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Abstract: Aim: We aimed to characterize the structure of the phytoplankton community and
identify the main environmental factors driving the community in five reservoirs constructed in the
region of the high Paraná River. Methods: The phytoplankton and environmental variables were
collected at the lacustrine region of the reservoir, between November 2013 and November 2014,
with interval between collections ranged from 3 to 6 months. The richness and biomass of the
phytoplankton community were measured as a response to the spatial and temporal environmental
variability. Data from environmental variables was analyzed by Principal Component Analysis (PCA).
Non-Metric Multidimensional Scaling Analyzes (NMDS) were performed on the richness and biomass
data of the phytoplankton community. Results: We identified 80 taxa distributed in 11 taxonomic
classes, from which Cyanobacteria and Chlorophyceae were best represented. We did not observe
significant temporal variation for either environmental variables or attributes of the phytoplankton
community, which may be related to the prolonged drought in this period in the Brazilian Southwest.
Higher phytoplankton richness and biomass were found in the Três Irmãos (Tiete River), reservoir
located in the most anthropized basin in the country. Cyanobacteria and dinoflagellates dominated
the biomass in all reservoirs during the studied period. The Ilha Solteira, Jupiá and Porto Primavera
reservoirs showed a tendency to decrease in the values of phytoplankton richness and biomass, and the
reservoirs built in series in the Paraná River probably have strong interdependence, according to the
CRCC concept. Conclusions: Spatial variation in phytoplankton attributes was influenced mainly
by the position occupied by the reservoir in the hydrographic basin, water retention time (RT) and
nutrient concentrations in each reservoir.
Keywords: community structure; cyanobacteria; Paraná River; reservoir; water retention time.
Resumo: Objetivo: Objetivamos caracterizar a estrutura da comunidade fitoplanctônica e
identificar os principais fatores ambientais que impulsionam a comunidade em cinco reservatórios
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construídos na região do alto rio Paraná. Métodos: O fitoplâncton e as variáveis ambientais foram
coletados na região lacustre do reservatório, entre novembro de 2013 e novembro de 2014, com
intervalo entre as coletas de 3 a 6 meses. A riqueza e a biomassa da comunidade fitoplanctônica
foram utilizadas como resposta à variabilidade ambiental espacial e temporal dos reservatórios. Os
dados das variáveis ambientais foram analisados por meio de uma Análise de Componentes Principais
(PCA). Foram realizadas Análises de Escalonamento Multidimensional Não-Métrico (NMDS) aos
dados de riqueza e biomassa da comunidade fitoplanctônica. Resultados: Identificamos 80 táxons
distribuídos em 11 classes, dos quais Cyanobacteria e Chlorophyceae foram os mais representados.
Não observamos variação temporal significativa para variáveis ambientais ou atributos da comunidade
fitoplanctônica, o que pode estar relacionado à prolongada estiagem neste período no sudeste brasileiro.
Os maiores valores de riqueza e biomassa fitoplanctônica foram encontradas em Três Irmãos (Rio Tietê),
reservatório localizado na bacia mais antropizada do país. Cianobactérias e dinoflagelados dominaram
a biomassa em todos os reservatórios durante o período estudado. Os reservatórios de Ilha Solteira,
Jupiá e Porto Primavera apresentaram tendência de diminuição nos valores de riqueza e biomassa
fitoplanctônica, sendo que os reservatórios construídos em série no rio Paraná provavelmente possuem
forte interdependência, de acordo com o conceito do CRCC. Conclusões: A variação espacial dos
atributos fitoplanctônicos foi influenciada principalmente pela posição ocupada pelo reservatório na
bacia hidrográfica, tempo de retenção de água (TR) e concentrações de nutrientes em cada reservatório.
Palavras-chave: estrutura da comunidade; cyanobacteria; Rio Paraná; reservatório; tempo de
retenção da água.

