Nygaard’s indices of different groups of algae Myxophycean, 

Chlorophycean, Diatoms, Euglenophycean and Compound Quotient (CQ) 

are used to get a meaningful evaluation of the extent of pollution in the 

water. The trophic state indice of Myxophycean in this site is indicating 

Eutrophic nature of fresh water. The trophic state indice of Chlorophycean 

group indicates Eutrophic nature of water bodies. The trophic state indices 

of Diatoms indicate oligotrophic nature of water. The trophic state indice of 

Euglenophycean was shown oligotrophic nature. The compound index 

indicates the trophic level of a lake (Nygaard, 1949). If the ratio is less than 
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1, the lake is accepted as being oligotrophic, whereas if it is greater than 3, 

the lake is accepted as being eutrophic. Compound index value 

(Cyanophyceae +Chlorococcales + Centrales + Euglenales / Desmidiales) 

has been found to be 7.64 for Lakhal Lake, indicating that it is eutrophic 

(Table 5). 

 

Table 5. Nygaard’s Trophic Status Indices of Lakhal Lake 

Indices 
Nygaard’s 

index 

Calculation Trophic Status 
Indices 

Eutrophic 
Oligotrophic 

Lakhal 
Lake 

Myxophyceae Myxophyceae 
Desmideae 

0.1-3.0 
00-0.4 

2.23 

Chlorococcales Chlorococcales 
Desmideae 

0.2-9.0 
00-0.7 

3.41 

Diatoms Centric Diatoms 
Pennates Diatoms 

0.0-1.75 
0.0-0.3 

0.33 

Euglenophycea
n 

Euglenophyceae 
Myxophyceae+chlorococcales 

0.0-1.0 
0.0-0.7 

0.17 

Compound 
Quotient (CQ) 

Myxophyceae + Centric Diatoms + 
Chlorococcales +  
Euglenophyceae 

Desmideae 
 

 

CQ < 2 
oligotrophic 
2>CQ< 6 

mesotrophic 
CQ> 6 

eutrophic 

7.64 

 
4. DISCUSSION 
 

Temperature has a direct effect on certain chemical and biological 

activities of the organisms in aquatic ecosystem (Singh et al.1980). Water 

temperature in the study lake was closely followed by air temperature, with 

maximum in summer and minimum in winter. Values of pH between 7.0 

and 8.0 are optimal for supporting a diverse aquatic ecosystem. Garg et al. 

(2010) opines that pH range between 6.0 and 8.5 indicates the productive 

nature of any water body. Considering these limits, the average pH of 

Lakhal Lake was suitable for aquatic life forms and indicating various 

favorable conditions for phytoplankton production. Dissolved oxygen (DO) 

is crucial for the survival of aquatic organisms and is also used to evaluate 

the degree of freshness of a river (Agbaire & OBI, 2009). The percentage 
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oxygen saturation for all the sites over two years in Lakhal lake were found 

to be high than 50%, which also suggests good water quality status. Oxygen 

saturation above 90% is considered a healthy lake status (Rewati, 2012). 

Electrical conductivity of water is a direct function of its total dissolved 

salts (Harilal et al. 2004) and is used as an index to represent the total 

concentration of soluble salts in water (Purandara et al. 2003; Gupta et al. 

2008). The variation in calcium and magnesium concentrations may be 

related to the geology of the area, climate and seasonal variations, different 

biogeochemical activities in the water ecosystem, human activities, water 

uses and due to the addition of surface run-off from agricultural and other 

catchment area (Kumar et al. 2006). Similar conclusions are made by 

(Toma, 2000; Raoof, 2002). In this study, the predominant cation trend was 

in the order of Ca2+ > Na+> Mg2+ and the predominant anion trend was in 

the order of SO4 
2- > Cl-> NO3

- with sulphates being the dominant anion. 

Nitrate concentration in groundwater and surface water is normally low but 

can reach high levels as a result of agricultural runoff or contamination with 

human or animal wastes (Nas & Berktay 2006). The phosphates enters the 

lakes through domestic wastewater, accounting for the accelerated 

eutrophication (Vyas et al. 2006) and the augmented concentration of PO4
3- 

and NO3
– N in lakes resulted in enhanced phytoplankton productivity 

(Pandit & Yousuf 2002). 

The major inorganic nutrients required by phytoplankton for growth 

and reproduction are nitrite, nitrate, ammoniac and phosphorus. In the 

present study, the phytoplankton community in fresh water was represented 

by members of Chlorophyceae, Cyanophyceae, Bacillariophyceae, 

Euglenophyceae, Pyrrophyta and Xanthophyceae. Chlorophyceae was the 

dominant group. Ven Den Hoeck (1995) reported that higher Chlorophyceae 

are a large and important group of freshwater algae. Dominance of class 

Chlorophyceae in Lakhal was due to high DO (81.7±3.7%). Similar findings 

were reported by Kensa (2011). In the group of Chlorophyceae, the 

Chlorococcales were most represented. In literature, members of 

Chlorococcales are widespread in eutrophic lakes (Reynolds, 1984). There 

is a close relationship between conductivity and Chl a then the abundance of 

this group. 

Cyanobacteria  dominance and sometimes bloom are among the most 

visible symptoms of accelerated eutrophication of a water body (Moschini-

Carlos et al. 2009). However, Cyanobacteria were represented by Anabaena, 

Aphanizomenon, Chroococcus, Oscillatoria, Lyngbya, Microcystis etc... The 

results of PCA analysis show that Cyanobacteria were affected by some 

environmental variables. Jewel et al. (2006) reported that Cyanobacteria 

especially Microcystis sp. was found to be controlled by relatively high 
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temperature (>25oC) and nutrient enrichment, especially high NO3
-N 

concentration (3.8 mg.L-1). May (1981) report that bloom of Microcystis 

aeruginosa and Anabaena circinalis were increasing due to increasing 

pollution of the water. 

Euglenophyta members are known to be abundant in eutrophic 

waters and on sediments polluted with organic matter (Round, 1984). In this 

study, Euglenophyta were represented by Phacus, Euglena, Trachelomonas, 

Lepocinclis and Strombomonas. In present study, presence of diatoms like 

Cyclotella, Cymbella, Fragilaria, Navicula and Nitzschia were observed in 

lake.  

The association between Cyanobacteria, Pyrrophyta and 

Bacillariophyta with temperature, electrical conductivity and Chl. a are an 

indication that it’s growth was affected by these parameters. Electrical 

conductivity measures of dissolved substances in water and most of which 

are nutrients. While Chlorophyll a measures a phytoplankton density. 

In order to apply biological means of determining the trophic status, 

Palmer’s pollution indices of phytoplankton and Nygaard’s phytoplankton 

quotient values were calculated. The values of these two indices clearly 

indicated a high degree of pollution. 

 
 
CONCLUSION  
 

By using Palmer’s pollution index number, the total score of Lakhal 

Lake was greater than 20 indicating the confirmed high organic pollution. 

Thus the pollution tolerant algal communities can be used as bioindicators 

of organic pollution. Nygaard’s indices of different groups of algae 

myxophycean, chlorophycean, Diatoms, Euglenophyte and compounds were 

used to get meaningful evaluation of the extent of pollution of this lake. All 

the indices were showing eutrophic nature of the sites except diatoms and 

Euglenophyceae indices. The compound index which had the widest range 

and was very sensitive holds good index for assessing the eutrophication of 

the lake. 
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