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Abstract. Heramza K, Barour C, Djabourabi A, Khati W, Bouallag C. 2021. Environmental parameters and diversity of diatoms in the
Ain Dalia dam, Northeast of Algeria. Biodiversitas 22: 3633-3644. Diatoms have long been used as biological indicators of the quality
of aquatic environments due to their important capacity to respond to environmental change. As this flora has been very little studied in
Algeria, the present study aimed to monitor the Spatio-temporal dynamics of diatoms at the Ain Dalia dam (north-eastern of Algeria)
and determine the main abiotic factors contributing to these variations from June 2017 to May 2018 in four selected stations. Our results
showed that the waters of Ain Dalia dam waters vary from moderately (St1 and St3) to significantly polluted (St2 and St4). They host
the community of planktonic diatom flora composed of 72 species. The interspecific biodiversity was marked in summer and autumn
(57 and 56 species respectively) and in the St4 station (52 species). In terms of abundance, more than 40% of the overall density was
found in the St4 station and the fall period. Among the dominant genera, Cyclotella, Thalassiosira, Synedra and Navicula are found in
moderately polluted waters, while Nitzschia, Melosira and Surirella in significantly polluted waters. Some environmental parameters,
including nutrients (POs*and NO2), SM, temperature, dissolved oxygen, and pH played a key role in the functioning and evolution of
this lake. Hence, these parameters demonstrated important fluctuations during our study and influenced directly the diatom distribution.
These results showed that diatom assemblages are influenced by anthropogenic disturbances, and can be used as indicators of

environmental quality.
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INTRODUCTION

Diatom communities respond directly to physical and
chemical changes in the environment. Previous studies
conducted on the diatom ecology have shown that the
community structure depends on many factors, including
organic matter (Sladecek 1986), pH (Renberg and Hellberg
1982; Zampella et al. 2007), nutrients (Kelly 1998; Pan et
al. 1996), depth and water temperature (Afonina et al.
2020). Furthermore, a large diversity of ecological
preferences between species results in structural changes in
the diatom community. Also, the relatively short generation
time makes diatoms rapidly respond to environmental
changes, and consequently provide an early signal in the
event of pollution (McCormick and Stevenson 1998).

The composition and distribution of aquatic organisms
are usually determined by the spatio-temporal dynamics of
the environment. In the biotopes different in hydrological
and physic-chemical parameters, the plankton communities
differ in species composition and abundance (Skala 2015;
Voutilainen et al. 2016). Diatoms are used to track the
effect of climate (Ruhland et al. 2008) and nutrient
enrichment (Hall and Smol 2010). They also often
dominate the algal communities in many freshwater

systems. Although the ecological importance of diatoms,
they were rarely studied in Algeria. These studies were
mainly conducted on the continental diatoms of Algeria
Baudrimont (1973), and the assemblages of the diatoms in
Algerian wadi (Ounissi and Frehi 1999; Al-Asadi et al.
2006; Lange-Bertalot et al. 2009; Chaib et al. 2011; Chaib
and Tison-Rosebery 2012; Hamaidi-Chergui et al. 2013;
Djabourabi et al. 2014; Nehar et al. 2014; Nehar 2016;
Draredja 2019; Draredja et al. 2019a,b; Chabaca et al.
2020).

In Algeria, the only study that investigated the ecology
of lentic diatoms was undertaken by El Haouati et al.
(2015) in Lake Reghaia. In this perspective and to
contribute modestly to the enrichment of knowledge on the
ecology of the freshwater diatoms, this work aimed to
study the environmental factors influencing the diatomic
flora of Ain Dalia reservoir (North-East of Algeria).

Our study is devoted to the diatoms and their spatial
and temporal distribution in four selected stations from
June 2017 to May 2018. In addition, we identified the
diatoms communities and determined the abiotic factors
driving their distribution.
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MATERIALS AND METHODS

Study area

The Ain Dalia dam is located in the extreme north-
eastern part of Algeria, 10 km south of Souk-Ahras city
(Table 1). The dam water reservoir has an area of 217 km?
and a total capacity of 82 million m® (Figure 1). According
to the National Agency of Dams and Transfer, the surface
water resources are provided mainly by the Wadi (River) of
Medjerda which flows from Khemissa region to the
Tunisian territory crossing Souk-Ahras city on a length of
113.6 km (NADT 2013)
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Chaussepied 1983). To measure the concentration of
suspended matter (SM), a heat-treated (450 °C, 30 min)
glass fiber filters of 0.45 pwm nominal porosity (47 mm
diameter, Whatman GF/CTMTM, Germany) were pre-
weighed and then used for the filtration of the surface water
samples. After filtration, the filters were dried at 70 °C for
48 h. The SM concentration was determined from the
difference between the weight of the filter before and after
filtration (Aminot and Chaussepied 1983).

