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Abstract 
 
 A comprehensive ecological study was conducted on Al-hussainya river during the period  from 
October ,  2012 To Septemper 2013 . This study includes measuring some chemical and physical properties 
of water , in addition to the study of  Phytoplankton community quantitatively and qualitatively .The values 
of  the parameters ranged between 12.7 – 31.3 C°, 8.5 – 45C° for  water and air temperature respectively , 
7.5 – 9.4 for PH , 840 – 1416.67 µs/cm , 413.33 – 700 mg/l ,  6.33 – 55.07 mg / l , 0.54‰ – 0.91 ‰ for 
each of electrical conductivity (EC ) , Total dissolved solids (TDS) , Total suspended solids (TSS) and 
salinity respectively , 11.68 – 37.77 cm / sec. , 33.67 – 148.67 cm for each of water current velocity and 
water penetration respectively  , 4.97 – 12.63 mg/l , 0.4 – 4.84  mg/l for dissolved oxygen (DO) and BOD5 

respectively.  Nutrients  such as silica , total nitrogen  and total phosphorous showed variation during this 
study , their values ranged between 1.63 – 6.26 mg / l , 1.4 – 3.5 mg/l and  1.33 – 17.29 µg/l  for each of 
them respectively .  
             A total of  242  taxa of phytoplankton identified during this study belonged to six classes of algae 
dominated by Bacillariophyceae which constitute 62.81 % of the total number of the species followed by 
Chlorophyceae by 20.66 % and Cyanophyceae by 11.16 % respectively . Dinophyceae and 
Euglenophyceae constitute the 2.07 % , while the the Cryptophyceae constitute the lower percentage which 
amounted to      1.24 % of the total species  , some genera like as Nitzschia , Navicula  , Cymbella , 
fragilaria , Scenedesmus and Oscillatoria  were dominated by their species numbers in the Phytoplankton 
community .The total numbers of Phytoplankton cells ranged between (446.8 - 9177) × 10 3  cell / l 
recorded for March and October respectively .  
 
Keywords; water quality, phytoplankton , hussainia river , karbala , Iraq 

Introduction  

             Phytoplankton  are  algae adapted to spend part or all of their lives in apparent suspension in the 
water column  [1] . They considered the basic of the aquatic food chain and Primary producers , which 
provide the aquatic organisms with the oxygen and nutrients that necessary to their survival [2,3]. The 
density and diversity of algae in aquatic system influenced by the physical – chemical and biological 
properties of the water  , so they can also at the same time act as indicator for the water quality which 
studied  [4] . Many studies are conducted on the phytoplankton community in Iraqi rivers , such as the 
study which was conducted on Euphrates river in the middle of  Iraq , Bacillariophyceae have been 
dominated during this study followed by Chlorophyceae , respectively , and  the total numbers of 



Mesopotamia Environmental Journal (MEJ)                                      
2014, Vol.1, No.1:56-82. 

Www.bumej.com 

 

phytoplankton cells reached their peak during Spring and Autumn   [5]. Another studies on phytoplankton 
community in Euphrates river was conducted showed dominance the Bacillariophyceae  such as   [6,7,8] . 
The phytoplankton community also studied in many other Iraqi aquatic systems  [9,10] , in addition to  
many other  studies that were conducted on the global aquatic systems  [11,12,13,14] .
  The present study aims to provide information about the phytoplankton
environmental properties of Al - Hussainya river, middle of Iraq because of  the lack of studies on this river  
.  
 

Materials and Methods
 
Description of study area 

  Al – Hussainya  river is one of the important water sources in Karbal

Euphrates river at the right side  in front of Al 

river irrigates about 186000 acres of the agriculture areas and is the only water source, which depends upon 

the many uses in the areas which follows through them , six sites were chosen along the river two sites at 

the upstream and two sites at the middle of the river and two sites at downstream to study the 

phytoplankton community and some water parameters  , all the 

1    ( Fig. 1 ) .  

 

 

 

 

 

Fig. 1 : The map of  Al 
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Sample collection                                                                                        

         The water samples have been collected from October , 2012 to September ,  2013 from six sites along 

of the river by using 5 liters of polyethylene containers for studying some parameters of the water and 

phytoplankton algae, another water samples were collected by transparent and dark class bottles to estimate 

the dissolved oxygen and biological oxygen demand  .  

Physical – chemical analysis                                                     

 Air and water temperature were measured by using mercury thermometer , PH and electrical 

conductivity and total dissolved solids were measured by using Hanna instrument , the total suspended 

solids ,  dissolved oxygen  ,  biological oxygen demand were measured  by using Azide modification 

methods    [15] and expressed as mg/l  . Salinity was estimated according to [16] and expressed as ‰. The 

water penetration was measured by using secchi disc  and the water current velocity measured by 

calculating the time that required for a certain buoyant object to reach specific point and expressed as cm / 

sec. [17] . Silica was estimated by Ammonium molybdate method according to [15] . Total nitrogen was 

determined according to [16], and total phosphorous was measured depending on [18] . 

Phytoplankton analysis                                                                                      

 The sedimentation  method  [19] used for quantitative and qualitative study of phytoplankton , and 

the algae were then identified according to ,[20,21,22,23,24,25,26] . Chlorophyll a and Phaeophytin were 

determined according to, [27] . 

Results and Discussion 

Physical and Chemical Characteristics                                                                              

       The Physical and Chemical  properties of  the water are important indicators  for  its quality and  thus 

determine its suitability for different uses . Table 1 showed the physical - chemical properties of the river 

during this study .    

 Temperature is an important physical factor which affects on other chemical and biological factors 

of the water , its also determining the chemical reaction of the aquatic organisms and the solubility of gases 

[28,29] . In this study air and water temperature showed spatial and temporal variation during this study, 

water temperature values ranged between  12.7 – 31.3 C° recorded for site 1 and site 6 in February and 

August respectively , and air temperature values ranged between 8.5 – 45.3 C° recorded for site 1 and site 6 

in January and August respectively and  the variation in water temperature Accompanied the variation in 

air temperature as confirmed by positive correlation between air and water temperature    ( r = 0.901 , P 

<0.01 ) , this may be due to  the shallow of the water which cause the water susceptible to the variation in 

air temperature [30] this  Corresponds  with other  Iraqi studies  [31,32] . (Fig. 2 and Fig. 3 ).                                                     
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         pH is an important ecological factor which affects on the survival of aquatic organisms  , and the 

solubility and toxicity of many metals in the waters , the acidity of waters increase the solubility of many 

metals that cause adverse effects on the aquatic organisms  [29]. The pH values during this study ranged 

between 7.5 – 9.42 recorded for August and January respectively this result refers that the water quality of 

the river ranged between slightly alkalinity to alkalinity . Decrease pH during warm months may be due to 

elevation of temperature as confirmed by negative correlation between pH and air temperature  ( r = - 0.532 

, P < 0.01) and water temperature ( r = - 0.648 , P < 0.01) , due to increase the biological activity of 

microorganisms and increased the level of  CO2 in the water [33,34], while increased the level of PH during 

the cold months may be due to increase the density of Phytoplankton and increased the level of dissolved 

oxygen in the water and consumption of CO2 which cause elevated the PH , the results found there was a 

positive correlation between pH and Dissolved oxygen ( r = 0.541 , P < 0.01 ) , many Iraqi waters 

characterized by slightly alkalinity to alkalinity ([35]; [36]; [31] ; [8] ) . The results also showed spatial 

variation which may be due to the influence of climatic factors [37,38,39]  or human activity   [40] ,or drift 

from adjacent land [41] . ( Fig. 4).                                  

