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Ikbel Sellami, Asma Hamza, Monia El Bour, Mohammed Alaoui Mhamdi, Bernadette Pinel-alloul,
and Habib Ayadi (2016) The occurrence of plankton seasonal dynamics in Mediterranean shallow lakes is
characterised by a marked interannual variability, which makes it difficult to establish reliable predictions on
the dynamics and functioning of plankton in these ecosystems based on the Plankton Ecology Group (PEG)
model. In the present paper we study the succession of the phytoplankton and zooplankton communities in the
semi-arid Mediterranean Nabhana reservoir (Central Tunisia) and its relationships with environmental factors
during the period from May 2005 to January 2006 in the deepest area of this oligo-mesotrophic reservoir.
Water temperature was a keystone factors in the seasonal dynamics of zooplankton. Cyanobacteria dominated
the phytoplankton community throughout the study year 2005-2006 (94-99%) and Microcystis aeruginosa
contributed for 93% of the total cyanobacteria abundance. The zooplankton community was dominated by
copepods (66%) and cladocerans (28%). The dominant species was Copidodiaptomus numidicus (66% of total
zooplankton) followed by Diaphanosoma brachyurum (22% of the total zooplankton). In addition, our results
showed that the peak of phytoplankton abundance (5.6 x108 cells I'!, June) coincided with that of zooplankton
abundance (2.1 x102 ind I, June) contrary to the clear-water phase model. The cyanobacteria and copepods
were responsible for these exceptional peaks that occurred in June, accounting respectively for 99% of the total
phytoplankton and 82% of the total zooplankton. In the Nabhana reservoir, the trophic relationship between
phytoplankton and zooplankton were implicated in the phytoplankton abundance and dynamics. The occurrence
of cyanobacterial blooms is determined by biotic and abiotic factors. The dynamics between cyanobacteria and
their grazers may emerge as a regulator of blooms.
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model.
BACKGROUND especially in semi-arid Mediterranean regions,
available information is scarce (Moreno-Ostos et
Most research on the succession of plankton al. 2007). Plankton seasonal succession has been
communities in lacustrine environments was described by the PEG model (Plankton Ecology
performed in large lakes (George and Winfield Group, Sommer et al. 1986) for oligotrophic and
2000; Rinke et al. 2009). In shallow lakes, eutrophic temperate lakes, and reviewed recently to
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account for complex food web trophic interactions
(Sommer et al. 2012). In general terms, a rapid
increase in small, fast-growing r-strategist algae,
such as small centric diatoms and chlorophytes,
is followed by a short period of very low algal
biomass and high water transparency (the clear
water phase) coupled to high abundance of
large zooplankton grazers, which draws to a
close at the beginning of the summer when other
phytoplankton species, such as cyanobacteria,
become the dominant phytoplankton group. These
succession stages in the phytoplankton community
occurred with marked interannual variability in
Mediterranean shallow lakes making it difficult
to establish reliable predictions on the seasonal
dynamics and the structure of communities in
these ecosystems (Beklioglu et al. 2006). We
have recently shown (Sellami et al. 2010) that
the phytoplankton community in the semi-arid
Mediterranean Nabhana reservoir was dominated
by cyanobacteria during the study year (2005-
2006) with long lasting steady-states of these
microorganisms. This is consistent with other
studies conducted in Mediterranean freshwater
ecosystems (Abrantes et al. 2006; Moustaka-
Gouni et al. 2007; Hadas et al. 2015) pointing
out the influence of warm climate properties on
phytoplankton dynamics. Moreover, the semi-arid
Mediterranean Tunisian reservoirs are stressed
due to enhanced nutrient loading resulting from
land runoff and sewage discharges with frequent
occurrences of Microcystis aeruginosa blooms
(Mouelhi 2000; Sellami et al. 2009). Cyanobacterial
blooms are an increasing concern, worldwide, in
both freshwater (Smith and Lester 2007; Hadas et
al. 2015) and marine environments (Anderson et al.
2002; Ho and Michalak 2015). Numerous studies
have shown that the phytoplankton abundance and
species composition are governed by factors such
as light, temperature, nutrients, grazers, and water
movements in freshwater ecosystems (Jacoby
et al. 2000; Aleya 2010). Grazing is one of the
most important factors controlling the relationship
between the phytoplankton and zooplankton
communities (Abdel Aziz et al. 2006; Dokulil 2013),
with a low grazing pressure being shown to favour
algal blooms as a result of diminished top-down
control (McQueen et al., 1989). Cyanobacteria
blooms are the most notorious factor accounting
for the decoupling in bottom-up energy transfer
in eutrophic/hypertrophic systems (Sommer et al.
2012). Although laboratory studies have examined
the cyanobacteria-zooplankton interactions
(Gustafsson and Hansson 2004; Oberhaus et al.
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2007; Ger et al. 2014), there is still few field studies
examining the succession of phytoplankton and
zooplankton and its coupling with environmental
factors in eutrophic Mediterranean freshwater
ecosystems. The objectives of this study are
to describe the phytoplankton and zooplankton
community structure and to discuss the main
patterns of the succession of the phyto- and
zooplankton species of the Nabhana reservoir,
located in a semi-arid Mediterranean area, in
relation to the environmental parameters. To
our knowledge, the present article is the first
contribution concerning the seasonal succession
of phyto- and zooplankton communities in
the Nabhana reservoir in relation to the steps
proposed by the PEG model (Plankton Ecology
Group, Sommer et al. 1986 and 2012). The main
goals are to test if the cyanobacteria dominance
affects the zooplankton community structure and
succession, and if plankton succession in this
eutrophic ecosystem misfits the Plankton Ecology
Model.

MATERIALS AND METHODS
Study site

Nabhana reservoir (36°03'N and 09°54'E)
is situated at about fifty kilometres South of
Kairouan city (Center of Tunisia) (Fig. 1). This
reservoir, constructed in 1966 on the Nabhana
River, provides drinking water and irrigation to
the Tunisian Sahel (1 270 360 inhabitants, 13.3%
of total population of Tunisia), and has multiple
uses such as the protection of the city of Kairouan
against the river violent floods. Morphometric and
other basic characteristics are shown in table 1.

Physical and chemical parameters

The samples were collected during the period
from May 2005 to January 2006 in the deepest
area of the Nabhana reservoir. At this station, a
depth-integrated sample was pumped over depth
intervals at surface, 5 and 10 m to represent the
entire water column. Water samples for physical
and chemical analyses were collected using a
1-liter Van Dorn bottle at the same depths and
preserved in cold and dark conditions. Water
temperature (°C), dissolved oxygen (mg.L™"),
salinity (g.L"), pH, and water transparency (m)
were measured in situ. Water temperature,
dissolved oxygen concentration, salinity and pH
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were measured using a multiparameter probe (Multi
340i/SET). Water transparency was estimated
using a Secchi disc. The concentration of the
suspended matter (mg.L') was determined by
measuring the dry weight of the residue after
filtration through a Whatman GF/C membrane.
Nutrient concentrations were analyzed by standard
colorimetric techniques with an automatic Bran
and lueBBe type 3 analyzer and determined
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calorimetrically using a UV-visible (6400/6405)
spectrophotometer (APHA 1992) and were expre-
ssed as ug.L".

