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ABSTRACT

In order to highlight the relationship between phytoplankton community and environmental variables under the Mediterranean climate, the algae community succession was investigated for the
first time in the Hamiz reservoir (Algeria) from the point of view of several environmental controlling factors including: nutrient, water temperature, conductivity, turbidity and transparency.
Samples of water were collected monthly over a year and analyzed for nutrient content and phytoplankton density. The total abundance of phytoplankton were particularly marked by two peaks,
both of them occur in summer. The most diverse group was Bacillariophyta (38.29%), Chlorophyta (25.35%), and Euglenophyta (19.14%), among which Bacillariophyta and Chlorophyta
were the frequently dominated group all over the study. The first two axes of Redundancy analysis
(RDA) explained 82.34% of the correlation between phytoplankton group and environmental
factors. Water temperature, transparency, nitrate, ammonium and total hardness represent the
most significant environmental factors influencing phytoplankton communities structure including the presence of different preferences for environmental factors by algae group.
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INTRODUCTION
Considering the current population explosion,
we realize that freshwater resources are finite and
human activities are one of the major causes of
stress in aquatic ecosystems (Vasquez & Favila,
1998; Dokulil et al., 2000; Tazi et al., 2001). In
Algeria, the water problem will undoubtedly be a
major concern during this century, added that our
water resources become more and more limited
and difficult to exploit, in view of the fact that pollution risks are increasing in many regions of the
country. Studies on algae communities have been
shown of great importance to portray the water
quality in water supply reservoirs. Algae are the
common inhabitants of surface waters and are en-

countered in every water supply that is exposed to
sunlight (Palmer, 1959). Phytoplankton are at the
base of aquatic food webs and of global importance for ecosystems functioning and services
(Sabita et al., 2018), for aquatic animals, they are
of great importance as a major source of organic
carbon (Gaikwad et al., 2004). Phytoplankton
species diversity and dynamics are primarily controlled by hydrodynamics. They also respond to
changes in environmental conditions such as temperature, light, nutrients (Reynolds, 1997; Grover
& Chrzanowski, 2005) and various biological interactions namely grazing, parasitism and viral
lysis (Griffin & Rippingale, 2001; Brussaard,
2004). In the end, human factors such as agriculture, irrigation, farming, and logging of forest trees
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for firewood can cause variation in hydrodynamic,
physical and chemical properties of water, that influence phytoplankton community seasonally. Some
phytoplankton species can cause nuisance blooms,
causing many issues, like hypoxic, anoxic (Bennouna, 2000) and toxic problems (Konst et al.,
1965). Excessive growth and accumulation of phytoplankton as blooms lead to the destruction of any
water body resulting in dire consequences. Despite
their importance, studies on phytoplanktonic populations of limnic systems in Mediterranean climates
have been rarely estimated, especially in Algeria
where it is limited to a few areas. In this context,
Hamiz Reservoir provides a convenient study site
regardless of its former existence, in addition, the
reservoir is mostly used for irrigation of the perimeter of Mitidja-East in the North of Algeria and
also provides a source of drinking water. This study
pointed out for the first time in Hamiz Reservoir the
succession of phytoplankton community and their
relation with environmental factors.
MATERIAL AND METHODS
Study area
Hamiz reservoir in one of the eldest reservoirs in
Algeria, situated in the area of Wadi Arbatache, in the
Lower Kabylia of Djurdjura (36°35´59˝N, 3°20´

50˝E). The reservoir is sited 158 meters above sea
level and 35 kilometers east of Algiers in the plain of
Mitidja in the Wilaya of Boumerdès (Ould Rouis et
al., 2012). The impoundment of the dam was carried
out in 1935. The maximum depth of the lake is 45
meters, corresponding to an initial capacity of 22 million m³ and an area of 128 hectares with an average
length of 1,375 kilometers and an average width of
0.625 kilometers. The reservoir is located 25 kilometers from the Mediterranean Sea, making the climate of the study area basically Mediterranean with
a dry and hot period of 6 months stretching from May
until October, while the wet period fills up the remaining months of the year, mainly cold or cool seasons.
The temperatures are often very high with a monthly
average which vary between 11 °C and 26 °C
(O.N.M, 2018) while the precipitations average is
851.9 millimeters per annum but it still variable.
Methods of sampling and analysis
Water samples were collected monthly between January and December 2018 on the subsurface of water at a depth of 40 centimeter. Samples
for physical and chemical analysis were collected
in a polythene bottle and transported immediately
to the laboratory in a cooler at 4 °C, while phytoplankton samples were preserved in a 5% neutralized formalin solution. Water temperature, pH,
conductivity and oxygen saturation rate were meas-