           Electrical conductivity ( EC )  measures the ability of water to conduct the electric current and its 

expresses the amount of soluble salts in the water , it also influences by the amount of total dissolved solids 

(TDS )  in the water   [29]. So  we noticed from the current study that the variation in the electrical 

conductivity  accompanied by the variation of the salinity and total dissolved solids , and this is confirmed 

by the positive correlation between  EC and TDS     ( r = 0.998 , P < 0.01 ) and salinity ( r = 0.999 , P < 

0.01 )  , the salinity and TDS are also recorded positive correlation between them    ( r = 0. 997 , p < 0.01   )  

. The values of each of   EC  , TDS and Salinity   ranged between 840 – 1416.67 µs/cm , 413.33 – 700 mg/l 

, 0.54- 0.91‰ respectively , recorded for February and May respectively  , increased  their levels may be 

due to elevated temperature and increased the rate of evaporation and decreased  water levels which cause 

elevated the concentration of  ions in the water [42,38]  . while their decline during winter months may be 

due to rains fall and increased water levels which cause dilution and hence deceased their concentrations in 

the waters [43], our results are closed to the results of  [33] on Euphrates river  and [44] on the Bani- 

Hassan stream in Iraq . while they are higher than the results of [30] on Tigris river . The results also 

showed spatial variation during this study , site 6 recorded higher concentration of  EC and TDS and 

salinity as compared to other sites  this may be due to passes the river through the center of the City , so it 

exposed to different human activity and throw the waste directly to the water  , which therefore increased 

the pollutants in the river , this line with [45, 40] . Figure 5 , 6 , 7 . 

        Total  suspended solids (TSS) consist of  the silt and clay particles , planktons , organic and inorganic 

mattes , in addition to other microorganisms  , their values showed fluctuation during this study ranged 

between 55.07 – 6.33 mg / l ,  the concentration of  TSS influenced by many natural factors and 

anthropogenic activity [28] , decreasing their values during winter months may be due to rainfall and 

elevated the water levels result in dilution the pollutants and particles [46], or they decrease as a result of 
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lack the rate of organic degradation this confirmed by elevating the level of dissolved oxygen during cold 

months which express about the decline of organic pollution in the river , while their increasing  during  

some autumn months may be result from increasing the density of phytoplankton . Elevated level of  TSS 

during some summer months may be due to blowing winds loaded with dust  and  particles which then 

precipitation to the river , or they rise as result of increasing the water flow which cause erosion the 

adjacent soil and re suspended of sediment  .  Increasing the rate of organic degradation because of 

pollution result in elevating the level of TSS in the water [40] . 

  In addition to that  the continuous dredging operations to the river causes increased the level of 

TSS in the water ( Fig. 8) . The results of the current study corresponded with other study such as [8] on 

Al-Hilla river , while differed from [31] on Tigris river .  Water penetration influenced by the amount of 

total suspended solids adversely  [47] , their values ranged between 33.67 – 148.67 cm  during October and 

January  respectively , many studies referred to increase the water penetration during winter months 

because of  rainfall which act to dilute the particles in the water such as [48,49] . (Fig. 9) .  

        Water current velocity showed spatial and temporal variation during this study ranged between 11.68 

– 37.77 cm / sec. this due to several reasons such as steep in the surface gradient, nature of the bottom, 

wind and depth [50]. Also withdrawals of water for different uses as agriculture, industrial and other uses 

cause reduction in water velocity [28] . Shape of the river and Wriggles also affect on its velocity, our 

results were closed to the results of  [8] on Al – Hilla river . (Fig. 10).   

 Dissolved oxygen and biological oxygen demand showed an increased in their values during cold 

months and decreased during warm months  , the values of  DO and BOD5   ranged between 4.97 – 12.63 

mg / l  and 0.4 – 4.84 mg / l respectively  , elevation of temperature decreases the solubility of gases in the 

water  , this confirmed by the negative correlation between DO and water temperature ( r = - 0.695 , P < 

0.01 ) , and air temperature ( r = - 0.838 , P < 0.01 )  . In addition to this decreasing the DO during Summer 

season may be result from elevation the activity of organisms that degrade the organic residues as result of 

presence some pollution causing higher consumption  of dissolved oxygen  [51] .  

  BOD5  expressed the  level of organic pollutants  in the water its measuring the amount of  a 

consumption oxygen by the organic degrading organisms [29]. The results revealed   increasing the BOD5  

during the cold months and decreased during the warm months and this results differed from many studies 

that referred to increase the BOD5 during Summer months and decreased during Winter months such as 

[5,52], increasing the BOD5  during the cold months may be result from rainfall and drift the adjacent soil 

with their carrying pollutants in to the river especially this river passes through agriculture area , so the 

rainfall and blowing the winds cause precipitation variable pollutants in to the river, despite of this the  

levels of DO are not affected by this pollution  this may be due to the role of photosynthesis operation by 

the primary producers on the one hand , on the other hand water acquired the enough of oxygen from the 

air that contact the surface layer of the water , also many factors are controlling the aeration  the river such 
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as temperature , water turbulence and the depth of water body  [53]  , and the our results deal with other 

studies in Iraq that reffered to increase the BOD5 during winter season such as   [48] on Euphrates river and  

[44] on Bani-Hassan stream (Fig. 11 and Fig. 12 ). 

    Silica is an important nutrient to plants and algae , and is one of the main component of the 

diatoms cell wall components [54,55] .Silica is present naturally in the water because it interventions  in the 

metal composition of the rocks , so the weathering these rocks lead to release it to the water [56]. the results 

showed spatial and temporal variation in the silica values they ranged between 1.63 – 6.25 in site 6 and site 

1 in each of November and February respectively . silica showed icreased during rainy months  as aresult of 

drifting the adjacent soil [57] . they also showed an increasing during summer months as a result of 

elevation the temperatures and increased the rate of evaporation and solubility the salts ( [43, 5] . Increasing 

during the summer may  be due to death and  degradation of diatoms this confirmed by decrease the 

dissolved oxygen during the summer months [58,8] .  Our results closed to [49] on the Bani – Hassan 

stream , while were higher than other studies on Iraqi rivers such as [5,33] . Decreased silica may be due to 

high density of phytoplankton [59] , or as a result of elevation water level and increased its velocity [60] . 

