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ABSTRACT 

The phytoplankton communities and related physical-chemical features of the Euphrates River at its middle region in- 
side Iraqi territory were studied during the study period from October 2011 to September 2012. Samples were taken 
from Al-Musayab district extending to Al-Hindia district. The phytoplankton community (quantitative, qualitative and 
Chlorophyll-a) have been studied, in addition to many environmental parameters such as temperature, pH, electric con- 
ductivity (EC), Salinity (‰), TDS, TSS, dissolved oxygen, BOD5. A total of 105 phytoplankton taxa belonging to Ba- 
cillariophyta (69), Chlorophyta (19), Cynophyta (12), Euglenophyta (3), and Dinophyta (2) were recorded within the 
present study period. Some algal genera dominated mostly in the study period and sites such as Scendesmus, Melosira, 
Cymbella, Diatoma, Navicula, Nitiazschia and Syndera. A statistical analysis was done using the canonical correspon- 
dence analysis (CCA). 
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1. Introduction 

Phytoplankton, considered as the basic component of an 
aquatic food chain, is the source of oxygen and the main 
autochthonous primary producers [1]. The floristic varia- 
tion in phytoplankton community depends on the avail- 
ability of nutrients, temperature, light intensity and on 
other limnological factors [2]. Phytoplankton is one of 
the major biological elements used for the assessment of 
the ecological status of surface water bodies, and the 
variation in the biotic parameters provides a good indica- 
tion of energy turnover in aquatic environments, due to 
its sensitivity to any change in the environment [3,4]. 
Many authors emphasized the importance of phytoplank- 
ton as bioindictors in different aquatic systems [5-7]. 

Many previous researches on the Euphrates River 
showed the phytoplankton composition and the effect of 
lotic characteristics especially in the south of Iraq [8-10]. 
Few studies worked on the middle region of the Euphra- 
tes River inside Iraq [11-15]. 

The present study aims at filling the gap of informa- 

tion on phytoplankton communities and water quality of 
the studied area. 

2. Materials and Methods 

The present study area was chosen along the Euphrates 
River, middle of Iraq, between al-Musayab city (near the 
northern of Al-Hindiya barrage) to Al-Hindiya city (for- 
merly Twareej: near the southern holy city of Karbala). 
The three sites were chosen in this area (Figure 1). 

The current study was carried out from October 2011 
to September 2012. Physical and chemical properties of 
the river water (Temperature, PH, electrical conductivity, 
salinity, TDS, TSS, dissolved oxygen, BOD5) were meas- 
ured according to [16], chlorophyll-a study site was meas- 
ured [17]. 

Phytoplankton was collected from the sampling sites 
with plankton net [18,19] for qualitative study, while a 
sedimentation technique was used for quantitative study. 
The micro transect methods were used for counting dia- 
toms, and hemocytometer methods for other groups [20]. 
Identification of the phytoplankton was done by follow- 
ing references [21-26]. The statistic analyses were done  *Corresponding author. 
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Figure 1. Map of the study area in Euphrates River at its mid region, Iraq. 
 

by using correlation coefficient (r), and canonical corre- 
spondence analysis (CCA). CCA method was conducted 
by using the computer program CANOCO, version 4.5 in 
order to clarify the relationships between water quality 
parameters and phytoplankton species.  

3. Results and Discussion 

The environmental characteristic of the water in the study 
area is shown in Table 1. The air temperature reached its 
high value (43.5˚C) in Site 3 and its lowest value (9˚C) in 
Site 2, while the water temperature ranged between 9.06 
to 31. 43 in sites 2 and 3 respectively. Narrow fluctuation 
of pH was observed during the study period, with the 
highest average value of 8.7 and a low of 7.3; this ob- 
served variation was statics significant between month (p 
≤ 0.05) but not between the sites (p ≤ 0.05). pH variation 
might be caused by discharge of waste water, photosyn- 
thesis and other metabolic process [27], and may be at- 
tributed to introduction of silt into the river by rain water  

or due to the mixing of the fast flowing water as it moves 
down stream [28]. These results match with many other 
studies of [11,15,28-32]. 

