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Abstract

A study of phytoplankton diversity and its seasonal variation was conducted by sampling water from Boukourdane Lake between
February 2013 and January 2015. Fifteen physical and chemical variables were recorded, and their relationship with the density of
162 phytoplankton species was established using Canonical Correspondence Analysis, which showed that the density of phyto-
plankton was higher when minerals and nutrients increased. An anthropogenic impact was also most evident in structuring
phytoplankton assemblages at sites close to the lake where agriculture was concentrated. The results obtained from the Margalef,
Shannon—Wiener, and Equitability diversity indices indicated mediocre water quality. Determinations of the trophic state were made
by examining several diverse criteria, such as transparency and the concentrations of chlorophyll a and phosphorus. Our study area
was characterized as mesotrophic according to the Organisation for Economic Co-operation and Development classification.
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Introduction

Wetlands are one of the most productive ecosystems on Earth
(Ghermandi et al. 2008) and are known to sustain a varied

This article is part of the Topical Collection on Water resources and water
management for environmental integration in the Euro-Mediterranean
region

>4 Siham Arab
sthemarab@gmail.com

Somia Hamil
dj.soumia@hotmail.fr

Mohamed Abdessamad Rezzaz
drezmas @yahoo.fr

Amin Chaffai
staind05 @ gmail.com

Abdeslam Arab
abdeslama @yahoo.fr

! Laboratory of Dynamics and Biodiversity, FSB, USTHB, LP 32
El-Alia, Bab Ezzouar, Algiers, Algeria

2 FSTGAT, USTHB, LP 32 El-Alia, Bab Ezzouar, Algiers, Algeria
3 L.E.B.A., ENS Kouba, Algiers, Algeria

4 Laboratory of Geomorphology and Geohazard, FSTGAT, USTHB,
LP 32 El-Alia, Bab Ezzouar, Algiers, Algeria

diversity of both flora and fauna. Diversity, distribution, and
variation in the biotic parameters provide a good indication of
energy turnover in aquatic environments (Forsberg 1982).
Within these environments, phytoplankton is located at the
base level and is represented as a major source of organic
carbon (Gaikwad et al. 2004). Species diversity and dynamics
respond to changes in environmental gradients and may char-
acterize many interactions that can establish the intricate pat-
tern of community structure. However, data on the phyto-
plankton and the physicochemical features of Boukourdane
Lake are completely lacking.

Lakes have been classified according to their trophic state
since the early part of the twentieth century. A eutrophic lake
is characterized by high nutrients and high plant growth, un-
like an oligotrophic lake, whereas mesotrophic lakes fall
somewhere in between eutrophic and oligotrophic lakes.
Although lakes may be lumped into a few trophic classes,
each lake has a unique constellation of attributes that contrib-
ute to its trophic status (LakeAccess 2006). Three main factors
determine the trophic state of a lake (transparency, the con-
centration of phosphorus ions, and the concentration of
Chlorophyll a). The determination of trophic status is a useful
means of classifying lakes and describing the productivity of
the system. The infertile soils in basins release relatively low
concentrations of nitrogen and phosphorus, which leads to
less productive systems classified as oligotrophic or
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mesotrophic. Catchment basins or agricultural regions rich in
organic matter and fertilizers produce higher nutrient levels,
which induce more productive systems and eutrophic lakes
(LakeAccess 20006).

Moreover, recognizing and understanding the relative in-
fluence of natural- and human-induced processes on hydro-
logical and biochemical functioning and phytoplankton abun-
dance are prerequisites for improved water resources
management.

To determine some physicochemical features for water as
well as the temporal distribution patterns of the phytoplankton
community, 162 freshwater phytoplankton species were re-
corded during a survey of the catchment area of the
Boukourdane dam in northern Algeria. Seasonal fluctuations
in density, diversity, and composition of seven classes of phy-
toplankton identified in Boukourdane Lake in relation to en-
vironmental factors are described in the present study. This
relationship was examined using canonical correspondence
analysis (CCA) to ascertain the interdependence between
physicochemical descriptors and phytoplankton assemblages
in 192 samples collected over a period of 2 years across four
sampling stations.

The aims of this paper were (a) to examine the phytoplank-
ton composition, diversity, and dynamics under a changing
nutrient rate and (b) to assess the Boukourdane dam water
quality and trophic state according to SEQ-EAU and The
Organisation for Economic Co-operation and Development
(OCDE) guidelines.