Table 1. The geographical coordinates and some characteristics
of the study stations

Physicochemical measurements, sampling, and
treatment of phytoplankton

Geographical

A sampling of phytoplankton and measurements of
some physicochemical parameters were performed monthly
from June 2017 to May 2018 in four selected stations. The
geographical position and the characteristics of sampling
stations are displayed in Table 1.

Physicochemical measurements (temperature (T, °C),
dissolved oxygen (O, mg.L™?), pH) were carried out in situ
using a multi-parameter analyzer (Consort C561). While
nutrients (nitrite, NO.,and orthophosphate, POs*) were

Station - Characteristics
coordinates
Station1l  7°52'52"E; Treated water (drinking water)
36°15'57" N
Station2  7°47'50" E; Characterized by the population’s
36° 15'07" N urban waste of sewers, dumps
Station3  7°49'35"E; Exposed to wind and close to a
36° 16' 06" N zone of intensified agricultural
activity.
Station4  7°5948" E; Exposed to wastewater of
36°16'14" N treatment station discharge of

Souk-Ahras city.

assessed using the spectrophotometers method (Aminot and
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Figure 1. The geographical location of the Ain El-Dalia Dam, Northeast of Algeria and the distribution of the stations. (St1: station 1,

St2: station 2, St3: station 3, St4: station 4
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Phytoplankton sampling was performed by filtering the
surface water samples using plankton net of 20 pm of
mesh, and collected samples were fixed immediately with
formaldehyde (concentration 10%). The identification of
Diatoms is based on the observation of morpho-anatomical
characteristics using a light microscope (Carl Zeiss,
Axiostar Plus Microscope) and according to appropriate
taxonomic literature like Bourrelly (1985); Loir (2004);
Bey and Ector (2013); Peeter and Ector (2017, 2018),
whose the taxonomic database "Algae base" was used to
standardize the scientific names of diatom taxa. The cell
counting was carried out using Nageotte cell counting
chamber (Brient et al. 2001). The Diatoms’ fauna diversity
structure was assessed by calculating the Shannon-Weaver
diversity index H' (Shannon and Weaver 1949), the
Simpson’s diversity index (D) (Simpson 1949), and the
Pielou's evenness index J' (Pielou 1975). Additionally, the
dominance of the major taxa (D%) was determined
according to Ngansoumana (2006).

Statistical analyses

All our statistical analyses were performed using R,
version 4.0.1 (R Core Team 2020). The Shapiro-Wilk test
tested the normality of all variables data. Median
differences among seasons and stations were tested by the
rank-based nonparametric test of Kruskal Wallis followed
by posthoc pairwise comparisons using Dunn’s test with
Holm’s P-value adjustment by using the 'Dunn test'
package (Dinno 2017). The spatiotemporal variation of our
tested biotic and abiotic variables is plotted through many
boxplots graphs by using the 'ggplot2' package (Wickham
2016); different lowercase letters indicate a significant
difference between the levels of the studied factors. Results
are given as means * SD (standard deviation). All the
statistical analyses were realized at o= 0.05 as a
significance level.

In addition, the relationships between physicochemical
and biological parameters were analyzed by the non-
parametric Spearman correlation using ‘ggcorrplot’
(Kassambara 2019) and ‘Hmisc’ (Harrell et al. 2020)
packages. We carried out also the principal component
analysis (PCA) using the ‘FactoMineR’ (Husson et al.
2020) and ‘'facto extra (Kassambara and Mundt 2020)
packages on standardized data to characterize the
spatiotemporal variation of the measured biotic and abiotic
variables in Ain Dalia dam.

RESULTS AND DISCUSSION

Composition of diatom communities

The inventory of diatoms resulted of a total of 72
species represented by 17 centric and 55 pennate belonging
to 31 genera and 21 families. Six families are the richest in
species (S: specific richness > 4): Melosiraceae (8 species),
Naviculaceae (15 species), Cymbellacea (6 species),
Fragilariaceae (7 species), Bacillariaceae (8 species), and
Surirellaceae (5 species). However, the species richness in
the other families' does not exceed 3 species (S< 4):
Asterolampraceae (1 species), Biddulphiaceae (2 species),
Heliopeltaceae (2 species), Stephanodiscaceae (2 species),
Thalassiosiraceae (4 species), Achnanthaceae (2 species),
Catenulaceae (2 species), Rhoicospheniaceae (2 species),
Licmophoraceae (1 species), Stauroneidaceae (1 species),
Entomoneidaceae (2 species) Rhopalodiaceae (1 species),
Amphipleuraceae (1 species), Pinnulariaceae (1 species),
Eunotiaceae (1 species) (Table 2).

The dominance index (D) estimation of the 31
identified genera, revealed the dominance of Cyclotella
(D= 18.97%), Melosira (D = 13.30%), Thalassiosira (D=
13.07%), Nitzschia (D= 8.51%), Navicula (D= 8.14%)
Surerilla (D= 5.38%) and Synedra (D= 5.34%). The other
genera are secondary taxa (D<5%) (Table 2).