The results showed high conductivity values ranged 
between (798.7 µs·cm−1) in site 1 as lower value and 
(1168.6 µs·cm−1) in site 2 as high value, while water sa- 
linity in study area ranged between (0.5‰ - 0.7‰). The 
increasing values of conductivity and salinity in Euphra- 
tes River may be of the discharge of agricultural and in- 
dustrial wastewater [13]. 

The total dissolved solid (TDS) followed the trend as 
conductivity temporarily and spatial. It ranged from 502. 
33 to 789.3 mg/l, while the value of TSS ranged between 
0.01 to 0.3 mg/l. Many factors affecting the transparency 
of water such as silting, microscopic organisms and sus- 
pended organic matter [32] and this variation can be ex- 
plained by a higher nutrient dynamics in the water col- 
umn [33]. 

High concentration of dissolved oxygen was recorded 
in the present study. This concentration ranged from 6.2  
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Table 1. Some physical & chemical properties of water in Euphrates river from October 2011 to September 2012 (First line: 
average, Second line: mean ± SD). 

Sites 
Parameters 

1 2 3 

Air temp (˚C) 
11.7 - 39.27 
22.27 ± 7.76 

9 - 38.2 
23 ± 9.34 

13.33 - 43.5 
26.53 ± 8.86 

Water temp (˚C) 
11.54 - 30.37 
19.73 ± 6.69 

9.06 - 29.96 
20.08 ± 6.85 

13.03 - 31.43 
21.09 ± 6.23 

pH 
7.6 - 8.7 

8.26 ± 0.34 
8.7 - 7.3 

8.18 ± 057 
7.6 - 8.7 

8.29 ± 0.34 

E.C (µ·S/cm) 
798.7 - 1167.6 

961.17 ± 127.16 
811.1 - 1168.6 
974.6 ± 114.36 

903 - 1149 
1011.4 ± 95.33 

Salinity (ᴏ%) 
0.511 - 0.746 
0.614 ± 0.081 

0.521 - 0.747 
0.621 ± 0 .073 

0.577 - 0 .736 
0.646 ± 0.062 

TDS (Mg/L) 
540.22 - 758.44 
641.1 ± 68.71 

502.33 - 739 
624 ± 64.81 

572 - 789.3 
651 ± 76 

TSS (Mg/L) 
0.0104 - 0.0443 
0.0226 ± 0.0209 

0.06 - 0.323 
0.0172 ± 0.0069 

0.063 - 0.031 
0.0176 ± 0.00754 

DO (Mg/L) 
6.9 - 11.38 
8.69 ± 1.4 

6.27 - 11.59 
8.96 ± 1.52 

6.63 - 10.78 
8.44 ± 1.3 

BOD5 (mg/L) 
1.28 - 4.216 
2.33 ± 1.1 

0.94 - 4.04 
2.9 ± 1 

1.05 - 3.86 
2.25 ± 0.94 

Chlorophyll-a 
(µg/L) 

1.22 - 18.84 
6.75 ± 5.57 

0 - 13.29 
5.6 ± 4.84 

0 - 24.37 
7.99 ± 8.24 

Total algae (cell/cm3) 19214 15327 17652 

 
mg/l to 11.59 mg/l. There was an increase in dissolved 
oxygen in cold months at all the study sites. The concen- 
tration of dissolved oxygen was affected by many factors 
especially biological activities such as photosynthetic, 
respiration and decomposition process at the river bottom 
in addition to the rainfall effects [34-36]. The dissolved 
oxygen concentration was found to be within the (5 - 9) 
mg/l, which was limited for drinking water [37]. 

