Agronomy Research 23(S2), 723-737, 2025
https://doi.org/10.15159/AR.25.022

Biodiversity of phytoplankton (non-diatoms) as bio- indicators
in assessing the water quality and trophic status of the
Euphrates river between Al- Baghdadi and Al-Ramadi Cities,
Western Iraq

Abdul-Nasir A.M. Al-Tamimi®" and Nawras A.S. Al- Obeidi?

Biology Department, Education College for Woman, University of Anbar, Ramady,
Anbar Governorate, Iraq

*Center of Desert Studies, University of Anbar, Ramady, Anbar Governorate, Iraq
*Correspondence: edw.nasir63abdulla@uoanbar.edu.iq

Received: November 28", 2024; Accepted: February 26, 2025; Published: April 16", 2025

Abstract. Given the global climate changes, especially the drought conditions that Iraq's climate
has been suffering from in recent years, along with the stifling water scarcity, the current study
aimed to focus on developing quantitative and qualitative tools and strategies for phytoplankton
(non-diatoms) as vital indicators in order to protect ecosystems, enhance their resilience, and
promote sustainability. Four sites were chosen for the most prominent cities. The main site within
the river basin for the period from July 2022 to April 2023 to collect water samples and
phytoplankton cells (non-diatoms). The current study showed that the water of the Euphrates
River at the current study sites is warm, pH neutral, with high basicity and medium hardness,
with EC, TDS and turbidity, and the BOD is high, exceeding permissible limits, with good
ventilation. Cl and Na salts, nutrients as NO3, were available in normal proportions, with PO4
concentrations exceeding the permissible limits due to the river water’s impact on agricultural
lands around the river basin. During the study, 137 species belonging to five main classes were
identified. Chlorophyceae were dominant at a rate of 55%, followed by Cyanophyceae at a rate
of 34%, then Euglenophyceae at a rate of 4%, then Pyrrophyceae at a rate of 4%, and
Chrysophyceae at a rate of 1%, where the highest density was recorded. For phytoplankton cells
(non-diatoms) in site 1 (Al-Baghdadi) 2,438.8 cells L', while the lowest density was recorded in
site 4 (Al-Ramadi Dam) 1,761.2 cells L. The results of biodiversity indices showed that the
waters of the Euphrates River have low to moderate biological diversity, little to moderate
pollution, and moderate species richness, with high homogeneity in their distribution between
sites. The predominant groups of species during the study period were Oscillatoria formosa,
Pediastrum simplex, p. duplex, Scenedesmus alternate, S. dimorphus, S. quadricauda,
S. artcuatus var. platydiscus, microporium crassior, Pediastrium boryanum, Coeloastrum
microporium, Chrococcus limeticus, C. minor.

Key words: phytoplankton (non-diatoms), biological indicators, biodiversity indices, upper
euphrates river.
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INTRODUCTION

Water is of great importance to human life and other living organisms, so it has
become necessary to study aquatic ecosystems, chemical, physical and biological factors
and organic pollutants in order to determine water quality (Burkhardt et al., 2022).There
is a difference between river water and sea water, as rivers are characterized by
continuous flow, which leads to continuous mixing of the lower and upper water layers
to contribute to the formation of organic nutrients, and this movement is important in the
aeration process, which makes rivers with high biological diversity (Sharqi et al., 2024).
Phytoplankton live in all aquatic environments, including fresh and salt water, ponds and
swamps, which are rich in essential nutrients such as nitrates and phosphates. Algae vary
in shapes and sizes, some of which are 1.5 um and some of which reach 200 m (Allen,
2020. They possess great resistance to environmental variations, including light intensity,
temperature and salinity. This is used as a vital indicator for evaluating water quality
(Al-Tamaki & Al-Obeidi, 2023). The increased growth of phytoplankton leads to a
change in the basic characteristics of the water, causing an unpleasant odor in addition
to discoloring the water in green, especially in the summer, as a result of high temperatures
and salinity. Some species of floating algae have been used to determine organic
pollution occurring in water bodies (Peluso, 2021). Biological pollution in seas and
rivers poses a major threat to human health, which contains many living organisms such
as pathogenic fungi, bacteria, and worms, and the excretion of their waste is directly
depicted, as their reproduction increases with the increase in chemical elements resulting
from human activities. Water has the ability to purify itself from impurities,
environmental factors, and other living organisms (Al-Dulaimi et al., 2024). Algae have
been used as biological indicators since the nineteenth century in terms of environmental
variations occurring in algal groups and variations occurring in their reproduction and
metabolic and physiological processes. Therefore, they are considered important
organisms in determining the quality of aquatic ecosystems (LI et al., 2022). The growth
of algae is affected by water pollutants, as they are deprived of access to light as they are
autotrophs, leading to a lack of their activity. Pollution also affects the disappearance
and appearance of some species of algae, thus affecting their overall density. Most
studies of the waters of the upper Euphrates River Basin used diatoms as a biological
indicator in determining the quality of river water (Al-Anzy et al., 2023; Al-Tamaki et
al., 2023), while the current study is one of the pioneering studies in employing
non-diatom phytoplankton as a biological indicator in determining the quality and
nutritional status of the waters of the Euphrates River Basin.

