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Abstract

This study aimed to analyse the composition and ecological attributes of the phytoplankton assemblages in four lateral 
lagoons and in the main channel of Rosana Reservoir (Paranapanema River, SE Brazil). Fieldwork was carried out 
in September and November/2004 and January, March, May and August/2005. A total of 283 taxa was identified. 
Zygnemaphyta was the most specious group, followed by Chlorophyta and Bacillariophyta. Higher richness, abundance 
and biomass were observed in the lagoons when compared with the river-reservoir sampling point, especially during 
the rainy period. Cryptophyceae and Bacillariophyceae dominated numerically. Cryptomonas brasiliensis Castro, 
Bicudo and Bicudo was the main species of the phytoplankton in terms of abundance and frequency of occurrence. 
The dynamics of the most important taxa are discussed and the results showed that the phytoplankton assemblages are 
mainly influenced by meteorological factors and nutrient availability (the main driving forces). Correlation analyses 
indicated that the assemblage abundance was limited by nutrient (nitrogen and phosphorus). The phytoplankton abundance 
influenced positively the zooplankton abundance, what indicates the prevalence of bottom-up control routes in the 
lateral lagoons system. The results validate the hypotheses that lateral lagoons have a prominent ecological role on the 
phytoplankton diversity, as already previously demonstrated for fish and zooplankton. Therefore, the incorporation 
of the lateral lagoons in environmental programmes should be a target strategy for the conservation of the regional 
aquatic biota, minimising the negative impact of the dam.

Keywords: Paranapanema River, Rosana Reservoir, Cryptophyceae, Chlorophyceae, Bacillaryophyceae.

Assembleias fitoplanctônicas em lagoas laterais de um  
reservatório tropical de grande porte

Resumo

O objetivo deste estudo foi analisar a composição e os atributos ecológicos das assembleias fitoplanctônicas de quatro 
lagoas marginais e canal principal do Reservatório de Rosana (SE, Brasil). Os trabalhos de campo foram realizados 
em setembro e novembro de 2004, e janeiro, março, maio e agosto de 2005. O número total de táxons identificados 
foi de 283. Zygnemaphyta foi o grupo com maior número de espécies, seguido por Chlorophyta e Bacillariophyta. 
Maior riqueza, abundância e biomassa foram observadas nas lagoas, quando comparadas ao canal do rio-reservatório, 
especialmente durante o período chuvoso. Cryptophyceae e Bacillariophyceae dominaram numericamente as assembleias. 
Cryptomonas brasiliensis Castro, Bicudo e Bicudo foi a principal espécie do fitoplâncton, em termos de abundância e 
frequência de ocorrência. Os resultados mostraram que as assembleias fitoplanctônicas são influenciadas principalmente 
pelos fatores meteorológicos e nutrientes (funções de força). Análises de correlação mostraram que a abundância do 
fitoplâncton foi limitada por nutrientes (nitrogênio e fósforo). Por sua vez, a abundância fitoplanctônica influenciou 
positivamente a abundância do zooplâncton, o que indica a predominância de mecanismos de controle ascendente 
no sistema de lagoas laterais. Os resultados validaram a hipótese, assim como já havia sido demonstrado para peixes 
e zooplâncton, de que as lagoas laterais têm um proeminente papel na diversidade do fitoplâncton. A incorporação 
das lagoas laterais em programas ambientais seria uma boa estratégia para a conservação da biota aquática regional, 
minimizando o impacto negativo do represamento.

Palavras-chave: Rio Paranapanema, Reservatório de Rosana, Cryptophyceae, Chlorophyceae, Bacillaryophyceae.
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1. Introduction

The construction of reservoirs causes significant 
physical, chemical and biological changes along the 
longitudinal axis of the impounded rivers (Straškraba, 
1990; Barbosa et al., 1999).

Over recent years, intensive efforts have been undertaken 
in order to systematise studies on reservoirs in Brazil, 
generating significant advances in the limnological 
knowledge of this kind of ecosystem (e.g. Henry, 1999; 
Tundisi and Straškraba, 1999; Nogueira et al., 2006). The 
accumulated limnological data on reservoir ecology has 
provided a growing understanding of these systems as 
a unique class of lakes. However, the knowledge of the 
structure and functioning of reservoirs is still incomplete 
(Kennedy et al., 2003), specially for management purposes 
(Tundisi and Matsumura-Tundisi, 2003). For example, 
integrated approaches of the interactions between reservoirs 
and lateral lagoons are still scarce (Bicudo et al., 2006).