Phytoplankton
Phytoplankton samples were taken using a

1-liter Van Dorn bottle, simultaneously with the
samples for chemical analysis. Phytoplankton
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Fig. 1. Localization of the Nabhana reservoir in Tunisia (a), Map showing the sampling station in the reservoir (b).

Table 1. Morphometric and hydrological characteristics of the studied Nabhana reservoir

Location 36°03'N, 09°54'E
Construction 1966
Area (ha) 532
Catchments area (km?) 855
Volume (10® m?) 86
Mean depth (m) 16.5
Water temperature (°C) 21
Annual mean precipitation (mm) 30
Annual mean evaporation (mm) 134
Nitrites (mean £ s.d.) (ug I'") 46 + 35
Nitrates (mean + s.d.) (ug I'") 198 + 95
Ammonium (mean + s.d.) (ug I'") 59+ 18
Total nitrogen (mean + s.d.) (nug I'") 398 £ 120
Orthophosphates (mean + s.d.) (ug I'") 44 + 14
Total phosphorus (mean + s.d.) (ug I'") 60+ 17
Chlorophyll-a (mean + s.d.) (ug I'") 52+23
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enumeration was performed with an inverted
microscope using the Utermoéhl (1958) method
after fixation with a Lugol solution (4%). The
identification of algal taxa followed Bourrelly (1966,
1968, 1985), Baker (1991, 1992), and Komarek
and Anagnostidis (2005). Quantification of
chlorophyll-a was performed on water subsamples
(0.5 1), and that were filtered using Whatman GF/C
filters (1.2 um pore size filter and 25 mm- diameter)
and pigment extraction was performed with 90%
acetone (Lorenzen 1967). The concentrations
were determined by the spectrophotometry based
on the absorbance at 750 and 663 nm.

Zooplankton

Samples for zooplankton (20 liters using a
5-liter Van Dorn bottle) were filtered through a
55 um Nitex mesh and fixed in situ with formalin
4% solution and coloured with Bengal Pink. The
zooplankton were enumerated and counted under
a binocular microscope type Leica in Dolffus
chambers (Paterson 1993). The taxonomic
identification was carried out according to Koste
(1978), Margaritora (1985) and Korovchinsky
(1992). Zooplankton abundance was estimated
(ind.L"). The species richness of zooplankton
community structure was assessed according to
the diversity index (H’) as described by Shannon
and Weaver (1949).

H' =_Zix |ngi
- N N

n/N. is the frequency of species i in the sample. N.
number of species of the community

Statistical analyses

The data recorded in this study for physico-
chemical variables (temperature, dissolved
oxygen, pH, salinity, suspended matter, nitrites,
nitrates, ammonium, orthophosphates, total
nitrogen, total phosphorus, TN/TP and N/P ratios)
and biological parameters (chlorophyll-a, total
phytoplankton, chlorophyceae, cyanobacteria,
dinophyceae, diatoms, total zooplankton, copepod,
cladoceran and rotifer densities) were log(x + 1)
transformed because of a significant deviation from
a normal distribution. The data were examined
with a normalized principal component analysis
(PCA) (Chessel and Dolédec 1992). Pearson’s
product-moment correlation coefficient r (using
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XL-stat software) was calculated to determine
the association between the physico-chemical
variables and the phytoplankton and zooplankton
abundances. One-way ANOVA analysis was
applied to identify significant differences in
phytoplankton and zooplankton communities
between depths and months. Cluster analysis (CA)
was performed using PRIMER v5.0 for Windows
XP (Clarke and Gorley 2001) and was undertaken
according to the Ward-algorithmic method. The
results are illustrated in a dendrogram where steps
in the hierarchical clustering solution and values of
the squared Euclidean distances between clusters
are shown.

RESULTS
Physico-chemical parameters

Water temperature varied from 9.7 and 29°C
(mean = S.D. =22.1 + 6.0°C) (Fig. 2a). A seasonal
variation was observed with highest values in
August at a depth of 5 m and lowest values in
the January at the surface and at the depth of
10 m. There are not remarkable differences of
temperature with depth in this reservoir. Dissolved
oxygen varied from 3.0 mg.L" (In January at a
depth of 5 m) to 8.2 mg.L" (In June at the surface)
(mean + S.D. = 4.6 £ 1.4 mg.L") and its vertical
profiles showed that the water column was always
well oxygenated in June, averaging 8 mg.L" (Fig.
2b). The pH varied between 6.4 and 8.5 (mean
+ S.D. = 8.1 £ 0.7) (Fig. 2c). Concentrations in
suspended matter averaged 29.3 + 23.8 mg.L"
(Fig. 2d), with concentrations in January being
very high throughout the water column with a
maximum at a depth of 5 m (104.3 mg.L""). Nutrient
concentrations (nitrites, nitrates, ammonium and
phosphorus) fluctuated with time and depth, but
showing no clear trend. The distribution of nitrites
was almost the same as that of nitrates, but their
concentrations were in general much lower. Nitrites
concentrations varied from 9 pg.L' in November
at a depth of 5 m to 121 pg.L" in May at a depth
of 10 m (mean + S.D. = 46 + 35 pg.L™") (Fig. 3a).
Nitrates and ammonium concentrations displayed
reverse relationships. The lowest concentrations
of nitrates were recorded in July at a depth of 5 m
(68 ng.L") (Fig. 3b). The highest concentrations
were observed in May at the surface (393 ug.L™")
and at a depth of 5 m in November (350 pg.L").
Ammonium concentrations varied from 12 to
159 pg.L ' (mean £ S.D. = 59 + 18 pg I'") (Fig. 3c).
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The orthophosphates concentrations reached high
concentrations in November-January (mean %
S.D. =44 + 14 pg.L") (Fig. 3d). Small differences
in orthophosphates concentrations were shown
across the water column during the period from
May to August. N/P. DIN (DIN = NOz + NOs +
NH;*) to DIP (DIP = PO4*) ratio varied from 2.45 to
13.78 (mean = S.D. = 7.50 + 3.66) in Nabhana (Fig.
3e). The averages were lower than the Redfield
ratio (16), which suggested potential N limitation.
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Fig. 2. Spatial and temporal variation of the temperature (a),
dissolved oxygen (b), pH (c), suspended matter (d) at different
depths (0, 5, 10 m) across the water column.
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Species composition, distribution and
succession of the phytoplankton and
zooplankton communities

Phytoplankton and zooplankton composition
The phytoplankton community consisted

of cyanobacteriae (8 taxa), diatoms (5 taxa),
chlorophyceae (12 taxa) and dinophyceae (5 taxa)
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Fig. 3. Spatial and temporal variation of the nitrites (a), nitrates
(b), ammonium (c) and orthophosphates (d), N/P ratio (e) at
different depths (0, 5, 10 m) across the water column.
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(Table 2). Cyanobacteriae dominated throughout
the sampling period (94-99%) and associated
Microcystis aeruginosa which contributed 93%
of the total cyanobacteriae abundance. Diatoms,
chlorophyceae and dinophyceae represented
0.61%, 0.3% and 0.07% of the total phytoplankton
respectively.

