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ABSTRACT

In present study three stations are located on Diyala River has been investigated to study phytoplankton community, the
first station was located in Jalawlaa area, second station in Himreen impoundment, while the third station is located
after the Himreen Dam in Al-Soddur area, A total 134 taxa of Phytoplankton were identified during the study period, 63,
82 and 84 were identified in stations 1, 2 and 3 respectively. The higher density of Phytoplankton observed in station 3,
result ranged between 21.16 - 23.88 x 10 cell/l during September and October respectively, then station 2 which has
density ranged between 18.44 - 66.188 x 107 cell/l during January and September respectively, while the station 1 has
the lowest values during the study comparable to other stations, the result ranged between 5.495 - 70.62 x 107 cell/l
during January and April respectively. Species Richness Index ranged from 2.9 - 7.46 in station 1, 4.08 - 7.85 in station
2 and 5.71 - 8.77 in station 3. The result revels that the station 3 show to increase in Richness index value in the most of
the months comparable to other stations. The Similarity index also has been calculated among the common species of
Phytoplankton through the three station by using the Hierarchical cluster analysis is the highest Similarity percentage in

reach in 43.5% for the common species of Phytoplankton between stations 2 and 3.
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1. Introduction

As it is well known, that Phytoplankton represent the
primary producers in aquatic ecosystem, many factor
effect their productivity such as light, Temperature, pH
and nutrients, beside its one of the important ecological
pyramid component of aquatic ecosystem, and can use as
pollution indicators [1]. Several studies were carried on
Phytoplankton at different areas of Iraqi lakes [2-6].
Diyala River is one of the main tributaries of the Tigris
River. It extend for 386 km (300 km running in Iraq)
from its sources in Iran to drain into the Tigris River
south part of Baghdad city, its width range from 100 -
500 m, mean river sloop reach to 1.85 km [7]. Many pro-
jects have been made on Diyala River and his branches
for water controls and regulating of water distribution on
irrigated lands, the containerizing water projects consid-
ered one of projects in flood facing and power genera-
tions, also it’s very important in fish aquaculture. The
aim of the study is to investigate on the effect of Himreen
Dam on the Qualitative and Quantitative composition of
Phytoplankton community of Diyala River.

"Corresponding author.
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2. Materials and Methods

Three stations were selected in Diyala River, first station
is located in jalawlaa area (before Himreen impound-
ment ), second station in Himreen impoundment, while
the third station is located after the Dam in Al-Soddur
area (Figure 1), station 1 represents the unregulated part
of Diyala River, which is lying before Himreen Dam by
18 km at north, station 2 represents one of the greater
irrigation projects in Iraq which is lying at north eastern
of Baghdad city, the height of Himreem Dam is 53m and
has a discharge about 4050 m’/sec. the impoundment
area is reach to 373 km® and the highest level for im-
poundment is 107.5 m. while station 3 (Al-Soddur)
represents the regulated part of Diyala River, which is
located after Himreem Dam by 10 km to the south far
[8].

Samples were collected from all stations for 12
monthes, using Phytoplankton net (20 pm size) which
was lowered beneath the water surface and drewn by a
boat slowly for about 15 minutes for qualitative study,
the concentrated samples stored with formalin (4%) by
using a clean polyethylene bottles. One litter was collected
from 10 cm beneath the water surface which was also
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Figure 1. Map of the study area.

stored by using polyethylene bottles for the quantitative
study.

In laboratory, Sedimentation technique was used for
the cell counted by using Lugol’s Iodine Solution, [9,10].
the diatoms were cleaned by using nitric acid for clearing
the Frustules and counted by microtransct method [11].
Whereas, other algae were counted by Haemacytometer
Chamber [12]. Identification of algae species was con-
firmed by several references [13-16].

3. Result and Discussion

One hundred and thirty four taxa of Phytoplankton were
identified during the study period. 63, 82 and 84 were
identified in stations 1, 2 and 3 frequently. The three sta-
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tions were varied among them in the number of recorded
algal species, the highest number of species 37 was ob-
served in station 3 during July, station 2 shows 31 spe-
cies during June, while station 1 gets the less number of
species (10 species) during February (Figure 2).

6 genera represented by greater number of species than
other, such as Navicula (11 species), Nitzschia (8), Os-
cillatoria (7) and (5) for each of Dinobryon, Closterium
and Pediastrum. The common numbers of species among
all station were 31 species, 10, 13, 1, 2, 1 and 4 belong to
Chlorophyceae, Bacillariophyceae, Xanthophyceae, Pyr-
rhophyceae, Euglenophyceae and Cyanophyceae respec-
tively.