Table 2. Checklist of diatom species identified in Ain Dalia dam, Algeria (June 2017-May 2018)

Family

Genus

Species

Centric

Asterolampraceae Smith 1872
Biddulphiaceae Kiitzing 1844

Heliopeltaceae Smith 1872

Melosiraceae Kiitzing 1844

Stephanodiscaceae Glezer & Makarova
1986
Thalassiosiraceae M. Lebour 1930

Asteromphalus Ehrenberg 1844
Biddulphia Gray 1821

Actinoptychus Ehrenberg 1843

Aulacoseira Thwaites 1848
Hyalodiscus Ehrenberg 1845

Melosira C. Agardh 1824

Cyclotella (Kutzing) Brébisson 1838

Thalassiosira Cleve 1873

Asteromphalus sp.
Biddulphia sp.1
Biddulphia sp.2
Actinoptychus sp.1
Actinoptychus sp.2
Aulacoseira sp.
Hyalodiscus sp.

M. arenaria D.Moore ex Ralfs 1843
M. distans (Ehrenberg), Kiitzing 1844
M. moniliformis C. Agardh 1824

M. nummuloides C. Agardh 1824
M. undulata (Ehrenberg), Kiitzing
1844

M. varians C. Agardh 1827

C. ocellata Pantocsek 1901

C. parforata Héribaud 1903

T. rotula Meunier 1910
Thalassiosira sp.
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Penate: complete absence of raphe
Fragilariaceae Kitzing 1844

Licmophoraceae Kitzing 1844

Penate: presence of raphe
Achnanthaceae Kitzing 1844

Rhoicospheniaceae Topachevskyj &
Oksiyuk 1960
Catenulaceae Mereschkowsky 1902

Cymbellaceae Kutzing 1844

Entomoneidaceae Reimer in Patrick &
Reimer 1975

Rhopalodiaceae (Karsten) Topachevs'kyj
& Oksiyuk 1960

Eunotiaceae Kiitzing 1844

Stauroneidaceae D.G. Mann

Amphipleuraceae Grunow 1862
Naviculaceae Kiitzing, 1844

Pinnulariaceae D.G.Mann
Bacillariaceae Ehrenberg 1831

Surirellaceae Kiitzing 1844

Fragilaria Lyngbye 1819
Meridion C. Agardh 1824

Synedra Ehrenberg 1830

Licmophora C. Agardh 1827

Cocconeis Ehrenberg 1836
Rhoicosphenia (Kitzing) Grunow
1860

Amphora Ehrenberg ex Kitzing,
1844

Cymbella C. Agardh 1830

Amphiprora Ehrenberg 1843
Epithemia Kiitzing 1844
Eunotia Ehrenberg 1837
Craticula Grunow 1868
Frustulia Rabenhorst 1853

Caloneis Cleve 1894
Gomphonema C. Agardh 1824

Gyrosigma Hassall 1845

Navicula Bory 1822

Pinnularia Ehrenberg 1843
Bacillaria JF Gmelin 1791

Hantzschia Grunow 1877

Nitzschia Hassal 1845

Cymatopleura W.Smith 1851

Surirella Turpin 1828

w

numumwm

Fragilaria sp.

F. capucina Desmaziéres 1830
M. circulare (Greville) C.Agardh
1831

S. acus Kiitzing 1844

S. ulna Kutzing 1844

Synedra sp.1

Synedra sp.2

Licmophora sp.

Cocconeis sp.
Cocconeis placentula Ehrenberg 1838
Rhoicosphenia sp.

A. cummutata Grunow 1880

A. hyalina Kitzing 1844

Amphora holsatica Hustedt 1925
C. aspera (Ehrenberg) Cleve 1894
C. parva (W.Smith) Kirchner 1878
C. tumida (Brébisson) Van Heurck
1880

C. turgidula Grunow 1875
Cymbella sp.1

Cymbella sp.1

A. alata (Ehrenberg) Kiitzing 1844
A. paludosa W.Smith 1853
Epithemia sp.

E. pectinalis (Kutzing) Rabenhorst
1864

C. cuspidata (Kutzing) DGMann 1990
F. vulgaris (Thwaites) De Toni 1891
Caloneis sp.

G. italicum Kitzing 1844

G. parvulum (Kitzing) Kiitzing 1849
Gomphonema sp.1

Gomphonema sp.2

G. fasciola (Ehrenberg) J.W. Griffith
& Henfrey 1856

. hippocampus Hassall 1845

. abrupta (W.Gregory) Donkin 1870
. gregaria Donkin 1861

. radiosa Kiitzing 1844

. salinarum Grunow 1880

. tripunctata (O.F.Mdiller) Bory 1822
. trivialis Lange-Bertalot 1980
Navicula sp.1

Navicula sp.2

Pinnularia sp.