Figure 1. Map of the study area.
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ured in situ using Multiparameter Hanna HI 9829.
Water transparency was measured by a Secchi disk,
sulfate by the gravimetric method and chloride with
molar titration, while total hardness analysis was
carried out by EDTA titrations methods as described by Rodier et al. To determine the nitrate, nitrite, ammonium, and phosphates levels, the
colorimetric method with a continuous flow on an
automated chain (SKALAR) was applicated, and
turbidity was recorded by using a turbidity meter.
Chlorophyll a was analyzed according to the protocol described by French standard AFNOR T90-114
for the determination of chlorophyll a. Phytoplankton samples previously agitated were settled in sedimentation chambers. The cells were counted on a
ZEISS-WINKEL inverted microscope using the
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Utermöhl (1958) method. Taxa were identified
using keys and monographs (Bourelly, 1972; 1981;
1985; Krammer & Lange-Bertalot, 1986; 1988;
1991; Komárek & Anagnostidis, 2005).
Statistical methods
R packages available at the following address:
https://cran.r-project.org/ was run for static analysis.
Kruskal-Wallis tests were carried out for comparing
environmental changes. First, Spearman correlation
analysis was applied to highlight the relationship between phytoplankton community structure and environmental variables followed by Redundancy
Analysis (RDA) with Monte Carlo permutation test
to recognize the controlling factors (Borcard et al.,
2011).

Figure 2. Temporal variation of water quality parameters in Hamiz lake; EC (µS. cm1–) Turbi (NTU), pH, NH4(mg. L–1), Cl–
(mg. L–1), SO–4 (mg. L–1), T.H (mg. L–1 en CaCo2), NO –2 (mg. L–1), NO –3 (mg. L–1), PO4, WT (°C), O2 (%), CHLa (µg. L–1),
Tranc (cm).
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RESULTS
Physical and Chemical parameters
Environmental variables of Hamiz water are
presented in Fig. 2. Kruskal-Wallis test showed
significant difference (p-value < 0.01) among
physical and chemical parameters during study
period. Water temperature (WT) showed an annual
characteristic cycle reflecting the atmospheric
temperature with higher values during July (28.3
°C) and lower values in February (9.32 °C); pH
value indicating slightly alkaline water in most of
the study sites. Electrical conductivity (EC)
records its highest value in February (1090 µS.
cm–1), when the Oxygen saturation rate (O2 %)
reaches its lowest value in January (76.8%) and
were recorded during November. Total hardness
(TH) and chloride (Cl –) in various samplings
record their maximum values in January and February periods, while turbidity (Turbi) higher value
occurs during January. Chlorophyll a (CHL a) concentration was relatively high in June and August
with an average concentration of 14,51 μg. L– 1,
while Transparency (Tranc) of water had undergone large temporal variations in various samplings in Hamiz lake and it shows an average
value of 112.77 cm.
Analysis of Phytoplankton
In the euphotic zone, phytoplankton density
(cells. L–1) showed a significant variation during
study period with an average concentration of 141.3
x 104 cells. L–1 (Fig. 3).
The results revealed also the presence of two
noticeable peaks recorded during summer period,

Figure 3. Phytoplankton variations in abundance.