The concentrations of BOD5 ranged from 0.94 mg/l to 
4.22 mg/l in site 2 and site 1 respectively, these results 
showed acceptance values of BOD5 according to (APHA, 
2003). These concentrations may be attributed to the ob- 
served human activities such as washing, dumping of 
refuse and discharge of sewage into the river [38]. The 
lower concentrations of BOD5 may be due to the self- 
purification of river [39]. The recorded BOD5 in this 
study indicated that the studied river is classified as un- 
polluted to moderately polluted, Adakole et al. [40] re- 
vealed that the BOD5 values ranged between >1.0 to 
<10.0 mg/l was considered as unpolluted to moderately 
polluted water. BOD is referred to the amount of biode- 
gradable organic materials [41], and its values refer to 
associated with wastewater concentration [37]. 

Phytoplankton biomass, as chlorophyll-a, has been 
measured at least once monthly in all study sites, chlo- 
rophyll-a concentrations ranged between N.D in site 2 as 
lower value and 24.37 mg/l in site 3 as higher value. The 
species composition has a big effect on chlorophyll-a 

concentration in an aquatic systems and low concentra- 
tion of chlorophyll-a was recorded (Table 2), might be 
due to dominate of diatoms in high number compared 
with other algal groups [42], and the changes in biomass 
of phytoplankton have been associated with increased 
temperature and decreased water discharge [43]. The varia- 
tion of chlorophyll-a concentrations was highly corre- 
lated with phytoplankton density and water quality in the 
present study sites [44]. Clear peaks were observed in 
late spring and autumn. Similar results were found in 
many Iraqi aquatic system studies [12,30,45].  

Phytoplankton community of Euphrates River in the 
present study sites from October 2011 to September 2012 
consisted of a total of (105) taxes (Table 3) belonging to 
five taxonomical division; Bacillariophyta (69), Chloro- 
phyta (19), Cyanophyta (12), Euglenophyta (3) and Di- 
nophyta (2). The total numbers of phytoplankton ranged 
between 216 cell/cm3 to 4565 cell/cm3 in sites 2 and 1 
during March 2012 and October 2011 respectively (Ta- 
ble 2). High yearly density of Phytoplankton recorder in 
site 1 (19,214 cell/cm3) and low yearly density in site 2 
(15,327 cell/cm3) during the study period, might be due 
to availability of environmental condition for phyto- 
plankton growth [46]; phytoplankton density which can 
be explained by the increase of nutrients in the environ- 
ment [42], suggests that a high density of phytoplankton 
recorded for the first sampled point may be associated 
with nutrients and low water current before Al-Hindia  
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Table 2. Total numbers of phytoplankton (cell/cm3) in study sites from October 2011 to September 2012. 

→2011← →2012←  
Sites 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total 

1 4565 2393 819 514 1115 318 395 785 1944 613 1300 4453 19,214

2 3900 2221 712 450 816 216 320 514 955 711 1112 3400 15,327

3 4210 2111 701 510 1022 413 385 716 1714 610 1150 4100 17,642

 
Table 3. List of identified phytoplankton species in Euphrates River-Middle of Iraq (2011-2012). 

S3 S2 S1 Taxa 

   Cyanophyceae 

- − + AnabeanabergiiOstenf 

+ + + Chroococcusminuteus (Ktz.) Naegeli 

+ + + Chroococcusturgidus (Ktz.) Naegeli 

+ − − Gloeocapsa Sp. 

+ + + Merismopediaelegans (A.) Braum 

+ + + Merismopediaglauca (Ehr.) Naegeli 

− + + MicrocystisaeruginosaKuetzing 

− − + Nostoc SP. 

− − + Oscillatoria articulate Gardnar 

+ − − OscillatoriachalybeaMertens 

+ + + Oscillatoria sancta (Ktz.) Gomont 

− − + SpirolinalaxaG.M.Smith 

   Chlorophyceae 

− − + ActinostrumhantizschiiLagerhein 

+ − + Ankistrodesmusfalcatus (Corda) Ralfs 

+ − − Carteriaklebsii (Dang) Dill 

− + − Chlamydomonasangulosa Dill 

+ + + Chlorella vulgaris Bejerinck 

+ − − Oedogonium SP. 