Figure   13 . In addition to silica , nitrogen and phosphorous are also important nutrients to plants and algae 

, nitrogen values  showed slightly spatial and temporal variations ranged between 1.4 – 3.5 mg / l , 

concentration of nitrogen  in water influenced by pollution with pollutants that results from anthropogenic , 

agriculture and industrial activity    [61]  , elevation  nitrogen concentration  during hot months may be due 

to increase the degrading organic residues by the microorganisms [31] , while its decreasing during winter 

months may be due to high density of phytoplankton [62] , or elevation water levels and dilution the 

nutrients [33].( Fig. 14). 

 Phosphorous values showed spatial and temporal variations during this study  ranged between 

1.33 – 17.29 µg / l  recorded for August and February respectively , increasing phosphorous during 

February month may be due to rainfall which cause drifting the adjacent soil with their pollutants , in 

addition to bad anthropogenic activity that lead to pollute the river ( [42]) , while decreasing  it during some 

months may be due to consume it by the algae [63,58,64] . or due to its chemical precipitation or adsorption 

on clay particles [17] . Figure 15 . The values of  Total nitrogen and Total phosphorous were higher than  

[33] on Euphrates river and [31] , on Tigris river .  
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Table 1: Some  physical  - chemical and biological properties of Al-Hussainya  river in the  period from 

October  2012 to  September 2013  first line  (range )  and second line ( mean ± S.D. ) 

Sites 
 

Ecological                
factors             

ST1 ST2 ST3 ST4 ST5 ST6 

Air temperature        
(  C°) 

8 – 29.8 
22.9 ± 7.8 

12.7 – 39.8 
27.5 ± 9.03 

15.5 – 41.7 
28.8 ± 9.4 

18 – 42.2 
30.5 ± 9.5 

18.5 – 45 
31.3 ± 9.1 

19.3 – 45.3 
32.3 ± 9 

Water 
temperature    ( 

C °) 

12.7 – 29.4 
21.9 ± 5.9 

13.7 – 29.6 
22.2 ± 5.6 

14 – 30.1 
22.5 ± 5.7 

13.8 – 30.4 
22.7 ± 5.8 

13.4 – 30.4 
23 ± 5.7 

14.2 – 31.1 
23.7 ± 5.6 

pH 
7.5 – 8.7 

8.06 ± 0.32 
8.8 – 7.5 
8.1 ± 0.38 

9.3 – 7.6 
8.2 ± 0.42 

9.2 – 7.7 
8.2 ± 0.37 

9.4 – 7.5 
8.3 ± 0.45 

9.3 – 7.6 
8.2 ± 0.43 

EC ( µs / cm ) 

896.67 - 
416.67 

1206.61 ± 
37.84 

840 – 1386.67 
1191.03 ± 

49.6 

856.67 – 
1406.67 

1194.22 ± 
156.2 

850 – 1380 
1195.19 ± 

154 

980 – 1413.33 
1194.25 ± 

126.8 

1046. – 
1386.67 

1235.47 ± 
91.8 

TDS ( mg / l ) 
440 – 700 
597.28 ± 

69.02 

413.33 – 
686.67 

590.44 ± 13.8 

420 – 696.67 
592.31 ± 

78.59 

416.67 – 
686.67 

593.33 ± 
77.97 

503.33 – 700 
594.8 ± 60.96 

516 – 686.67 
613.36 ± 

46.08 

TSS ( mg / l ) 
10.67 – 55.07 
21.43 ± 11.78 

6.67 – 31.2 
23.71 ± 7.88 

18.33 – 35.47 
28.34 ± 8.11 

13.33 – 46.73 
24.68 ± 9.47 

12.73 – 52.2 
27.57 ± 12.22 

6.33 – 40.13 
24.03 ± 11.09 

Salinity ‰ 
0.57 – 0.91 
0.77 ± 0.09 

0.54 – 0.89 
0.76 ± 0.096 

0.55 – 0.90 
0.76 ± 0.10 

0.55 – 0.88 
0.76 ± 0.097 

0.62 – 0.90 
0.76 ± 0.08 

0.67 – 0.89 
0.79 ± 0.06 

Water current 
velocity cm/sec. 

13.83 – 27.54 
21.56 ± 5.18 

20.6 – 32.38 
24.72 ± 4.15 

14.87 – 37.77 
25.19 ± 6.86 

18.87– 31.39 
22.74 ± 4.08 

13.63 – 30.15 
19.72 ± 4.86 

12.3 – 26.6 
18.76 ± 4.85 

Water 
penetration (cm) 

54 – 84.33 
66.47 ± 10.93 

47.67 – 100 
62.39 ± 13.05 

48.67 – 
101.33 

63.25 ± 13.13 

82 – 48 
61.19 ± 11.11 

33.67 – 
148.67 

75.67 ± 32.9 

33.67 – 
148.67 

64.08 ± 22.16 

DO ( mg / l ) 
5.53  - 12.07 
8.3 ± 2.19 

6.07 – 11.9 
8.12 ± 2.05 

5.9 – 11.77 
8.3 ± 1.86 

5.93 – 11.73 
8.50 ± 1.86 

5.57 – 12.63 
8.68 ± 2.34 

4.97 – 11.97 
7.84 ± 2.33 

BOD5 ( mg / l ) 
0.5 – 4.7 

2.15 ± 1.48 
0.46 – 4.43 
1.96 ± 1.7 

0.4 – 4.64 
1.92 ± 1.26 

0.57 – 4.84 
1.91 ± 1.35 

0.53 – 3.7 
1.77 ± 1.13 

0.5 – 3.1 
1.85 ± 1.04 

Silica (mg / l ) 
2.72 – 6.25 
4.78 ± 0.97 

3.92 – 5.97 
4.87 ± 0.77 

1.76 – 5.67 
4.66 ± 1.08 

2.74 – 6.13 
4.63 ± 1.1 

2.94 – 5.77 
4.61 ± 0.86 

1.63 – 5.8 
4.32 ± 1.24 

Total N ( mg /l )  
1.4 – 2.8 

2.39 ± 0.47 
1.4 – 2.8 

2.38 ±  0.61 
1.4 – 3.5 

2.22 ± 0.71 
1.4 – 2.8 

2.04 ± 0.54 
2.07 – 3.5 
2.51 ± 0.47 

1.4 – 2.8 
2.27 ± 0.57 

Total P (µg / l ) 
2.13 – 17.29 

6.2 ± 4.1 
1.995 – 12.64 
6.67 ± 3.89 

4.26 – 15.03 
8.2 ± 3.6 

1.33 – 12.5 
7.4 ± 3.73 

4.39 – 10.11 
6.96 ± 2.56 

3.46 – 14.1 
8.17 ± 3.06 

Chlorophyll a         
(µg / l ) 