The zooplankton community was composed
of copepods (2 taxa), cladocerans (3 taxa) and
rotifers (5 taxa) (Table 2). The copepods (66% of
the total zooplankton) and cladocerans (28% of the
total zooplankton) were the most abundant groups.
The dominant species was Copidodiaptomus
numidicus (66% of the total zooplankton) followed
by Diaphanosoma brachyurum (22% of the
total zooplankton). The rotifers were scarce
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accounting for 6% of the total zooplankton. The
species Asplanchna sp. was the most abundant,
accounting for 87% of the total rotifers.

Distribution and succession

Phytoplankton abundance ranged from 0 cells
I" at a depth of 10 m (Fig. 4c) to 5.6 x 10° cells I’
in June at a depth of 5 m (Fig. 4b) (mean £ S.D. =
0.6 x 10% + 1.5 x 108 cells I'"). The highest peaks
were observed in May and June along the water
column. The major groups were cyanobacteriae
averaging 99% of the total phytoplankton in June
(Fig. 5a). The dominant species was Microcystis
aeruginosa. This translated into a lower community
diversity (H’= 0.5 bits cells I'", 12 species such

Table 2. Phytoplankton (cells I'') and zooplankton species abundance (x 10 ind I') found in Nabhana

reservoir
PHYTOPLANKTON

F (d.f) F (d.f)
Diatoms Cyanobacteriae
Cyclotella ocellata 4859 5.39 (23)**  Oscillatoria sp. 5 1.32 (23)
Gyrosigma sp. 100 1.00 (23) Anabaena sp. 4 1.00 (23)
Navicula sp. 56 0.96 (23) Aphanothece clathrata 2133 7.40
Nitzschia longissima 59 0.97 (23) Gloeothece sp. 17438 (23)**
Nitzschia sp. 3 3.00 (23)* Microcystis aeruginosa 763565 2.95 (23)*
Chlorophyceae Microcystis sp. 21195 3.14 (23)*
Coelastrum morus 6 3.00 (23)* Microcystis wesenbergii 18064 2.51(23)
Oocystis borgei 13 4.03 (23)**  Nostoc sp. 400 0.99 (23)
Protochroomonas granulata 877 1.43 (23) Dinophyceae 1.34 (23)
Scenedesmus crassus 76 1.00 (23) Ceratium hirundinella 316
Scenedesmus falcatus 12 1.00 (23) Kyste de dinoflagellates 72 5.23 (23)**
Scenedesmus protuberens 52 1.00 (23) Kyste de protoperidinium 104 0.88 (23)
Scenedesmus sp. 159 0.90 (23) Peridinium umbonatum 4 1.98 (23)
Staurastrum sp. 3 2.77 (23)* Polykrikos sp. 150 1.0 (23)
Tetraedron minimum 152 1.00 (23) 9.0 (23)**
Dinobryon sp. 332 0.81 (23)
Cosmarium granatum 7 9.62 (23)***
Cosmarium microsporum 178 0.97 (23)

ZOOPLANKTON

F (d.f) F (d.f)
Copepoda Rotifera
Copidodiaptomus numidicus 50020 9.50 (23)**  Asplanchna sp. 3664 2.45 (23)
Acanthocyclops robustus 326 1.18 (23) Filinia longiseta 52 0.94 (23)
Cladocerans Hexarthra mira 433 2.08 (23)
Bosmina longirostris 68 1.24 (23) Keratella cochlearis 159 0.90 (23)
Ceriodaphnia quadrangula 4295 1.24 (23) Keratella quadrata 51 1.49 (23)
Diaphanosoma brachyurum 16890 7.85 (23)**

F-value. between-groups mean square/within-groups mean square. * Significant difference between the depths and months as tested

with one-way ANOVA (p < 0.05 *; p < 0.01**; p < 0.001***).



Zoological Studies 55: 30 (2016)

as Microcystis aeruginosa, Microcystis sp.) (Fig.
6). The chlorophyll-a concentrations varied from
2.1 pug I'" in November at the surface (Fig. 4a)
to 10.6 ug I'" in July at a depth of 10 m (Fig. 4c)
(mean = S.D. = 5.3 + 2.4 ug I''). The difference in
the phytoplankton density between the depth and
months was negligible (ANOVA, F = 1.17, d.f. = 23,
p < 0.05).
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Zooplankton abundance fluctuated between
0.3 in January at the surface (Fig. 4a) and 2.1
x 102 ind " in June at a depth of 5 m (Fig. 4b)
(mean = S.D. = 0.5 x 102 £ 0.6 x 102 ind I'") (Fig.
4b). Spatial and temporal changes in the density
of zooplankton revealed significant differences
between the depth and months (ANOVA, F =
10.06, d.f. = 23, p < 0.001).
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Fig. 4. Seasonal variation of total phytoplankton, zooplankton density and chlorophyll-a at Om (a), 5m (b) and 10 m (c).
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Copepods were the most abundant group
averaging 82% of the total zooplankton (Fig.
5b). While copepodites of the dominant species
Copidodiaptomus numidicus were in the greatest
numbers in abundance of all copepods (1.1 x
102 ind I'" in June at a depth of 5 m) and the
diversity index was low (H' = 0.98 bits ind I'', 8
species) (Fig. 6). The significant difference was
observed between the depths and months in
the abundance of dominant species Microcystis
aeruginosa (F = 3.14, d.f. = 23, p < 0.05), C.
numidicus (F = 9.50, d.f. = 23, p < 0.01) and
Diaphanosoma brachyurum (F = 7.85, d.f. = 23,
p <0.01) (Table 2).

The PCA allowed the discrimination of two
groups around the F1 and F2 axes components
accounting for 65.55% of the variance (Figs. 7a
and 7b). The first axis component accounted
for 47.73 % of the total variance and selected
positively group G1 constituted by biological
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parameters (total phytoplankton, cyanobacteriae)
and several physico-chemical parameters (salinity,
NO2z, NOs, NH4*, TN, TN/TP and N/P). F2 axis,
which extracted 17.81 % of the variability, selected
positively group G2 formed by total zooplankton,
copepods, cladocerans, temperature and dissolved
oxygen and negatively group G3 constituted by
rotifers, suspended matter, total phosphorus and
orthophosphates.

The total phytoplankton was significantly
correlated with dissolved oxygen (r = 0.862, p <
0.01, d.f. = 15), with nitrites (r=0.913, p < 0.01, d.f.
= 15), with nitrates (r = 0.738, p < 0.05, d.f. = 15),
with N/P ratio (r = 0.808, p < 0.05, d.f. = 15) and
TN/TP ratio (r=0.784, p < 0.05, d.f. = 15).

