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Abstract: A study was designed to (1) establish the taxonomy of diatom species in the Euphrates ~Article history:
Received 15 July 2023

Accepted 7 September 2023
Available online 25 October 2023

River, and (2) determine the effect of the main environmental factors on diatom community
distribution in the Euphrates River. From 14 sites along part of the Euphrates River, samples of
diatoms and water were taken during 2016. Diatom samples were collected from the water by
phytoplankton nets at a randomly selected site. A total of 96 diatom species were recorded during the

Keywords:
study period. Using correlation factor analysis, patterns of diatom species distributions in connection  Djatoms
to environmental variables were discovered. Temperature, total suspended solids, total alkalinity, and =~ Euphrates

phosphate (PO4) were all significantly and strongly linked with diatom species in both habitats (r=  River

0.85, 0.88, 0.92, and 0.83, respectively). Fragilaria crotonensis Kitton 1869 had a higher total ~ Phytoplankton
number recorded (881.64 cells/Ix10%) during the study period, and site 2 had a higher total number

compared with other sites (4845 cells/Ix10%). November had a higher total number recorded

compared with other months (13722.64 cells/Ix103). As a result, we concluded that in lotic systems,

environmental conditions can affect the existence and distribution of diatoms.

Introduction
Diatoms are eukaryotic, unicellular, or colonial
photoautotrophic  microalgae that belong to
Bacillariophyta. They stand out due to the peculiar
quality of having a silica-based cell wall. The group of
diatoms is diverse and can be found in all freshwater
and marine ecosystems and wet terrestrial habitats as
well as in extreme conditions like sea ice (Arrigo,
2014) and deep marine sediments that are
considerably below the photic zone of the ocean
(Cahoon et al., 1994). The number of species is
thought to range between 100,000 (Mann and
Vanormelingen, 2013) and 200,000 (Armbrust, 2009).
According to Sabater (2009), diatom cells range in
size from 5 pm to more than 1 mm in diameter or
length. They can form colonies and live in the water
column or attached to substrates, but they are most
frequently encountered as solitary cells.

Water, despite being the most plentiful resource
on earth, occasionally has a declining natural quality
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due primarily to human demand in various forms
(Falkenmark and Rockstrom, 2004). The main causes
of declining water quality worldwide, including in
Iraq, are agricultural intensification, urbanization, and
industry as a result of rising human populations and
technological development (Alcamo et al., 2007,
Nelson et al., 2009). The main cause of water pollution
is human activity, which has several negative effects
on both the ecosystem and human health (Carr and
Neary, 2008). A change in the physical and chemical
makeup of the receiving water bodies could result
from agricultural runoff and urban pollution finding
their way into various aquatic systems (Peters and
Meybeck, 2000). It may change the physicochemical
characteristics of the water, which therefore
influences the mix of living biological communities in
the aquatic ecosystem (Karr and Dudley, 1981). The
variety of  macro-invertebrates,  zooplankton,
phytoplankton, and other aquatic species are impacted
by water pollution (Chapman, 1996). According to
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Table 1. Study Sites as displayed by GBS.

Station East North

Station 1 44016 .187°  32°43.750
Station 2 44° 15, 550 32°41.635
Station 3 44013.781° 32°32.157
Station 4 44017, 234 32°24. 489
Station 5 440 21.793 32°13.580

Station 6 44°21.086  32°10. 561
Station 7 44°21.907  32°06. 209
Station 8 44°23.510  32°02.903
Station 9 44°24.733  32°02.174
Station 10 44°25.709  32°00. 831
Station 11 44°27.305  31°58.870
Station 12 44°29.691  31°51.836
Station 13 44°29.993  31°47.655
Station 14 44°30.565  31°47.138

several studies done in Iraq (Hassan et al., 2007;
Jawad and Alrufaye, 2020; Al-Tamimi and Al-Obeidi,
2021), human-induced water quality changes have an
impact on the distribution of diatoms in various
aquatic systems. Therefore, this study aimed to (1)
establish the taxonomy of diatom species in the
Euphrates River, and (2) determine the effect of the
main environmental factors on diatom community
distribution in the Euphrates River.