The filling up of the reservoir can increase the 
connectivity between river channel and floodplain habitats, or 
even generate the formation of lateral lagoons (Henry et al., 
2006a, b). The lateral lagoons are highly productive, 
exhibit numerous microhabitats and are colonised by rich 
assemblages of plants, invertebrate and vertebrate fauna 
(Pieczynska, 1990; Baumgartner et al., 2004). Therefore, 
these environments have an important role for regional 
biodiversity maintenance.

Among the numerous inland water habitats colonised 
by algae, the lateral lagoons are peculiar as a consequence 
of the strong interaction with the fluvial and semi-terrestrial 
ecosystems (Huszar, 1996; Henry et al., 2006c). These 
environments have also a prominent role in the nutrient 
flow and in the maintenance of the trophic resources and 
biodiversity for the entire fluvial system (Naiman et al., 
1988; Pieczynska, 1990; Wetzel and Likens, 1991; Mitsch, 
1996).

Phytoplankton organisms are important for the primary 
productivity of freshwater ecosystems and some taxa, or 
their numerical proportion, are considered as indicators of 
different environment conditions (e.g. hydrodynamics and 
trophic state) (e.g. Rosén, 1981; Sommer, 1984; Vincent 
and Dryden, 1989; Reynolds, 1992, 1999; Padisák et al., 
1999; Nogueira et al., 2010). The structure of algae 
assemblages (e.g. specific composition and richness, 
population densities, dominance and uniformity), can be 
used to evaluate the aquatic system quality, and the specific 
diversity measurements constitute an appropriate index to 
compare different environment conditions (Rosa et al., 1988).

Studies in the Neotropics shown the strong influence 
of meteorological factors, such as precipitation, winds 
and temperature, as well as of chemical nutrients and 
interactions with other aquatic communities, on variations of 
the composition, abundance, and biomass of phytoplankton 
assemblages (e.g. Santos and Calijuri, 1998; Melo and 
Huszar, 2000; Calijuri et al., 2002; Tundisi and Matsumura-
Tundisi, 2008).

In the present study the composition and ecological 
attributes of phytoplankton in four lateral lagoons and in 
the main channel of Rosana Reservoir were analysed. The 
specific objectives were to determine the spatial and temporal 
variation tendencies in the composition, richness, abundance 
and diversity, as well as to correlate the abundance of the 
phytoplankton with the limnological variables (transparency, 
temperature, pH, electric conductivity of water, turbidity 
and concentrations of dissolved oxygen, total suspended 
solids, dissolved silicate and total nutrients), precipitation 
and zooplankton abundance.

The main hypothesis is that the lateral lagoons have 
a significant contribution for the phytoplankton diversity 
maintenance of Rosana Reservoir. A further objective was 
that of determining the main driving forces influencing 
the spatial and temporal variation of the composition and 
ecological attributes of the phytoplankton assemblages in 
the lateral lagoons system.

2. Material and Methods

2.1. Study area

The study area is located in the upstream (tail) zone 
of Rosana Reservoir, approximately 80 km above dam 
(Figure 1), which is located at 22° 36’ S and 52° 52’ W. 
The reservoir is the last one of a series of eleven constructed 
along the Paranapanema River (SP/PR, Brazil), with a 
surface area of 276 km2 (watershed of 11,000 km2), water 
retention time of 21 days (annual mean value), relatively 
shallow (maximum of 26 m close to the dam) and exhibits 
an oligo-mesotrophic condition (Nogueira et al., 2006).

The climate is subtropical humid with pronounced dry 
and rainy seasons. During the study period, the rainy season 
ranged from September/2004 to January/2005 (month 
average of 157 mm). The dry period was exceptionally 
long, from February to August of 2005 (month average of 
70.7 mm). The seasonal accumulated rain precipitation in 
the study period was 1,207.5 mm. The rain precipitation 
data was provided by the meteorological station of the 
State Park of “Morro do Diabo”, municipality of Teodoro 
Sampaio (state of São Paulo).

2.2. Samplings and laboratory analyses

Fieldwork was carried out in September and 
November/2004 and January, March, May and August/2005. 
Samplings were performed in 4 lagoons and one sampling 
station in the Paranapanema River (PR), close to the river 
bank (Figure 1).