0.27 – 6.15 
2.97 ± 1.7 

0.27 – 5.26 
3.02 ± 1.61 

0.27 – 5.43 
3.13 ± 1.79 

0.27 – 5.88 
2.18 ± 1.53 

0.27 – 4.1 
1.97 ± 1.14 

0.27 – 6.15 
2.97 ± 1.7 

Phaeophytin (µg 
/ l ) 

0.59 – 4.55 
2.16 ± 1.46 

0.36 – 4.59 
2.26 ± 1.42 

0.34 – 6.06 
1.98 ± 1.64 

0.48 – 4.17 
1.88 ± 1.09 

0.49 – 4.07 
1.82 ± 1.27 

0.59 – 4.55 
2.16 ± 1.46 
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Figure 2 : Monthly variation of Air temperature during study period

Figure 3 : Monthly variation of Water temperature during study period
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Figure 5 : Monthly variation of Electrical conductivity during study period 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 : Monthly variation of Total suspended solids 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 : Monthly variation of Salinity during study period 
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Figure 8 : Monthly variation of total suspended solids during study period 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 : Monthly variation of Water penetration during study period 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10 : Monthly variation of Water c
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Figure 11: Monthly variation of Dissolved oxygen during study period 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13 : Monthly variation of Reactive Silica during study period 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14 :  Monthly variation of Total nitrogen during study period 
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Figure 15 : Monthly variation of  total phosphorous during study period 

Phytoplankton                                                                                                 

  A total of  242  taxa  and  81 genera of  phytoplankton  were identified during this study  belong to 

six classes of  algae which include Bacillariophyceae , Chlorophyceae , Cyanophyceae , Euglenophyceae , 

Dinophyceae and Cryptophyceae . Bacillariophyceae 

higher percentage during this study which  were equal to 62.81 % of  the total species ( 152 species and 34 

genus ) , followed by Chlorophyceae by 20.66 % ( 50 species and 24 genus ) , Cyanophyceae by

27 species and 13 genus ) respectively . Euglenophyceae and Dinophyceae constitute about 2.07 % each of 

them consist of  5 species and 4 genus , while Cryptophyceae have the lower percentage which equal to 

1.24 % .Table 2 and Figure 16 .    Some

Nitzschia , Navicula , Cymbella , 

consist of 28 , 19 , 16 , 14 , 8 ,7 species respectively  . Table 3 

Table 2 : The number of  Phytoplankton  genus and species which

Site 1  
        Sites 

 
              Algal 
Taxa                 S

p
ec

ie
s 

G
en

u
s 

11029 Bacillariophyceae 

9 4 Centrales - - a  

10125 Pennales - - b  

39 22 Chlorophyceae 

20 10 Cyanophyceae 

1 1 Euglenophyceae 

4 4 Dinophyceae 

3 2 Cryptophyceae 

28797 Total   

0

5

10

15

20

2012

T
o

ta
l p

h
o

sp
h

o
ro

u
s 

( 
μ

g
/l

 )

Mesopotamia Environmental Journal (MEJ)                                      

: Monthly variation of  total phosphorous during study period 

Phytoplankton                                                                                                    

A total of  242  taxa  and  81 genera of  phytoplankton  were identified during this study  belong to 

six classes of  algae which include Bacillariophyceae , Chlorophyceae , Cyanophyceae , Euglenophyceae , 

Dinophyceae and Cryptophyceae . Bacillariophyceae are dominated during this study , they constituted  the 

higher percentage during this study which  were equal to 62.81 % of  the total species ( 152 species and 34 

genus ) , followed by Chlorophyceae by 20.66 % ( 50 species and 24 genus ) , Cyanophyceae by

27 species and 13 genus ) respectively . Euglenophyceae and Dinophyceae constitute about 2.07 % each of 

them consist of  5 species and 4 genus , while Cryptophyceae have the lower percentage which equal to 

1.24 % .Table 2 and Figure 16 .    Some genera are dominated by their species during this study such as 

, Fragilaria , Scenedesmus and Oscillatoria respectively , each of them 

consist of 28 , 19 , 16 , 14 , 8 ,7 species respectively  . Table 3  

er of  Phytoplankton  genus and species which characterized during this study

Site 5 Site 4 Site 3 Site 2 

S
p

ec
ie

s 

G
en

u
s 

S
p

ec
ie

s 

G
en

u
s 

S
p

ec
ie

s 

G
en

u
s 

S
p

ec
ie

s 

G
en

u
s 

98 23 110 28 110 28 113 27 110 

8 3 10 4 8 4 8 3  

90 20 100 24 102 24 105 24 101 

31 21 34 20 36 22 29 18  

20 12 19 11 19 12 18 12  

1 1 2 2 2 2 1 1  

3 3 2 2 4 4 3 3  

2 1 3 2 3 2 2 1  

253 84 280 93 284 98 279 89 287 

20132012

Mesopotamia Environmental Journal (MEJ)                                      MEJ                                   

67 

: Monthly variation of  total phosphorous during study period  

       

A total of  242  taxa  and  81 genera of  phytoplankton  were identified during this study  belong to 

six classes of  algae which include Bacillariophyceae , Chlorophyceae , Cyanophyceae , Euglenophyceae , 

are dominated during this study , they constituted  the 

higher percentage during this study which  were equal to 62.81 % of  the total species ( 152 species and 34 

genus ) , followed by Chlorophyceae by 20.66 % ( 50 species and 24 genus ) , Cyanophyceae by 11.16 % ( 

27 species and 13 genus ) respectively . Euglenophyceae and Dinophyceae constitute about 2.07 % each of 

them consist of  5 species and 4 genus , while Cryptophyceae have the lower percentage which equal to 

genera are dominated by their species during this study such as 

respectively , each of them 

characterized during this study 

Site 6 

S
p

ec
ie

s 

G
en

u
s 

104 24  

9 3 

95 21  

31 18  

18 11  

3 3 

5 4 

2 2 

267 86  

Site 1

Site 2

Site 3

Site 4

Site 5

Site 6



Mesopotamia Environmental Journal (MEJ)                                      
2014, Vol.1, No.1:56-82. 