MATERIAL AND METHODS

Study Area

Water samples were collected for physical and chemical tests and phytoplankton
samples from four sites in the upper Euphrates River between the city of Baghdadi and
the city of Ramadi in Anbar Governorate (Iraq) (Fig. 1, Table 1).

These sites were selected according to their population density and human activities
for the most important major cities located within the river basin, which are characterized
by their agricultural and industrial lands, in addition to the spread of fish farming ponds
on the banks of the river. Samples were collected at a rate of one sample per month for
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a period of ten months, with the average readings calculated to determine the site values,
compare them, and discuss them starting from July 2022 to April 2023.
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Figure 1. Locations for collecting samples of water from the Euphrates River between two cities
of Al-Baghdadi and Al- Ramadi - western Iraq. (Google Earth).

Table 1. Geographic coordinates of sampling sites in the Euphrates River (Google Earth)

. Latitudes (North Longitudes (East
Sltes o (' ) 144 o g (' ) 144
1. Al-Baghdadi City 33 52 20 42 31 27
2. Hit City 33 38 44 42 49 32
3. Al-Muhammdi City 33 32 54 42 55 10
4. Al-Ramadi City 33 26 19 43 15 31

Physical and Chemical Parameters analysis

Table 3 indicates the physical and chemical parameters that were measured at the
study sites in the waters of the Euphrates River between the cities of Al-Baghdadi and
Ramadi. The water temperature was measured using a portable pocket thermometer
(Warner- china), while the pH, electrical conductivity (EC), and total dissolved solids
(TDS) were measured using the portable digital multimeter (Hach-HQ40d-Germany),
and turbidity was measured with a turbidity meter device (Lovibon-Germany). Based on
APHA (2017) a group of parameters were measured: Total alkalinity (TH), total
Hardness (TH), Calcium (Ca), Magnesium (Mg), Oxygen (0O.), Biological Oxygen
Demand (BOD:s), and Nitrate (NO3).

Phytoplankton (Non-Diatoms) community

Phytoplankton samples were collected using a mesh with a diameter of 26 microns
to conduct the qualitative study. While the sedimentation method was used to conduct a
quantitative study of phytoplankton cells (Palmer, 1969; Eisenreich, 1975). Phytoplankton
cells were counted using the hemocytometer slide method (Martinez et al., 1975).
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Phytoplankton cells were examined and identified by compound light microscope at 40X
and sometimes at 100X power. A group of sources was used in the classification of
phytoplankton cells) Desikachary, 1959; Prescott, 1973; Harrington et al., 2002).

Biodiversity Indices

A set of biodiversity indices was conducted by using the number of species in the
sample and their relative density, as well as the variation and presence of species within
one sample, which are as follows:

Shannon and Weaver Index (/) (Shannon & Weaver, 1949):

H=2Xpilnpi

Biodiversity values range from zero Table 2. Ranges of Shannon Biodiversity
to more than 4 according to the following Index values and their relationship to water
Table 2. quality (Shanthala et al., 2009)

Richness Index (RI) (Stiling,1996): Shannon Biodiversity Pollution

RI=(S-1)/InN Index score level degree

Evenness Index (E) (McCune & 0.0-1.0 Very Lees Heavy
Grace, 2002): 1.0-2.0 Lees Moderate

I—’I _ 1 RI 2.0-3.0 Moderate Light

vax = I (RI) 3.0-4.5 High Slight

E=H/H wmax

Jaccard Similarity Index (JI) (Jaccard, 1912):

JI=A/Bx100

whereas: S = Number of species in the sample; N = Total number of Species in the
samples; Pi = Number of individuals in the sample; A = Number of common species in
the between two sites; B = Total number of species in the two sites.