Two kinds of lagoons were assessed: 3 natural 
systems – FPB, FPC and FPD, and one originated by the 
flood of dredging areas, FPA. The natural lagoons FPB 
and FPD are located inside the State Park of “Morro do 
Diabo”, while the FPC is located in an area influenced by 
human activities (agriculture and cattle breeding). The 
dominant macrophytes of each lagoon were registered 
(Table 1). Identification of these plants was performed 
at the genus level, with help of taxonomists of Botany 
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Department from Biosciences Institute of UNESP/Botucatu. 
Additional information of this lagoon system is provided 
by Ferrareze and Nogueira (2011a, b).

The sampling stations positioning, the area of each 
lagoon (integration of geometric distances), as well as 
their connectivity (transversal section of the lagoon mouth) 
with the river-reservoir main channel, were determined 
using a Garmin E-Trex GPS.

Unfiltered samples were collected at the subsurface (ca. 
0.5 m) and fixed with Lugol solution for the phytoplankton 
quantitative analysis. After sedimentation (Margalef, 
1983), the individuals (cell, colony, and filament) were 
counted using inverted microscopy (Utermöhl, 1958) at a 
magnification of 400×. At least 120 optical fields distributed 
in parallel transects (minimum of 150 organisms) were 
considered per sample. Additional samples, specially used 
for richness determination, were also collected through 
vertical net hauls (20 µm of mesh size) from near bottom 
(ca. 0.5 m) to surface and preserved in 4% formalin. These 
samples were analysed in optical microscope (maximum 
magnification of 1000×) for the identification of the 
phytoplankton organisms. Bicudo and Menezes (2005) 
was used as basic reference (genus level).

As an indicator of the phytoplankton biomass, chlorophyll 
a (total) concentration was determined after filtration 
(Millipore AP40 membranes) of 1000 mL of water from 
each sampling point (sub surface). For pigments extraction, 
it was used cold acetone (90%) and manual maceration 
(Golterman et al., 1978).

Phytoplankton diversity was estimated using the 
Shannon-Weaver Index (log2). In order to compare the 

a b

Figure 1. Study area in the region of the confluence of Paraná and Paranapanema Rivers (states of São Paulo – SP, 
Paraná – PR and Mato Grosso do Sul – MS) showing the positioning of Rosana, Taquaruçu and Porto Primavera dams 
and the State Forest of “Morro do Diabo” (gray area) (a). On the right (detail) the location of the sampling stations and the 
municipality of Teodoro Sampaio (b).

Table 1. Significant (r > 0.4) correlations of the biotic and 
abiotic variables with the main components 1 e 2 (CCA 
analysis).

r (Axis 1) r (Axis 2)
Biotic

Bacilariophyceae 0.9 –0.03
Chlorophyceae –0.5 –0.7
Chrysophyceae 0.4 0.06
Zygnemaphyceae –0.4 –0.2
Cyanophyceae –0.5 0.7
Cryptophyceae –0.4 0.01

Abiotic
Total Nitrogenous –0.5 0.1
Total Phosphorus –0.4 –0.4
Dissolved silicate 0.3 –0.6
Rain precipitation –0.6 0.4
pH 0.7 0.03
Dissolved oxygen 0.4 –0.2
Temperature –0.8 –0.3
Transparency 0.8 –0.03
Turbidity –0.7 0.3
Total Suspended Solids –0.5 0.4
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sampling sites, using the phytoplankton structure assemblages, 
a cluster analysis (r-Pearson similarity) (Pcordwin) was 
performed. The organism abundance per class was used, 
as each one constitutes a well defined ecological group 
indicating distinct environmental conditions (Reynolds, 
1984).

The mean values of the assemblages attributes were 
calculated in order to synthesize the information and 
facilitate the identification of spatial and temporal patterns. 
Data were grouped considering two periods: rainy and dry. 
The representativeness of the means was assumed based 
on the data normal distribution (Shapiro-Wilk’s W test) 
(Statistica TM 6.0).

A one-way ANOVA test was performed to detect 
differences among sampling sites. When differences were 
detected, the Tukey test was applied to determine the level 
of significance. Differences between periods were verified 
by the t-student test, using the variables mean values for 
each season (dry and rainy). Significant differences were 
considered when p < 0.05, which are mentioned in the 
results presentation. The analyses were performed using 
the StatisticaTM 6.0 software (Statsoft, 2001).