Www.bumej.com 

 

Figure 16 : The percentage of  phytoplankton taxa during this study
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of  environmental conditions , in addition to their silicic  solid   wall   which   enabled   them   to   

overcome   the   extreme environmental conditions  , also they include many different types which can live 

in variable environment , so their genetic diversion and the large number of species belonging to them  

enabled these taxa to dominate and present in many different environments  [4] . The increasin
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cillariophyceae  this may be due to have limited number of species , also they need high 

levels of nutrients to bloom  [66,68, 69].  In addition to this most of them prefer moderate temperature , as 

observed increasing the density of Chlorophyceae and Cyanophyceae during late Spring and Summer in 
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 The results of this study showed spatial and temporal variation in the total numbers of 

phytoplankton cells , their values ranged between      9177 × 103 cell / l  as maximum level  in site 4 

recorded in October 2012 to 446.8 × 103 cell / l as minimum level in site 6 recorded in March 2013 . Figure 

17 . The high numbers of cells in October month may be due to increase  the water velocity which releases 

many attached species , this can be noticed by presence many planktonic types which are originally    

attached  ( [46]; Yerli et al ., 2012) , or their increasing during this month may be due to presence high 

concentration of nutrients  this can be confirmed by elevating the BOD5 during this month because of 

passing the river through agriculture area which used fertilizers and pesticides continuously thus lead to 

pollute the river in addition to throw the wastes directly to it  (Salman et al ., 2008 ; Shekha et al .,2010) . 

Many other studies referred to increase the density of phytoplankton during Autumn and some other 

seasons [12,70, 71] . On the other hand the decreasing of the phytoplankton density during March month 

may be due to lower the nutrient levels  especially nitrogen and phosphorous [33,49] , or their decreasing 

may be due to elevation levels of some pollutants that have negative effects on the phytoplankton [72,73] , 

or because of elevation levels of waters as result of rainfall [14], in addition to that the grazing effect by 

zooplankton caused reduction the density of algae [74].  The concentration of Chlorophyll a showed 

fluctuation during this study ranged between 0.27 – 6.42 µg / l in December , 2012 and September , 2013 

respectively  ,  chlorophyll a  acts as  an indicator for phytoplankton density and nutrients levels in the 

water , but in the current study  the concentrations  of chlorophyll a did not correspond with the algal 

density this results correspond with [7,49] . Many factors affect the rate of photosynthesis and the level of 

chlorophyll  in the water  such as low temperature and lack of solar radiation [75] , and water current 

velocity  which increased the levels of total suspended solids in the river by drifting the adjacent soil and 

released from  sediment  [76] . The results also showed that the concentrations of chlorophyll a were 

accompanied the increasing the density of some other  non - diatomaceous algae especially Chlorophyceae 

and Cyanophyceae which incresede during during late Spring and Summer and early autumn  because of 

their content of chlorophyll was higher than other smaller algae as mentioned by  [1] , which referred that 

the amount of chlorophyll Commensurate with the size of cell not with their numbers , and  [77]  , founded 

strong positive correlation between Cyanophyceae and the concentration of chlorophyll a in the water . our 

results correspond with [78] which referred to increase the levels of chlorophyll a during some of autumn 

and Spring and Summer months and decreasing during the Winter  .  Figure 18. 

           Phaephytin is an a pigment result from decomposition of  chlorophyll  molecule after losing 

magnesium atom , this pigment can absorb the light at the same wave length  for chlorophyll so can 

interfered with the true value of chlorophyll [17] . the results of phaeophytin showed temporal variation 

during this study , and their values ranged between 0.34 – 6.21 µg / l , recorded for May and June 

respectively , also they were opposite  of  the value of chlorophyll  this results are compatible with  [33] 

about the inverse relationship between the content of chlorophyll a and phaeophytin a  in phytoplankton 

community  .  Figure 19 
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Figure 17 : Monthly variation of total number of phytoplankton cells ( cell × 10

 
 
 

 

 

 

 

 

Figure 18 : Monthly variation of Chlorophyll a during study period

 

 

 

 

 

 

Figure 19 : Monthly variation of Phaeophytin a during study period
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Table 3 : The total numbers of phytoplankton cells ( cell  ×103 / l ) and species in Al- Hussainya river 

during study period 

.Algal Taxa St1 St2 St3 St4 St5 St6 
Cyanophyceae 

Anabaena sp.  27.33 20.67 1.39 34 36.67 12.67 
Aphanothece   sp . - 0.67 0.17 1.33 1.33 0.67 
Arthrospira sp. - - - - 0.67 - 
Chamaesiphon  sp.   2.00 2 0.17 34 1.33 0.67 
Chroococcus limneticus Lemmermann 1.33 - 0.17 0.67 0.67 0.67 
C. turgidus (Kützing) Nägeli 3.33 1.33 0.61 6 6.00 4.67 
UnknownFilament blue green algae 6.67 2.67 0.39 4 4 1.33 
Gomphosphaeria  aponina Kützing 0.67 - 0.39 1.33 - 0.67 
G . lacustris Chodat 5.33 0.67 0.44 1.33 0.67 0.67 
Lyngbya aestuarii Liebman ex Gomont 3.33  1 1.33 5.33 0.67 
L.  limnetica Lemmermann 27.33 18.67 0.28 26.67 12 18.00 
Leptolyngbya  perelegans (Lemmermann) 
Anagnostidis & Komárek 

- 0.67 0.11 - - - 

Merismopedia  convolute Brébisson ex 
Kützing 

1.33 - - - 1.33 - 

M.  elegans A.Braun ex Kützing 0.67 - 0.50  0.67 - 
M. glauca (Ehrenberg) Kützing 4.67 2 0.22 8.67 4.67 4 
M. tenuissima Lemmermann 1.33 2 0.17 0.67 0.67 1.33 
Microcystis aeruginosa (Kützing) Kützing 2.67 1.33 - 1.33 2.67 2.67 
M. flos-aquae (Wittrock) Kirchner - 0.67 - - - - 
Nostoc  sp.  0.67 0.67 0.06 - - - 
Oscillatoria amoena Gomont  0.67 0.22 - - - 
O. minima Gicklhorn 11.33 2 - 8.67 0.67 5.33 
O. limnetica Lemmermann 2.00 - 0.06 0.67 - 2.67 
O. princeps Vaucher ex Gomont 0.67 - 0.67 - - - 
O. splendid Greville ex Gomont 4.00 6.67  1.42 1.33 2.67 
O.sp. 0.67 - 0.17 4 0.67 - 
O. tenuis  C.Agardh ex Gomont - - -  0.67 - 
Spirulina major Kützing ex Gomont - - - 0.67 - 2 
S.  meneghiniana Zanardini ex Gomont - 1.33 - 2.67 4 2 