Phytoplankton Trophic Indices

Chlorophyceaen Index = Chlorococcales spp. / Desmidiales spp. (Thunmark, 1945)

Myxophycean Index = Cyanophyta spp. / Desmidiales spp. (Nygaard, 1949).

When the results of the above equations are < 1, the water is Oligotrophic. When
the results are > 1, the water is Eutrophic.

Statistical Analysis

Using the statistical program (SPSS, ver. 16) to extract the mean, standard
deviation, and the minimum and maximum of the recorded values, in addition to
extracting the values of the least significant differences (LSD) through the use of analysis
of variance (ANOVA - Analysis of Variance).

RESULTS AND DISCUSSION

Physical and chemical parameters

Table 3 shows the relevant physical and chemical parameters measured at the sites
of the Euphrates River between the cities of Al-Baghdadi and Ramadi. The water
temperature did not show significant variations, and this may be due to the similarity of
the factors that affect the temperature, including water currents, river depths, the shape
of the aquatic systems, nutrients, and the lighting factor, which makes non-diatoms algae
adapt to different environments and maintain their balance (Al-Tamaki & Al-Obeidi,
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2023). The pH values did not show any noticeable local variation, as the highest rate was
recorded in the sitel (7.1). This slight variation between the study sites confirms that the
water of the Euphrates River has a high regulating capacity because its water contains
bicarbonates and carbonates resulting from the erosion of soil containing these materials
(Ibo et al., 2020). The total alkalinity values varied locally, with the highest rate recorded
at 1,183 mg CaCos per L at Site 2 (Hit), which is affected by natural spring water, and the
lowest rate recorded at 111 mg CaCos per L at Site 3, where the water of the Euphrates
River is considered to be lightly alkaline (Snoeck et al., 2022). The highest rate of EC
was recorded in the site 1 (1,430) ps cm™!, and the lowest rate 500 us cm™'was recorded
in the site 3. The reason for these variations is attributed to the nature of the geological
sites, climate elements, where dilution plays an important role in the difference in
conductivity during the humid seasons and dry (Sofi et al., 2022). The highest rate of
TDS was recorded in site 2 is 5,597 mg L' and the lowest rate 739 mg L™ in site 3, and
its values exceeded the permissible limits (CCME, 2007), a river is characterized by
containing many solid dissolved organic and inorganic substances, whether formed
naturally or resulting from the waste of anthropogenic, including agricultural and
domestic activities, in addition to torrential rains that lead to the washing of the soil and
its erosion into the river waters (Xiong et al., 2022).

The water of the Euphrates River in the current study area is considered to be of
medium hardness, as its highest rate was 317 mg CaCO; per L at site 4 (Ramadi), and its
values were similar in all sites, with the Ca element predominating over the Mg element,
which is one of the characteristics of most Iraqi water bodies (Sharqi et al., 2024). The
turbidity values showed clear locational variations, as the highest rate was 8.1 NTU was
recorded in site 3, where its values exceeded the permissible limits (CCME, 2007).
Perhaps this may be attributed to the abundance of biological activities and chemical
fertilizers, and it is agriculture land, which leads to the growth of algae and other
organisms such as fungi, bacteria, aquatic plants and zooplankton (Rizani et al., 2022).
The Euphrates River waters were characterized during the current study period by
recording high concentrations of DO, as its highest rate 10.8 mg L' of DO was recorded
in site 3. While the BODs values varied locally according to the nature of those sites, its
values exceeded the permissible limits (CCMW, 2007), where its highest rate was
recorded as 11 mg L' in site 3, due to the high organic load of river water (Lkr et al., 2020).

Cl values exceeded the permissible limits (CCME, 2007), as the highest rate was
recorded at 142 mg L' in the site 2. The reason for the increase is due to its widespread
distribution in water systems more than other salts, due to its ease of dissolution and also
resulting from waste from factories and homes (Fadel et al., 2021). As for Na, its highest rate
was recorded 70.8 mg L™ at the site 4, and its values did not exceed the permissible limits.