Finally, two different multivariate analyses were used 
in order to test the postulated hypothesis and to identify the 
main factors influencing on the phytoplankton biomass/
abundance. The canonic correspondence analysis, CCA 
(Pcordwin) (McCune and Mefford, 1999) was used to 
verify correlations between the phytoplankton groups 
and the limnological variables, per sampling site and 
sampling period. A cluster analysis (r-Pearson similarity) 
(Pcordwin) was performed to compare the similarity of the 
phytoplankton structure among the distinct sampling places.

Additionally a correlation analysis (Pearson product-
moment) (Sokal and Rohlf, 1979) was performed to determine 
the degree of association between the different environmental 
variables (total nitrogen and phosphorus, chlorophyll a, 
transparency, dissolved phosphorus and zooplankton 
abundance) and the phytoplankton assemblages. Data on 
environmental variables were provided by Ferrareze et al. 
(in press).

3. Results

A total of 283 taxa was registered, distributed in 103 
different genera. Zygnemaphyta was the most specious group 
(94 taxa), followed by Chlorophyta (77 taxa), Bacillariophyta 
(71 taxa), Cyanophyta (20 taxa), Euglenophyta (12 taxa), 
Chrysophyta (5 taxa), Dinophyta (2 taxa), Cryptophyta (1 
taxa) and Xanthophyta (1 taxa).

Significant higher phytoplankton richness was observed 
in the lateral lagoons when compared with the river-reservoir 
sampling station (p = 0.000021; F = 236.84) (Figure 2). 
The FPD exhibited the highest phytoplankton richness 
(varying from 70 to 100 species per period). Seasonally, 
significant higher richness was observed during rainy season 
(93 taxa) compared to the dry period (76 taxa) (p = 0.004).

The lateral lagoons showed significant higher 
phytoplankton abundance when compared with the 

reservoir (p = 0.0000; F = 117.86) (Figure 3). However, 
in two lagoons (FPB and FPC) the lowest number of 
individuals during the sampling carried out in November 
of 2004 was found (values of 46,992 and 63,694 individual 
L–1, respectively). Seasonally, significant higher abundance 
was observed in rainy (mean of 135,760 individual L–1) 
compared to the dry period (mean of 93,623 individual 
L–1) (p = 0.041).

The phytoplankton abundance was positively correlated 
with the total dissolved phosphorus (r = 0.45; p = 0.003), 
total nitrogen (r = 0.58; p = 0.001) and zooplankton 
abundance (r = 0.8; p = 0.000), but the phytoplankton 
abundance exhibited a poor correlation with the total 
phosphorus (r = 0.18; p = 0.04).

The phytoplankton biomass (chlorophyll a) had the 
same variation pattern exhibited by the abundance. Highest 
values of biomass occurred in the lateral lagoons (p = 0.00; 
F = 94.02) (Figure 4), although the lowest average values 
for chlorophyll were measured at FPB and FPC stations. 
Seasonally, significant higher biomass was also observed 

Figure 2. Phytoplankton richness (mean values and standard 
deviation) at the different sampling stations.

Figure 3. Phytoplankton abundance (mean values and 
standard deviation) at the sampling stations, considering the 
different study periods.
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in the rainy (mean of 3.21 µg L–1) compared to the dry 
period (mean of 2.15 µg L–1) (p = 0.049).

A positive linear correlation between chlorophyll 
and phytoplankton numerical abundance was determined 
(r = 0.98; p = 0.001). Chlorophyll a was negatively correlated 
with transparency (r = 0.6; p = 0.0011).

The relative abundance among the main phytoplankton 
groups, for the whole study period, is shown in Figure 5. 
The Zygnemaphyceae, despite having a larger number of 
species, were not numerically dominant. Cryptophyceae 
was the most abundant group (41.9%), followed by 
Bacillariophyceae (28.1%). Cryptophyceae exhibited higher 
dominance during the rainy period, mainly in November of 
2004, corresponding to 55% of the phytoplankton density. 
A conspicuous presence of Bacillariophyta occurred during 
the dry period, with 48.3% of the phytoplankton in August 

of 2005. Chlorophyta had a relatively higher contribution 
only in the autumn (May of 2005). In this sampling 
period, the abundance distribution among the different 
main phytoplankton groups was more homogeneous. 
Cyanophyta had higher density during summer (January 
of 2005). The highest percentage of this group occurred 
in the FPA station.