B. paradoxa JFGmelin in Linnaeus
1791

H. omphioxys (Ehrenberg) Grunow
1880

N. brevissima Grunow 1880

N. longissima (Brébisson) Ralfs 1861
N. reversa W.Smith 1853

N. segmoidea (Nitzch) W.Smith 1853
Nitzschia sp.1

Nitzschia sp.2

C. elliptica (Brébisson) W.Smith 1851
C. solea (Brébisson) W.Smith 1851
S. gemma (Ehrenberg) Kiitzing 1844
S. ovalis Brébisson 1838

S. robusta Ehrenberg 1841

2222220

Note: D: Dominant (D > 5%), S: Secondary (D<5%) (Ngansoumana 2006)
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Seasonal and spatial distribution of diatoms

In terms of proportions in relation to the overall density
of the diatoms collected, the diatoms show seasonal
densities that evolve in decreasing order according to
autumn (43%) > Winter (25%) > Summer (18%) > Spring
(14%). Furthermore, the highest proportions are found in
St4 (44%) compared to 20%, 19%, and 17% respectively in
St3, St2, and St (Figure 2).

Seasonal distribution of dominant genera

Among the dominant genera, those that predominate in
terms of abundance are Melosira, Cyclotella and Nitzschia
in autumn (72% of seasonal density), Thalassiosira,
Cyclotella and Synedra in spring (80%), Navicula,
Nitzschia and Thalassiosira in summer (66%) and
Cyclotella, Thalassiosira and Melosira in winter (77%)
(Figure 3).

Spatial distribution of dominant genera

Among the 7 dominant genera, we note, in stations St1,
St2 and St3, the predominance of Cyclotella and
Thalassiosira, which together account for 64%, 58% and
57% respectively; in station St4, the predominant genera
are Melosira and Surirella (35 and 18% respectively)
(Figure 4).

Ecological indices

Diatoms species, diversity and evenness indices per
season and station are shown in Table 3. The maximum
richness was observed in autumn (S= 57 species, H'=3,
D=0.926, E=0.742) and summer, (S= 56 species, H'=2.999,
D=0.926, E=0.742). Regarding spatial specific richness, the
highest values of ecological indices are recorded in station
St4 (S=52 species; H'=3 and D=0.926; E>0.761) (Table 3).
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Figure 2. Spatio-temporal distribution of diatom densities (MD)
(June 2017-May 2018).
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Statistical analyses

Physicochemical characterization of Ain Dalia Dam’s water
The spatial and temporal variations of the

physicochemical parameters of the waters of Ain Dalia are

shown in Table 4.
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Figure 3. Seasonal distribution of dominant genus (June 2017-
May 2018). Note: CYC: Cyclotella, MEL: Melosira, NAV:
Navicula, NIT: Nitzschia, SUR: Surirella, SYN: Synedra, THA:
Thalassiosira

THAON

Z0000
e

il

Dominant genus

B =«
[
B e
[ B
|
B =m
| M

kK Dicalm ]

1 1 Ll Ll
Aaton_ 1 AAlon_? Rreon 3 Alalon_d

Flalzimns

Figure 4. Spatial distribution of the dominant genus (June 2017-
May 2018). Note: CYC: Cyclotella, MEL: Melosira, NAV:
Navicula, NIT: Nitzschia, SUR: Surirella, SYN: Synedra, THA:
Thalassiosira



3638

Table 3. Spatio-temporal evolution of ecological indices of
diatoms enumerated (June 2017-May 2018)

Ecological index

S H’ D E
Season Summer 56 2.996 0.921 0.744
Autumn 57 2.999 0.924 0.742
Winter 43 2.586 0.874 0.687
Spring 36 2.231 0.810 0.623
Station Stl 44 2.503 0.826 0.662
St2 49 2.618 0.865 0.673
St3 45 2,362 0.889 0.683
St4 52 3.007 0.926 0.761

“Note: S: specific richness, H’: Shannon-Weaver index, D:

Simpson index, E: Regularity index

The difference in T between stations is only 3°C;
however, the difference is about 14°C between winter
(10.73°C) and summer (24.86°C), with intermediate values
in autumn and spring. The pH of the Dam’s water is
alkaline (> 7.5); high values are recorded in spring (7.99)
and at the St3 (7.89) and low values (7.56) in winter and at
the St2. The O, saturation levels ranged from 34 to 73%;
minimums (close to 34.5%) are recorded in summer and in
St2 and maximums in winter (66.46%) and in Stl
(73.71%). The lowest SM concentrations are noted at Stl
and St3 (25 and 53 g.L%, respectively) and the highest at
St2 and St4 (139 and 158 g.L?, respectively). Excepting
winter, when SM levels reached 160 g.L%, the values in the
other seasons fluctuated between 61 and 79 g.L™.