NO; was available in the river water, with the highest rate recorded at 4.0 mg L' in
sites 1 and 4. This may be attributed to the provision of dissolved oxygen, which leads
to the oxidation of nitrite to nitrate (Al-Obeidi and Al-Tamimi, 2024). As for POy, its
concentrations exceeded the permissible limits (CCME, 2007), with the highest rate
recorded at 4.0 mg L' at site 4 (Ramadi), because this site was affected by organic and
inorganic pollutants, as well as agricultural waste such as chemical fertilizers and
wastewater waste resulting from restaurants across the river Euphrates (Berkessa et al.,
2019; Fan et al., 2022).
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Table 3. Physical and chemical factors, biodiversity Indices, and values of the least significant
difference between them in the current study sites. (Up : Range and Down : Mean)

Parameters Site | Site 2 Site 3 Site 4 LSD value

Water temperature (C°) 5-10 5-10 4-16 5-12 1.078 NS
8.0 7.8 8.1 8.0

Electrical conductivity (u.s cm™)  603-2,935 801-1,349 203-690 523-1,430 174.03 *
1,400 a 934 b 500 ¢ 1,430 a

Turbidity (NTU) 3.0-6.0 2.1-10.0  5.0-13.0 5.0-7.0 2.491 *
41b 6.0 ab 8.1a 6.0 ab

Total dissolved sold (mg L) 542-5,630 525-149  560-1,239 700-890 206.49 *

1,879 b 5,597 a 739 ¢
Total hardness (mg CaCOs L) 200-607 194-235 153290 123-501 136.52 NS

309 212 311 317

Total alkalinity (mg CaCOs; L") 133-1,971 150-2,012 100-127 98-202 12.85 *
1161 b 1183 111 132 b

Ca(mgL™) 37-60 98-213 36-201 38-103 33.68 *
503 ¢ 165.0 a 94.1b 59.8 ¢

Mg (mg L) 22-45 20-50 22-40 20-50 7.31 NS
32.1 31.3 28.4 34.6

DO (mg L) 8.7-12.1 7.2-13.2  9.1-142 8.4-12.2 1.045NS
10.3 9.8 10.8 10.1

BOD (mg L) 6.2-12.1 4.0-10.0 9.0-13.0 5.0-17.0 20913 *
8.4 ab 59b 11.0a 9.8 a

CL (mg L''L) 97-120 76127 19-155 100203 23.78 *
103 b 103 b 132 a 142 a

Na (mg L''L) 22-62 50-66 60-77 60-78 14.52 *
50.1b 59.3 ab 653a 70.8 a

NO; (mg L''L) 0.9-5.6 0.04-4.1 1.3-2.75 3.1-4.7 1.334 *
4.00 a 249D 231D 40a

PO, (mg L''L) 0.16-0.015 0.60-2.23 1.60-6.21 1.10-7.25 1.282*
0.18 ¢ 1.60b 3.60a 40a

Shannon index 1.94 1.57 1.56 1.91 0.493 NS

Richness index 12.43 ab 11.30b 15.13 a 14.45a 3.066 *

Evenness index 097 a 0.85 ab 0.76 b 094 a 12.79 *

Means having with the different letters in same row differed significantly; * (P < 0.05).

Phytoplankton (Non-Diatoms)
Qualitative study. Table 4 shows the density, presence and distribution of
phytoplankton (Non-diatom) during the period of the current study. It was noted in this
study about the diversity and growth of these algae, where many species dating back to
three classes prevailed in all study sites, the largest percentage belonging to the
Chlorophyceae at a rate of 55%, and this may be attributed to the sweetness of the water
of the Euphrates River (Lu et al., 2022; Al-Anazi et al., 2023) in addition to the
geographical location of the study sites, as it is a on the availability of nutrients, which
helped the spread and reproduction of many species and their dominance, including
Gloecystis major, Qocystis elliptica, Coelastrum microporium, Pediastrium simplex,
Scendesmus quadricauda, S. dimorphus (Yang et al., 2023), and comes in second place,
followed by the Cyanophyceae, with a percentage of 34%, where many species prevailed.
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During the study period, including Oscillatoria tenus, O. nigra, O. Formosa, O. limosa,
Mersmopedia elongate, Chrococcus minor, Gomphosphaeria fusca, and then the
Pyrrophyceae by 4%, where two genera were recorded, including Glenodinium, which
includes four species, and the genus Peridinium, which includes two species.