the first one in June with 340.3 x 104 cells. L– 1
and the second one in August with 278.9 x 104
cells. L– 1. A total of 47 phytoplankton cosmopolitan species belonging to six phyla have been
recorded for the first time in this study (Table 1).
Diatoms represent the most diverse class with
eighteen species (38.29% of the total species
number) followed by twelve species belonging
to Chlorophyta (25.4%) and nine species of Euglenophyta (19.1%). In addition, the samples included as well species belonging to Cyanophyta,
Dinophyta and Chrysophyta (Table 1).
Phytoplankton community: abundance and
structure
Our investigation revealed that Chlorophyta
and Bacillariophyta were the frequently dominated group all over the study (Fig. 4). February
was the most ascendancy period for Chlorophyta
with 75.4% of dominance, while January encountered the highest share of diatoms in the total
phytoplankton number by 72.0%. Dinophyta
recorded the highest dominance in September
reaching 44.51%. The most ascendancy period
for Euglenophyta was in August attaining
11.76%, however it was not enough to dominate
other phyla which is the same case for Cyanophyta and Chrysophyta.
Relationship between Phytoplankton community
structure and environmental factors
The eigenvalues of The RDA analysis of the
first and second axes explain a total of 82.34 % of
the total variance in the phytoplankton group data
(RDA1= 48.10 % and RDA2= 34.24 %, respectively). Figures 5–7 describes the arrangement of
the phytoplankton community regarding to environmental Factors. According to the first axis,
Chlorophyta positively correlates with ammonium
and total hardness while Bacillariophyta and Cyanophyta positively correlate with nitrite, nitrate,
A1-A2. In the second axe Dinophyta, Chrysophyta
and Euglenophyta show a significant positive correlation with water temperature and transparency
(Figs. 5, 6). In conclusion, the results of the Monte
Carlo permutation test (Figs. 7, 8) show that phytoplankton community structure was significantly
linked to changes in water temperature, transpar-
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ency and nitrate at α = 5% (p-value ≤ 5%) as well
as ammonium and Total hardness at α = 10% (pvalue ≤ 10%).

DISCUSSION
Study of Phytoplankton communities

Table 1. Frequencies (Freq) of phytoplankton taxa. Frequency (Freq. %) indicates percentage of species occurrence
from samples; Freq= Pi/P*10 where Pi = number of samples
in which the species “i” is found and P = total number of
samples.

The total abundance of phytoplankton were
particularly marked by two peaks during summertime. The first one in June and the second one in
August, both peaks occur in the period of warm
weather with longer hours of sunshine, which concord with many studies that suggest that phytoplankton proliferation is mostly due to the balance
between light and nutrient availability (Molly et
al., 2013; Becker et al., 2010; Naselli-Flores,
2000). The results revealed also the presence of 47
species of phytoplankton belonging to 6 phyla in
Hamiz reservoir, co-dominated mostly by Bacillariophyta and Chlorophyta all over the study, except for September where Dinophyta became more
numerous. The dominance of Chlorophyta during
February is mainly caused by the proliferation of
Closterium acutum var. variabile; the dominance
of large green algae are not frequent in winter, but
it exists some common adaptations that allow
them to grow in low values of light and temperature (Squires & Rushforth, 1986; McKnight,
2000).
Closterium acutum var. variabile high growth
rate (relative to that of others desmid species) at
a low temperature and light intensity allows the
specie to have a distinct potential of population
increase in wintertime (Coesel & Kooijman-Vanblokland, 1991). Bacillariophyta highest dominance encountered mostly in January where
Achnanthidium catenatum stretched to 86.11% of
Bacillariophyta species. According to Cecilia et al.
(2008), this high dominance of diatoms during
winter can be interpreted as a net growth of phytoplankton that is possibly favored by low predation and high nutrient availability. The high
proliferation of Dinophyta (44.51%) in September
was explained in many studies by the fact that Dinohyta has species with high plasticity including
the ability to develop in different reservoir conditions (Lopes et al., 2009; Cardoso et al., 2010).
This good adaptation aptitude is maybe due to the
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Figure 4. Annual variations with relative dominant phytoplankton groups.