Euglenophyceae       
Euglena sp.  2.00 0.67 0.06 0.67 0.67 0.67 
Lepocinclis sp. - - - - - 0.67 
Phacus  sp. - - - - - 0.67 
Phacus longicauda  (Ehrenberg) Dujardin - - - 0.67 - - 
Trachelomonas sp.  - - 0.06 - - - 

Dinophyceae       
Ceratium hirundinella  (Müller) Schrank 0.67 - 0.06 - 12 1.33 
Dinobryon divergens Imhof - - - -  0.67 
D. sertularia Ehrenberg 6.00 6.67 0.94 - 2.67  
Glenodinium quadridens (Stein) Schiller 2.67 0.67 0.11 - 1.33 4.67 
peridinium  sp. 24.00 16 1.06 - - 14.67 

Cryptophyta       
Chroomonas nordstedtii Hansgirg 8.00 16 1.06 12.00 - - 
Chroomonas sp.  70.00 50 9.61 108.67 106.67 - 
Cryptomonas sp.  1.33 - 0.33 2 - - 
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Chlorophyceae       
Actinastrum hantzschii Lagerheim 6.67 7.33 0.39 7.33 6 6 
Ankistrodesmus  falcatus (Corda) Ralfs 13.33 8 1.33 17.33 16.67 11.33 
Botryococcus braunii Kützing - - - - - 0.67 
B. protuberans West & G.S.West 2.00 2 0.06  3.33 0.67 
Chlamydomonas sp.  3.33 - 0.06 3.33 1.33 0.67 
Chlorella  vulgaris Beyerinck  0.67 4 0.28 6 5.33 2 
Closterium ehrenbergii Meneghini ex Ralfs 3.33 0.67 0.17 1.33 2 1.33 
Closterium sp .  6.67 3.33 0.22 4 4.67 4.67 
Coelastrum campricum Archer 0.67 - 0.11 0.67 0.67 1.33 
C. microporum Nägeli 4.67 3.33 0.61 7.33 4.67 9.33 
C . reticulatum (P.A.Dangeard) Senn 4.67 6 0.17 3.33 3.33 2 
C . granatum Brébisson ex Ralfs 4.00 1.33 0.17 2 2 3.33 
C . leave Rabenh 0.67 - - 0.67 - 1.33 
Cosmarium sp.  0.67 - - - -  
C . subcostatum Nordstedt 2.00 - - - - 0.67 
C . subtumidum Nordstedt - - 0.17 - - 0.67 
Crucigenia tetrapedia (Kirchner) Kuntze 3.33 1.33 0.17 4 - 2 
Dictyosphaerium pulchellum Wood  1.33 0.17 2.67 0.67 - 
Golenkinia  paucispina West & G.S.West 1.33 0.67 0.11 0.67 - - 
Golenkinia sp. - - - 0.67 - - 
Kirchneriella obese West & G.S.West 2.00 2 0.17 2.67 1.33 0.67 
Lagerheimia ciliate (Lagerheim) Chodat 2.67 4 0.33 2 0.67 - 
Micractinium pusillum Fresenius 1.33 - 0.06 0.67 0.67 - 
Micractinium sp. - - - 1.33 0.67 - 
Monoraphidium convolutum (Corda) 
Komárková-Legnerová 

1.33 0.67 0.17 2 1.33 2.67 

Monoraphidium sp.  - - - - 0.67 - 
Mougeotia  sp . 40.67 12 2.83 31.33 20 26.67 
Oocystis  sp .  7.33 2.67 0.56 8.67 4 3.33 
Pandorina  morum (Müller) Bory 1.33 - - - - - 
Pediastrum boryanum (Turpin) Meneghini - - 0.11 1.33 - - 
P . duplex Meyen - 0.67 - - - - 
P . simplex Meyen 4.00 5.33 0.22 4 5.33 4 
P. simplex  var  duodenarium (Bailey) 
Rabenhorst 

0.67  0.06 - 2 - 

P . simplex var. clathratum Schröter  1.33 0.67 0.06 - 2 - 
Pediastrum sp. 0.67 0.67 - - - - 
Pediastrum tetras - - - - - 0.67 
Scenedesmus acuminatus (Lagerheim) 
Chodat 

2.67 4 0.33 2.67  1.33 

S . acuminatus  var tetradesmoides Smith 0.67    - 0.67 
S . arcuatus (Lemmermann) Lemmermann 4.00 1.33 0.17 3.33 - 0.67 
S . bijuga (Turpin) Lagerheim 8.00 6.67 0.89 6.67 4 6.67 
S . dimorphus (Turpin) Kützing 1.33 - 0.11 0.67 - - 
S . opoliensis (Richter) E.H.Hegewald 0.67 0.67 0.06 2 0.67 2 
S . quadricauda (Turpin) Brébisson 23.33 15.33 1.89 29.33 15.33 18.67 
Schroederia  sp.  0.67 - 0.06 - 1.33 0.67 
Spirogyra sp. - -  - 0.67 2.67 
Staurastrum natator West - - 0.06 - 0.67 - 
S . paradoxum Meyen ex Ralfs 1.33 - 0.06 0.67 0.67 - 
Staurastrum sp. 4.00 3.33 0.22 3.33 4 - 
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Tetraedron caudatum 0.67 0.67 - - -  
T . minimum (Corda) Hansgirg 1.33 2.67 0.11 3.33 - 0.67 

Bacillariophycaeae       
- Centrales -       

A . italica(Ehrenberg) Simonsen 469.34 384.4 36.48 478.64 300.70 188.48 
Aulacoseira granulate (Ehrenberg) 
Simonsen 

1.24 1.24 0.21 1.86 1.24 0.62 

C . comta Hustedt - - - 0.62 - 0.62 
C . meneghiniana Kützing 163.06 145.08 15.45 137.02 96.72 114.08 
C . ocellata Pantocsek 806.62 691.92 50.27 717.96 508.40 473.68 
C . stelligera Cleve & Grunow 19.84 22.94 2.58 52.08 14.26 39.06 
C. kuetzingiana Thwaites 9.30 8.06  3.10 2.48 3.10 
Coscinodiscus lacustris Grunow 11.78 9.92 0.67 9.92 8.06 9.30 
Melosira varians Agardh 24.18 4.96 0.47 13.64 1.86 1.24 
Stephanodiscus astrea (Ehrenberg) Grunow 1.24 - 0.05 1.24 - - 

- Pennales -       
Achnanthes clevei Grunow - - 0.36 0.62 - - 
A . lanceolata (Brébisson ex Kützing) 
Grunow 