Materials and methods
Study area

Boukourdane dam is located on the bed of Wadi El Hachem,
at the juncture of two principal intermittent wadis, Menacer
and Fedjana (Fig. 1). The study area is approximately 1.3 km
south of the Village of Sidi Amar (Wilaya of Tipasa), located
at a latitude of 35° 32" N and a longitude of 2° 18" E and an
altitude of 119.5 m. The climate is typically Mediterranean,
with a dry and hot period of 5 months stretching from mid-
May to mid-October. The site is also 11 km from the
Mediterranean Sea in a catchment area of over 177 km”. The
average annual contribution of the Boukourdane dam reser-
voir is 2 million m?, presenting a full capacity of 101.5 million
m® with 700 mm annual rainfall. The reservoir has a maxi-
mum depth of 34 m and a total surface area of more than
536 ha.

Boukourdane dam is intended to supply the cities of
Cherchell, Tipasa, and Nador with drinking water and enable
irrigation of the valley of Wadi El Hachem and the areas of
Hadjout and the Sahel.

@ Springer

Field sampling and lab analysis

We selected four stations distributed on the lake of the dam for
monitoring (Fig. 1): S1 (in wadi Menacer), S2 (at the juncture
of the two wadis Menacer and Fedjana), S3 (in wadi Fedjana),
and S4 (near the dyke).

The sampling stations were selected based on the hydro-
graphic system and potential sources of pollution. Sampling,
transport, and conservation of the water samples were con-
ducted based on the protocols described by Rodier et al.
(2009). Samples were collected monthly over a period of
2 years, from January 2013 to January 2015, to obtain a rep-
resentative image of water quality and its seasonal and annual
evolution.

Five parameters were measured in situ; water temperature,
pH, conductivity, and dissolved oxygen were determined
using a Multi 340i/SET WTW analyzer, and a Secchi disk
was used for transparency. Additionally, nine physicochemi-
cal parameters (nitrate, nitrite, ammonium, phosphorus, sul-
fate, calcium, magnesium, chloride, and suspended matter)
were analyzed at the laboratory. Sulfate was measured using
the gravimetric method, and molar titration was used to eval-
uate chloride, calcium, and magnesium. Filtration was used to
measure the suspended matter (Rodier et al. 2009), and the
colorimetric method with a continuous flow on an automated
chain (SKALAR) was used to determine the nitrate, nitrite,
ammonium, and phosphorus levels. Chlorophyll (a) was mea-
sured using the fluorometric method. Care was taken to not
contaminate or modify the samples, which were transported to
the laboratory in a cooler at 4 °C. Upon arrival in the labora-
tory, samples were analyzed according to the protocol de-
scribed by Rodier et al. (2009), as described below.

A 50-um mesh net was used for phytoplankton sampling.
Samples were preserved in a 5% (final concentration) neutral-
ized formaldehyde solution. The cells were counted on a
ZEISS-WINKEL inverted microscope using the Utermdhl
(1958) method.

The determinations of the trophic state were made by ex-
amining several diverse criteria, such as transparency, concen-
trations of chlorophyll a and phosphorus, and changes from
oligotrophy to eutrophy; the changes did not occur at specific
places, nor did they all occur at the same place or at the same
rate. Some lakes may be considered oligotrophic by one cri-
terion and eutrophic by another, which sometimes leads to the
classification of lakes that show characteristics of both
oligotrophy and eutrophy as mesotrophic (Carlson 1977).
We characterized our study area according to the OCDE
classification.

Statistical analysis

Dominance (P;), diversity index Shannon—Wiener (H'), equi-
tability index (E) (Shannon and Weaver 1949), and richness
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Fig. 1 Distribution of sampling stations on Boukourdane lake dam, wilaya of Tipasa (Algeria)

index Margalef (D,,s) (Margalef 1958) were used to calculate
community metrics of phytoplankton.

H = —X (Pi)log2 (Pi)
Pi=ni/N
E=H /log2 S

Dmg = S—1/InN

where #i is the individual number of species i, P; is the ratio
of the individual number of the species i and total individual
number N, and S is the total number of species in 1 month.