Table 4. Density and distribution of phytoplankton species (Non-diatom) identified in the current

study sites

Class: CYANOPHYCEAE Site 1 Site 2 Site 3 Site 4
Anabaena catenula Ktz Bornet - + 4+ +++
A. circinalis Rabenhorst - +++ - +

A. limnetica G.M.Smith - + + 4t
Chrococcus limeticus Lemm A+ + 4 +

C. minor Ktz Naegli -+ + ++ +4++
C. varius A. Braun +++ - ++ -
Gloeotheca linearis Naegii - - + -

G. rupestriis Lung Bornet + - -+
Gomphosphaeria fusca Her Naegli + ++ ++ +++
Lyngbya ceylanica Wille + ++ +++ -

L. lagerhemii Moeb Gomont - + - +

L. limetica Lemm - - + -
L.major Meneghini + + ++ +++
L. punctate Lemm +++ - - -

L. nigra Agardh + - +++ -
Merismopedia convolute de Brebison - - + -+
M.elongata Desikachrary -+ + +++ -
Microcystis aeruginosa Kutzing +++ ++ + 4+
Nostoc commune Vacher - - ++ -

N. linckia Roth Bornet - + + N
Oscillatoria artculata Gardher +++ - +++ -

O. annae Van Goor - - ++ -
Oscillatoria acutissima Kufferath +++ ++ ++ 4+
Oscillatoriar boryana Bory + - - ++
O. amoena Ktz Gomont - ++ 4+ -

O. angustissima West &West + - ++ 4+
O. chalybea Kutz + +++ - -+
O. foreaui Fremy - - - +

O. formosa Bory 4+ + 4+ Tt
0. geminata Meneghinni ++ - +++ -+
O. irrigua Kuetzig +++ + - -

O. limosa Roth Agardh et R ot +

O. Imnetica Lemm - +++ ++ -

O. nigra Vaucher +++ ++ ++ +++
O. perornata Skuja - + + 4+
O. princeps Vaucher -+ + +++ -
O. splendida Greville - 4+ ++ +
O. tenuis Agardh - ++ + +++
O. tenuis var natans Gomont +++ - +++ ++
Phormidium africanum Lemm. ++ - -+ 4+
P. jenkelianum G.Schmidle - + ++ ++
P. formosum Gomont ++ - + +
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Table 4 (continued)

P. tenus Menegh Gomont ++ +++ +++ -+
Spirulina gomontii Gutwinski - - +++ -

S. laxa G.M. Smith ++ +++ +++ -

S. major Kuetzing - 4t Ny +

S. princeps West & West +++ - +++ -
Class: CHLOROPHYCEAE

Ankistrodesmus borunii Naeg -+ + - -
Chlorella ellipsoidea Gernek - +++ +++ +++
C. vulgaris Bejerinck +++ - 4+ ++
Cylindrocapsa geminella Wolle + - - -
Coelastrum microporium Naeg +++ + ++ ++
C. probiscidium Chan - +++ - -+
C. reticulatum Dang Senn +++ + + ++
C. sphaericum Naeg et - ++ -
Crucigenia quadrata Morren + +++ ++ +
Closterium ehrenbergii Meneghini - +++ 4+ +

C. lineatum Ehrenberg ++ - ++ -+
Cosmarium bioculatum de Brebisson +++ ++ + +

C. cymatoplerun Nord -+ - - -

C. longiense Biss - + 4t +

C. microsphictum Lemm. - + + +

C. obtusatum Schmidle +++ +++ - -

C. parvalum ktz. +++ - ++ +

C. quadrifarum P.Lundell ++ -+ - +

C. retusum var angustatum West&West - - ++ ++
Dictyosphaerium pusillum Naeg ++ - - -
Eudorina elegans Ehren + +++ A+ +++
Gloecystis major Gerneck ++ +++ ++ +
Kirchneriella contorta Schmidle ++ - - -
Mougeotia microspore Taft ++ - - +
Microspora crassior Hansgirg Hazen +++ +++ + ++
M. elegans Hansg + - + ++
Oocystis apiculate West + +++ - ++
O. elliptica West ++ + ++ +
O. natans Lemm. ++ - ++ +
O. pusilla Hansgirg ++ - ++ +
Oedogonium cripsum Hass Wittr -+ - - -