Materials and Methods

Study area: The Euphrates River is one of the most
significant rivers in eastern and southern Asia. Many
barriers have been constructed on this river, such as
the Hindiya barrier, at which the river separates into
two branches of the Hindiya and the Hilla rivers.
When it reaches Kifl city (within the Al-Najaf
Province), the Euphrates River branches, namely the
Abbasia and Kufa Rivers extend from Kifl city to Al-
Diwaniyah city. The length of the river is about 2800
km, which represents inside Iraq about 35% of the
total river length, and irrigates wide areas of land of
about 765831 km?, draining an average of 818 m>/sec
(UNESCO, 2002). The Euphrates River undergoes
large fluctuations due to its depth. It has a high level
during the flooding seasons at the end of March or the
beginning of April and a low level in the summer
months (Al-Haidarey, 2010). The study area is part of
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Figure 1. Map showing location sampling sites on the Euphrates
River.

the sedimentary plain in Iraq, which is the result of the
sedimentation of the Tigris and Euphrates rivers.
Generally, the nature of the surface is characterized by
general extension and low diversity of terrain.
Although the extension image was visible on the
surface, this did not prevent the emergence of some
difficulties, which contributed to determining the
general trend of the study area and showed some
significant increases in the study area due to natural,
human, or both factors. The slope of the surface in the
study area increases as it rises northward and
westward in the marginal area with the western
plateau region (Fig. 1).

Physical and chemical properties: Monthly samples
were taken in 2016 from each of the 14 sites from
Hindiya Dam to Mishkab Regulator (Table 1). A
multi-meter device (WTW, Germany) was used to
take in-situ measurements of temperature, pH, and
salinity. At each site and a depth of 30 cm below the
surface, water samples were taken in 1-liter plastic
containers for chemical analysis, and these samples
were pooled together for a specific site. Using a
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Table 2. Physiochemical parameters of Euphrates River water during the study period.

Months oH WT AT TDS TSS Alk. TH Ca Mg
(°C) (°C) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/1)
July 7.58+0.03 28.50.03 36.1+0.00 566+1.6 40.5+58 11935 30318 114+6 42.3£2
August 7.34:0.036 31.8#0.00 35.4#0.00 521%0.7  29.5+4 118+4.4 29047 113+4  38.2¢16
September ~ 7.55:0.05 30.840.02 28.70.02 40616.1 22.9+6.6  118+5.4 339+10 120¢5  49.4+24
October ~ 7.63+0.024 26.3x0.01 27.3x0.00 7917  29.2+42 117463 33148 118+6  48.3x2.1
November ~ 7.67+0.11 22.6+0.00 185+0.00 640+49.4 21.2+28  116+7.3 30249 11546 42.2+2
December ~ 7.59+0.028 17.8+0.03 14.2+0.00 624+184 21.1#33  115+8.3 30247 113+7  43.2+2.1
Mean 7.56+0.11  26.3t53 26.748.85 591129 27.4+7.45 117.16+147 311.16+19.23 1155+2.88 43.9x4.14
L.S.D.005  0.04 0.02 0.004 17.33 4.5 4.2 6 4 15

cadmium column, nutrient samples (NO2, and NO3)
were analyzed using a cadmium column (Parsons et
al., 1984), and PO4 was assessed following APHA
(2010) guidelines. Total alkalinity, total hardness,
calcium hardness, TSS, and TDS were measured
according to APHA (2010).

Diatom sampling, processing, and analysis:
Monthly samples were collected from 14 sites by a
standard phytoplankton net (20 pm mesh size).
Following that, samples of phytoplankton were put in
plastic bottles and preserved by including a small
amount of Lugol's solution. A clean glass slide was
used, and it was heated to a temperature of 75-80°C.
To remove organic matter and clarify the structures of
the diatoms, 50 microliters of the sample were added
to the slide's center using a micropipette. Nitric acid
was then added, and after the acid had completely
evaporated, a small amount of Canada balsam was
taken and placed on the cover slide (Hadi, 1981).
Statistical analysis: SPSS Version 26 was used to
calculate the average and standard error of the mean
for the diatom and water quality variables. Using
correlation factor analysis, patterns of diatom species
distributions in connection to environmental variables
were discovered. A one-way ANOVA test, Tukey's
multiple comparison test, and Pearson Correlation
were used to compare the physicochemical and diatom
density between stations and months as well as to
analyze the diatom's reaction to environmental
conditions and the difference was considered at the
level of P<0.05.

Results and Discussions
Table 2 shows that the temperature of the water ranged

from 17.8°C in December to 31.8°C in August (mean:
26.315.3°C). This is consistent with the studies carried
out by Al-Zurfi et al. (2018) and Redha and Al-Zurfi
(2021). Algae within each community are affected by
several physical and chemical factors that affect
negatively or positively the distribution, growth, and
development of algae. The results of the current study
showed clear monthly changes in the water
temperature at all the selected stations. Temperature
plays a major role in many physical and chemical
processes that affect the vital interactions and
physiological and metabolic processes carried out by
algae, such as growth, photosynthesis, respiration,
water absorption, and nutrients (Smith, 2004). The
variation in the water temperature is due to the
location and the thermal effects of the sun and its
transmission through the water column (Zoffoli et al.,
2017; Liu et al., 2021). The distribution of organisms
in the water body is determined by temperature, which
is also one of the primary drivers of water density,
which is directly related to salinity (Smith, 2004). This
may be due to the nature of the Iraqi climate, as the
intensity of sunshine and the length of the day vary in
different seasons of the year, as the summer months
are distinguished. The length of the photoperiod, the
intensity of solar radiation, and the high temperatures
(Ali, 2020).