A few species were characteristic by their appearance
during the study period in all station such as, Osillatoria
amphibia, Ceratium hirundinalla, Peridinium cinctum,
Aulacoseira granulate, Cyclotella comta, Bacillaria pex-
illifer, Cymbella affinis, Fragilaria ulna and Closterium
acerosum (Table 1) which refer, to the ability of the
most of these species for wide tolerance of different en-
vironmental factors like temperature, location and envi-
ronmental conditions, these species prefer to living in
natural alkaline water, most of them existing in lotic and
lentic ecosystem [17]. Figures 3-5 shows the percentage
of species numbers of Phytoplankton that recorded in the
stations, Several studies carried out in reservoirs have
shown that the main factors influencing phytoplankton
composition, density and biomass are water retention
time, advection processes, vertical mixture regime, lon-
gitudinal and lateral gradients in physical and chemical
conditions, as well as the indirect effects of important
meteorological factors such as rainfall and wind [18]. In
general, the phytoplankton was numerically dominated
by Bacillariophyceae observed in the highest percentage
in all stations 48%, 44% and 45% respectively, the
domination of diatom is well known phenomenon in
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Figure 2. Species number of Phytoplankton that recorded at the study stations.
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Table 1. List of identified algae at the study stations. (+:

present, —: absent).

Continued

Stations
Taxa

CYANOPHYCEAE

Anabaena sp.

Calothrix sp

C. braunii Bront & flahant
C. fusca (Kiitz.) Bront & flahant
Chroococcus sp.

C. turgidus (Kiitz.) Nageli
Coelosphaerium kuetzingianum Naegli
Dactylococcepsis fascicularis lemmermann
Coelosphaerium aponina Kiitzing
Lyngbya aeruginosa-coerulea (Kiitz.) Gomont
Merismopedia glauca (Eher.) Négeli
M. punctata Meyen
Microcystis aeruginosa Kiitzing
Oscillatoria sp.

O. agardhii Gomont
O. amoena (Kiitz.) Gomont
O. amphibia Agardh
O. princeps Vaucher
O. rubescens Decandoile
O. tenuis Agardh
Phormidium sp.

P. tenue (Menegh.) Gomont
Scytonema sp.

Spirulina sp.
EUGLENOPHYCEAE
Euglena gracilis Kelebs
E. oxyuri schmardad
Phacus caudataus Huebure
PYRRHOPHYCEAE
Ceratium hirundinella (Miill.) Dujardin
glenodinium gymnodiinium Penard
Peridinium cinctum (Muell.) Ehrenberg
p. cinctum var. tubersum (Meunier) Lindeman

p. pusillum (penard) Lemmermann

Dinobryon sp.
D. cylindricum Imhof
D. divergens Imhof
D. divergens var. tuberosunm
Dinobryon sertularia Ehrenberg
RHODOPHYCEAE
Composogon coeruleus (Balbis) Mont
BACILARIOPHYCEAE
Centrales
Aulacoseira granulate (Ehr.) Ralf
A. italic (Ehr.) Simonsen
A. varians Agardh
Cosinodiscus kuetzingii A. Scmidt
Cosinodiscus lacustris Grunow
Cyclotella comta (Eher.) Kiitzing
C. Kuetzingiana Thwaites
C. ocellata Pant
Pennales
Achanthes sp.
A. lanceolata Brébission
A. minutissima Kiitzing
Amphora sp.
A. cymbifera Gregory
A. ovalis Kiitzing
A. robusta Gregory
Anomoeoneis sp.
Anomoeoneis exilis (Kiitz.) Cleve
Bacillaria paxillifer (Miill.) Hendy
Caloneis sp.

Cocconeis pediculus Ehrenberg
C. placentula Ehrenberg
Cymatoptopleura ellipitca (Breb.) Smith
C. solea (Breb) Smith
Cymbella affinis Kiitzing
C. cistula (Hemp.) Grunow
C. navicliformis

C. tumida (Bréb.) V. Heurck

Copyright © 2012 SciRes.
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Continued

Diatoma sp.

D. elongatum (Lyng.) Agardh
Diatoma vulgare Bory
Fragilaria ulna (Nitz.) Ehrenberg
F. capucina Desmazieres
Gomphonema sp.