1. Introduction
The major anthropogenic impacts on the
rivers are habitat fragmentation and flow regime
regulation, occasioned by dam construction
(Winemiller et al., 2016). These are also the main
global threats to the biological diversity of rivers
and floodplains (Poff, 1997; Stanford & Ward,
2001; Agostinho et al., 2007; Thomaz et al.,
2007). The impacts of reservoir construction such
as biodiversity loss, decrease in water quality of
the river and social and economic changes, which
may result in long-term effects, must be considered
against its positive effects (Tundisi et al., 1999;
Winemiller et al., 2016). The Paraná River, for
example, is the second largest river of South
America, with about 4,965 km in extension and
a drainage basin that occupies approximately
891,000 km 2, and is the most explored basin
in terms of dam construction to hydroelectric
generation in Brazil, producing about 70% of
national electricity (Agostinho et al., 2007).
The construction of reservoirs disrupts
the longitudinal gradient of rivers and causes
conspicuous upstream physical and chemical
modifications, including the attenuation of
downstream flood pulses (Stanford & Ward, 2001;
Jati et al., 2017a). In addition, they are prone
to nutrient enrichment, which often causes the
proliferation of potentially harmful algal blooms,
such as those of Cyanobacteria, compromising
ecosystem services such as multiple water uses
(Akhurst et al., 2017; Marques et al., 2019).
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The phytoplankton community acts as an
excellent model for environmental dynamics in
reservoir areas and has an important role in the
ecological processes of reservoirs, participating
in carbon fixation, nutrient cycling and trophic
interactions (Tundisi et al., 2008; Jati et al., 2017b).
In addition, due to the high diversity of traits of
these organisms and different limits of tolerance
to environmental filters, they are an excellent tool
to the diagnosis of environmental conditions,
responding rapidly and efficiently to the impacts
on aquatic systems (Reynolds et al., 2002; Lachi
& Sipaúba-Tavares, 2008; Bortolini et al., 2017a).
Studies developed in reservoirs point to
hydrodynamic processes (advection, water retention
time, vertical mixing regime) and climatic factors
(precipitation and wind), besides chemical and
physical water conditions, as drivers of the structure
and dynamics of phytoplankton (Calijuri et al.,
2002; Silva et al., 2005; Nogueira et al., 2010;
Perbiche-Neves et al., 2011). Thus, investigating
the phytoplankton community in response to
environmental variability may contribute to
understand the dynamics of aquatic communities
and serve as subside in reservoir management.
Although studies on phytoplankton in reservoirs are
abundant in different Brazilian regions, the present
study can contribute to expanding the knowledge
about the phytoplankton community in reservoirs
of the upper Paraná River.
We monitored spatial and temporal the variation
of phytoplankton richness and biomass in five
reservoirs constructed in the Upper Paraná River
region for a year. We hypothesized that the main
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forces driving the phytoplankton community
structure would be water retention time and the
trophic conditions of each reservoir, associated to
the geographic position each reservoir occupies in
the hydrographic basin.

2. Material and Methods
2.1. Study area
The study was carried out in five reservoirs
located at the upper Paraná River basin (Figure 1):
Ilha Solteira reservoir - R1 (20º21’ S/51º20’ W),
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Jupiá reservoir - R2 (20º45´ S/51º37’ W), Porto
Primavera reservoir - R3 (22º28’ S/52º56’ W),
Três Irmãos reservoir - R4 (20º39’ S/51º16’ W)
and Rosana reservoir - R5 (22º36’ S/52º51’ W).
The water residence time and main morphometric
characteristics of each reservoir are presented in
Table 1.
The Ilha Solteira, Jupiá and Porto Primavera
reservoirs were constructed in cascade in the Paraná
River, and Ilha Solteira and Jupiá form, together,
the sixth larger hydroelectric complex in the world
(Ling, 2013). The Três Irmãos and Rosana reservoirs

Figure 1. Map of the study area with the localization of the Ilha Solteira, Jupiá, Porto Primavera (Paraná River), Três
Irmãos (Tietê River) and Rosana (Paranapanema River) reservoirs. Graphic art: Jaime Luiz Lopes Pereira.
Acta Limnologica Brasiliensia, 2022, vol. 34, e1
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Table 1. Water residence time and morphometric characteristics of each reservoir (RT – residence time).
Dam
Ilha Solteira
Jupiá
Primavera
Três Irmãos
Rosana

River
R1
R2
R3
R4
R5

Paraná
Paraná
Paraná
Tietê
Paranapanema

Start of
operations
1973
1969
1999
1993
1987

RT (Days)*
47.6
6.9
33.9
217.9
18.6

Area (km2) Height (m)
1.195
330
2.250
785
261

74
43
38
82
30

*Data obtained from Agostinho et al. (2007) and Stevauxet al. (2009).