Figures 5–8. Diatomo: Bacillariophyta, Chloro: Chlorophyta, Dino: Dinophyta, egleno: Euglenophyta, Cyano: Cyanophyta,
Chryso: Chrysophyta. TW: water temperature, EC: electrical conductivity, Tranc: transparency, SO4: sulfate, CL: chloride,
TH: Total hardness, NO2: nitrate, NO3: nitrite, NH4+: ammonium, PO4: phosphates and Turbi: turbidity.
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nature of the cell wall of dinoflagellates; Hamm
& Smetacek (2007) argued that the cellulosic cell
wall of dinoflagellates provides them lightweight
and armored protection against predators. Other
research related their accommodation under conditions of low-nutrient availability to their capacity of storing phosphates for several generations
(Serruya & Bermann, 1975).
Correlations between Phytoplankton communities
and environmental factors
A relationship was identified between phytoplankton community and environmental factors
using Redundancy analysis (RDA) revealing that
water temperature, transparency and nutrient concentration including nitrate, ammonium and Total
hardness were the most significant environmental
factors influencing phytoplankton communities.
High phytoplankton density during summer was
directly related to the high multiplication of phytoplankton species which preferred high temperature.
The results obtained concord with many other
findings (Bierman & Dolan, 1981; Masaki & Seki,
1984), that came up with the same results in which
water temperature played a fundamental role in increasing phytoplankton density. Transparency is a
fundamental environmental factor influencing the
multiplication of phytoplankton. The fact that algae
need sunlight to increase makes them only able to
grow in the areas where the sun penetrates. During
our study, transparency recorded a very low level in
both periods of January and December, followed by
a decrease in phytoplankton abundance and chlorophyll a. The decrease can be explained by the highest concentration of turbidity in both months;
according to Ewa et al. (2018), a turbid state is typical of lakes with a high concentration of Suspended
Particulate Matter (SPM), responsible for low water
transparency. As a consequence, phytoplankton
abundance (including chlorophyll a) reduces since
algae productivity is largely controlled by light
availability. This conclusion is consistent with many
other findings (Wofsy, 1983; Peterson & Festa,
1984); in addition results of RDA analysis show a
significant correlation between Dinophyta, Chrysophyta, Euglenophyta community and transparency;
the more water transparency rises– the more phytoplankton grow; to put it another way, when the
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lighted area grows the photosynthesis rate becomes
higher, this results are supported by other studies
like Jin et al. (2010) and Ewa et al. (2018) in which
they found that the phytoplankton group was
strongly affected by the light under high transparency.
Phytoplankton are also influenced by physicalchemical parameters including nitrate and ammonium. It is a fact that nutrient enrichment typically
stimulates phytoplankton growth in lakes, especially
Nitrogen (N), which are often considered as the principal limiting nutrients for aquatic algal production
due to their short supply compared to cellular
growth requirements. According to Hu et al. (2013),
in Lake Erhai, total phosphorus, water temperature,
and total nitrogen are important factors
influencing the phytoplankton abundance and community structure (Wang et al., 2011). In addition to
the positive correlation of diatoms with nitrate,
which is one of most important predictors among
the macronutrients with a positive effect on diatom
abundance (Gligora et al., 2007), the same group
showed another positive correlation with turbidity
in which several studies related the proliferation of
diatoms to the physical alterations of water including factors like: depth variation, turbulence, deforestation, and hydrological changes regardless of
trophic state (Dong et al., 2008; Costa-Boddeker et
al., 2012).
According to RDA results, Total hardness (TH)
has significantly influenced phytoplankton community’s structure; as a sum of calcium and magnesium ions, the increase of TH can affect the
change in calcium concentrations, the reaction of
calcium with inorganic carbon and bicarbonate
leads to the formation of carbonate and carbon dioxide which is taken up by algae during photosynthesis (Jiunn-Tzong & Lai, 2010), these prevailing
conditions result in phytoplankton proliferation, in
addition to RDA analysis, the results of the Monte
Carlo permutation test reveal a positive correlation
between Chlorophyta and total hardness. Reporting
from Jiunn-Tzong & Lai (2010), high value of
water hardness played a selective force, possibly
through altering carbon and phosphate availabilities in water, in affecting the dominance of phytoplankton and also experiments evaluating
enrichment with calcium confirmed that an elevation in calcium levels would enhance the proliferation of chlorophytes.
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CONCLUSIONS
This paper studies the factors determining phytoplankton community growth and their succession in
Mediterranean reservoirs. The results show a total of
47 species belonging to six phyla in which Bacillariophyta represents the most diverse class covering 18
species reaching 38.29%, followed by 12 species of
Chlorophyta (25.35%) and 09 species belonging to
Euglenophyta (19.14%). The samples included as
well species belonging to Cyanophyta, Dinophyta,
and Chrysophyta. The succession of phytoplanktons
all over the study were mostly co-dominated by Bacillariophyta and Chlorophyta; the most ascendant
period for both groups were during winter season.
Chlorophyta dominance is mostly due to the well
adaptation of Closterium acutum var. variabile and
diatoms dominance is interpreted by the low predation and high nutrient availability in winter. Phytoplankton abundance was particularly marked by two
peaks recorded during summer; The first one in June
(340.3 x 104 cells. L–1) and the second one in August
(278,9 x 104 cells. L–1); the algae proliferation in summertime period was mostly due to warm weather with
longer hours of sunshine. A relationship was identified between phytoplankton community and environmental factors using Redundancy analysis (RDA)
revealing that water temperature, transparency, and
nutrient concentration including nitrate, ammonium
and Total hardness, were the most significant environmental factors influencing phytoplankton communities in this Mediterranean reservoir.
ACKNOWLEDGEMENTS
We thank the laboratory team of A.D.E (Algerian
of waters) for their help in physical and chemical parameters during the study. We are also grateful to Pr.
Le Cohu René from the laboratory of Functional
Ecology and Environment (ECOLAB), University
of Toulouse III, for his valuable contribution in the
determination and confirmation of some phytoplankton species and his help, advice and encouragement.
REFERENCES
Becker V., Caputo L., Ordonez J., Marce R., Armengol
J., Crossetti L.O. & Huszar V.L.M., 2010. Driving
factors of the phytoplankton functional groups in a
deep Mediterranean reservoir. Water Research, 44:
3345–3354.