The pH of the water ranged from 7.34 to 7.67
(mean: 7.5£0.1) during the study period (Table 2). The
pH level was within acceptable WHO and Iraqi limits.
The pH values showed little variation between the
months of the study, and the reason for this is probably
the narrow range of pH in river water, which may be
attributed to the buffer capacity as it resists changes in
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Figure 2. Monthly variations of NO> during the study period.
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Figure 3. Monthly variations of NO3 during the study period.

pH (Hynes, 1975). Therefore, the pH values were
within a narrow range and did not change very much,
and this agreed with many previous studies (Salman et
al., 2015; Al-Zurfi et al., 2019).

The TDS ranged from 406 to 791 mg/l (591+129)
during September and October, and the TSS ranged
from 21.1 to 40.5 mg/l (27.4£7.45) during December
and July. The results showed significant differences
between the months in both factors (Table 2). TDS
levels were high in the summer months. This could be
because agricultural waters drain into waterways
when they use fertilizers, and water their crops (Al
Bomola, 2011). The values of TDS gave a distinction
between months and stations, as TDS affected the
presence and distribution of algae (Bilanovic et al.,
2009), and the abundance of nutrients in the water and
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Figure 4. Monthly variations of PO4 during the study period.

the osmotic activity of algae, which has a major role
in the absorption and release of nutrients (Kadono,
1982). The total alkalinity of the water ranged from
115 to 119 mg/1 (117.16%1.47) during December and
July. This is explained by the fact that the carbonate
reactions are affected by the cooler air and water
temperatures during the cool season (Abdo, 2005).
Alkalinity exhibited a positive correlation with water
temperature (r = 0.91) and high negative correlations
with TDS and pH (r = -0.44 and -0.36, respectively).
The TH of the water ranged from 290 to 339 mg/l
(311.16%£19.2) during August and September showing
significant differences between the months (Table 2).

Calcium levels were high (120 mg/1 in September)
and low (113 mg/l) in December. While the
magnesium content of the water ranged from 38.2 to
49.2 mg/1 (43.9% 4.14) during August and September.
According to Awdallah et al. (1991), the high Ca’**
content in the Euphrates River during September may
be caused by the re-dissolution of organisms and
suspended materials containing Ca®* in the presence
of dissolved COx. Figure 2 shows the concentration of
nitrite in water samples, where the higher value was
recorded in October (3.61 mg/1) and the lower value in
December (1.12 mg/l). The results revealed that nitrite
concentration was significantly different between
months (P<0.05) with a higher value in October (13.1
mg/1) and a lower value in December (1.13 mg/1). The
results showed that nitrate concentration was
significantly different between months (P<0.05) (Fig.
3). High values in October may be related to bacterial
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Figure 5. Spatially distributions of diatoms total number at study sites.

activity, decomposition of organic matter, emission of
foul odors that indicate the presence of anaerobic
decomposition and the presence of H2S, or a decrease
in the uptake by phytoplankton and low water levels,
while the lowest value in December may be related to
an increase in the uptake by aquatic plants and
phytoplankton (Mohammed, 2007; Al-Hamdawe,
2016). These findings are in agreement with the
findings of Okbah and ElGohary (2002) and Al-Taee
(2017) but contradict with results of Yerli et al. (2012).
In aquatic ecosystems, nitrogen is found in both
distinct inorganic forms (N2, NH*, NO,, and NO’3)
and a variety of organic forms (Wetzel, 2001). The
primary form of inorganic nitrogen in the aquatic
ecosystem is nitrate (Smith, 2004).