are located in the Tietê and Paranapanema rivers,
respectively, and are the last reservoirs of two
series of dams that drain the most populated and
industrialized region of the country (CESP, 1998).
The studied region has a tropical climate – Aw
(Köppen´s classification), which is characterized
by a rainy summer (December-March) and dry
winter (June-September), with an annual mean
temperature of 23.7 °C and annual rainfall of
1,300 mm (CESP, 1998).
2.2. Sampling and analyses of environmental
variables and phytoplankton
Samplings of the environmental variables and
phytoplankton were simultaneously performed at
the subsurface of the lacustrine zone of each reservoir,
in November 2013 and in February, August,
and November 2014 (n=20). The quantitative
phytoplankton samples were taken directly with
bottles and fixed with acetic Lugol’s solution.
For taxonomic identification of the phytoplankton,
samples were also taken with a plankton net
(15 µm) and fixed with Transeau solution (Bicudo
& Menezes, 2006).
The phytoplankton density was estimated using
an inverted microscope according to the method
proposed by Utermöhl (1958). We calculated
density according to APHA (1995) and estimated
biomass from the biovolume, which we obtained
from the multiplication of density and cellular
volume of each organism. We calculated the cellular
volume comparing organism morphology with
geometric shapes, according to Sun & Liu (2003).
We considered species richness as the total number
of taxa registered in each quantitative sample.
The algae species were grouped in two size groups:
nanoplankton (2-20 µm) and microplankton (21200µm) according to Reynolds (2006).
The environmental variables measured
were: water temperature (WT), pH, electrical
conductivity (Cond) and dissolved oxygen (DO).
These variables were obtained in situ using
portable digital potentiometers. Water turbidity
Acta Limnologica Brasiliensia, 2022, vol. 34, e1

(Turb) was measured by a mass turbidimeter.
The maximum depth was also obtained (Zmax). Total
phosphorus (TP, Golterman et al., 1978) and total
Kjeldahl nitrogen (TN; Mackereth et al., 1978)
concentrations were estimated.
2.3. Data analyses
We calculated descriptive statistics as mean
(central trend measure) and coefficient of variation
for abiotic data. We performed a Principal
Components Analysis (PCA) to summarize the
environmental variability of the reservoirs according
to abiotic conditions registered during the study
period. To evaluate the similarity among reservoirs
and sampled months for richness and biomass values
of the phytoplankton community, we performed
a Non-metric Multidimensional Scaling Analysis
(NMDS). NMDS distances were calculated through
the Bray-Curtis similarity index, and the distortion
of the resolution was expressed by the value of S
(stress) (Clarke, 1993). To verify the existence of
significant differences in phytoplankton richness
and biomass among reservoirs and months, we
performed a Multivariate Permutational Variation
Analysis (PERMANOVA - Anderson, 2001).
To verify the concordance between phytoplankton
community (richness and biomass matrix) and
environmental variability (abiotic variables) of the
reservoirs, we performed a Procrustes test, where a
distance matrix (Bray-Curtis) was ordinated with
an Analysis of Principal Coordinates (PCoA).
For this analysis, data (richness, biomass and abiotic
variables) were log-transformed (log x +1), except
for pH. We established a significance threshold of
p<0.05. All the analyses were performed in the R
environment (R Development Core Team, 2017)
with the package vegan (Oksanen et al., 2017).

3. Results
The higher mean values of electric conductivity
were verified in reservoir R3, while the higher mean
values of turbidity were registered in reservoir R4.
The higher Zmax was registered in reservoir R5.
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Low variability in values of water temperature,
dissolved oxygen and pH were registered. The highest
total nitrogen concentrations were registered in
reservoir R1 in November 2013 (762 μg 1-1).
The reservoirs in the Paraná River (R1, R2 and
R3) presented higher phosphorous concentrations,
highlighting reservoir R2 in February 2014 with
21.03 μg l-1 (Table 2).
We did not observe a well-defined temporal
variation of the abiotic data. The PCA explained
54% of environmental variability, in the axis
1 (28%) was positively correlated to DO (0.38) and
turbidity (0.38), with the separation of reservoirs
R4 and R5. This axis was negatively correlated
to WT (-0.66) and TN (-0.54), most samples of
the reservoir R3 being segregated. The PCA axis
2 (26%) was positively correlated to Zmax (0.54)
and negatively correlated with pH (-0.49). Most
samples from August and November 2014 were
ordered positively correlated in axis 2 (Figure 2).
Phytoplankton taxonomic composition was
similar in all reservoirs. We identified 80 taxa,
distributed in eleven taxonomic classes: Cyanobacteria
(30), Chlorophyceae (17), Euglenophyceae
(8), Zygnematophyceae (7), Bacillariophyceae
(6), Trebouxiophyceae (4), Cryptophyceae (2),
Dinophyceae (2), Coscinodiscophyceae (2),
Chrysophyceae (1) and Chlamydophyceae (1).
Genera Chroococcus Nägeli (Cyanobacteria) and
Staurastrum Meyen ex Ralfs (Zygnematophyceae)
were those best represented, with 5 species.