The differences in the physicochemical parameters were
evaluated by the Kruskal-Wallis test. The overall dataset
was analyzed by canonical correspondence analysis (CCA)
to measure the contribution of the environmental parame-
ters to the phytoplankton density. All analyses were con-
ducted using the Ade4 package of the R programme (R
Development Core Team 2014).

Results
Characterization of environmental conditions

The water temperature fluctuated with seasonal variations and
climatic conditions, with the highest temperature recorded in
the summer of 2014 (28.70 °C) and the lowest in winter
(11.3 °C) (Table 1). Water in the reservoir tended to be alka-
line, with pH values between 7.11 and 9.95. The highest pH
was recorded in the spring of 2013. The dissolved oxygen
levels varied between 1.40 and 11.61 mg L', with the highest
value recorded in the winter of 2014. The nitrate and ammo-
nium concentrations were low; the maximum nitrate value
was recorded in the spring of 2014, whereas the minimum
value was recorded in the summer of 2013 and autumn of
2014. Overall, the nitrate values ranged from 0.002 to
2.93 mg L', The maximum ammonium level was recorded
in the spring of 2014 (1.27 mg L™"). The sulfate values fluc-
tuated between 47.79 and 5768 mg L', with the highest
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concentrations recorded during the summer of 2014. The
phosphorus ion levels ranged from 0.001 to 1.802 mg L',
with the maximum value recorded in the spring of 2013.

Characterization of the phytoplankton community

A total of 162 phytoplankton species were recorded from 192
samples within the study period. The taxa belonging to
Chlorophyceae exhibited the highest number of species (55),
followed by Bacillariophyceae (diatoms) (47), Cyanophyceae
(17), Euglenophyceae (15) and the less diverse Dinophyceae
(10), Zygnematophyceae (10), Chrysophyceae (6),
Xanthophyceae (1), and Coccolithophyceae (1).

We observed the proliferation of diatoms during almost the
entire study period (Fig. 2); the highest dominance was marked
during the winter season by the species Nitzschia acicularis,
for which we obtained a maximum of 94.49%. Chlorophyceae
mostly proliferated in the spring of 2013, with the maximum
dominance of 29.78% by the species Pediastrum duplex. The
maximum dominance of Euglenophyceae was registered dur-
ing the spring of 2013 by the Phacus sp species, with a rate of
2.12%.

For Cyanophyceae, the highest dominance was recorded dur-
ing the winter of 2013 (30.64%) by the species Microcystis
aeroginosa, and a peak of Merismopedia sp. was also noted in
the same season.

Zygnematophyceae were dominant in the spring of 2013,
with 6.38%, and the dominate species was Closterium acutum
var acutum.

Dinophyceae recorded their high dominance during the
summer season, mainly in the summer of 2013, with a dom-
inance of 15.76%, and in the spring of 2013, Peridinium
cinctum was dominant (12.76%).

Xanthophyceae were recorded only during the spring of
2013, with a low rate (0.03%), by the species Ophiocytium
capitatum.

Coccolithophyceae were recorded during the spring of
2013, with a dominance of 19.14%. They were represented

only by the species Hymenomonas roseola. Chrysophyceae
remained as a co-existing species in all periods; they were
mainly represented by the species Dinobryon pediforme in
the spring of 2014 (96.98%). These two groups fell sharply
in winter.

Bioindices and water quality

The determination of the Schannon-Weiner index is important
to the study of the structure of phytoplankton; it is the simplest
index in its category and is thus the most widely used. The
Shannon—Wiener index values varied between 0.36 and 3.49
(bits/ind). The values of the richness index ranged from 5.49
to 17.39 (Fig. 3).

The equitability results (Fig. 4) are similar and are
superimposed on those of the Shannon—Wiener index. All
values obtained were less than 0.50.