G. constrictum Ehrenberg
G. lanceolatum Ehrenberg
Gyrosigma sp.
Navicula. sp.

N. cryptocephala Kiitzing
N. cuspidata Kiitzing
N. fusca Greg.

N. fusiform Grunow
N. iridis Her. cleve
N. pusilla W. Smith
N. radiosa Kiitzing
N. rhyncocephala Kiitzing
N. virids Kiitzing
N. viridula (Kiitz.) Ehrenberg
Neidium sp.
Nitzschia fasciculata Grunow
N. granulate Grunow
N. longissima (Breb.) Ralfs
N. palea Kiitzing
N. sigma (Kiitz) W. Smith
N. sigmoidea (Ehr.) W. Smith
N. vermicularis (Kiitz.) Hantzsch
N. hippocampus W. Smith
Stauroneis sp.
Surirella sp.
Surirella capronii Brebisson
S. ovalis Brébisson

S. robusta Ehrenberg
Tabellaria sp.

CHLOROPHYCEAE

Ankistrodesmus falcatus (Cord.) Ralfs

+

Copyright © 2012 SciRes.

Continued
Botryococcus braunii Kiitzing -+ -
Bulbochaete angulosa Wittrock & Iundell + - o+
Chlamydomonas polypyrcnoideum Prescot -+ -
Cladophora sp. + - -
Closteriopsis longissima Wands Worth + - =
Closterium sp. + - -
C. acerosum (Schrank) Ehrenberg + + +
C. leibleinii Kiitzing I
C. moniliferum (Bory) Ehrenberg -+ -
C. setaceum Ehrenberg - - 4+
Coelastrum microporum Négeli +  + o+
C. reticulum (Dang.) Senn -+ -
Cosmarium sp. .
C. bioculatum Brébisson + - -
C. granatum Brébisson + - -
C. punctulatum Brébisson -+ 4+
Dictyosphaerium pulchellum Wood +  + o+
Oedogonium sp. + - o+
QOocystis borgei Snow + 4+ o+
Pandorina morum (Muell.) Bory - + -
Pediastrum boryanum (Turp.) Meneghini -+ -
P. duplex Meyen +  + o+

P. simplex var. duodenarium (Bailey) Rabenhorst + +  +

p. tetras (Her.) Ralfs -+ -
Scenedsmus bijuga (Turp.) Lagerheim + o+ o+
S. dimorphus (Trup.) Kiitzing - - +

S. quadricauda (Turp.) Brébisson -+ -
Sphaerocystis schroeteris Chodat -+ -
Spirogyra sp. + -+

Staurastum cingulum (west & West) Smith + 4+ o+
S. natans + + o+

Tetraédron minimum (A. Braun) Hansgirg -+ o+
Green cells -+ -

Iraqi water and recorded by many researcher [19-21],
which may be due to the ability of diatom to grow and
reproduce in wide range of environmental changes such
as temperature, light intensity, nutrients availability and
salinity, the composition of algal community quickly
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Figure 3. The percentage of species numbers of Phyto-
plankton that recorded in Jalawlaa.
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Figure 4. The percentage of species numbers of Phyto-
plankton that recorded in Himreen Impoundment.
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Figure 5. The percentage of species numbers of Phyto-
plankton that recorded in Al-Suddor.

Copyright © 2012 SciRes.

respond to changes in physical, chemical and biological
factors [22]. While Chlorophyceae were the subdominant
group after diatoms in the percentage of species numbers
followed by Cyanophyceae were reached to 18%, 14%,
18% of the phytoplankton composition in three station
respectively, this is the regime in the Iraqi water where
the Chlorophyceae prevailing the Cyanophyceae in water,
which refer, to species exiguities of Cyanophyceae in
Tigris and Euphrates basin [23,24].

The higher density of Phytoplankton observed in sta-
tion 3, result ranged between 21.16 - 23.88 x 10* cell/l
during September and October frequently, followed sta-
tion 2 by density ranged between 18.44 - 66.188 x 107
cell/l during January and September respectively, while
the station 1 has the lowest values during the study com-
parable with other stations, the result ranged between
5.495 - 70.62 x 10 cell/l during January and April
frequently (Figure 6).