Bennouna A., Assobhei O., Berland B. & El Attar J.,
2000. Study of phytoplankton populations of Oualidia Lagoon (Morocco) potentially harmful dinoflagellates. Marine Life, 10: 3–18.
Bierman V.Jr. & Dolan D.M., 1981. Modeling of phytoplankton-nutrient dynamics in Saginaw Bay, Lake
Huron. Journal of Great Lakes Research, 7: 409–439
Borcard D., Gillet F. & Legendre P., 2011. Numerical
ecology with R. Springer, New York NY, USA.
https://doi.org/10.1007/978-1-4419-7976-6
Bourelly P., 1972. Les algues d’eau douce: les algues
vertes (Freshwater algae: green algae), éd. N. Boubée, 572 pp.
Bourelly P., 1981. Les algues d’eau douce: les algues
jaunes et brunes (Freshwater algae: yellow and brown
algae), éd. N. Boubée, 517 pp.
Bourelly P., 1985. Les algues d’eau douce: Eugléniens,
Péridiniens, algues rouges et algues bleues (Freshwater algae: Eugléniens, Peridiniens, red algae and
blue algae) , éd. N. Boubée, 606 pp.
Brussaard C.P.D., 2004. Optimization of procedures for
counting viruses by flow cytometry. Applied and Environmental Microbiology, 70: 1506–1513.
Cardoso L.D., Fagundes P.B. & Becker V., 2010. Spatial
and temporal variations of Dinophyceae in subtropical reservoirs in southern Brazil. Hydrobiologia, 654:
205–214.
Cecilia A.P., Carla V.S., Jorge E.M. & Rubén H.F., 2008.
Dissolved Nutrient Availability during Winter Diatom Bloom in a Turbid and Shallow Estuary (Bahía
Blanca, Argentina). Journal of Coastal Research, 241:
95–102.
https://doi.org/10.2112/06-0656.1
Coesel P.F.M. & Kooijman-Van Blokland H., 1991.
Seasonality of planktonic desmid species in Lake
Maarsseveen (The Netherlands) related to experimentally determined growth rates in a temperaturelight gradient. Verh Intern. Verein Limnologie, 24:
763–767.
Costa-Boddeker S., Bennion H., Jesus T.A., Albuquerque
A.L.S., Figueira R.C.L. & Bicudo D.C., 2012. Paleoli-mnologically inferred eutrophication of a shallow, tropical, urban reservoir in southeast Brazil.
Journal of Paleolimnology, 48: 751–766.
Dokulil M., Chen W. & Cai Q., 2000. Anthropogenic impacts to large lakes in China: The Tai Hu example.
Aquatic ecosystem health & management, 3: 81–94.
Dong X., Bennion H., Battarbee R., Yang X., Yang H. &
Liu E., 2008. Tracking eutrophication in Taihu Lake
using the diatom record: potential and problems.
Journal of Paleolimnology, 40: 413–429.
Ewa A.D., Tomasz M. & Paweł, N., 2018. Changes of
the phytoplankton community as symptoms of deterioration of water quality in a shallow lake. Environmental Monitoring and Assessment. 190: 95.
https://doi.org/10.1007/s10661-018-6465-1