Discussion

The temperatures recorded during the study period indicate
that the water of the Boukourdane dam reservoir is favorable
to aquatic life, with mediocre quality according to the SEQ-
EAU (2014) guidelines. Significant differences in tempera-
tures were found during the study period (p <0.001). The
temporal evolution of the temperature for all of the stations
indicates that the water temperature followed that of the air
(Arab and Arab 2017a, b). The data recorded at the four sta-
tions did not vary greatly (p > 0.05), which is similar to the
results reported by Ouhmidou et al. (2015). The pH values
were slightly alkaline because of the limestone substrate of
the geological formations in the area catchment, which is rich
in carbonates, making it possible to buffer the water. Based on
the pH, the water in the reservoir is of good quality according
to SEQ-EAU (2014). Additionally, the pH did not significant-
ly differ among stations (p > 0.05). Overall, the pH of all sta-
tions decreased during the summer, which was likely because

Fig. 2 Seasonal variation of 100%
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of increasing water temperature (p <0.001). These findings
agree with those reported by El Ghachtoul et al. (2005) and
Ouhmidou et al. (2015). The dissolved oxygen rates showed
the water in the Boukourdane reservoir is well oxygenated
(SEQ-EAU. 2014), with significantly lower values in summer
than in winter (p < 0.001) because reduction of the solubility
of this element when the temperature increased (Ouhmidou
et al. 2015). The observed low nitrate concentrations indicate
that the water is of good quality according to SEQ-EAU
(2014), with a significant difference (p < 0.001). Its temporal
evolution was also observed in the studies of Ouhmidou et al.
(2015) and Martinelli et al. (1999). The presence of nitrates in
surface water can be linked either to the contributions from
agricultural processes (e.g., leaching of fertilizers containing
nitrate) or to the transformation into nitrate of ammonium
coming from domestic or animal discharges (Djabri 1996; El
Quali Lalami et al. 2011; Errochdi et al. 2012; Arab and Arab

2017a, b). The maximum sulfate concentrations were record-
ed during the dry season.

In North Algeria, most of the problems associated with the
direct discharge of domestic wastewater have been success-
fully attenuated. The current Algerian regulation focus is on
the much more difficult problem of controlling non-point
sources (NPS) of nutrient pollution such as agricultural drain-
age, stormwater runoff, and inadequate on-site septic systems.
NPS pollution is particularly difficult to control because it is
diffuse, not attributable to a small number of polluters, and
associated with fundamental changes in the landscape, such as
agriculture, urbanization, and shoreline development
(LakeAccess 2006). Boukourdane Lake was classified as me-
sotrophic based upon the OCDE fixed boundary system
(Forsberg 1982) (Table 2). Depending on Secchi depth, it
was classified, as eutrophic and mesotrophic for the other
parameters (chlorophyll a, phosphorus). The work of
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Hamaidi (2012) and El Houati (2015) on the same lake reser-
voir indicated trophic conditions comparable to those obtained
in this study.

The study of phytoplankton diversity and its seasonal var-
iation according to the physicochemical parameters was
established using Canonical Correspondence Analysis
(CCA). The projection of the variables and the species was
carried out on two axes and represent 83.15% of the total
inertia (Fig. 5); this showed that the density of phytoplankton
was higher when minerals and nutrients increased. Where,
Nitzschia acicularis, was the most abundant species in the
phytoplankton community (Arab and Arab 2017b), the com-
munity consisted of assemblages of species with morpholog-
ical and physiological characteristics with different ecological
organizations. Boukourdane Lake was dominated by
Chlorophyceae compared with Diatoms for small and dis-
turbed sites; the same results were found by Moshood (2009).

Phosphorus, carbonate, and conductivity ions are physico-
chemical parameters that significantly influence diatoms
(Soininen and Kononen 2004; Cvetkoska et al. 2018), which
is consistent with our results where we recorded these param-
eters with Cyclotella spl, Cyclotella menegheniana, Nitzschia
acicularis, and Synedra acus. We also found that different
species of Cyclotella and Nitzschia were strongly related to
conductivity and phosphorus ions, the same results reported
by El Haouati et al. (2015).

Abubacker et al. (1996) reported that species such as
Cyclotella sp., Gomphonema sp., and Nitzschia sp. were tol-
erant to eutrophic conditions. Similar studies by Bhatt et al.
(2001), Jindal and Vatsal (2005), and Ghavzan et al. (2006)
reported that forms such as Nitzschia palea and Synedra ulna
were pollution-resistant and showed an elevation of their dom-
inance values during the spring period over 2 years of study,
which indicated a high pollution load.

