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Abstract

The phytoplankton assemblages from eight reservoirs of the Paranapanema River were studied during two consecutive 
years. Chlorophyceae and Bacillaryophyceae dominated in richness. The observed high number of taxa, 234, reflects 
the extensive sampling programme and evidences the necessity of considering the whole hydrograph basin to assess the 
biodiversity status of inland water ecosystems. The dams had a negative effect on phytoplankton richness, with higher 
number of taxa associate to riverine (non-regulated) stretches. The tributary rivers also exhibited high species richness, 
showing the importance of considering the lateral dimension, in addition to the longitudinal one, for aquatic biota 
inventories in large river basins/reservoirs. Richness and diversity were also positively influenced by the connectivity 
with lateral wetlands (macrophyte-dominated lakes) due to the periphyton influence. The phytoplankton abundance/
biomass was not influenced by higher water retention time. Higher values occurred in the middle basin stretches (river-
passage reservoirs) due to the increase in the trophic conditions. There was a positive correlation with phosphorus. 
Poorer light conditions in the cascade do not limit the phytoplankton biomass, with assemblages dominated by species 
tolerant to turbulent conditions and high mineral turbidity. Bacillariophyceae and Cryptophyceae dominated numerically. 
The first group (unicellular forms) was prominent in the large and oligotrophic upstream reservoirs. The second was 
highly abundant in the river-passage (low retention time), and more eutrophic, reservoirs. Cyanophyceae growth is 
probably controlled by advection processes (wash-out effect). The zooplankton does not control the phytoplankton 
biomass and the diversity of both groups is positively associated in the cascade. The structure of the phytoplankton 
assemblages showed to be a good indicator of the operationally distinct reservoirs of the Paranapanema cascade and 
also reflected the changes in the trophic conditions along the basin.

Keywords: Paranapanema River, Chlorophyceae, Bacillaryophyceae, Cryptophyceae, reservoir limnology.

Assembleias fitoplanctônicas de reservatórios em cascata de um rio tropical –  
subtropical de grande porte (SE, Brasil)

Resumo

As assembleias fitoplanctônicas de oito reservatórios do rio Paranapanema foram estudadas durante dois anos consecutivos. 
Chlorophyceae e Bacillaryophyceae foram os grupos dominantes em riqueza. O elevado número de táxons observado, 
234, reflete o extensivo programa de amostragem e evidencia a necessidade de se considerar a bacia hidrográfica como um 
todo em programas de avaliação da biodiversidade de ecossistemas aquáticos interiores. As barragens tiveram um efeito 
negativo sobre a riqueza do fitoplâncton, sendo o maior número de táxons associado aos trechos fluviais (não regulados). 
Os rios tributários também exibiram um elevado número de espécies, mostrando a importância de se considerar a dimensão 
lateral, além do gradiente longitudinal, para os inventários da biota aquática em reservatórios e bacias hidrográficas de 
grande porte. A riqueza e a diversidade também foram positivamente influenciadas pela conectividade com áreas laterais 
inundáveis - várzeas dominadas pela presença de macrófitas aquáticas, devido à contribuição do perifíton. A abundância e 
biomassa do fitoplâncton não foram influenciadas pelo tempo de retenção da água nos reservatórios. Valores mais elevados 
foram observados no médio Paranapanema (reservatórios fio d’água) devido ao aumento nas condições de trofia. Houve 
uma correlação positiva com a concentração de fósforo. Condições de menor transparência não limitaram a biomassa 
fitoplanctônica, sendo as assembleias dominadas por espécies tolerantes a condições de elevada turbulência e turbidez mineral. 
Bacillariophyceae e Cryptophyceae foram as algas numericamente dominantes. O primeiro grupo (formas unicelulares) 
predominou nos grandes reservatórios oligotróficos do alto Paranapanema. O segundo grupo foi muito abundante em 
reservatórios do tipo fio d’água (baixo tempo de retenção) e também mais eutróficos. Provavelmente o crescimento das 
Cyanophyceae é controlado por processos de transporte advectivo. O zooplâncton não exerce um controle sobre a biomassa 
fitoplanctônica e a diversidade de ambos os grupos esteve positivamente associada na cascata. A estrutura das assembleias 
fitoplanctônicas pode ser considerada um bom indicador das distintas condições de operação dos reservatórios em cascata 
do rio Paranapanema e também reflete as mudanças nas condições oligotróficas ao longo da bacia.