+ + + Pediastrum duplex Meyen 

− + + Pediastrum Simplex Meyen 

− + + Scenedesmusdimorphus (Turb.) Lagher 

+ − − ScenedesmuslongusMeyen 

+ + + Scenedesmusquadricauda (Turb.) de Brebisson 

− + − Scenedesmusbijuga (Turb.) Laghere 

− − + Spirogera SP. 

+ − − Spirogyra fluviatilis Hila 

− − + Staurastrumalternans 

− − + StaurastrumSP. 

+ − + Tetraedronhastatum (Reisch) Hansg 

+ − + Tetraedron regular Ktz. 

− + − Ulothrixzonata (Webre and Mohr) Ktz. 

   Euglenophyceae 

+ − + Euglena acusEhernberg 

− + + EuglengracilisKlebs 

+ − − Trachelomonas SP. 

   Dinophyceae 

+ + + Ceratiumhirundrnella (Muell,) Du Jardin 

+ − − Peridiniumcinctum (Muell,) Ehernberg 
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   Bacillariophyceae 

   Order Centrales 

− − + CyclotellaatomusGrunow 

+ − + Cyclotellacomta (Ehr.) Kuetzing 

+ + + CyclotellameneghinianaKuetzing 

+ − + CyclotellaocellataPantocsek 

+ + + Melosira granulate (Ehr.) Ralfs 

+ − − MelosiravariansAgradh 

   Order Pennales 

+ − − Amphora ovalis(Ktz.) Kuetzing 

− − + Amphora SP. 

+ − + Amphora venetaKuetzing 

− + + Asterionella Formosa 

+ + + Bacillariafaxillifer (Muell,) Hendey 

+ − − Caloneis amphisbaena (Bory) Cleve 

− − + Caloneispermagna (Bail) Cleve 

+ + + CocconeispediculusEhernberg 

+ + + CocconeisplacentulaEhernberg 

− − + Cymatopleurasolea (Berb.) W. Smith 

+ − + Cymbellalanceolata (Ehr.) 

+ + + CymbellaaffinisKuetzing 

+ − + Cymbellaaspera (Ehr.) H.Paragallo 

+ + + Cymbellacistula (Ehr.) Kirchn 

+ − − Cymbellagracilis 

− − + CymbellahelveticaKuetzing 

+ + − Cymbellaparva (W.Smith) Kirchn 

+ + + Cymbellatumida (Berb.) Van Heurck 

+ + + Cymbellaturgid (Greg) Cleve 

− − + Diatomahiemale (Roth.) Heiberg 

+ + + DiatomavulgareBory 

+ + − Diploneisovalis (Hilse) Cleve 

+ + + DiploneissmithiiBory 

− − + Eutoniacurvata 

+ − − EutoniamonodonEhr 

− + + FlagilariacapucinaDesmazieres 

+ + + FlagilariacrotonensisKitton 

− − + FlagilariaintermediaGrunow 

+ + + Gomphonema. constricumEhernberg 

+ + + G. fanensisMaillard 

− − + G. gracileEhernberg 

+ + + G.angustatum (Ktz.) Rabenhorst 

+ − − G.parvulum (Ktz.) Kuetzing 

+ + + Gomphoneisolivaceum (Horne) P.Dawson ex Ross et Smith 

+ + + GomphonemaacuminatumEhernberg 

− − + Gyrosigmaacuminatum (Ktz.) Rabenhorst 

+ + + MstogloiasmithiiThw.Ex.W.Sm 

− − + Naviculacincta (Ehr.) 