Among the species that dominated the summer season
were Nitzschia acicularis and Gyrosigma acuminatum
(Arab and Arab 2017b); a similar trend was observed by
Rolland (2009). These two species were the main diatoms.
Whereas the PEG-model generalized this point on diatoms
that often develop in early spring (Sommer et al. 1986), we

noticed that the genus Cymateupleura was found in the
autumn of 2014 (C. elliptica) and in the winter of 2015
(C. solea), unlike El Haouati et al. (2015), who found
C. solea during the spring season, for the same environ-
mental conditions where we recorded a re-increase in the
mineralization of water.

Nitzschia palea is a common species in Algerian surface
waters (Baudrimont 1973; Chaib et al. 2011) and is known
for its resistance to organic pollution (Lange-Bertalot 1979)
and relatively high concentrations of H,S (Baudrimont 1973).
We recorded its highest concentration in the spring of 2013
when we noticed a considerable increase in sulfate ions
(1255.024 mg L"); this is not consistent with the results of El
Haouati et al. (2015), in which observations were taking during
the fall season. The calcium ion is one of the parameters that
significantly influence the diatoms (Soininen and Kononen
2004), this finding is consistent with a study conducted by El
Haouati et al. (2015), although we recorded the species
Achnanthes minutissima.

We have recorded the maximum dominance of the centric
diatom Cyclotella ocellata during the fall season, which con-
firms Berrada et al. (1999).

Most of the initial detritus from domestic waste is incom-
pletely mineralized. Therefore, such detritus sinks and accu-
mulates on the lake bottom, which results in the extension of
areas of anoxia in the water column throughout the entire
ecosystem. Release into the ecosystem of large amounts of
untreated domestic sewage leads to the growth of a taxonomy
dominated by Chlorophytaceae, the Cyanophyceae and
Euglenophyceae. Those genera are characteristic of polluted
and organic substances-rich environments (Akpan and Offem
2004), including the genera Scenedesmus and Microcystis,
which are known for their preference for eutrophic environ-
ments (Reynolds et al. 2000).

Chlorophyceae (Tetraspora gelatinosa, Pediastrum duplex,
Pediastrum simplex, Chlorella sp) and zygnematophyceae
(Staurastrum gracile) seem to be regulated by mineralization
elements, such as magnesium, calcium, and chloride, and are
related to the pH. Additionally, species (Scenedesmus
bijugatus, Tetraedron minimum) were found to be related to

Table 2 Trophic status of Boukourdane Lake according to O.C.D.E criteria (1982)
Indicator Trophic status
Ultra-oligotrophic ~ Oligotrophic =~ Mesotrophic ~ Eutrophic =~ Hyper-eutrophic ~ Boukourdane

dam

Anual mean of Secchi depth (m) >12 >6 6-3 3-1.5 <15 1.6 m

Annual mean of Chl a (ug/L) <25 <8 8-25 25-75 >75 3.05 (ug/L)

Annual maximum of Chl @ max (ug/L) <1 <25 2.5-8 8-25 >25 24.15 (ug/L)3)

Annual mean of phosphorus ions (ng/L) <4 <10 10-30 35-100 > 100 0.145 (ug/L)
Mesotrophic
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Fig. 5 Factorial representation of the seasons of study, the phytoplankton, and the environmental variables on the plane (F1 x F2) of the CCA (83.15%)

chlorophyll a; these species were previously recorded by
Atanle et al. (2013) in the same environment.

Atici and Alas (2012) studied the trophic status of
Mamasin Dam Lake (Aksaray-Turkey) and found Chlorella
and Scenedesmus sp. as pollution indicators. Most of the
Scenedesmus sp. were present in Boukourdane Lake, with
Scenedesmus ecornis having the highest abundance among
all species.

Vyas and Kumar (1968) reported the presence of
euglenophyceae during the rainy season. In contrast, these
were present mostly throughout the year during our study
and were found in low loads during summer.