Furthermore, in winter and at Stl the orthophosphate
levels showed values that are less than 0.05 mg.L™, while
values that are greater than 0.2 mg.L™ are observed in
summer and at St4; values between 0.1 and 0.2 mg.L? are
found in autumn and spring and at St2 and St3. Moreover,
nitrite values ranged from 0.02 to 0.23 mg.L™; values that
are less than 0.1 mg.L* were found at St1 and in winter and
values greater than 0.20 mg.L* were found at St2 and St4
and in summer; whereas the intermediate values are
recorded in spring and autumn and at St3.

The comparison between stations by using the non-
parametric Kruskal Wallis test revealed significant
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differences (p< 0.05) for the following variables: Melosira
(MEL), Surirella (SUR), dissolved oxygen (O), suspended
matter (SM), and nutrients (NOyand PO,*). Concerning
the season factor, the Kruskal Wallis test revealed also
significant differences for Navicula (NAV) and Nitzschia
(NIT) loads as well as for orthophosphates (PO4%),
temperature (T), and dissolved oxygen (O). In addition,
the post hoc pairwise comparisons of the Dunn’s test are
presented by boxplots showed in Figure 5 for season factor
and Figure 6 for station factor.

Correlation analysis between environmental parameters
and Diatoms’ density

The non-parametric spearman correlation analysis is
presented in Figure 7 and showed, in the one hand, a
significant positive correlation (p > 0.5) between Navicula
and T (r = +0.67), Synedra and pH (r= +0.53), Navicula
and Nitzschia (r= +0.54), Thalassiosira and SM (r= +0.57)
and Thalassiosira and NO; (r= +0.56), and on the other
hand, a significant negative correlation between Synedra
and Nitzschia (r=-0.55), Synedra and Navicula (r=-0.65),
Synedra and T (r=-0.50), Nitzschia and pH (r=-0.57),
Nitzschia and O, (r=-0.62), Navicula and pH (r=-0.60),
Thalassiosira and O, (r=-0.53).

Spatiotemporal variation analysis of the physicochemical
and the Diatoms’ distribution: Principal component
analysis (PCA)

Generally, the PCA results about the spatiotemporal
variation of some biotic and abiotic parameters in Ain
Dalia Dam; show a clear structuring for sampling stations
and season. In a summarized way, the PCA resulted in two
relevant components that accounted for 72.21% of the
spatiotemporal data variance (total inertia). This percentage
is relatively high and thus the first plane well represents the
Spatiotemporal data variability and the description will
stand to these two first axes.

On the one hand, the first PCA axis alone explains 43%
of the total dataset inertia and shows positive correlation
with:  NOx(r= +0.79, c0s’=0.63), PO/ (r= +0.71,
co0s?=0.51) and Nitzschia (r= +0.55, c0s?=0.30); but it
displayed a negative correlation with O, (r =-0.92, cos? =
0.85) and pH (r=-0.54, cos? = 0.29) (Figure 8.C).

Table 4. Spatiotemporal variations outcomes (Mean * Se, n= 48) of temperature (T, °C), dissolved oxygen (02,%), pH, suspended
matter (SM, g.L%), nitrites (NO2, mg.LY), nitrates (NOs", mg.L?), orthophosphates (PO+*, mg.L) in Ain Dalia Dam (Souk Ahras,

Algeria)
Parameters Station Season _ _

Stl St2 St3 St4 Summer Autumn Winter Spring
T 19.9+1.82  17.01+1.57 17.56+2.13 16.31+1.72 24.86x0.76  18.70£0.99  10.73+0.66 15.68+1.65
pH 7.71+0.16  7.56% 0.15 7.89+0.11  7.58+0.20 07.58+0.12  7.63%0.10 7.56+0.23 7.99+0.14
02 73.71+2.37 34.54+4.94 54.89+5.93  39.05+4.61 34.50+5.45  47.76+5.98  66.46+4.22 53.46+6.40
POs* 0.05+0.01  0.16+0.04 0.16+0.12  0.20£0.10 0.25+0.12 0.19+0.10 0.02+0.00 0.11+0.00
NOz 0.02+0.01  0.23+0.09 0.10+0.05  0.22+0.03 0.23+0.09 0.10+0.04 0.09+0.03 0.15+0.05
SM 25.57+2.69 139.22451.89 52.88+4.77 158.42+38.48 75.52+13.22 79.17+12.52 160.40+65.92 61.04+10.89
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This axis explained clearly a distinction between our
four sampling stations: St2 and St4 are characterized by
fairly high levels of nitrites, and orthophosphates as well
the density of Nitzschia genus; while the St1 and the St3
are richly oxygenated with high pH values and with a
dominance of both Cyclotella and Synedra genera (Figures
8.A-B). On the other hand, the second PCA axis explains
29.20% of the total dataset inertia; it is positively correlated
with T (r = +0.76, cos? = 0.58) but negatively correlated
with SM (r=-0.83, cos? = 0.69). This axis reveals a clear
seasonal structure, which allows us to distinguish the
hottest months from the coldest ones, it opposes the
summer season to the winter season with two overlapping
seasons (spring and autumn). From Figure 8.B-C, we can
conclude that the high levels of suspended matter (SM)
were registered in the winter season with a dominance of
both Synedra and Thalassiosira genera, in opposition to
Navicula genus which could appear in the summer season.