- - 0.05 - -  

A . linearis (Smith) Grunow 0.62 - - - 0.62 0.62 
A . microcephala (Kützing) Grunow 1.24 1.86 0.05 9.30 1.86 1.86 
A . minutissima Kützing 40.92 27.28 3.26 37.20 27.90 22.32 
A . sp.  1.86 1.24 0.10 1.24 - 1.86 
Amphipleura  alata (Ehr.) Kuetzing 1.24 - - 0.62 - - 
A . pellucid Kützing - 0.62 0.05 1.24 1.24 - 
Amphora coffeaeformis (C.Agardh) Kützing 1.24 1.86 0.21 1.86 3.10 10.54 
A . ovalis (Kützing) Kützing 1.86 1.24 0.05 5.58 1.86 2.48 
A . veneta Kützing 3.10 3.1 0.26 4.34 3.10 4.34 
A . sp.  3.72 4.34 0.26 4.34 3.10 6.82 
Anomoeoneis exilis (Kützing) Cleve 14.88 18.6 2.12 54.56 8.68 4.34 
Bacillaria  paxillifer (Müller) Marsson 26.04 26.66 1.96 22.94 9.30 13.02 
Caloneis amphisbaena (Bory de Saint 
Vincent) Cleve 

1.86 - - - - 0.62 

Cocconeis pediculus (Ehrenberg) 
Chmielevski 

0.62 0.62 - - - - 

C . placentula Ehrenberg 48.98 34.72 2.43 33.48 18.60 17.98 
C . placentula var euglypta (Ehrenberg) 
Grunow 

45.26 20.46 2.07 22.94 13.64 11.78 

C . placentula var lineata (Ehrenberg) van 
Heurck 

49.60 59.52 5.32 53.32 24.18 21.70 

Campylodiscus clypeus (Ehrenberg) 
Ehrenberg ex Kützing 

4.34 8.06 0.88 8.06 4.34 3.72 

Cymatopleura elliptica (Brébisson) Smith 0.62 - - - - - 
C . solea (Brébisson) Smith 1.86 3.72 0.41 0.62 3.10 7.44 
Cymbella  affinis Kützing 7.44 7.44 0.62 4.96 7.44 3.72 
C. affinis var excisa (Kützing) Grunow - 1.24 - - 0.62 - 
C. aspera (Ehrenberg) Cleve 1.86 0.62 0.16 2.48 - - 
C. cistula (Ehrenberg) O.Kirchner 4.34 1.24 0.41 4.96 1.24 3.10 
C. cistula var maculata (Kützing) Van 
Heurck 

- - 0.10 3.72  0.62 

C. cymbiformis Agardh - - - 0.62 1.24 1.86 
C. differta (Cleve-Euler) Krieger 0.62 - 0.05 - - - 
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C. helvetica Kützing 0.62 0.62 0.10 - - 2.48 
C. microcephala Grunow 29.76 17.98 2.69 31.62 12.40 18.60 
C. obtusiuscula Kützing 0.62 2.48 0.05 3.10 4.34 4.96 
C. prostrata (Berkeley) Grun 0.62 0.62 0.05 1.24 0.62 0.62 
C. pusilla Grunow 6.20 3.72 0.67 5.58 12.40 38.44 
C. sinuate Gregory 1.86 0.62 0.16 0.62 1.86 0.62 
C. tumida (Brébisson) van Heurck 2.48 3.72 0.36 3.10 1.24 1.24 
C. turgid Gregory 0.62 0.62 0.05 1.86 1.24 1.86 
C. ventricosa (Agardh) Agardh 6.82 6.2 0.67 5.58 2.48 7.44 
Denticula elegans Kützing 0.62 - 0.05 - - 0.62 
D .  sp.  0.62 - - - - - 
Diatoma elongatum (Lyngbye) Agardh 3.10 1.24 0.52 - 0.62 0.62 
D . elongatum var tenuis (Agardh) Van 
Heurck 

- 0.62  0.62 - - 

D . tenue var elongatumPatrick and Reimer 1.24 - 0.05 1.24 0.62 - 
D . vulgare (Grunow) Bukhtiyarova 35.96 30.38 4.91 71.30 10.54 7.44 
Diploneis ovalis (Hilse) Cleve 1.24  0.05 0.62 0.62 1.24 
D . pseudoovalis Hustedt 3.10 0.62 0.31 2.48 - 2.48 
Epithemia sorex Kützing - - - 0.62 - - 
E . zebra var porcellus (Kützing) Grunow - - 0.05 - - - 
Eunotia pectinalis (Kützing) Rabenhorst - - - 0.62 - - 
Fragilaria acus (Kützing) Lange-Bertalot 26.66 34.72 3.05 46.50 17.98 31.62 
F . capitata (Ehrenberg) Lange-Bertalot 4.34 0.62 - - - - 
F . capucina Desmazières - 1.86 - - - - 
F . construens (Ehrenberg) Grunow 1.86 - - 2.48 - - 
F . crotonensis Kitton 86.18 70.68 7.03 100.44 23.56 28.52 
F . fasciculata (Agardh) Lange-Bertalot 20.46 50.22 2.58 35.96 8.06 14.88 
F . intermedia Grunow 3.10 1.86 1.03 1.24 1.86 - 
F . pinnata Ehrenberg 1.24 0.62 0.05 0.62 - 1.24 
F . sp.  - - 1.45 4.96 4.34  
F . ulna (Nitzsch) Lange-Bertalot 56.42 27.9 1.81 32.86 16.12 21.70 
F . ulna var. biceps (Kützing) Compère, 2.48 3.1 0.26 3.10 2.48 5.58 
F . ulna var oxyhynchus (Keutzing) Van 
Heurck 

1.86 1.86 0.10 1.86 1.24 17.36 

F . virescens (Ralfs) Williams and Round 19.22 21.7 2.02 39.68 27.28 - 
F. vaucheriae (Kützing).Petersen 1.24 4.34 - - - 0.62 
Gomphoneis olivacea (Hornemann) P. A. 
Dawson ex R. Ross & P. A. Sims 

1.24 0.62 0.26 4.96 0.62 - 

Gomphonema acuminatum var. turris 
(Ehrenberg) Wolle 

- - - - - 0.62 

G. angustatum (Kützing) Rabenhorst 1.86 4.34 0.31 1.86 2.48 1.24 
G . attenuatum Pantocsek 0.62 0.62   0.62  
G . constrictum var capitata (Ehrenberg) 
Woodhead & Tweed 

1.86 1.24 0.05 0.62  2.48 

G . gracile Ehrenberg - - - - - 0.62 
G . intricatum Kützing 1.24 0.62 - 0.62 - - 
G . lanceolatum Kützing - 0.62 - - - - 
G . parvulum(Kützing ) Kützing - 0.62 0.05 - 0.62 - 
G . sphaerophorum Ehrenberg 0.62 - - - - - 
Gyrosigma  acuminatum (Kützing) 
Rabenhorst 