Palavras-chave: Rio Paranapanema, Chlorophyceae, Bacillaryophyceae, Cryptophyceae, limnologia de reservatórios.
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reservoirs of the Paraná-La Plata basin are highly affected 
by the usually complex spatial structure and conspicuous 
seasonal changes (mainly dry-wet periods) (Henry et al., 1998; 
Nogueira, 2000; De León and Chalar, 2003; Matsumura-
Tundisi and Tundisi, 2005; Soares et al., 2008).

The present study analyses the phytoplankton variability 
(inter and intra-reservoir) along a cascade of eight reservoirs 
constructed for hydroelectric production in the Paranapanema 
River (São Paulo State). Changes in composition, abundance 
and diversity were followed during two consecutive 
years. It is hypothesised that the main driving forces 
determining the phytoplankton assemblages structure is 
the hydrodynamics (mainly water retention time) and the 
trophic conditions. An additional hypothesis is that the river 
is, naturally, large enough to support a high phytoplankton 
diversity, possibly higher than in the reservoirs. Besides 
phytoplankton, the zooplankton (Nogueira et al., 2008) 
and benthic macroinvertebrates (Jorcin and Nogueira, 
2008) were simultaneously sampled during the study, 
and the distributional patterns of these distinct biological 
groups are compared.

Previous studies on phytoplankton assemblages of the 
Paranapanema basin (taxonomy, organizational structure 
and productivity) were carried out by Henry (1990, 1993), 
Henry et al. (1998), Nogueira (2000), Bittencourt-Oliveira 
(2002), Ferrareze and Nogueira (2006), Henry et al. 
(2006a, b) and Bicudo et al. (2006).

2. Material and Methods

2.1. Study area

The hydrographic basin of the Paranapanema River 
(100.800 km2) is located between the coordinates 
22º‑26º S and 47º-54º W, on the tropical – subtropical 
boundary (Southeast/South Brazil). The river main course 
is east-west oriented and has an extension of 929 km 
and a declivity of 570 m (Figure 1). Since de 1950’s 
11 reservoirs have been constructed in the river main 
course for hydroelectric generation. For this study, the 
eight largest reservoirs were selected. 

Some limnological characteristics of the studied cascade 
are presented by Jorcin and Nogueira (2005a, b; 2008) and 
Nogueira et al. (2008). The large reservoirs (lacustrine zones 
of Jurumirim, Chavantes and Capivara), remain stratified 
from late spring and summer and there is a complete 
mixing period during the winter, or even in late autumn. 
The other reservoirs exhibit frequent mixing conditions or 
minor vertical gradients throughout the year.

In the region there is a marked concentration of rains 
in summer and dry weather predominates in winter. The 
annual precipitation varied between 969 mm (Capivara 
dam) to 1,600 mm (Jurumirim dam) during the studied 
period.

2.2. Samplings and laboratory analyses

Eight sampling campaigns were carried out over 
two consecutive years: during summer (January 2000 and 
2001), autumn (April 2000 and 2001), winter (July 2000 

1. Introduction

A major human induced impact on Brazilian rivers is 
dam construction for power generation. The hydropower 
potential of the country is one of the largest in the world and 
presently 97% of the produced electricity (ca. 67.000 MW) 
is provided by hydroelectric plants (Agostinho et al., 2007). 
An integrated and complex generation system supplies 
relatively clean and renewable energy but causes deep 
changes in the ecological structure and functioning of 
important fluvial basins (Tundisi et al., 1993; Tundisi and 
Matsumura-Tundisi, 2003).