Considering the size of the organisms, we found
that the phytoplankton communities in all
reservoirs were formed largely by nanoplanktonic
taxa (Figure 3).
The reservoir R4 presented the highest values
of species richness during all of the studied period,
with a maximum number of species registered in
February 2014 (45 taxa). Lowest species richness
values were observed in reservoirs R5, with
9 taxa in August 2014, and R3, with 11 taxa in

Figure 2. Dispersion of month-local scores along the first
two axes of the PCA using the abiotic variables in the
reservoirs (Ilha Solteira Reservoir - R1; Jupiá Reservoir R2; Porto Primavera Reservoir R3; Três Irmãos Reservoir
- R4; Rosana Reservoir - R5). DO: dissolved oxygen;
Cond: electrical conductivity; WT: water temperature;
Turb: Turbidity; Zmax: depth).

Table 2. Mean values and coefficients of variation – in % (in brackets) of the abiotic variables during the period
between November 2013 and November 2014 in the reservoirs.
Zmax (m)
WT (°C)
DO (mg l-1)
pH
Cond (μS cm-1)
Turb (NTU)
TN (μg l-1)
TP (μg l-1)

R1
27.2
(1.3)
26.8
(10.9)
8.2
(7.1)
7.6
(12.2)
63.0
(3.7)
1.71
(108.6)
760.3
(8.7)
8.3
(26.0)

R2
25.6
(24.5)
25.9
(11.6)
8.8
(6.0)
7.5
(12.5)
64.8
(2.9)
4.5
(45.2)
679.7
(7.0)
16.4
(20.1)

R3
38.0
(7.1)
27.5
(8.9)
8.7
(7.3)
8.5
(15.9)
160.4
(4.1)
2.2
(126.4)
703.0
(21.0)
8.3
(38.2)

R4
26.4
(2.4)
27.4
(7.7)
8.0
-22
7.4
(11.8)
50.3
(12.9)
7.7
(38.5)
322.0
(42.5)
5.6
(19.1)

R5
36.7
(33.5)
27.8
(8.4)
7.8
(6.3)
7.5
(12.1)
51.7
(15.2)
2.8
(51.8)
528.1
(8.0)
5.7
(21.4)

R1-Ilha Solteira Reservoir, R2-Jupiá Reservoir, R3-Porto Primavera Reservoir, R4-Três Irmãos Reservoir, R5-Rosana
Reservoir. (Zmax: depth; WT: water temperature; DO: dissolved oxygen; Cond: electrical conductivity; Turb: turbidity;
TN: total nitrogen; TP: total phosphorus).
Acta Limnologica Brasiliensia, 2022, vol. 34, e1

6

Silva M. V., Bartolini J. C. and Jati S.

November 2014. Cyanobacteria, chlorophyceans,
euglenophyceans and diatoms contributed
importantly to phytoplankton richness in all
reservoirs (Figure 4).
During the study period, cyanobacteria and
dinophyceans, represented by large species, were
predominant in terms of biomass. The highest
values of phytoplankton biomass were observed
in reservoirs R1 and R4 during the entire study
period, with a maximum value in R4 in August
2014 (4,79 mm3 L-1) due to the predominance

Figure 3. Temporal and spatial distribution of
phytoplankton community size structure in reservoirs
studied between November 2013 and November 2014
(Ilha Solteira Reservoir - R1; Jupiá Reservoir - R2; Porto
Primavera Reservoir - R3; Três Irmãos Reservoir - R4;
Rosana Reservoir - R5).