The species Cryptomonas brasiliensis Castro, Bicudo 
and Bicudo can be considered as the main species of the 
phytoplankton in this study. The specie was observed in 
all samples and its abundance ranged from 21%, in FPA 
(September of 2004), to 62.3%, in FPC (November of 2004).

Despite the higher phytoplankton diversity (mean 
values) in the lateral lagoons, when compared with the 
river-reservoir sampling station, there was no significant 
difference among the sampling stations (p = 0.683; F = 0.575) 
(Figure 6). There was also no significant difference between 
the seasonal periods (p = 0.07) for this attribute.

The cluster analysis, on the basis of the phytoplankton 
assemblage structure of each sampling station, showed 
a higher similarity between FPC and PR (Figure 7). 

Figure 4. Phytoplankton biomass (chlorophyll a) (mean 
values and standard deviation) at the sampling stations, 
considering the different study periods.

Figure 5. Relative abundance among the phytoplankton 
groups at the different sampling stations, considering the 
different study periods.

Figure 6. Diversity of the phytoplankton assemblages 
(mean values and standard deviation) at the sampling 
stations, during the different study periods.

Figure 7. Similarity analysis among the sampling stations 
based on the abundance of the phytoplankton classes.



Braz. J. Biol., 2013, vol. 73, no. 1, p. 163-171

Ferrareze, M. and Nogueira, MG.

168

The analysis also evidenced that the most distinctive 
environments were the FPB and FPD, which are located 
inside the State Park of “Morro do Diabo” and are the 
most preserved lagoons.

Finally, the results of the CCA (Table 1) explained 
67% of the data variability (p = 0.02), considering the three 
first ordination axes (axis 1 = 45%, axis 2 = 15% and axis 
3 = 7%). The classes Bacillariophyceae and Chrysophyceae 
were better correlated with the positive side of the axis 1, 
associated to low values of total nitrogen, total phosphorus, 
precipitation, temperature, turbidity and suspended solids 
and with high values of pH, transparency and dissolved 
oxygen. The classes Chlorophyceae, Zygnemaphyceae, 
Cyanophyceae and Cryptophyceae were positioned on the 
negative side of the axis 1, associated with high values of 
total nitrogen, total phosphorus, precipitation, temperature, 
turbidity and suspended solids.

Chlorophyceae was located on the negative side of 
the axis 2, associated with low precipitation and with high 
concentrations of total phosphorus and dissolved silicate.

Some associations among the periods and the 
phytoplankton assemblages could be observed through the 
CCA analysis. The representativeness of Bacillariophyceae 
and Chrysophyceae increased during the dry period 
(September/2004, May and August of 2005). Cyanophyceae 
were more representative during November/2004 and 
January/2005, and Chlorophyceae, Zignemaphyceae and 
Euglenophyceae during March/2005. Cryptophyceae were 
not associated with any particular period, exhibiting a high 
abundance during the whole study.

4. Discussion

The contribution of lateral habitats such as lagoons, 
floodplains and oxbow lakes has been considered as very 
important for the biodiversity maintenance of the whole 
river watershed (Naiman et al., 1988; Pieczynska, 1990; 
Wetzel and Likens, 1991; Mitsch, 1996). This assumption is 
corroborated by the present investigation. The phytoplankton 
richness registered in the Rosana reservoir lateral lagoons 
(283 taxa/103 genera) is higher than the ones verified in 
other studies carried out in lotic and lentic (reservoirs) 
stretches sampled along the entire Paranapanema basin 
(Ferrareze and Nogueira, 2006; Nogueira et al., 2010) 
were Rosana reservoir is located. The present data on 
phytoplankton richness data is also higher when compared 
to other studies on phytoplankton assemblages carried out 
in particular aquatic environments of the basin with similar 
number of analysed samples (Nogueira, 2000; Bittencourt-
Oliveira, 2002; Bicudo et al., 2006; Henry et al., 2006c). 
The same pattern is verified for the zooplankton (Ferrareze 
and Nogueira, 2011a) and fish (Ferrareze and Nogueira, 
2011b) assemblages, which were simultaneously sampled 
in the same environments of this study.

The results also showed that the phytoplankton 
assemblages exhibit considerable seasonal changes. 
Variations in the composition, abundance, and biomass were 
influenced by meteorological factors, such as precipitation 

and temperature, and by some important nutrients, such as 
total nitrogen and dissolved phosphorus. Similar tendencies 
were observed in others reservoirs and fluvial systems of 
the high Paraná River basin (Santos and Calijuri, 1998; 
Nogueira, 2000; Gomes and Miranda, 2001; Calijuri et al., 
2002; Matsumura-Tundisi and Tundisi, 2005).