Phytoplankton community growth and succession in the water’s surface of Mediterranean reservoir

Gaikwad S.R., Tarot S.R. & Chavan T.P., 2004. Diversity
of phytoplankton and zooplankton with respect to
pollution status of river Tapi in north Maharastra region. J Curr Sci, 5: 749–754.
Gligora M., Moraj A.P., Kralj K. & Grigorszky I., PerošPucar D., 2007. The relationship between phytoplankton species dominance and environmental
variables in a shallow lake (Lake Vrana,Croatia). Hydrobiologia, 584: 337–46.
Griffin S.L. & Rippingale R.J., 2001. Zooplankton grazing dynamics: top-down control of phytoplankton
and its relationship to an estuarine habitat. Hydrological Processes, 15: 2453–2464.
Grover J.P. & Chrzanowski T.H., 2005. Seasonal dynamics of phytoplankton in two warm temperate
reservoirs: association of taxonomic composition
with temperature. Journal of Plankton Research,
27: 1–17.
Hamm C. & Smetacek V., 2007. Armor: why, when and
how. In: Falkowski PG, Knoll A.H. (Eds.), Evolution
of Primary Producers in the Sea. Academic Press,
Amsterdam, pp. 311–332.
Hu M.M., Li Y.H., Wang Y.C., Phy Z.H., Liu Y. & Zhao
G., 2013. Phytoplankton and bacterioplankton abundances and community dynamics in Lake Erhai.
Water Science and Technology, 68: 348–356.
Jin L., Hongjuan W. & Mengqiu C., 2010. Effects of nitrogen and phosphorus on phytoplankton composition and biomass in 15 subtropical, urban shallow
lakes in Wuhan, China. Limnologica, 41: 48–56.
https://doi.org/10.1016/j.limno.2010.03.003
Jiunn-Tzong W. & Lai-Chu K., 2010. Alteration of phytoplankton assemblages caused by changes in water
hardness in Feitsui Reservoir, Taiwan. Botanical
Studies, 51: 521–529.
Komárek J. & Anagnostidis K., 2005. Cyanoprokaryota.
In: Ettl H., Gerloff J., Heynl G.H. & Mollenhauer D..
(Eds.), Süßwasserflora von Mitteleuropa / Freshwater
Flora of Central Europe. Spektrum Akademischer.
Verlag, Heidelberg, Berlin, 468 pp.
Konst H., McKercher P.D., & Gorham P.R., 1965. Symptoms and pathology produced by toxic Microcystis
aeruginosa NRC-I in laboratory and domestic animals. Canadian journal of comparative medicine and
veterinary science, 29: 221–228.
Krammer K. & Lange-Bertalot H., 1986. Bacillariophyceae 1 Teil: Naviculaceae. In: Ettl H., Gerloff J.,
Heynig H. & Mollenhauer D. (Eds.), Süßwasserflora
von Mitteleuropa, Band 2/1. Gustav Fischer Verlag:
Stuttgart, New York. 876 pp.
Krammer K. & Lange-Bertalot H., 1988. Bacillariophyceae. 2 Teil: Bacillariaceae, Epithemiaceae, Surirellaceae. in Ettl H., Gerloff J., Heynig H. &
Mollenhauer D. (Eds.), Süsswasserflora von Mitteleuropa, Band 2/2. VEB Gustav.