In addition, the different phytoplankton group
depended on the nutrient availability (nitrates,
nitrites, ammonium, total-N and total-P) and
especially on N/P ratios which seemed to be the
determining regulator of phytoplankton taxa in this
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Fig. 5. Seasonal variation in the relative density of phytoplankton (a) and zooplankton (b) groups.
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area. We found a significant positive correlation
between cyanobacteriae abundance and nitrites
(r=0.911, p <0.01, d.f. = 15), nitrates (r = 0. 735,
p < 0.05, d.f. = 15), N/P ratio (r = 0.808, p < 0.05,
d.f. = 15), TN/TP ratio (r = 0.784, p < 0.05, d.f. =
15); between chlorophyceae and nitrites (r = 0.778,
p < 0.05, d.f. =15), ammonium (r=0.717, p < 0.05,
d.f. = 15), N/P ratio (r = 0.750, p < 0.05, d.f. = 15);
between dinophyceae and nitrites (r = 0.781, p <
0.05), ammonium (r = 0.756, p < 0.05, d.f. = 15),
N/P ratio (r = 0.708, p < 0.05, d.f. = 15); between
diatoms and nitrites (r = 0.729, p < 0.05, d.f. =
15), ammonium (r = 0. 746, p < 0.05, d.f. = 15).
The zooplankton abundance was significantly
correlated with dissolved oxygen (r = 0.939,
p < 0.01, d.f. = 15). Besides, the zooplankton
groups were related to physical and chemical
factors. Copepods were significantly correlated with
dissolved oxygen (r = 0.939, p < 0.001, d.f. = 15),
cladocerans with temperature (r = 0.707, p < 0.001,
d.f. = 15), rotifers with temperature (r = -0.892,
p < 0.001, d.f. = 15) and with suspended matter
(r=0.827,p<0.01, d.f. = 15).

The distribution of the phytoplankton
abundance with the chlorophyll-a and the
zooplankton abundance is illustrated in figure 4.
The abundance of phytoplankton (dominated by
cyanobacteriae) and copepods were significantly
correlated (r = 0.782, p < 0.05, d.f. = 15).
However, the abundance of phytoplankton did
not correlate with the chlorophyll-a (r = -0.465,
p < 0.05, d.f. = 15). This was also confirmed by

—®@— phytoplankton

H’ (bits ind 1)
H’ (bits cells I'")

May June July
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the (PCA) showing a linked ecological relationship
between phytoplankton and copepods while
other cladocerans and rotifers seemed to be
independent zooplanktonic groups (Fig. 8).

DISCUSSION

In the Nabhana reservoir, the cyanobacteria
steady-states was occurred and was persisted
during our study year (2005-2006) with a high
density recorded in June at the upper layers
and associated with Microcystis aeruginosa.
These results are in agreement with the few
studies conducted in Mediterranean freshwaters
(Abrantes et al. 2006; Moustaka-Gouni et al.
2007) and characterized by long lasting steady-
states of cyanobacteria suggesting the existence
of close relationships between climate factors and
phytoplankton dynamics. The seasonal change
of irradiance in lower latitudes compared to that
in higher latitudes, in combination with other
properties of warmer climates, are assumed to
result in smoother changes in physical conditions
of the lakes and reservoirs; these may allow
persistence of cyanobacteria steady-states
(Naselli-Florres et al. 2003).

Our results indicate that the succession of
phytoplankton in Nabhana reservoir was strictly
associated with the temporal variations of several
environmental factors. The cyanobacteriae
abundance did not correlate with the temperature

—°— Zooplankton

August September October November January

Fig. 6. Seasonal variation of diversity indices of the phytoplankton and zooplankton (H’) in Nabhana reservoir.
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and with the pH. Other results showed that
cyanobacteriae dominance generally occurred
at higher temperatures and pH values (Dokulil
2013; Strandberg et al. 2015; He et al. 2015).
We found a significant positive correlation
between salinity and cyanobacteriae which is
consistent with other findings (Domingues et al.
2007; Sinang et al. 2015). Nitrogen was found
at low concentrations, while orthophosphates
concentrations were high and N/P was lower than
the Redfield ratio (16). This suggests that nitrogen
is more likely than phosphates to be limiting to
attainable growth rates of the phytoplankton as
already reported by other studies (Dufour et al.
1981; Weithoff and Walz 1999). The dominance
of cyanobacteriae community is associated with
nitrogen limitation (Quesada et al. 2004; Pilkaityte
and Razinkovas 2007). Due to their ability to fix
nitrogen, cyanobacteriae are known to be favoured
over other phytoplankton in nitrogen-poor waters
(Thomazeau 2006; Hense and Burchard 2010).
Phosphorus has historically been considered to be
the main factor limiting phytoplankton biomass in
freshwater ecosystems, and thus the only nutrient
involved in eutrophication (Guildford and Hecky
2000; Carpenter 2005). Phosphorus inputs are
often associated with phytoplankton proliferation
(Smith 2003, Xu et al. 2010). Simultaneous control
of phytoplankton by N and P has already been
shown in some other ecosystems (Dzialowski et
al. 2005; North et al. 2007). Furthermore, the low
chlorophyll-a concentration found in the Nabhana
reservoir together with an N/P ratio lower than

Copepods
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the Redfield ratio indicates that this ecosystem is
oligo-mesotrophic (OECD 1982; Vollenweider et
al. 1992), confirming the observations reported in
the Mediterranean reservoirs (Derraz et al. 2003;
Rachiq 2003; Alaoui et al. 2007). The dominance
of cyanobacteriae group was explained by lower
TN/TP ratio (< 29), concurring with previous
results showing that cyanobacteriae dominance
was thought to be a function of TN/TP, with
cyanobacteriae more often dominant at TN/
TP < 29 (Downing 1997; Downing et al. 2001).
In addition, cyanobacteriae abundances were
correlated with nitrites, nitrates, N/P ratio, TN/TP
ratio. This indicates that the cyanobacterial growth
was probably induced by nitrate which occurred at
the highest concentrations of all forms of nitrogen
measured and resulting from land runoff and
sewage discharges and linked to the intensification
of agriculture (Varis and Fraboulet-Jussila 2002).
Similar observations were reported in a majority
of the semi-arid Moroccan reservoirs (Alaoui et
al. 1994; Derraz et al. 2002; Alaoui et al. 2007)
and in the Lake Guiers of Senegal in West Africa
(Berger et al. 2006; Dufour et al. 2006; Quiblier et
al. 2008). The availability of nutrients is the main
factor that controls growth, biomass and species
composition of phytoplankton (Gobler and Safudo-
Wilhelmy 2001; Komoé et al. 2009). Several
hypothesised mechanisms probably contribute
to the success of cyanobacteriae simultaneously.
This may explain why single relationships have
failed to explain their dominance in various aquatic
systems (Burns 1987; Hyenstrand et al. 1998).