Figure 4. Temporal and spatial distribution of
phytoplankton species richness in the reservoirs
studied between November 2013 and November 2014
(ZYG- Zygnematophyceae; EUG- Euglenophyceae;
BAC-Bacillariophyceae; CHL-Chlorophyceae;
CYA-Cyanobacteria; Ilha Solteira Reservoir - R1; Jupiá
Reservoir - R2; Porto Primavera Reservoir - R3; Três
Irmãos Reservoir - R4; Rosana Reservoir - R5).
Acta Limnologica Brasiliensia, 2022, vol. 34, e1

of Radiocystis fernandoi Kom. and Kom.–Legn,
Microcystis aeruginosa (Küt) Kützing and Peridinium
sp., while lower values were observed in R2,
R3 and R5 for the entire period, with R5 in August
2014 presenting the lowest value (0.09 mm3 L-1)
(Figure 5).
According to the NMDS (stress = 0.13), there
was a clear separation in phytoplankton richness
among reservoirs (Figure 6a). The PERMANOVA
results showed the spatial difference between the
reservoirs (p = 0.001), but did not indicate temporal
differences (p = 0.999). As to species richness,
reservoirs R1, R2 and R3 are more similar among
them, while reservoirs R4 and R5 are different from
each other and from the rest of reservoirs. According
to the NMDS (stress = 0.1), there was also a
separation among reservoirs for phytoplankton
biomass (Figure 6b).
The PERMANOVA confirmed difference in
biomass among the reservoirs (p = 0.001), but
not among months (p = 0.998). As to biomass,
R1, R2, R3 and R5 present higher similarity and
R4 is shown segregated in the ordination. Procrustes
showed that both phytoplankton species richness (r
= 0.53; p = 0.005) and biomass (r = 0.48; p = 0.01)
were concordant with environmental variability of
the reservoirs.

4. Discussion
We observed a significant spatial variation
of the phytoplankton attributes between the

Figure 5. Temporal and spatial distribution of
phytoplankton biomass in the reservoirs studied
between November 2013 and November 2014
(CYA-Cyanobacteria; DIN-Dinophyceae;
ZYG- Zygnematophyceae; Ilha Solteira Reservoir - R1;
Jupiá Reservoir - R2; Porto Primavera Reservoir - R3; Três
Irmãos Reservoir - R4; Rosana Reservoir - R5).
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Figure 6. Non-Metric Multidimensional Scaling
(NMDS) for the distribution of phytoplankton richness
(a) and biomass (b) in the reservoirs.