O. gallicum Hirn + +++ ++ +
O. perfectum Hirn Tiffany ++ +++ ++ +

O. varians Wittrock ++ + + +++
Pediastum biradiatum Meyen - it + -

P. boryanum Turp Meneghini +++ +++ 44+ ++
P. clathratum Schr Lemm + - + -

P. duplex Meyen ++ +++ + +

P. duplex var cornutum Rciborski + - ++ ++
P. integrum Naeg ++ +++ - +
P. simplex Meyen +++ +++ + +

P. simplex var granulatum Lemm. +++ - ++ -
P. sturmi Rensch - - + -

P. tetras var. tetrahedronod Corda ++ +++ ++ +
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Table 4 (continued)

Scenedesmus abundans Kirch +++ - + +++
S. acuminatus Lag Chodat - - + +

S. alternata Chodatti ++ 4+ ++ +

S. arcuatus Lemm. ++ +++ + +

S. arcuatus var platydiscus G.M. Simth -+ +++ ++ ++
S. armatus Chodat -+ - ++ ++
S. bijuca Turp Lagher - 4+ ++ ++
S. bijga Turp -+ +++ + ++
S. dimorphus Turp Ktz. -+ ++ +++ ++
S. grassus Ktz. - ++ - 4+
S. longus Meyen + +++ ++ +

S. orbiculare Turp +++ - ++ +

S. quadricauda Turp de Brebisson +++ +++ +++ +
Stigeoclonium helveticum Vischer + 4+ -+ ++
S. tenue Ktz. ++ ++ ++. ++
Spirogyra collinisi Lemm. + +++ -+ b
S. crassa Ktz. ++ ++ ++ +

S. subsalas Ktz. ++ - + +
Staurastrum analinum Cooke +++ +++ + ++
S. curvatum West ++ - -+ ++
S. kjelmanni Wile - - ++ -

S. pingue Telling +++ + ++ ++
Tetraedron caudatum Cord Hansgirg - + -+ +++
T. minimum A.Braun Hang +++ + + ++
T. pentaedruicum West & West - + + A+
T. regulare Ktz. - ++ ++ +

T. trigonum Naeg Hansg + - A+ +
Ulothrix cylindricum Presscott + ++ + +++
U. pseudoflocca Wille - - T4+ +

U. zonata Weber & Mohe ++ - ++ +
Zygnema collinsianum Transeau + + - +

Z. sterile Transeau + +++ ++ ++
Class: EUGLENOPHYCEAE

Euglena acus Ehrenberg ++ ++ ++ ++
E. ehrenbergii Korshikov - + - ++
E. minuta Prescott - + ++ -

E. oxyuris Sclimardata - + + 1+
Phacus acuminatus Stoken - + +++ Tt
P. chloroplastes Prescott - +++ ++ +
Class : CHRYSOPHYCEAE

D. tabellariae Lemm. + + - +
Synura uvella Ehrenberg + + ++ +
Class : BYRROPHYCEAE

Glenodinium borgei Lemm Schiller +++ - +++ -

G. cintum Eherberg ++ - ++ ++
G. gymondinium Penard - 4+ +++ ++
G. fuscum Her Stein + - ++ -
Peridinium bipes Stein +++ + - ++
P. cintum Muell Ehrenberg + ++ + -

Note (+:1—5Cell mL") (++: 510 Cell mL) (+++: < 10 Cell mL1).

731



Table 5. Numbers of genera and species of phytoplankton (Non-diamo) in the current study sites

Sites Chloro. Cyano. Eugleno. Chryso.  Pyrro. Total

G. Sp. G. Sp. G. Sp. G. Sp. G. Sp. G Sp.
1. (AlBaghdadi) 22 62 9 28 1 1 2 2 2 2 36 95
2. (Hit) 18 38 10 30 2 6 2 2 2 2 34 78
3. (Al-Mohamdi) 17 62 11 39 2 5 1 1 2 2 33 109
4. (Al-Ramadi) 18 64 11 32 2 5 2 2 3 2 36 105
Total 75 226 41 129 7 17 7 1 9 8 139 387

The percentage of Euglenophyceae was 4%, and only two genera, including 6
species, were recorded, and the Euglena acus was dominant in all study sites. As for the

Chrysophyceae, their percentage
was 1%, and two genera were
recorded, where the type Synura
uvella was recorded to be dominant
in all sites (Table 5 and Fig. 2).