Cyanobacteriae

Total zooplankton ]

Cluster 1 <T0tal phytoplankton

Diatoms

Dinophyceae |

Chlorophyceae

Cladocera
Cluster 2

Chl-a

Cluster 3 { Rotifers

8245 62.45

42.45 2245 245 -17.55 -37.55

Fig. 8. Dendrogram of the Euclidean distances between the phytoplankton and zooplankton groups and chlorophyll-a in Nabhana

reservoir.
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The zooplankton community was dominated
by copepods and cladocerans and associated with
the development of Copidodiaptomus numidicus
and Diaphanosoma brachyurum species. The
total zooplankton were significantly correlated with
dissolved oxygen. Our findings appear to agree
with what is known about the influence of dissolved
of oxygen on zooplankton densities (Whitman et
al. 2004). Temperature seems to have exerted a
positive effect for cladocerans and negative effect
for rotifers. The same result has been previously
reported by Straile (2015) and Zhao et al. (2008).
In contrast, others studies have showed that
cladocerans declined with increasing temperature
(Havens et al. 2015). Grazing by zooplankton has
been shown to affect phytoplankton succession
towards dominance by cyanobacteriae (Smith
and Lester 2007; Alexander 2012; Lee et al.
2015). This phytoplankton group is more resistant
to grazing (Sommer et al. 1986; Sommer et al.
2001; Wood 2014); unlike other finding showing
that zooplankton might be an important vector of
cyanobacterial toxins along the food chain (Gobler
et al. 2007; Oberhaus et al. 2007; Ger et al. 2010,
Hong et al. 2012).

The cyanobacteriae was positively and signi-
ficantly correlated with copepods, concurring with
previous results showing that copepods were
less affected by cyanobacteriae, maintaining high
densities throughout the bloom (Ferrao-Filho et al.
2002; Zhao et al. 2008; Wang et al. 2010). These
results showed a moderate grazing by the copepod
Copidodiaptomus numidicus on cyanobacteriae.
Similar observations were reported by Meyer-
Harms et al. (1999) showing the moderate grazing
by the copepod Acartia sp. on cyanobacteriae. In
addition, the concurrent increase in cyanobacteriae
and copepods is probably driven by different
changes of the system functioning under the
nutrient enrichment conditions, i.e., a relaxation of
the phosphorus limitation for cyanobacteriae and
an increase of the availability of the desirable food-
types for copepods. The same conclusion was
taken in a previous study by Zaho et al. (2008).

During two months May and June cladocerans
and rotifers were at low abundance. Cladocerans
and rotifers abundances were negatively correlated
with cyanobacteriae. It has been reported that
cyanobacterial blooms cause direct decline in
numbers of large cladocerans (Trabeau et al.
2004; Ger et al. 2014) and that they can reduce
the reproduction rate of rotifers (Arnold 1971)
and both growth and reproduction of cladocerans
(Haney 1987). The susceptibility of cladocerans
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to mechanical and chemical interference from
cyanobacteriae is well established (Lirling 2003;
Gustafsson and Hansson 2004; Wood 2014).

CONCLUSIONS

The occurrence of cyanobacterial blooms in
the Nabhana reservoir was the result of complex
interactions between abiotic and biotic factors.
Inorganic nutrients within this reservoir were at
moderate levels with low concentrations of nitrogen
which might favour nitrogen-fixing cyanobacteriae
over other phytoplankton. On the other hand,
the trophic relationship between phytoplankton
and zooplankton were also implicated in the
phytoplankton abundance and dynamics. In
Nabhana reservoir, the different seasonal stages
proposed by the PEG model were not observed.
The phytoplankton community was dominated by
cyanobacteriae that were probably beyond the
grazing capacity of zooplankton dominated by
copepods.

Acknowledgments: This work was supported by
the Tunisian funded project of Ecotoxicology and
monitoring of marine and freshwater animal health,
conducted in the National Institute of Marine
Sciences and Technologies (INSTM) and Plankton
and Microbiology of Aquatic Ecosystems Research
Unit of Sfax University. We thank one anonymous
referee for the helpful advice and comments. We
wish to extend our thanks to Mr. Jamil Jaoua, Head
of the English Unit at the Sfax Faculty of Science,
for having proofread this paper.

REFERENCES

Abdel Aziz NE, Gharib SM, Dorgham MM. 2006. The interaction
between phytoplankton and zooplankton in a Lake-Sea
connection, Alexandria, Egypt. Int J Ocean Oceanogr
1:151-165.

Abrantes N, Antunes SC, Pereira MJ, Gongalves F. 2006.
Seasonal succession of cladocerans and hytoplankton
and their interactions in a shallow eutrophic lake (Lake
Vela, Portugal). Acta Oecologica 29:54-64. doi:10.1016/
j.actao.2005.07.006.

Alaoui MM, Aleya L, Devaux J. 1994. Phosphorus exchanges
between sediment and water in trophically different
reservoirs. Water Res 28:1971-1980. doi:10.1016/0043-
1354(94)90172-4.

Alexander R. 2012. Interactions of Zooplankton and Phyto-
plankton with Cyanobacteria. University of Nebraska -
Lincoln, p. 69.

Anderson DM, Glibert PM, Burkholder JM. 2002. Harmful algal
blooms and eutrophication. Nutrient sources, composition,


http://www.sciencedirect.com/science/article/pii/S1146609X05000871
http://www.sciencedirect.com/science/article/pii/0043135494901724

Zoological Studies 55: 30 (2016)

and consequences. Estuaries 25:704-726. doi:10.1007/
BF02804901.

American Public Health Association, APHA. 1992. Standard
methods for the examination of water and wastewater
18th ed. American Public Health Association, Washington,
D.C.

Arhonditsis GB, Brett MT. 2005. Eutrophication model for
Lake Washington (USA): Part |. Model description and
sensitivity analysis. Ecol Model 187:140-178. doi:10.1016/
j.ecolmodel.2005.01.040.

Arnold DE. 1971. Ingestion, assimilation, survival and repro-
duction by Daphnia pulex fed seven species of blue-
green algae. Limnol Oceanogr 16:906-920. doi:10.4319/
10.1971.16.6.0906.

Baker DR. 1991. Interdiffusion of hydrous dacitic and rhyolitic
melts and the efficacy of rhyolite contamination by dacitic
enclaves. Contrib Mineral Petr 106:462-473. doi:10.1007/
BF00321988.

Baker DR. 1992. Interdiffusion of geologic melts: calculations
using transition state theory. Chem. Geol 98:11-21.

Beklioglu M, Romo S, Kagalou |, Quintana X, Becares E. 2006.
State of the art in the functioning of shallow Mediterranean
lakes: workshop conclusions. Hydrobiologia 584:317-326.
doi:10.1007/s10750-007-0577-x.

Berger C, Ba N, Gugger M, Bouvy M, Rusconi F, Couté A,
Trousselier M, Bernard C. 2006. Seasonal dynamics and
toxicity of Cylindrospermopsis raciborskii in Lake Guiers
(Senegal, West Africa). FEMS. Microb Ecol 57:355-366.
doi:10.1111/j.1574-6941.2006.00141 .x.

Bourrelly P. 1966. Les Algues d’Eau Douce. Vol. I: Les Algues
Vertes. Boubée, Paris.

Bourrelly P. 1968. Les Algues d’Eau Douce. Vol. II: Les Algues
Jaunes et Brunes. Boubée, Paris.

Bourrelly P. 1985. Les Algues d’Eau Douce. Vol. llI: Les Algues
Bleues et Rouges. Rémpression revue et augmentée.
Boubée, Paris.