sampled reservoirs. However, temporal variation
in the structure of the phytoplankton community
presented no seasonal pattern. The period in
which this study was developed (2013-2014) was
characterized as the longest drought period in the
Brazilian southeast, with a precipitation deficit
of 300 mm (Coelho et al., 2016; Marengo et al.,
2015). Possibly, this climatic anomaly influenced
the absence of seasonal patterns. Normally,
summers would cause flooding periods in the main
rivers of the Paraná River hydrographic basin,
influencing environmental filters and consequently
the phytoplankton community in these systems
(Bortolini et al., 2017b; Jati et al., 2017b).
Characteristics of each reservoir as water
retention time, geographic position or anthropic
activities developed in their drainage basins are
capable of producing direct or indirect effects on
the structure and dynamics of the phytoplankton
community (Barbosa et al., 1999; Padisák et al.,
2000). These characteristics have probably
influenced the spatial variation of phytoplankton
attributes observed in this study.
Phytoplankton of the studied reservoirs was
mainly represented by nanoplankton species in all
samples. This fraction of the community is favored
in their development due to their high surfaceActa Limnologica Brasiliensia, 2022, vol. 34, e1
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volume ratio, which allows for rapid and efficient
absorption of the available nutrients, even in an
oligotrophic at mesotrophic environment (Lewis
Junior, 1976; Naselli-Flores et al., 2007). This
contribution is very important because even though
these organisms represent low biomass values, they
are the ones that effectively participate in the process
of energy transference to higher levels of the trophic
chain (Meira et al., 2017).
Reservoirs represent interruptions in the river
continuum. Consequently, there may be a decrease
in the concentration of nutrients and suspended
solids along the longitudinal axis of a river, resulting
in reduced primary production (Moura et al., 2013).
Thus, when reservoirs are constructed in series, the
position they occupy along the river may help to
explain the functioning, trophy and dynamics of
their phytoplankton communities (Barbosa et al.,
1999; Padisák et al., 2000).
In this study, reservoirs constructed in series in
the Paraná River (R1, R2 and R3) presented, for
most sampling events, lower values for richness
and biomass the phytoplankton and a tendency
reduction of these values along the longitudinal
gradient of the river, from reservoir R1 to R2 and
then to R3. This is probably because the downstream
reservoir is strongly influenced by the upstream
reservoir, which retains part of the seston that should
be exported downstream (Perbiche-Neves et al.,
2011; Bovo-Scomparin et al., 2013), altering the
quantity and quality of organic carbon that is
passively transported downstream in a reservoir
cascade (Engel et al., 2019).
The RT presented by a reservoir interferes
directly with the development of the phytoplankton
community so that increasing RT is one the main
drivers of biomass increment (Soares et al., 2008;
Perbiche-Neves et al., 2011; Engel et al., 2019).
In our study, reservoirs R1, R2 and R3 presented
low RT, between 7 and 48 days, due to the high
water flow of the Paraná River. These two factors
associated to the interrelation between these
reservoirs was a determinant factor for the low
values and spatial variation of the phytoplankton
attributes.
Reservoirs R4 (Três Irmãos) and R5 (Rosana) are
the last ones in a long series of reservoirs constructed
in the Tietê and Paranapanema Rivers, respectively,
which are important tributaries of the Paraná River.
According to the cascading reservoir continuum
concept (CRCC), the last reservoirs in a series are
less productive than the first ones (Barbosa et al.,
1999). Indeed, R5 presented low values of
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phytoplankton attributes, with temporal variation
similar to that observed in the main channel of the
Paraná River. On the other hand, R4 was more
productive, besides presenting high species richness
and a different taxonomic composition when
compared to the other reservoirs. In R4, most of
phosphorous is not available in the environment,
but incorporated in the phytoplankton biomass,
producing high levels of biogenic turbidity.
R4 and R5 concentrate environmental
information from different hydrographic basins.
The Tietê basin is the most populated basin of the
country, and consequently the most anthropically
impacted. On the other hand, the Paranapanema
basin presents a lower charge of pollutants (Barrella
& Petrere Junior, 2003). Apart from trophic
differences, R5 shows a short RT (19 days), similar
to that of the Paraná River reservoirs. R4 has a water
retention time of 218 days, the longest among the
studied reservoirs. The synergism between higher
nutrient availability and higher RT was probably
what favored the development of the phytoplankton
community, expressed in the higher values of
phytoplankton attributes.
We registered the accumulation of colonial
Cyanobacteria biomass in all studied reservoirs, with
the dominance of taxa such as Microcystis aeruginosa
Kütz. and Radiocystis fernandoi Kom. and Kom.
-Legn. This is commonly reported in the literature
for reservoirs of tropical regions (Silva et al., 2005;
Dantas et al., 2011). The efficiency in exploring
environmental resources, the capacity to regulate
their position in the water column, lower predation
rates (Fialkowska & Pajdak-Stós, 2002), toxigenic
potential and the fact that they constitute a low
quality feeding resource (Ferrão-Filho et al.,
2002; Panosso et al., 2003) constitute competitive
advantages of Cyanobacteria when compared to
other phytoplankton groups (Padisák et al., 2009;
Tang et al., 2018).
Beside Cyanobacteria, dinoflagellates were
important contributors to biomass in all the
studied reservoirs. This group comprises flagellated
unicellular algae with wide physiological plasticity,
high motility and high mixotrophic capacity (Kruk
& Segura, 2012). Nevertheless, the observed
biomass values are due to their large dimensions,
and not to the development of large populations.
Among dinophyceae, Ceratium furcoides (Levander)
Langhans (Dinophyceae) was registered in all
reservoirs. This is an invasive species pointed
as capable of interfering with the structure and
dynamics of the phytoplankton community, apart
Acta Limnologica Brasiliensia, 2022, vol. 34, e1

from influencing in the energy transference to
higher levels of the food chain (Cavalcante et al.,
2016; Jati et al., 2017b; Crossetti et al., 2019).
The dominance of Cyanobacteria biomass and
the presence of the exotic species Ceratium furcoides
causes concern. These undesirable organisms may
put ecosystem services provided by reservoirs at risk
and may be exported downstream, where there is a
large environmental protection area that stretches
for approximately 200 km along the Paraná River
(Environmental Protection Area of the Islands
and Floodplain of the Paraná River, Ilha Grande
National Park, State Park of the Ivinhema River
Floodplain), contributing to biotic homogenization
and biodiversity decrease (Bovo-Scomparin et al.,
2013; Bortolini et al., 2017a).
We conclude that, in the absence of seasonal
environmental variability caused by drought, the
variation of phytoplankton attributes was probably
influenced by the spatial characteristics of each
reservoir, as position occupied in the hydrographic
basin, water retention time (RT) and anthropic
activities developed in the basin, which are mainly
translated in nutrient concentration.
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