Quantitative study. The total
number of phytoplankton cells
varied for the sampling sites
(Fig. 3), and this may be due to
the difference in geological nature
and the extent of its influence
on sources of water pollution
(Al-Anazi et al., 2023), where the
highest rate was 1,767 cell L
for the Chlorophyceae, while the
Chlorophyceae  recorded  the
highest numbers from the algae
classes. Cyanophyceae, and this is
expected since the water studied is
fresh water with a low content
of salts (Al-Tamaki & Al-Obeidi,
2023), and the recording of small
percentages of the ranks of
Euglenophyceae, Chryptophyceae,
and Dinophyceae algae is one of
the characteristics of fresh water,
which many articles have indicated
for most Iraqi water bodies
(Al-Dulaimi et al., 2024).

Biodiversity Indices

Chrysophyceae
Euglenophyceae 1%,
4%

Dinophyceae
4%

Figure 2. Percentage distribution of phytoplankton
species (Non-diatom) according to their main classes.

1,800 - m Cyanophyceae
1,600 - mChiorophyceae
-Euglenophyceae
1,400 A m Chrysophyceae
- 1,200 m Dinophycea

—11,000 -
D 800 -
© 600 -
400 -
200 -
0 .

Site1 Site2 Site3 Site4

Figure 3. Locational variations in the total number
of cells of phytoplankton (non-diatom) classes at
sample collection sites during the period of the
current study.

Shannon and Weaver Index (H). The values of the Shannon Weaver index of
biodiversity converged in all sites of the current study area, where the highest value was
recorded in the site 1, 1.94, and the lowest, 1.46, in the site 3 (Fig. 4), and the availability
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of environmental factors, including light and appropriate temperatures, as well as
phosphates and nitrates resulting from the release of organic pollutants that contribute to
excessive growth for algae (APHA, 2017). The values of the Shannon Weaver index
indicate the existence of inverse relationships between water pollution and biodiversity,
leading to variations in algal populations, where sensitive species are replaced by species
with greater resistance to pollution in the aquatic environment (Feilong et al., 2020).

16
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m Shannon Index
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1.91

m Richness Index

12.43

11.3

15.13

14.45

Evenness Index

0.97

0.85

0.76

0.94

Figure 4. Evaluate the evidence of biodiversity at the sample collection sites during the current
study period.

According to the results of the current study, the water of the Euphrates River between
Al-Baghdadi and Ramadi Dam can be described as having low biodiversity and
moderate water quality (Feilong et al., 2020). The large variation in the relative density
of some species of phytoplankton cells negatively affected the decrease in biodiversity
values in the river water (Shanthala et al., 2009). Some species of Cyanophyceae and
Chlorophyceae recorded cell numbers exceeding 10 cells mL! with their dominance in
all sites, while other species of the same groups recorded low relative density values with
their appearance in specific sites, while the Euglenophyceae, Chrysophyceae and
Pyrrophyceae recorded a decrease in the relative density of their cell numbers with their
fluctuating appearance in the current study sites. The dominant Cyanophyceae species
are Chrococcus limeticus, C. minor, Gomphosphaeria fusca, Lyngbya.major,
Merismopedia.elongata, Microcystis aeruginosa, Oscillatoria acutissima, O. formosa,
O. limosa, O. nigra, O. princeps, P. tenus. The dominant types of Chlorophyceae are
Coelastrum microporium, C.reticulatum, Cosmarium bioculatum, C. microsphictum,
Eudorina elegans, Gloecystis major, Microspora crassior, Qocystis elliptica,
Pediastrum  boryanum, Scenedesmus arcuatus, S. arcuatus var. platydiscus,
S. dimorphus., Stigeoclonium tenue, (Table 4).

Richness Index (RI). The richness index refers to the absolute number of
taxonomic groups in any given ecological site. The abundance of species indicates the
diversity of biological communities in the aquatic environment, as there is a direct
relationship between the richness index and the values of biodiversity (Ristanto et al.,
2021. A noticeable difference was recorded between the studied sites, as the highest
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value was recorded in the site 3 (Hit) 15.13, while the lowest value was recorded 11.3.
In the site 2 (Fig. 4), these sites are characterized by recreational and heritage sites,
including the waterwheels of Hit and the large number of orchards around the river, as
they are suitable for agriculture. The values of the rich index varied in the other sites,
perhaps due to the diversity of causes of changing the water content of the important
nutrients resulting from wastewater and the domestic ones. The Euphrates River
waters in the current study area can be described as having moderate species richness
(Rosca, 2020).