Quantitative Counts showed clear seasonal variation in
phytoplankton cell numbers with maxima during spring
and early autumn. This phenomenon was observed by
other authors in Iraq such as [25], in Himreen lake, [6] in
Qadisia Lake and [26] in Habbaniya Lake. This increas-
ing may be caused by light intensity and the long photo
period [27], raising of temperature, decomposition of
organic matter and the assemblage of nutrients material
that are important for these organisms [28]. Impound-
ment may influence the plankton population of a body of
water in a number of ways. Reduction of the rate of flow
of a stream will allow the sparse plankton already present
to multiply before it is swept away. Often a large plank-
ton population develops when the reservoir is filling and
there is little outflow [29] Even after the reservoir is full
and outflow becomes substantial, a fairly large plankton
population may persist. Various authors have attempted
to difine the conditions of flow under which the trans-
formation of a stream ecosystem to a lake ecosystem may
occur [30]. Russian scientists [31] suggest simpler crite-
ria; in Russian reservoirs a lacustrine plankton population
develops if the rate of the flow is less than 0.2 m-sec”". It
seems unlikely that any simple criterion is universally
applicable. Typically many reservoir contain regions of
fairly raped flow where the plankton population will be
small and other region of slack water where considerable
population may develop [30]. Basically, increasing of
algal density refer to diatom which comprises 64%, 40%
and 53% of total number of Phytoplankton in the three
stations frequently (Figures 7-9). The dominated of dia-
tom in Iraqi water was recorded by many researcher [19-
21]. Higher percentage of Chlorophyceae 20% of the
total numbers of phytoplankton were recorded at station
3 and 18%, 15% in station 1 and 2 respectively. For di-
nophyceae our observations show that cell abundance
increased when the current increasing which for grow
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Figure 6. Total cells number of Phytoplankton that recorded at the study stations.
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Figure 7. The percentage of total numbers of Phytoplankton
that recorded in Jalawlaa.
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Figure 8. The percentage of total numbers of Phytoplankton
that recorded in Himreen Impoundment.
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Figure 9. The percentage of total numbers of Phytoplankton
that recorded in Al-Suddor.

and reproduction of these group, so we see increasing in
Dinophyceae density in both station 1 and 3 when the
current is high but in station 2 which exhibit lake eco-
system, we found decreasing in Dinophyceae density [30].
Higher abundance of Cyanophyceae observed in upper
part, then becomes degrease in the impoundment and
after the dam where reached to 16%, 6%, 4% of the
phytoplankton numerical abundance respectively, The
relative low abundance of this group in reservoirs and
after the dam can be attributed to the predominant oligo-
trophic conditions of the reservoirs and to the prevalent
low retention time. In lake volta, blue green algae pre-
dominated at first in the upper and diatom in the more
lake-like lower part. Subsequently diatoms have estab-
lished themselves more widely throughout the reservoir
[32]. Above result illustrated the increasing of density
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always occur in station 3, which reflect the role of regu-
lated site in increasing of population density clearly,
therefore we find that population density in regulated site
are higher than unregulated site in most of the months
which may be relate to suitability of natural bottom and
its settling, lower turbidity, aeration conditions and
availability of food resources [33]. So it seems that’s
river regulation has positive effect in increasing of spe-
cies numbers when we compare between the regulated
site and unregulated site.

4. Species Richness Index

Species Richness is the primary measurement for com-
munity and local diversity, the index describe the species
composition and the range of its diffusion, and represent,
the identified taxonomic units inside the sample and its
diversity, the measure of taxonomic unit richness covers
the changes in studied biological community [34], the
result of Index ranged from 2.9 - 7.46 in stationl, 4.08 -
7.85 in station 2 and 5.71 - 8.77 in station 3. The result
revels that the station 3 shows increase in Richness index

Study of the Effect of Himreen Dam on the Phytoplankton Diversity in Dyala River, Iraq

value in most of the months comparable to other stations
(Figure 10) This demonstrated the effect of dam in al-
lowing the appearance of new species, the increasing of
index of taxonomic units Richness correlated to increase
of integrity of biological community and the places
where they live in [34].

5. Jaccard Similarity Index

It has been calculated the Similarity percentage among
the common species of Phytoplankton through the three
station by using the Hierarchical cluster analysis, the
resulting Dendrogram (Figure 11) show the strength of
species similarity between studied stations by using the
species list, Table 2 illustrated the species Similarity
percentage among stations during study period, when the
highest Similarity percentage reach 43.5% for the com-
mon species of Phytoplankton between stations 2 and 3,
which refer to drift of organisms into the river during the
lakes and pools wash processing, and the increasing of
taxonomic order in regulated sites may return to its drift
from surrounded areas [34] or the persistence ability of
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Figure 10. Species Richness index at the study stations.

Table 2. The Similarity percentage between Phytoplankton species at the study stations according to Jaccard Index.

Jaccard measure

Site Jalawlaa Himreen Suddor
Jalawlaa - 343 36.4
Hireen 343 - 435
Suddor 36.4 43.5 -

Copyright © 2012 SciRes.
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CASE 0 5 10 15 20 25
Label Num +: it i + eh +
Himreen 2

Al-Suddor 3 —-I (43.5)

Jalawlaa 1 (35.4)

Figure 11. Show the strength of species similarity between
Phytoplankton in the study stations according to Jaccard
Index.

many species that have positive relation with discharge,
however species numbers are more in regulated part of
river [35].

(1]

(10]

(1]

[12]
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