63

Krammer K. & Lange-Bertalot H., 1991. Bacillariophyceae. 4. Teil: Achnanthaceae, Kritische Ergänzungen
zu
Navicula
(Lineolatae)
und
Gomphonema, Gesamtliteraturverzeichnis Teil 14. In: Ettl H., Gärtner G., Gerloff J., Heynig H. &
Mollenhauer D. (Eds.) Süsswasserflora von Mitteleuropa, Band 2/4. Gustav Fischer Verlag: Stuttgart,
Jena, 437 pp.
Lorin E. S. & Samuel R. R. 1986. Winter phytoplankton
communities of Utah Lake, Utah, USA. Hydrobiologia, 131: 235–248.
https://doi.org/10.1007/BF00008859
Lopes M.R., Ferragut C. & Bicudo C.E.M., 2009. Phytoplankton diversity and strategies in regard to
physical disturbances in a shallow, oligotrophic,
tropical reservoir in Southeast Brazil. Limnetica,
28: 159–174.
Masaki A. & Seki H., 1984. Spring bloom in a hypereutrophic lake, Lake Kasumigaura, Japan-IV: inductive
factors for phytoplankton bloom. Water Research, 18:
869–876.
McKnight D.M., Howes B.L. & Taylor C.D., Goehringer
D.D., 2000. Phytoplankton dynamics in a stably stratified Antarctic Lake during winter darkness. Journal
of Phycology, 36: 852–861.
https://doi.org/10.1046/j.1529-8817.2000.00031.x
Molly A.P., Gert L.V.D., Greg Mitchell B., Brian J.S.,
Kate E.L., Matthew M.M., Kevin R.A., Mutshinda
C.M., Finkel Z.V. & Irwin A.J., 2013. Which environmental factors control phytoplankton populations.
A Bayesian variable selection approach. Ecological
Modelling, 269: 1–8.
Naselli-flores L., 2000. Phytoplankton assemblages in
twenty-one Sicilian reservoirs: relationships between
species composition and environmental factors. Hydrobiologia, 424: 1–11.
Office National de Météorologie (O.N.M ), 2018. Données climatiques de la wilaya d’Alger.
Ould Rouis S., Ould Rouis A., Micha J.C. & Arab A.,
2012. Reproductive biology of the Cyprinidae, Barbus callensis in an Algerian Dam. Tropicultura, 30:
88–89.
Palmer C.M., 1959. Algae in water supplies, an illustrated manual on the identification, significance, and
control of algae in water supplies. Public Health
Service, 657, 88 pp.
Peterson D.H. & Festa J.P., 1984. Numerical simulation
of phytoplankton productivity in partially mixed estuaries. Estuarine, Coastal and Shelf Science, 19:
563–589.
Reynolds C.S., 1997. Vegetation Processes in the Pelagic.
A Model for Ecosystem Theory. ECI, Oldendorf.
Rodier J., Legube B., Merlet N., 2009. L’Analyse de l’eau
(Water analysis). 9emeEd. Dunod. Paris, 1579 pp.
Sabita K.P., Gayathri S. & Ramachandra M., 2018.
Phytoplankton Diversity in Bangalore Lakes, Im-

64

AMIN CHAFFAI ET ALII

portance of Climate Change and Nature’s Benefits
to People. Journal of Ecology & Natural Resources,
2: 117.
Serruya C. & Bermann T., 1975. Phosphorus, nitrogen
and growth of algae in Lake Kinneret. Journal of
Phycology, 11: 155–162.
Tazi O., Fahde A. & El Younoussi S., 2001. Impact de
la pollution sur l’unique réseau hydrographique de
Casablanca (Impact of pollution on Casablanca’s
unique hydrographic network), Maroc. Sécheresse,
12: 129–134.
Utermöhl H., 1958. Zur Vervollkommnung der quantitativen Phytoplankton-Method (To perfect the quantitative phytoplankton method). Verhandlungen der

Internationalen Vereinigung fur Theoretische und
Angewandte Limnologie, 9: 1–39.
Vasquez G. & Favila M.E., 1998. Status of the health
conditions of subtropical Atezea lake. Aquatic Ecosystem Health & Management, 1: 245–255.
Wang Z., Wang Y.C., Hu M.M., Li Y., Liu Y., Shen Y., Li
G. & Wang G., 2011. Succession of the phytoplankton community in response to environmental factors
in north Lake Erhai during 2009–2010. Fresenius Environmental Bulletin, 20: 2221–2231.
Wofsy’s C., 1983. A simple model to predict extinction
coefficients and phytoplankton biomass in eutrophic waters. Limnology and Oceanography, 28:
1144–1155.