Some cyanobacteria species, such as Anabaena sp.,
Cylindrspermopsis raciborskii, and Microcystis aeroginosa,
appeared in the autumn of 2013 and 2014 (Arab and Arab
2017b). These results corroborate those of Padisak (1997),
Groga (2012), and Radji et al. (2013), who have shown that
the modifications in conjunction with the lowering of the lake
level have a direct impact on the phytoplankton community

@ Springer

for some major genera of cyanobacteria (Cylindrospermopsis,
Microcystis, Anabaena). These environmental conditions are
related to physical factors and are very favorable to the growth
of these cyanobacteria as shown by various works of Wetzel
(2001), which coincides with the high temperatures recorded
in this period (Mowe et al. 2015). Cyanophyceae have opti-
mum growth at high temperatures (28-32 °C), although they
are able to tolerate and survive at lower temperatures (Beaver
etal. 2018; Ribeiro et al. 2018). Therefore, they support abun-
dant organic matter and low levels of dissolved oxygen. In
September, phytoplankton individuals in the reservoir were
in a mixed water column and were less affected by dilution.
Moreover, the preceding phytoplankton increase and
cyanobacterial dominance were observed when the water vol-
ume decreased to the lowest level, which occurred after a
period without flushing in the reservoir, indicating the impact
of flushing on phytoplankton dynamics; the same results were
found by Katsiapi et al. (2011). While pointing out the pres-
ence of certain species that we found in our surveys as
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potentially toxic, such as Anabaena sp. Merismopedia sp.,
Microcystis aeruginosa, and Oscillatoria sp., our results con-
firm those of Schembri et al. (2001), Loez and Salibian
(2008), and Radji et al. (2013).

Atanle et al. (2013) found a strong correlation be-
tween dinophyceae and mineralized water, which corrob-
orates our result of the Dinobryon pediform species in
water rich in carbonates and with a high conductivity; he
also found that Peridinium cinctum and Peridinium
aciculiferum were related to sulphate, phosphates, and
ammonium ions.

For phytoplankton communities, Cottingharn (1999) sug-
gests that anthropogenic stressors (like nutrient input) affect
lake phytoplankton; however, predicting phytoplankton dy-
namics is not an easy task (Kagalou et al. 2003).

Diversity indices can serve as a good indicator of the
overall quality of water. Non-polluted waters are often
characterized by high diversity, with a large number of
species and no single species dominating in numbers over
others. However, with pollution causing stress, sensitive
species are eliminated and tolerant species increase in
numbers to become dominant. Bioindices of species diver-
sity can be derived from species counts and we used two
categories: species richness (Margalef index), a combina-
tion of richness, and dominance (Shannon—Wiener index).
These diversity indices were developed by considering the
number of species and their relative abundances, which
means that the higher the values of these diversity indices,
the more the oligotrophic state of water bodies (Margalef
1958). The fall in the value of the Margalef index shows
the rise in the level of pollution (Arab and Arab 2017b).
When calculating the Shannon—Wiener index, a value of
this index above 3 indicates clean water, whereas values
lower than this would indicate pollution. Comparing the
data on the species diversity indices of Boukourdane
Lake, it has been observed in 2 years that the values of
the Margalef richness index were 5.49-17.39 and those
of the Shannon—Wiener index were 0.36-3.49. The higher
values indicate the healthy status of the lake, and the low-
est values show the unhealthy and polluted status of the
lake. The Shannon—Wiener index of species diversity for
the entire planktonic community has been found to de-
crease with the increase in eutrophication (Kajak 1983;
Rogozin 2000; Paturej 2006). The equitability index values
(0.06—-0.61) confirm those of Shannon—Wiener. The com-
mon characteristic of eutrophic ecosystems is known to be
the presence of a few dominant species with high density
(Green 1993).

The species diversity of organisms determined at various
sites revealed that minimum species diversity was in winter
and summer because of the elimination of sensitive forms and
the flourishing of tolerant forms, which indicate a higher pol-
lution load.

Conclusions

This work is based on a recent field study and includes various
data available for Lake Boukourdane. The physical and chem-
ical analysis of water and the study of the phytoplankton com-
munity based on sampling performed during an annual cycle
were used to determine the trophic status of Boukourdane
Lake and also the effects of pressure and subsequent impacts
in the study area. This Lake is under a disturbance of its eco-
system in terms of physical chemistry and phytoplankton di-
versity levels due to the anthropological influence in its prox-
imity; it is engaged in a eutrophication process. The imbalance
of the ecosystem from continuous nutrient inputs and domes-
tic untreated discharges from extensive agricultural areas
around the lake is causing the instability of phytoplankton
communities. These observations are signs of advanced func-
tional degradation of the ecosystem. Therefore, the results of
this study could help in pollution management and projects for
the preservation of this Wetland. The rapid respond and evo-
lution of phytoplankton communities related to the environ-
mental changes increase interest in their ecological follow-up.
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