Burns CW. 1987. Insights into zooplankton-cyanobacteria
interactions derived from enclosure studies. N Z J Mar
Freshw Res 21:477-482. doi:10.1080/00288330.1987.951
6243.

Carpenter SR. 2005. Eutrophication of aquatic ecosystems:
Bistability and soil phosphorus. Proc Natl Acad Sci
102:10002-10005. doi:10.1073/pnas.0503959102.

Clarke KR, Gorley RN. 2001. PRIMER v5. user manual/tutorial.
Plymouth. PRIMER-E.

Derraz K, El Alami R, Atiki I, Alaoui-mhamdi M. 2002. Impact of
metazoan zooplankton on phytoplankton and ciliates in
the Sahela reservoir (Morocco). J Water Sci 15:111-122.

Derraz K, Elalami R, Atiki |, Alaoui MM. 2003. Composition
biochimique du zooplancton crustacé et broutage du
phytoplancton et des protistes ciliés dans un réservoir
récemment mis en eau (Sahela, Maroc). C R Biologies
326:761-770.

Dokulil MT. 2013. Impact of climate warming on European
inland waters. Inland Waters 4:27-40.

Dolédec S, Chessel D. 1992. ADE Software (Version 3.6).
Multivariate Analyses Trophic State and Graphical Display
for Environmental Data. User’s Manual.

Domingues RB, Sobrino C, Galvao H. 2007. Impact of reservoir
filling on phytoplankton succession and cyanobacteria
blooms in a temperate estuary. Estuar Coast Shelf S
74:31-43.

Downing JA. 1997. Marine nitrogen: phosphorus stoichiometry
and the global N:P cycle. Biogeochemistry 37:237-252.
doi:10.1023/A:1005712322036.

page 13 of 15

Downing JA, Watson SB, McCauley E. 2001. Predicting
Cyanobacteria dominance in lakes. Can J fish Aquat Sci
58:1905-1908. doi:10.1139/cjfas-58-10-1905.

Dufour P, Lemasson L, Cremoux JL. 1981. Nutrient control of
seston biomass in a tropical lagoon on the lvory Coast.
Il. Geographical and seasonal variations. J Exp Mar Biol
Ecol 51:269-284.

Dufour P, Sarazin G, Quiblier C, Sane S, Leboulanger C.
2006. Cascading nutrient limitation of the cyanobacteria
Cylindrospermopsis raciborskii in a Sahelian lake (North
Senegal). Aquat Microb Ecol 44(3):219-230.

Dzialowski AR, Wang SH, Lim NC, Spotts WW, Huggins DG.
2005. Nutrient limitation of phytoplankton growth in central
plains reservoirs, USA. J Plankton Res 27(6):587-595.

Ferrdo-Filho AS, Domingos P, Azevedo SMFO. 2002.
Influences of a Microcystis aeruginosa KUTZING bloom
on zooplankton populations in Jacarepagua Lagoon (Rio
de Janeiro, Brazil). Limnologica 32:295-308. doi:10.1016/
S0075-9511(02)80021-4.

George GD, Winfield IJ. 2000. Factors influencing the spatial
distribution of zooplankton and fish in Loch Ness,
UK. Freshwater Biol 43:557-570. doi:10.1046/j.1365-
2427.2000.00539.x.

Ger KA, Arneson P, Goldman CR, Teh SJ. 2010. Species
specific differences in the ingestion of Microcystis
cells by the calanoid copepods Eurytemora affinis and
Pseudodiaptomus forbesi. J Plankton Res 32:1479-1484.

Ger KA, Hansson LA, Lurling M. 2014. Understanding
cyanobacteria-zooplankton interactions in a more
eutrophic world. Freshwater Biol 59:1783-1798.
doi:10.1111/fwb.12393.

Gobler CJ, Davis TW, Coyne KJ, Boyer GL. 2007. Interactive
influences of nutrient loading, zooplankton grazing, and
microcystin synthetase gene expression on cyanobacterial
bloom dynamics in a eutrophic New York lake. Harmful
Algae 6:119-133. doi:10.1016/j.hal.2006.08.003.

Gobler CJ, Sanuado-Wilhelmy S. 2001. Effects of organic
carbon, organic nitrogen, inorganic nutrients, and iron
additions on the growth of phytoplankton and bacteria
during a brown tide bloom. Mar Ecol Prog Ser 209:19-34.

Guildford SJ, Hecky RE. 2000. Total nitrogen, total phosphorus,
and nutrient limitation in lakes and oceans: Is there a
common relationship?. Limnol Oceanogr 45:1213-1223.
doi:10.4319/10.2000.45.6.1213.

Gustafsson S, Hansson LA. 2004. Development of tolerance
against toxic cyanobacteria in Daphnia. Aquat Ecol 38:37-
44.

Hadas O, Kaplan A, Sukenik A. 2015. Long-term changes in
cyanobacteria populations in lake kinneret (sea of galilee),
Israel: an eco-physiological outlook. Life (Basel) 5:418-
431. doi:10.3390/1ife5010418.

Haney JF. 1987. Field studies on zooplankton-cyanobacteria
interactions. N Z J Mar Freshw Res 21:467-475.

Havens KE, Pinto-Coelho RM, Beklioglu M, Christoffersen
KS, Jeppesen E, Lauridsen TL, Mazumder A, Methot G,
Pinel Alloul B, Tavsanoglu NU, Erdogan S, Vijverberg J.
2015. Temperature effects on body size of freshwater
crustacean zooplankton from Greenland to the tropics.
Hydrobiologia 743:27-35.

He H, Zhu X, Song X, Jeppesen E, Liu Z. 2015. Phytoplankton
response to winter warming modified by large-bodied
zooplankton: an experimental microcosm study. J Limnol
74(3):618-622 doi:10.4081/jlimnol.1066.

Hense |, Burchard H. 2010. Modelling cyanobacteria in shallow
coastal seas. Ecol Model 221:238-244.


http://link.springer.com/article/10.1007/BF02804901
http://www.sciencedirect.com/science/article/pii/S0304380005000773
http://onlinelibrary.wiley.com/doi/10.4319/lo.1971.16.6.0906/abstract;jsessionid=41F662289350DD218CA05EEAECBDFA3D.f02t02
http://link.springer.com/article/10.1007%2FBF00321988
http://link.springer.com/article/10.1007%2Fs10750-007-0577-x
http://femsec.oxfordjournals.org/content/57/3/355
http://www.tandfonline.com/doi/citedby/10.1080/00288330.1987.9516243
http://www.pnas.org/content/102/29/10002.abstract
http://link.springer.com/article/10.1023/A:1005712322036
http://www.public.iastate.edu/~downing/tier%202/jadpdfs/2001%20CJFAS%201905-1908.pdf
http://www.sciencedirect.com/science/article/pii/S0075951102800214
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2427.2000.00539.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/fwb.12393/abstract
http://www.sciencedirect.com/science/article/pii/S1568988306001004
http://onlinelibrary.wiley.com/doi/10.4319/lo.2000.45.6.1213/abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4390860/
http://www.jlimnol.it/index.php/jlimnol/article/view/jlimnol.2015.1066

Zoological Studies 55: 30 (2016)

Ho JC, Michalak AM. 2015. Challenges in tracking harmful algal
blooms: A synthesis of evidence from Lake Erie. J Great
Lakes Res 41:317-325. doi:10.1016/j.jgIr.2015.01.001.