Discussion
Environmental parameters

The pH of the waters of Ain Dalia dam is alkaline. (7.5-
7.9). The highest values of the pH were observed in Stl
and St3 where dissolved oxygen levels are highest; A
positive correlation is noted between pH and dissolved
oxygen (p<0.05). Our data were in accordance with those
reported by Chabaca et al (2020) at the Lake Oubeira, by
Draredje et al (2019) at the Lake Melleh, by Ayad and
Kahoul (2016) at the well water in the region of El-
Harrouch, by Kahoul and Touhami (2014) on drinking
water of the city of Annaba and by Manamani 2007;
Agouni 2013 at the Ain El-Dalia dam, for which they

report pH values between 6 and 9. Indeed, this alkalinity
could be due to the increase in diatom communities (Seyni
2006), by an increase in oxygen in the water and by the
consumption of CO2 through photosynthesis (Stum and
Morgan, 1991; Martin 2004).

The water of stations St4 and St2 was low in oxygen.
The oxygen uptake could explain these low values by the
bacteria (Dandelot et al. 2005), which was favored by the
increase of urban and industrial wastewaters containing a
great quantity of organic matter (Arrignon 1998). A
significant negative correlation between dissolved oxygen
and SM and PO, (p<0.05) and a highly significant
correlation between dissolved oxygen and NO,(p<0.001)
were noted.

Both Stations St4 and St2 displayed a high level of
pollution in contrast to the rest of the stations (St1 and St3)
which exhibited a moderate level of pollution. The St4 and
St2 stations have the highest SM, NOzand PO,® levels
because their water comes from municipal and treatment
plant discharges. These data agree with those reported from
the Oued of Madjerda by Nait Merzoug (2012), who
confirmed an adverse impact on the physicochemical
characteristics. This implies that the water of this river has
a major pollution problem.

According to Savary (2003), the fluctuations of the
suspended solids indicated a certain irregularity both at
spatial and temporal levels, according to the season,
rainfall, and discharges. The evolution of the nitrogen
contents showed a temporal difference. The low values
were dependent on important nitrification (Abba et al.
2008) and a strong absorption (Issola et al. 2008).
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Figure 8. Principal component analysis carried out on all
variables (physicochemical and Diatoms' loads' parameters) for
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Dim 2: 29.2%): A-B. Scatter diagrams representing the projections of
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Navicula, NIT: Nitzschia, SUR: Surirella, SYN: Synedra, MEL:
Melosira, THA: Thalassiosira (the seven Diatoms’ loads were
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Taking into account the average annual dissolved
oxygen, nitrate, and phosphate contents recorded in the 4
stations, we can consider the waters of stations St1 and St3
as class Il (presenting moderate pollution and therefore of
mean quality) and those of stations St2 and St4 as class 1|
(presenting significant pollution and therefore of very low
quality). In terms of SM content, the dam waters would be
excessively polluted and would thus be part of class IV
(ANRH. 2000).

Composition of diatom communities

The present study carried out on diatomic settlement in
Ain Dalia dam promotes inventing 72 species distributed in
31 genera. These findings, particularly those of some taxa
carried out in El-Kala region (north-east Algeria) were
previously reported, including those in Chelif river (Al-
Asadi et al. 2006), the black Lake (Amri 2008), Kebir river
(Chaib et al. 2011), Oubeira and El Malah Lake (Draredja
2007; El-Haouati et al. 2015; Draredja 2019; Draredja et al.
2019a, b), Oubeira Lake (Djabourabi et al. 2014 2017,
Chabaca et al. 2020). Furthermore, some other data
regarding these species were reported from previous
studies carried out in Algeria; in the Gulf of Annaba (horth-
eastern of Algeria) (Ounissi and Frehi 1999), in Chiffa
Blida river (Hamaidi-Chergui et al. 2013), in Sidi-Yacoub
dam (Houari 2009) and in some of watercourse of Oranie
(Nehar et al. 2015; Nehar 2016).

Diversity is a crucial ecological subject, generally
perceived as the best indicator of the ecosystem health
status (Magurran 1988). In this study, the maximum
richness was observed in autumn (S= 57 species, H'=3,
D=0.926, E=0.742) and summer, (S= 56 species, H'=2.999,
D=0.926, E=0.742). Regarding spatial specific richness, the
highest values of ecological indices are recorded in station
St4 (S=52 species; H'=3 and D=0.9260; E>076). in terms
of proportions in relation to the overall density of the
diatoms collected in Ain Dalia dam, the diatoms show
seasonal densities that evolve in decreasing order according
to autumn (43%) > Winter (25%) > Summer (18%) >
Spring (14%). The dominance index (DI) estimation of the
31 identified genera from waters of Ain Dalia dam,
revealed the dominance of Cyclotella (D = 18.97%),
Melosira (D = 13.30%), Thalassiosira (D = 13.07%),
Nitzschia (D = 8.51%), Navicula (D = 8.14%) Surirella (D
= 5.38%) and Synedra (D = 5.34%).