Large reservoirs are distributed all over the country, but 
their number is particularly high in the Southeast region, 
where they have been intensively constructed since the 
1950’s. Despite the primary use of reservoir power generation, 
other uses have rapidly increased such as irrigation, leisure, 
drinking water supply, sewage assimilation, fishery and 
aquaculture. Conflicts among the distinct activities are 
expected due to the insufficient planning capability and 
the present scenario of climatic incertitude.

The accumulated limnological knowledge on reservoirs 
has provided a growing understanding of these systems as 
unique class of lakes, but it is still incomplete (Kennedy et al., 
2003). Additionally, besides the traditional research 
approaches, new practical questions have been posed to 
aquatic ecologists by reservoir managers and engineers 
(Tundisi and Matsumura-Tundisi, 2003). In case of reservoir 
cascades, just a few efforts have been undertaken to 
determine how their functioning affect the river ecological 
structure and functioning (e.g. Barbosa et al., 1999; Jorcin 
and Nogueira, 2005a, b; Naliato et al., 2009). Presently 
new reservoir cascades are under construction in large 
Brazilian rivers (mainly in the south and north regions) 
in order to support the electricity demand of an increasing 
economical and demographic trend.

A pioneer survey of a series of connected reservoirs in 
Brazil, with a limnological integrated river-basin approach, 
was carried out in the Tietê River (State of São Paulo) by 
Tundisi et al. (1991). However, detailed investigations of 
the influence of Brazilian reservoir cascades on the aquatic 
biota are still scarce. Studies along 8 reservoirs in the 
Tietê River (Padisák et al., 2000) and 5 reservoirs in the 
Iguaçu River (Paraná State) (Silva et al., 2005) showed 
that phytoplankton is highly affected by hydrodynamic 
changes. Another regional (Paraná-La Plata basin) study 
on phytoplankton of a cascade system was carried out in 
3 consecutive reservoirs of the Negro River (Uruguay) 
(Bonilla, 1997).

Structural changes of the phytoplankton assemblages 
along the previously mentioned cascades - longitudinal 
trends, nutrient enrichment and water retention time, seemed 
to vary according to the intrinsic differences of the river 
systems. Nevertheless, comparisons are methodologically 
limited due to the low sampling frequency – only once 
(Bonilla, 1997; Padisák et al., 2000) or twice (Silva et al., 
2005), and only a single sampling station just above dam. 
It is already known that the phytoplankton distribution in 
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The main limnological characteristics of each point 
are shown in Table 2.

In each sampling station an integrated sample was 
collected (entire water column) through vertical net hauls 
(20 µm of mesh size) and immediately preserved in 4% 
formalin. The net samples were observed in an optical 
microscope (maximum magnification of 1000×) for 
preliminary taxonomical identifications and computed 
for richness.

and 2001) and spring (October 2000 and 2001). Data were 
collected at nineteen sampling stations (Figure 1; Table 1) 
distributed along 700 km, approximately. The sampling 
design included the upstream (river-reservoir transition) 
and dam (lacustrine) zones of six reservoirs (Jurumirim, 
Chavantes, Salto Grande, Capivara, Taquaruçu and Rosana), 
only the dam zone of two reservoirs (Canoas I and II) and 
the mouth of the three main tributary rivers of the watershed 
(Taquari, Pardo and Tibagi).

Figure 1. The Paranapanema River basin and location of the sampling stations.
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Table 1. Denomination of the sampling stations and their 
position in the Paranapanema River reservoir cascade.

Station Abbreviation Location

1 JU Upstream of Jurumirim Reservoir

2 TaqR Taquari River

3 JD Dam zone of Jurumirim Reservoir

4 ChU Upstream of Chavantes Reservoir

5 ChD Dam zone of Chavantes Reservoir

6 SGU Upstream of Salto Grande 
Reservoir

7 ParR Pardo River

8 SGD Dam zone of Salto Grande 
Reservoir

9 CIID Dam zone of Canoas II Reservoir

10 CID Dam zone of Canoas I Reservoir

11 CAU Upstream of Capivara Reservoir

12 TibR Tibagi River

13 CAD Dam zone of Capivara Reservoir

14 TU Upstream of Taquaruçu Reservoir

15 TD Dam zone of Taquaruçu Reservoir

16 RU Upstream of Rosana Reservoir

17 RD Dam zone of Rosana Reservoir

18 PMU Upstream of Paranapanema River 
mouth

19 PMD Downstream of Paranapanema 
River mouth

Table 2. Physical and chemical characteristics of the sampling stations (mean values among depths and sampling periods).