The CCA analysis clearly separated the sampling 
stations along the studied periods, showing the dominance 
of different phytoplankton classes under influence of 
particular limnological conditions. Through the CCA 
and regression analyses results, the main driving forces 
influencing the composition and ecological attributes of 
the phytoplankton assemblages in the lateral lagoons 
system could be inferred.

Zygnemaphyceae was the most specious phytoplankton 
group, followed by Bacillaryophyceae and Chlorophyceae. 
This structural characteristic seems to be a consistent 
pattern for the phytoplankton assemblages in the floodplain 
lagoons of the high Paraná River basin (Rodrigues and 
Bicudo, 2001). High richness of Bacillaryophyceae and 
Chlorophyceae has also been observed for three lateral 
lagoons of the upper Paranapanema River basin (Jurimirim 
reservoir tail zone) (Henry et al., 2006a), and for the 
Paranapanema River reservoir cascade (Nogueira et al., 
2010). Another factor influencing the high richness of 
Zygnemaphyceae in the lateral lagoons is the contribution 
of the periphyton assemblages, due to the high abundance 
of different species of aquatic macrophytes, microhabitats 
highly propitious for the development of attached algae 
(Tundisi and Matsumura-Tundisi, 2008).

Higher abundance and biomass (chlorophyll a) of 
phytoplankton assemblages were observed in the lateral 
lagoons, compared to the reservoir. This is a result of nutrient 
availability verified in these environments, especially during 
the rainy period (late spring and summer) (Ferrareze et al., 
in press). The seasonal input of nutrients, associated to 
the instability of the water column (strong rains; increased 
flow), resulted in dominance of C-strategist species, such 
as Cryptomonas and Discotella, or even r-strategists, 
such as Aulacoseira spp., typical of the initial phase of 
succession (Reynolds, 1984).

Positive correlation among phytoplankton assemblages 
and nutrient concentration during the high water period 
was also observed by other authors in the upper Paraná 
River basin (Train and Rodrigues, 1998; Rodrigues and 
Bicudo, 2001) and in the Paranapanema River Basin 
(Nogueira, 2000; Bittencourt-Oliveira, 2002; Henry et al., 
2006a; Ferrareze and Nogueira, 2006; Bicudo et al., 2006; 
Nogueira et al., 2010).

Different from isolated natural lakes, phytoplankton 
dynamics in rivers is dominated by physical forces, and 
those biotic interactions traditionally believed to regulate 
limnetic communities are suppressed and rarely well-
expressed (Reynolds et al., 1994).

The results of the correlation analysis indicate that the 
phytoplankton abundance in Rosana Reservoir and lateral 
lagoons can be limited by nitrogen and phosphorus. It was 
also shown, and the same was found by Nogueira et al. 
(2010) for the Paranapanema reservoirs cascade, that the 
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zooplankton does not control the phytoplankton abundance. 
These results indicated that in the studied lateral lagoons 
the communities are mainly controlled by bottom-up 
mechanisms.

In general, the chlorophyll concentrations in the studied 
areas were low. According to Miranda and Gomes (2001), 
an important factor responsible for the recurrent low values 
of chlorophyll in the upper Paraná basin reservoirs is 
the predominant high flow, in addition to the scarcity of 
some important mineral nutrients, other than N and P, and 
minor essential ions such as carbon, potassium, calcium, 
magnesium and iron.

The increase in chlorophyll concentration associated to 
higher transparency (dry period) has been found in several 
tropical/subtropical rivers and lagoons (Schimidt, 1970; 
Rai and Hill, 1982; Bonetto et al., 1983; Bonetto, 1986; 
Garcia de Emiliani, 1990; Neiff, 1990; Carvalho et al., 
2001). However, in the present study, despite of a drastic 
reduction of the water transparency in the rainy period, 
there was an increase in the chlorophyll concentrations. The 
same pattern was verified for other reservoirs and fluvial 
stretches in the Paranapanema River Basin (Ferrareze 
and Nogueira, 2006; Nogueira et al., 2010). This fact 
is due to the growth of phytoplankton groups tolerant 
to the low light penetration, such as Cryptophyceae and 
some species of diatoms. The increase in chlorophyll was 
determined by higher nutrient concentrations in the lagoons 
(Ferrareze et al., in press) and by the enhancement in the 
water flux, favouring some species of Bacillariophyceae, such 
as the ones of the genus Aulacoseira, and Cryptopheceae 
(functional group Y, C-strategist, sensu Reynolds et al., 
2002), able to develop abundant populations under more 
turbulent conditions (Happey-Wood, 1988; Tundisi and 
Matsumura-Tundisi, 1990).