However, the study performed by Nehar (2016) has
revealed that the results of settlement structure from El-
Hammam and Chelif rivers (North-est Algeria) provided
generally, low mean values. On the other hand, Draredja et
al. (2019a) reported that the diversity of populations of
diatoms in the Mellah is up to 4.56 bits.cell* and with a of
regularity of 0.98, and thus suggesting populations of
structured diatoms for a single period of the year (winter
and late spring). However, the rest of the cycle is
characterized by unstable species composition. Chabaca et
al. (2020) in Oubeira Lake showed that the genera
Cymbella and Navicula dominated the two stations of
Oubeira Lake.

In the Reghaia dam lake, El Haouati et al. (2015) report
the presence of 24 species belonging to 13 genera; this
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diversity increased during the spring and autumn periods.
In Reghaia Lake, the abundance of taxa study showed that
the genus Cyclotella occupied an important place in the
diatom community, with more than 50% of the diatoms
present in winter and summer; during the spring and
autumn  periods, they noted the dominance of
Stephanodiscus and Navicula. In the Beni Haroun dam, the
number of species is 14 for 9 genera; in this water body,
the most representative genera of the group of
Bascillariophyceae are Cyclotella, Navicula and Nitzchia
(Kherief Nacereddine et al. 2018). Of all the species
described in the three water bodies, only the species
Stephanodiscus sp. is found exclusively in Reghaia.
However, we note that the Cyclotella genus is dominant in
Ain Dalia as well as in Reghaia and Beni Haroun.
According to Airill et al. (2016), in shallow nutrient-rich
turbid water diatoms like Cyclotella, Stephanodiscus,
Asterionella, Diatoma, Fragilaria, Navicula, Nitzschia,
Melosira and Synedra exist in higher density. Members of
Bacillariophyceae like Navicula, Nitzschia, and Synedra
species can tolerate pollution and be used as sewage
pollution indicators (Shekhar et al. 2008).

According to Hakansson (2002), the genus Cyclotella
often dominates species assemblages in paleolimnology,
particularly in the circum Mediterranean region, and can
cause difficulties or loss of information in
paleoenvironmental reconstructions due to the ongoing
taxonomic uncertainty in this group. In the waters of the
Ain Dalia dam, the genus Cyclotella shows the highest
proportions in stations St1 and St3 (respectively 58%, 20%
and 32% of the overall seasonal abundance) and therefore
seems to be able to accommodate strong variations in
oxygen saturation rates (73%, 35% and 55% respectively in
St1, St2 and St3) and T° between 17 and 19°C. Cremer and
Wagner (2003) suggested that the Cyclotella ocellata
complex must comprise several different species or
ecological groups, exhibiting contrasting ecological
preferences for nutrient status, which may relate to the
biogeographic region in which they grow. It also occurs in
slow-flowing rivers as plankton or periphyton (Krammer
and Lange-Bertalot 1991; Ehrlich 1995; Houk et al. 2010).
According to Loudiki (1990), this genus presents a
recognizable heliophilous character and it develops in an
optimal way when the temperature is around 20°C. Species
of the genus Cyclotella represent an important component
of the diatom community of eutrophic lakes (Schelegel and
Scheffler 1999) and they were already reported in the
waterways of North Africa (Fawzi et al. 2002; Chaib and
Tison-Rosebery 2012).

Excepting autumn and the St4 station where it registers
the lowest proportions, the Thalassiosira genus, like
Cyclotella, seems to tolerate various environmental
conditions. Species of the genus Thalassiosira seem to
have preferences for SM and nitrite-rich waters (r = 0.57
and r = 0.56 respectively) but not for oxygen loads (r =-
0.53).

In terms of densities, Melosira genus accounts for 35%
of the overall density recorded in station St4 (first place),
15% in station St1 (second place), and 14% in station St2
(third place); this genus is mainly present in autumn and
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winter and seems to prefer SM-rich waters with a fairly low
pH. According to Kilham et al. (1986) Melosira species are
generally opportunistic organisms that are adapted to the
non-equilibrium conditions that exist when wind-induced
mixing permits them to enter the plankton. The ecology of
meroplanktonic Melosira species contrasts markedly with
that of euplanktonic species, such as Stephanodiscus sp.,
planktonic Nitzschia sp. and Synedra sp. (Kilham et al.
1986).

The genus Nitzschia's relatively strong presence is
noted in warm periods (autumn and summer) and in the St4
station where it seems to seek waters with relatively high
SM, NOzand PO,%contents and low dissolved oxygen (r =-
0.62).