Hong J, Talapatra S, Katz J, Tester PA, Wagett RJ, Place AR.
2012. Algal toxins alter copepod feeding behavior. PLoS
ONE 7(5):e36845. doi:10.1371/journal.pone.0036845.

Hyenstrand P, Blomqvist P, Pettersson A. 1998. Factors
determining cyanobacterial success in aquatic systems a
literature review. Archiv fiir Hydrobiol 51:41-62.

Jacoby JM, Collier DC, Welch EB, Hardy FJ, Crayton M. 2000.
Environmental factors associated with a toxic bloom of
Microcystis aeruginosa. Can J fish aquat Sci 57:231-240.

KK Singh, Aleya L, Singh V, Singh M. 2010. Microcystis
aeruginosa proliferation in a highly eutrophic reservoir:
a clear example of ecosystem dysfunctioning. Disaster
Management, 3, Edition LTD India, Manmade Disasters,
8131309177. <hal-01103295> (http://memsic.ccsd.cnrs.fr/
GIP-BE/hal-01103295)

Komarek J, Anagnostidis K. 2005. Cyanoprokaryota. 2.Teil/Part
2: Oscillatoriales. In StuBwasserflora von Mitteleuropa, Bd.
19/2, Spektrum Akademischer Verlag, Germany (German
Edition).

Komoé K, Da Kouhété P, Kouassi Aka M, Aka N’guessan
M, Kamanzi AK, Ama Antoinette A. 2009. Seasonal
Distribution of Phytoplankton in Grand-Lahou Lagoon
(Cote D'ivoire). Eur J Sci Res 26(3):329-341.

Korovchinsky NM. 1992. Sididae and Holopediidae (Crustacea.
Daphniiformes). Guides to the identification of the micro-
invertebrates of the continental of the word 3, SPB
Academic Publishing, The Hague, p. 85.

Koste W. 1978. Rotatoria. Die Radertiere Mitteleuropas. Ein
Bestimmungswerk begriindet von Max Voigt. Borntrager,
Stuttgart, (1), Textband, 673 pp, (2), Tafelband, p. 234.

Lee TA, Rollwagen-Bollens G, Bollens SM. 2015. The influence
of water quality variables on cyanobacterial blooms
and phytoplankton community composition in a shallow
temperate lake. Environ Monit Assess 187(6):315. doi:
10.1007/s10661-015-4550-2.

Lorenzen CJ. 1967. Determination of chlorophyll and
phaeopigments: Spectrophotometric equations. Limnol
Oceanogr 12:343-346. doi:10.4319/10.1967.12.2.0343.

Lurling M. 2003. Effects of microcystin-free and microcystin-
containing strains of the cyanobacterium Microcystis
aeruginosa on growth of the grazer Daphnia magna.
Environ Toxicol 18:202-210.

Margaritora FG. 1985. Cladocera. Fauna d’ltalia, Bologna p.
399.

Mcqueen DJ, Johannes MRS, Post JR, Stewart DJ, Lean DRS.
1989. Bottom-up and top-down impacts on freshwater
pelagic community structure. Ecol Monogr 59:289-309.

Meyer-Harms B, Reckermann M, Vo3 M, Siegmund H, Von
Bodungen B. 1999. Food selection by calanoid copepods
in the euphotic layer of the Gotland Sea (Baltic Proper)
during mass occurrence of N2-fixing cyanobacteria. Mar
Ecol Prog Ser 191:243-250.

Mhamdi BA, Azzouzi A, Elloumi J, Ayadi H, Mhamdi MA, Aleya
L. 2007. Exchange potentials of phosphorus between
sediments and water coupled to alkaline phosphatase
activity and environmental factors in an oligo-
mesotrophic reservoir. C R Biol 330:419-428. doi:10.1016/
j.crvi.2007.02.009.

Moreno-Ostos E, Rodrigues da Silva SL, de Vicente |, Cruz-
Pizarro L. 2007. Interannual and between-site variability
in the occurrence of clear water phases in two shallow
Mediterranean lakes. Aquat Ecol 41:285-297. doi:10.1007/

page 14 of 15

s$10452-006-9072-0.

Mouelhi S. 2000. Etude écologique de la retenue de Sidi Salem.
aspects physico-chimiques des eaux et dynamique des
peuplements zooplanctoniques. These de Doctorat en
Sciences Biologiques, Faculté des Sciences de Tunis, p.
289.

Moustaka-Gouni M, Vardaka E, Tryfon E. 2007. Phytoplankton
species succession in a shallow Mediterranean lake (L.
Kastoria, Greece): Steady-state dominance of Limnothrix
redekei, Microcystis aeruginosa and Cylindrospermopsis
raciborskii. Hydrobiologia 575:129-140.

Mugidde R, Hecky RE, Hendzel LL, Taylor WD. 2003. Pelagic
nitrogen fixation in Lake Victoria (East Africa). Journal
Great Lakes Research 29:76-83.

Naselli-Flores L, Padisak J, Dokulil MT, Chorus |. 2003.
Equilibrium/steady-state concept in phytoplankton
ecology. Hydrobiologia 502:395-403.

North RL, Guildford SJ, Smith REH, Havens SM, Twiss MR.
2007. Evidence for phosphorus, nitrogen, and iron co-
limitation of phytoplankton communities in Lake Erie.
Limnol Oceanogr 52:315-328.

Oberhaus L, Gélinas M, Pinel-Alloul B, Humbert JF, Ghadouani
A. 2007. Grazing of two toxic Planktothrix species by
Daphnia pulicaria: potential for bloom control and transfer
of microcystins. J Plankton Res 29:827-838.

OECD. 1982. Eutrophication of Waters. Monitoring, Assessment
and Control. Organization of Economic and Cooperative
Development, Paris, France.

Paterson M. 1993. The distribution of micro-crustacea in the
littoral zone of a freshwater lake. Hydrobiologia 263:173-
183.

Pilkaityté R, Razinkovas A. 2007. Seasonal changes in
phytoplankton community and nutrient limitation in a
shallow Baltic lagoon. Boreal environ Res 12:551-559.

Pinel-Alloul B. 1995. Impact de la prédation des invertébrés sur
les communautés aquatiques. In. Pourriot, R., Meybeck,
M. (Eds.), Limnologie Générale. - Ecology Series 25.
Masson, Chap. 22: pp. 628-647.

Pinel-Alloul B. 1995a. Impact de la predation des invertébrés
sur les communautés aquatiques. /In R. Pourriot & M.
Meybeck (eds.). Limnologie Générale. Collection Ecologie
25. Masson, Paris pp. 628-647.

Quesada A, Sanchis D, Carrasco D. 2004. Cyanobacteria
in Spanish reservoirs. How frequently are they toxic?
Limnetica 23(1-2):109-118.