Therefore, the negative correlation between water 
transparency and chlorophyll shows that the light conditions 
in the Rosana Reservoir seems not to be a limiting factor for 
the phytoplankton growth. These results demonstrate that 
these assemblages responded quickly to the environmental 
variations, as proposed by Reynolds (1984).

The instability of the water column promoted by the 
rainfall, the relatively low water retention time of the 
reservoir (ca. 20 days) and the high input of nutrients could 
explain the small changes in the phytoplankton assemblages 
dominance during the studied period. These conditions 
can restrict a wide number of phytoplankton species to 
succeed and favor the Cryptophyceae (C-strategist). Only 
during few periods some genera, such as Aulacoseira and 
Discotella, experienced a higher growth.

Discotella is dominant in oligotrophic environments 
with great availability of light and a low Si:P ratio, if 
compared to other diatom groups, such as the Pennales. The 
Aulacoseira populations tend to be dominant in conditions 
of total circulation, due to the fact that their heavy frustules 
has high sedimentation rate and need to be continuously 
resuspended to remain in the water column (Wolin and 
Duthie, 1999). According to Reynolds (1984) and Sommer 
(1988) dense diatom populations occur during periods with 
high availability of nutrients and good light conditions 
and they grow quickly, mainly in the presence of high 
concentrations of nitrogen. These algae are considered as 

opportunists and colonisers (r-strategists and C-strategists). 
Such characteristics contribute to explain the high density 
of Bacillariophyceae in the river/reservoir sampling station 
when compared to the lateral lagoons.

The relative increase of Cyanophycea during summer is 
related to the growth of Microcystis aeruginosa (Kutzing) 
Lemmermannin. This is an S-strategist species, specialist 
in phosphate storage and able to regulate efficiently its 
vertical positioning. Microcystis requires high temperatures, 
tolerate variation in light intensity and it is not vulnerable 
to predation by herbivorous zooplankton (Kilham and 
Hecky, 1988).

The increase of Euglenophyceae during summer, 
mainly in the lateral lagoons, is probably due to the organic 
matter carried by the rainfall, typical of this period, from 
the terrestrial system to the aquatic system. This group of 
organism can make facultative use of dissolved organic 
matter in nutritious processes (Reynolds, 1984).

The variation of the phytoplankton diversity was not 
significantly different among sampling stations and periods, 
due to the continuous Cryptomonas numerical dominance. 
The diversity values were similar to the ones calculated 
in other studies carried out in the Paranapanema basin 
(Nogueira, 2000; Bittencourt-Oliveira, 2002; Bicudo et al., 
2006; Ferrareze and Nogueira, 2006; Henry et al., 2006c; 
Nogueira et al., 2010).

The degree of similarity among phytoplankton 
assemblages sampled in the different sites (cluster analysis), 
shows the importance of the interaction between the 
surrounding landscape and the aquatic environments (Huszar, 
1996; Henry, 2003). The lateral lagoons located inside the 
State Park of “Morro do Diabo” exhibited more distinct 
assemblages than the other lagoons. Additionally, the analysis 
also evidenced the influence of the river phytoplankton on 
the assemblages of the widely connected lateral lagoon, FPC. 
The same pattern is observed for zooplankton (Ferrareze 
and Nogueira, 2011a), fish (Ferrareze and Nogueira, 2011b) 
and nutrients (Ferrareze et al., in press).

Our study demonstrates the importance of considering 
the lateral lagoons and other similar wetland habitats for 
the biodiversity assessment in water basins. The hypothesis 
that lateral lagoons have a prominent ecological role 
for the phytoplankton of Rosana Reservoir, exporting 
diversity for the whole river system, was validated. The 
main driving forces influencing the composition and the 
ecological attributes of the assemblages in the lateral lagoons 
system were also evidenced. Therefore the incorporation 
of the lateral lagoons should be a target strategy for the 
conservation of the regional aquatic biota, minimising the 
negative impact of dam construction.
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