The species of the genus Navicula are present in all the
stations in proportions varying from 7 to 15%; the genus
Navicula shows preferences for the summer period when
high temperatures are favorable (r = 0.67) and for
moderately polluted environments such as stations St1 and
St3 where it records scores of the order of 11 and 15%
respectively.

The genus Synedra shows its highest score in the St3
plant and especially in spring; the latter seems to prefer the
alkaline waters of the St3 station (r = 0.53) and spring
when the pH is quite high (r = 0.53) and temperatures are
quite low (r =-0.50).

The genus Surirella shows its highest score (18%) in
the St4 station, considered to be the most polluted area of
the water body; The latter shows the highest concentrations
of MS, NOyand PO,*that Surirella is looking for to
develop, although the results of the Spearman test do not
reveal the existence of significant correlations between all
these parameters. Besides, Surirella species are sometimes
common in acid waters in high-altitude lakes and peats and
they develop in waters moderately rich in organic matter,
but they are more common in waters with high
temperatures, alkaline pH values, and relatively high
conductivity (Sala et al. 2013).

The results of Hamaidi-Chergui et al. (2013) showed
that the algal flora (diatoms) found in the Chiffa water river
was dominated by the genera Synedra and Melosira. In the
same context, the published work of Sidi Yakoub-
Bezzeghoud et al. (2014), in the seminar of ADLAF,
proved the presence of 66 species and a variety of 23
genera in Rhiou river and El-Malah river (basin of low
Chelif and basin of Tafna), in which the species
Pénnatophycidées are dominating with 64 species against 2
species of Centriphycidées. Similarly, the authors have
shown the dominance of genus Diatoma with a rate of
42.37% as compared with the genus Nitzschia (17.5%)
found at the Rhiou river, since the genera Nitzschia et
Navicula are predominant in Malah river, along with rates
of 63.87% and 18.5% respectively. However, the study of
Draredja et al. (2019a), in the Melleh lagoon, indicates that
the dominant genus is Nitzschia. The study of Chabaca et
al. (2020), in the Oubeira lake, indicated that the genera
Cyclotella and Nitzschia dominated the lake.
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Structure of diatom flora in relation to water quality

The ACP analysis carried out with 6 environmental
variables and 7 diatom dominant genera, highlighted the
links between the environmental characteristics of the Ain
Dalia dam and the different diatom dominant genera. Based
on the two-first axes of the ACP, representing 72.21% of
the variance, this analysis revealed that the phosphate,
nitrite, pH, dissolved oxygen, temperature, and suspender
matter significantly explained the variability diatom
communities.

The first axis (43% of the variance) opposes nitrites,
orthophosphates, and Nitzschia to dissolved oxygen and
pH. This axis shows a clear difference between the group
consisting of two stations St2 and St4, which is
characterized by fairly high levels of nitrite, and
orthophosphates as well the density of genus Nitzschia; and
the group consisting of two other stations St1 and St3,
which are richly oxygenated with high values of pH.

PCA axis Il explains 29.20% of the total variability; it
correlates positively with temperature and negatively with
suspended solids. This axis shows a fairly clear temporal
structure that allows us to form two groups: one including
summer, autumn, and spring, which show relatively high
Temperature and relatively low suspended solids
concentrations, and the other including only winter, when
temperatures are low and suspended solids concentrations
are high.

According to Kelly (2003), the distribution of diatoms
is mainly explained by phosphorus; nutrients, primarily
nitrogen and phosphorus, constitute one of the most
important factors affecting the structure of the diatoms
communities. Nehar (2016) has reported that distribution of
diatoms in the aquatic environment is influenced by several
biotic and abiotic factors, including substrate, pH,
temperature and speed of water, chatter, pollution by
organic and mineral matters. Likewise, El-Haouati (2015)
has evidenced the links between the environmental
characteristics of Reghaia Lake and the different diatomic
species. Moreover, Chaib et al. (2011) and Chaib and
Tison-Rosebery (2012) have found a correlation between
the environmental factors and the diatomic species through
using Canonical correspondence analysis (CCA) and co-
inertia analysis (CIA).

The results of the study show that (i) the diatomic flora
includes 72 species, the maximum richness was observed
in summer and autumn (57 and 56 species respectively)
and in station St4 (52 species); (ii) more than 40% of the
overall density is encountered in station St4 and the fall
period; (iii) Among the dominant genera, Cyclotella,
Thalassiosira, Synedra and Navicula frequent moderately
polluted waters and Nitzschia, Melosira and Surirella
significantly polluted waters. (iv) The waters of the Ain
Dalia dam are moderately (St1 and St3) to significantly
polluted (St2 and St4), this provides lower quality habitats
for the development and survival of diatoms. These
microorganisms play a very important role for the
biomonitoring of aquatic ecosystems as a bio-indicator of
water quality. The need to protect these habitats from
pollution and destruction is urgent. It is important to
highlight the direct influence of nutrients (NOyand PO.*),
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SM, temperature, and dissolved oxygen in the distribution
of diatoms.
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