Quiblier C, Leboulanger C, Sané S, Dufour P. 2008.
Phytoplankton growth control and risk of cyanobacterial
blooms in the lower Senegal River delta region. Water
Res 42:1023-1034.

Rachiq S. 2003. Structure et fonctionnement du peuplement
phytoplanctonique et capacités phagotrophes des
microalgues dans le réservoir Allal ElI Fassi (Maroc).
Université Sidi Mouhammed Ben Abdellah, Faculté des
Sciences Dhar El Mehraz, Fés, p. 153.

Rinke K, Huber AMR, Kempke S, Eder M, Wolf T, Probst
WN, Rothhaupt KO. 2009. Lake-wide distributions of
temperature, phytoplankton, zooplankton, and fish in the
pelagic zone of a large lake. Limnol Oceanogr 54:1306-
1322.

Sellami |, Ayadi H, Bouain A, Aleya L, Alaoui Mhamdi M. 2009.
Distribution of zooplankton related to environmental
factors in three interconnected reservoirs: Kasseb,
Mornaguia and Ghdir El Goulla (North of Tunisia). Ann
Limnol - Int J Lim 45:107-117. doi:10.1051/limn/2009008.

Sellami I, Guermazi W, Hamza A, Aleya L, Ayadi H. 2010.


http://www.sciencedirect.com/science/article/pii/S0380133015000027
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0036845
http://link.springer.com/article/10.1007%2Fs10661-015-4550-2
http://onlinelibrary.wiley.com/doi/10.4319/lo.1967.12.2.0343/full
http://www.sciencedirect.com/science/article/pii/S1631069107001059
http://link.springer.com/article/10.1007/s10452-006-9072-0
http://dx.doi.org/10.1051/limn/2009008

Zoological Studies 55: 30 (2016)

Seasonal dynamics of zooplankton community in four
Mediterranean reservoirs in humid area (Beni Mtir: north
of Tunisia) and semi arid area (Lakhmes, Nabhana and
Sidi Saad: center of Tunisia). J Therm Biol 35:392-400.
doi:10.1016/j.jtherbio.2010.08.004.

Shannon CE, Weaver G. 1949. The Mathematical Theory of
Communication. University of lllinois Press, Urbana,
Chicago, Il.

Sinang SC, Reichwaldt ES, Ghadouani A. 2015. Local nutrient
regimes determine site-specific environmental triggers of
cyanobacterial and microcystin variability in urban lakes.
Hydrol Earth Syst Sci 19:2179-2195.

Smith KF, Lester PJ. 2007. Trophic interactions promote
dominance by cyanobacteria (Anabaena spp.) in the
pelagic zone of Lower Karori Reservoir, Wellington. N Z J
Mar Freshw Res 41:143-155.

Smith VH. 2003. Eutrophication of freshwater and coastal
marine ecosystems a global problem. Environ Sci Pollut
Res Int 10:126-139.

Sommer U, Gliwicz ZM, Lampert W, Duncan A. 1986. The
PEG-model of seasonal succession of planktonic events
in fresh waters. Arch Hydrobiol 106:433-471.

Sommer U, Sommer F, Santer B, Jamieson C, Boersma M,
Becker C, Hansen T. 2001. Complementary impact of
copepods and cladocerans on phytoplankton. Ecol Lett
4:545-550.

Sommer U, Adrian R, De Senerpont Domis L, Elser JJ, Gaedke
U, Ibelings B, Jeppesen E, Lirling M, Molinero JC, Mooij
WM, van Donk E, Winder M. 2012. Beyond the Plankton
Ecology Group (PEG) Model: Mechanisms driving
plankton succession. Annu Rev Ecol Evol Syst 43:429-
448.

Straile D. 2015. Zooplankton biomass dynamics in oligotrophic
versus eutrophic conditions: a test of the PEG model.
Freshwater Biol 60:174-183.

Strandberg U, Taipale SJ, Hiltunen M, Galloway AWE, Brett
MT, Kankaala P. 2015. Inferring phytoplankton community
composition with a fatty acid mixing model. Ecosphere
6(1): p. 16. doi:10.1890/ES14-00382.1.

Thomazeau S. 2006. Diversité phylogénétique et toxinique de

page 15 of 15

Cyanobactéries du Sénégal et du Burkina Faso, mémoire
de Master 2, Université Pierre and Marie Curie-Paris 6, p.
44.

Trabeau M, Bruhn-Keup R, McDermott C, Keomany M, Millsaps
A, Emery A, De Stasio Jr B. 2004. Midsummer decline of
a Daphnia population attributed in part to cyanobacterial
capsule production. J Plankton Res 26:949-961.
doi:10.1093/plankt/fbh076.

Uterméhl H. 1958. Zur Vervollkommnung der quantitativen
Phytoplankton-Methodik. Commun Assoc Int Limnol Théor
Appl 9:1-38

Varis O, Fraboulet-Jussila S. 2002. Analysis of eutrophication
level and critical loads of Lac de Guiers, Senegal. Verh Int
Verein Limnol 28:462-466.

Vollenweider RA, Marchetti R, Viviani R. 1992. Marine coastal
eutrophication. The response of marine transitional
systems to human impact. problems and perspectives for
restoration. Science of the Total Environment Supplement
1992. Amsterdam, Netherlands.

Wang XD, Qin BQ, Gao G, Paerl HW. 2010. Nutrient enrich-
ment and selective predation by zooplankton promote
Microcystis (Cyanobacteria) bloom formation. J Plankton
Res 32:457-470.

Weithoff G, Walz N. 1999. Problems in estimating
phytoplankton nitrogen limitation in shallow eutrophic
lakes. Hydrobiologia 408(409):367-373.

Whitman RL, Nevers MB, Goodrich ML, Murphy PC, Davis BM.
2004. Characterization of Lake Michigan coastal lakes
using zooplankton assemblages. Ecol Indic 4:277-286.

Wood J. 2014. Causes and Consequences of Algal Blooms in
the Tidal Fresh James River p. 93.

Xu H, Paerl HW, Qin B, Zhu G, Gao G. 2010. Nitrogen and
phosphorus inputs control phytoplankton growth in
eutrophic Lake Taihu, China. Limnol Oceanogr 55(1):420-
432.

Zhao J, Ramin M, Cheng V, Arhonditsis GB. 2008. Plankton
community patterns across a trophic gradient: The role of
zooplankton functional groups. Ecol Model 213:417-436.
doi:10.1016/j.ecolmodel.2008.01.016.


http://www.sciencedirect.com/science/article/pii/S030645651000094X
http://onlinelibrary.wiley.com/doi/10.1890/ES14-00382.1/abstract
http://plankt.oxfordjournals.org/content/26/8/949
http://www.sciencedirect.com/science/article/pii/S0304380008000379

	BACKGROUND
	MATERIALS AND METHODS
	Study site
	Physical and chemical parameters
	Phytoplankton
	Zooplankton
	Statistical analyses

	RESULTS
	Physico-chemical parameters
	Species composition, distribution and succession of the phytoplankton and zooplankton communities
	Phytoplankton and zooplankton composition
	Distribution and succession

	DISCUSSION
	CONCLUSIONS
	Acknowledgments
	REFERENCES