+ + + N.anglicaRalfs 

+ + + N.gracile (Ehr.) 
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− − + N.pupulaKuetzing 

− − + N.pygmaeaKuetzing 

+ − − N.viridulaKuetzing 

+ + + Neidium affine (Ehr.) Pfitz 

+ + − Ni. CommutateGrunow 

+ + + Ni.amphibiaaGrunow 

+ + + Ni.dissipata (Ktz.) Grunow 

+ + + Hantzsch Ni.gracilis 

+ + + Ni.hantizschianaRabenhorst 

+ + + Ni.hungaricaGrunow 

+ + + Ni.linearisW.Smith 

+ + + Ni.palea (Ktz.) W.Smith 

+ + + Ni.rectaHantzsch ex Rabenh 

− − + Ni.sigma (Ktz.) W.Smith 

+ + + Nitiazschiaacicularis (Ktz.) W.Smith 

+ − − P.viridis (Nitzsch.) Ehernberg 

+ + + PinnulariadiverginsEhr 

+ + + Rhoicospheniacurvata (Ktz.) Grunow 

− − + S. tenera Gregory 

− − + S.capitataEhernberg 

+ + + S.ulnaNitzsch. Ehernberg 

− − + SurirellaelegansEhr 

+ + + SynedraacusKuetzing 

 
barrage; moreover, the effect of the barrage on phyto- 
plankton density before (site 1) and after (sites 2 and 3) is 
clear [45]. 

Cynophyceae
11%

Chlorophyceae
18%

Bacillariophyceae
66%

Euglenophyceae
3%

Dinophyceae
2%

 

Bacillariophyta were found in high percentage (65.7%) 
of total organisms and they were dominating species 
among the algal groups (Figure 2). Bacillariophyta was 
dominant followed by Chlorophyta, Cynophyta, Eugleno- 
phyta, and Dinophyta (Table 3). In the present study the 
river water showed a higher population of diatoms coin- 
cided with the higher dissolved oxygen through the study 
period, in general, the requirement of dissolved oxygen 
for growth of many diatom species is well documented 
[43]. Pennales diatom was the dominated group of dia- 
toms (63 species) in the present study, this might be due 
to high tolerance to wide environmental changes [1,32,47]. Figure 2. Species abundance of phytoplankton class in Eu- 

phrates river. The present study results showed the dominate of some 
genera of phytoplankton on a long study period, such as 
Scendesmus, Melosira, Cymbella, Diatoma, Navicula, 
Nitzschia, Synedra, these results were recorded by other 
studies [1,2,36,38]. Phytoplankton densities tended to 
increase during the months of spring and summer, which 
can be explained by the increase of nutrients in the envi- 
ronment, especially nitrogen and phosphorus [42]. Eu- 
glenophyta and Dinophyta species were very view in a 
number (3 and 2 species respectively), and their percent- 
age composition value was low: 2.85% and 1.9% respec- 
tively. In general, the existence of Euglenophyta species  

 
refers to organic pollution of aquatic system [2]. 

CCA for water quality and phytoplankton in the pre- 
sent study (Figure 3) indicated that negative relation- 
ships found between air and water temperature, salinity, 
TDS, BOD5 and phytoplankton, while, positive rela- 
tionships were observed between phytoplankton and DO, 
chlorophyll-a, PH, and TDS. The interaction between 
various physical, chemical and biological factors is the 
causative regulator for seasonal variation and standing 
crop of phytoplankton [48]. The positive correlation of  
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Figure 3. Correlations between water quality parameters 
and phytoplankton according to Canoco (CCA). 

 
some water properties with phytoplankton density may 
be due to playing a pivotal role in regulation various 
biological activities and growth [2]. 

4. Conclusion 

The present study results revealed that temperature, sa- 
linity, DO and BOD5 were playing important roles as 
limited factors to phytoplankton in this study. The varia- 
tion in the functional groups of phytoplankton reflects 
the seasonal dynamics of revering Phytoplankton and the 
impact of water quality. 
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