Evenness Indexs (EI). The value of evenness depends on the Shannon values of
biological diversity. Its values range from O to 1.0, where high values indicate
homogeneity in species from a poorly polluted water body, and vice versa (Pomari et al.,
2018) where the highest value was recorded in the site 1 (0.97) and the lowest was
recorded in the site 3 (0.76) (Fig.4). Some species of wandering algae showed
dominance, while others appeared, but in a very small percentage. This indicates the
presence of changes in the climatic and environmental conditions, as well as the geology
of the sites. Therefore, non-diatom wandering algae were described as moderate to
highly homogeneous, which indicates that the waters of the Euphrates River are in the
current study sites it has moderate water quality (WHO, 2008).

Jaccard Similarity Index (JSI). This index expresses the percentage of similarity
in the presence of species and its comparison between each two sites separately,
and its values are expressed according to percentages (Al-Tamaki & Al-Obeidi, 2023).
The highest similarity value was recorded
between the site 3 and 4 (90%), which Table 6. Evaluate the Jaccard similarity index

may be attributed to the closeness of these ~ between sample collection sites during the
sites and the similarity of their sources of ~ Period of the current study
pollution, while the lowest similarity Sites 1 2 3
values were recorded between site 1 and 2 2
due to the difference in the quality of the - 78% 73%
4 76% 75% 90%

water of these sites (Table 6). Similarity
ratios are controlled by the geographical
and geological characteristics of the site, as well as differences in physical and chemical
properties and abiotic factors, which is reflected in the quality and type of water and thus
affects the growth process of floating algae (Zhu et al., 2023).

Trophic Indices

Chlorophycean index values recorded values higher than 1 in all locations, so the
water of the Euphrates River is considered to be oligotrophic and slightly to moderately
polluted (Thunmark,1945) (Table 7). Also, the Myxophyceaen index values recorded
values higher than 1, so the water of the Euphrates River in the current study sites is
considered oligotrophic and slightly to moderately polluted (Nygaard,1949). The
application of phytoplankton Trophic Indices in this study was consistent with the results
of water quality from environmental factors and evidence of biodiversity in the waters
of the Euphrates River in the current study sites.
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Table 7. Trophic indices and its relationship to the water quality of the sampling sites during the
period of the current study

Spp. No. Indices
8 g =
_ 8 s 3 & B . .
Sites g 2 S ,;::: 2 Water Quality Trophic Stat
S g =2 S 2.
[
S T A SE SE
Site 1 (Al-Baghdadi) 19 28 10 1.9 28 Less to Moderate  Oligotrophic
Site 2 (Hit) 16 29 8 20 3.6 Less to Moderate  Oligotrophic
Site 3 (Al-Mohamdi) 23 39 11 2.1 35 Less to Moderate  Oligotrophic
Site 4 (Al-Ramadi) 22 33 11 2.0 3. Less to Moderate  Oligotrophic
CONCLUSIONS

Through the results of the current study, phytoplankton (Non-diatoms) can be relied
upon as effective biological indicators in the waters of the Euphrates River at the current
study sites due to their rapid response to changes in aquatic ecosystems. The study
showed agreement between environmental factors, evidence of biodiversity, and the
nutritional status of river water. Therefore, phytoplankton (Non-diatoms) can be
considered as vital monitors due to their sensitivity to changes in water quality, such as
nutrient levels, pollutants, and the condition of physical sites, which makes them of high
value for monitoring and evaluating the health of the Euphrates River water
environment. The study showed that the city of Ramadi has a clear impact on the
physical and chemical characteristics of the water of the Euphrates River, which is
reflected in the biodiversity of phytoplankton (Non-diatoms). The results of the current
study indicate that the Euphrates River waters are exposed to moderate environmental
stresses. These results highlight the need for better water management and pollution
control, especially in agricultural areas. Overall, this research contributes to providing
valuable data for sustainable water use and helps guide future environmental policies for
the upper Euphrates River.
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