According to the findings, the phosphate ranged
from 7.8 to 19.6 ug.I"!. In July, the average value was
higher (Fig. 4), but it changed throughout the months
because of the breakdown of organic waste and
aquatic plants, as well as changes in water level,
evaporation, and phytoplankton uptake (Volk and
Engelbrecht, 2000; Mokaya et al., 2004). It is lowest
in September, and this could be due to an increase in
phosphate uptake by aquatic plants or by phosphate
adhering to sediments, organic matter, and mineral
deposits at the bottom of surface water (Fink et al.,

57 S8
Sites

59 510 511 512 S13 514

2016). When the pH level is close to natural,
phosphorus is strongly linked to sediments by calcium
and iron compounds and it is difficult to release
(Wauchope et al., 2022). Al-Obaidi et al. (2009) in the
southern marshes and Al-Taee (2017) in Bahr Al-
Najaf results are in agreement with our findings,
however, Gurung et al. (2006) in the Nepal Lakes
showed different findings. The results revealed
significant variations (P<0.05) between sites and
seasons, with summer having a particularly large
impact on PO4 and TP. Both organic and inorganic
phosphorus compounds, as well as dissolved or
particulate phosphate, can occur. Algae and aquatic
plants are the principal sources of phosphate
(Mainstone and Parr, 2002). Many natural waters have
low phosphorus concentrations, which typically
prevent algae growth (Worsfold et al., 2016).

The present study recorded 96 taxa of diatoms
during the study period (Table 3) with the highest
number of 4845x0> cells/l in site 2, while a lower total
number of 2871x10? cells/l in site 11 (Fig. 5) because
of agricultural spills, household, and/or wastewater
effluents, or both (Kamel et al., 2022). The plants and
animals that make up a living population of water are
subject to selective action by water quality, and the
changes in them can cause biological indices of water
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Figure 6. Monthly variations of diatoms total number during study period.

quality (Wu, 1993). November had a higher total
number of 13722.64x10° cells/l, while July had a
lower total number of 7216.88x10° cells/I (Fig. 6).
Diatoms underwent bi-times total number reduction
during July and October and restoration in Euphrates
River, once during November and again early winter
(December) (Fig. 6). November phytoplankton bloom
has occurred as the light became more available,
temperatures temperate, and nutrients were available
(Libby et al., 2013). In the study period, we discovered
that Fragilaria crotonensis Kitton (1869) had a higher
total number followed by
(Ehrenberg) Simonsen 1979, Cocconeis placentula
Ehrenberg 1838, Ulnaria acus (Kiitzing) Aboal 2003,
Cocconeis pediculus Ehrenberg 1838, and Nitzschia
palea (Kiitzing) W.Smith 1856 (Table 3). This may be
because cell division happened at a time when the
population was predominately made up of tiny cells
from the late summer to early fall (Kagami et al.,
2006). In oliogotropic regions of the Euphrates River,
where diatom assemblages resemble
mesotrophic and eutrophic  lakes.

crotonensis 1s thought to be a sign that reactive
nitrogen levels have risen above the threshold (Wolfe
et al., 2006; Spaulding et al., 2015). A significant
relation was found between Diatoms' total number and

Aulacoseira italic

those in

Fragilaria
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I

9890.76

I

September

7658.20
I

October November December

Months

phosphorus (P<0.05; r = 0.83* (Table 4) because
phosphorus is an essential component of nucleic acids,
phospholipids, and intermediate metabolites, and its
availability can affect primary production and the
carbon cycle in aquatic environments (Paytan and
McLaughlin, 2007).

Nutrients like nitrogen (N), (Si),
phosphorus (P), and iron (Fe) can have an impact on
diatom growth (Litchman et al., 2006). Phosphorus
deficiency has been noted in numerous open ocean
places, and P recycling is relatively quick in the ocean
(Dyhrman et al., 2007). Orthophosphate anions (Pi)
are the most prevalent soluble inorganic form of P
taken up by phytoplankton. In response to a P
shortage, diatoms can enhance their P absorption
(Perry, 1976). Phosphorus limitations have shown the
induction of phosphate transporters and alkaline
phosphatases, which are linked to an increase in the
capacity of P absorption in diatoms (Dyhrman et al.,
2012; Lin et al., 2013) In numerous studies, including
those on the Tigris and Euphrates rivers (Al-Fatlawi,
2011; Alghanimy, 2015) and other studies on Iraqi
marshes (Hammadi et al., 2007; Al-Saadi et al., 2008),
diatoms have taken the lead and are a common
phenomenon. In research carried out in many parts of
the world, including Radwan (2005) in Egypt,

silicon
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Basualto et al. (2006) in Chile, Yerli et al. (2012) in
Turkey, and Kumssa and Bekele (2014) in Ethiopia,
diatom outperformed other algal groupings. It was
concluded that the presence of diatom species in both
lotic and lentic habitats was significantly and highly
correlated with air temperature, total suspended solids,
total alkalinity, and phosphate. We concluded that in
lotic systems, environmental conditions can influence
the presence and distribution of diatoms.
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