0.62 1.24 0.26 1.24 1.24 1.86 

G . peisonis Grunow 1.86 0.62 0.16 1.86 1.86 1.24 
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G . spencerii (Bailey ex Quekett) Griffith & 
Henfrey 

0.62 - 0.05 0.62 0.62  

Hantzschia amphioxys (Ehrenberg) Grunow 5.58 7.44 0.36 3.72 2.48 3.10 
 M .  elliptica (Agardh) Cleve 0.62 - - - - - 
M . smithii var amphicephala - 0.62 - - - - 
Neidium productum (Smith) Cleve 1.86 1.86 0.10 - 1.24 0.62 
Navicula anglica Ralfs -  0.05 - - - 
N . atomus(Kützing) Grunow - 0.62 0.05 0.62 - - 
N . bacillum Ehrenberg 12.40 5.58 1.03 8.68 4.34 4.34 
N . cincta (Ehrenberg) Ralfs 18.60 16.12 1.19 22.94 12.40 17.36 
N . cryptocephala Kützing 3.72 1.86 0.05 2.48 8.06 0.62 
N . cryptocephala var intermedia 4.96 3.1 0.47 9.30 - 6.20 
N . cryptocephala var veneta 8.06 4.34 0.88 8.68 3.10 3.10 
N . gracilis Ehrenberg - - - 1.24 - 0.62 
N . inflata Donkin - 1.24 - 0.62 - 0.62 
N . mutica Kützing 1.24 1.24 0.16 1.86 3.72 3.10 
N . parva (Ehrenberg) Ralfs - 1.24 0.05 - 0.62 0.62 
N . placentula (Ehrenberg) Kützing 0.62 0.62 0.10 4.96 1.24 1.24 
N . pygmaea Kützing 1.86 3.1 0.21 3.10 2.48 0.62 
N . radiosa Kützing 1.24 1.24 0.26 - - 0.62 
N . radiosa var tenella (Brébisson ex 
Kützing) Van Heurck 

- 1.24 0.10 1.24 1.24 1.86 

N . rhynchocephala - 1.24 - 2.48 1.24 12.40 
N . schroeteri Kützing - - 0.05 - - 2.48 
N . spicula (Hickie) Cleve - - - - 0.62 1.86 
N . viridula var rostellata (Kützing) Cleve - - 0.05 - - - 
Nitzschia acicularis (Kützing)Smith 13.02 10.54 0.62 5.58 4.34 0.62 
N . amphibia Grunow 0.62 1.24 0.21 0.62 5.58 0.62 
N . angustata (Smith ) Grunow 0.62 1.24 0.05 1.24 1.86 0.62 
N . angustata var acuta Grunow  0.62 0.05 1.24 0.62 3.72 
N . apiculata (Gregory) Grunow 2.48 9.92 0.72 5.58 1.86 - 
N . clausii Hantzsch - - - 1.24 0.62 - 
N . dissipata (Kützing) Rabenhorst 14.88 19.22 1.50 25.42 11.78 19.22 
N . dubia Smith - 0.62 0.05 1.86 1.24 - 
N . filiformis (Smith)Hustedt 11.16 6.82 0.67 11.16 6.82 6.20 
N . frustulum(Kützing) Grunow 48.98 42.16 3.31 46.50 14.26 19.22 
N . frustulum var perminuta Grunow 14.26 9.92 1.19 24.18 3.72 1.86 
N . gracilis Hantzsch 8.06 8.68 0.67 7.44 3.72 9.30 
N . granulata (Grunow) Mann - - - - 0.62 4.34 
N . hungarica Grunow 5.58 1.86 0.41 3.72 3.72 - 
N . ignorata Krasske 0.62 - - - - - 
N . longissima (Brébisson) Ralfs 49.60 31.62 2.74 26.66 29.76 41.54 
N . lorenziana var subtilis Grunow 0.62 1.24 - 0.62 0.62 0.62 
N . microcephala Grunow  2.48 0.10   0.62 
N . obtuse Smith 0.62 1.24 0.05 1.86 1.24 1.86 
N . palea (Kützing) Smith 67.58 66.96 6.51 87.42 42.78 85.56 
N . punctata var coarcata(Grunow) Hustedt 0.62 1.24 0.05 1.86  0.62 
N . romana Grunow - 0.62 - 1.24 1.86 1.24 
N . sigma(Kützing) Smith 6.82 6.82 0.98 15.50 6.20 6.20 
N . sigma var rigidula (Peragallo & 
Peragallo) Grunow 

0.62 4.34 0.10 3.10 1.86 0.62 

N . sigmoidea (Nitzsch) W.Smith 2.48 1.86 0.57 5.58 1.24 3.10 
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N . tryblionella Hantzsch - 1.24 0.16 3.10 1.86 1.86 
N . tryblionella var levidensis (Smith) 
Grunow 

0.62 0.62 0.05 - - - 

N . tryblionella var victoriae (Grunow) 
Grunow 

0.62 1.24 0.16 - 0.62 0.62 

P. lundii Hustedt  1.86 - 1.24 - - 
P .  sp.  0.62 1.24 - - - 0.62 
P . obscurum Smith 1.24 1.86 0.26 1.86 1.86 0.62 
P . salinarum (Grunow) Grunow 1.24 - - - 1.24 - 
P .  sp.  - - - - - 0.62 
Rhoicosphenia curvata (Kützing) Grunow 53.94 28.52 3.51 42.16 14.26 17.98 
R . gibba var  ventricosa (Kützing) 
H.Peragallo & M.Peragallo 

- 0.62 - - - - 

R.  musculus (Kützing) Müller - - - 0.62 - - 
Stauroneis  phenicenteron (Nitzsch) 
Ehrenberg 

- - 0.05 - - - 

Surirella angusta    Kützing   - -  - 0.62 0.62 
S. capronii Brébisson ex F.Kitton 0.62 0.62 0.10 0.62 - - 
S . ovata Kützing 0.62  0.16  1.86 - 
S . ovata var africana Cholnoky 2.48 3.72 0.42 4.34 5.58 5.58 
S . ovata var Salina (Smith) Rabenhorst 0.62 - 0.05 0.62 - 0.62 
S . ovalis Brébisson - - - 0.62 - - 
 

Conclusion  

               The physical and chemical properties of  the water  showed  spatial and temporal variations during  

this study . The total number of phytoplankton cells , showed also variations , the highest number of cells 

recorded during  late Autumn  2012 . The results also showed dominance of  Bacillariophyceae  during this 

study followed by Chlorophyceae , Cyanophyceae  and  other classes respectively .  
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