TN 
(µg.L–1)

TP 
(µg.L–1)

Transp. 
(m)

EC  
(µS.cm–1)

DO 
(mg.L–1)

pH Turb. 
(FTU)

TSS 
(mg.L–1)

TOC 
(ppm)

RT 
(days)

JU 513 58 0.9 71 8.7 6.4 11.5 13.8 8.4

528TaqR 493 49 1.0 90 7.1 6.5 6.2 10.5 11.0

JD 398 24 3.6 74 6.5 6.7 1.8 1.9 7.2

Chu 398 29 2.1 74 6.5 6.6 2.2 2.7 7.3
401

ChD 410 24 4.5 73 6.2 6.6 2.0 2.7 7.0

SGU 422 27 3.3 64 8.4 6.4 2.1 1.7 7.5

1.4ParR 432 64 1.0 77 8.6 6.6 7.6 18.4 10.0

SGD 417 35 2.3 64 8.4 6.7 3.4 7.3 8.4

CIID 408 34 1.8 68 7.8 6.6 3.0 5.2 8.4 4.7

CID 337 31 2.4 68 7.7 6.6 2.0 2.1 7.1 6.4

CAU 435 36 2.0 83 6.5 6.8 3.1 3.6 9.4

137TibR 477 55 0.9 64 6.5 5.2 7.2 7.6 7.3

CAD 416 30 2.0 76 7.7 7.0 3.5 2.7 8.4

TU 404 30 2.3 72 7.8 6.7 2.8 1.2 8.1
8.0

TD 401 24 2.5 74 8.2 6.9 2.5 1.4 8.1

RU 403 24 2.4 76 8.4 6.8 2.4 1.0 7.5
20

RD 394 25 2.9 75 8.2 6.7 2.6 1.7 8.3

PMU 385 16 3.2 68 8.4 6.6 2.5 1.8 6.1

PMD 361 25 2.4 63 8.5 6.3 2.0 1.1 6.8

TN = Total Nitrogen; TP = Total Phosphorus; Transp. = Transparency; EC = Electric Conductivity; DO = Dissolved Oxygen; 
Turb. = Turbidity; TSS = Total Suspended Solids; TOC = Total Organic Carbon and RT = water Retention Time. See Table 1 
for sampling stations abbreviations

For the quantitative analysis of the phytoplankton, four 
unfiltered samples were collected (van Dorn bottle) at each 
sampling station at the subsurface (ca. 0.2 m), middle and 
immediately below the euphotic zone and near to the bottom 
(ca. 1 m above the sediment). The samples were fixed and 
preserved with Lugol solution. After sedimentation, the 
organisms (cell, colony, and filament) were counted using 
inverted microscopy (sensu Utermöhl) at a magnification 
of 250×. At least 120 optical fields distributed in parallel 
transects were examined, and at least 150 organisms were 
counted per sample. In the results section quantitative data 
are expressed as mean values for the water column.

Chlorophyll-a (total) concentration was determined 
through filtration (Millipore AP40 membranes) of 800 mL 
of water from each sampling depth (see above). For 
pigments extraction, cold acetone (90%) was used with 
manual maceration (Talling and Driver, 1963; Golterman 
et al., 1978).

Phytoplankton diversity was estimated using the 
Shannon-Wiener Index (log

2
; Krebs, 1989).

Unvaried tests (t-student; Statsoft, 2006) were used for 
comparisons of the phytoplankton distribution - reservoirs 
and tributaries, distinct reservoir compartments (upstream 
and dam zones) and sampling periods (seasons). Data 
normality was previously checked by the Tukey test (Statsoft, 
2006). Sampling stations were compared on the basis of 
the phytoplankton structure (class abundance) through a 
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No significant differences in abundance either between 
tributaries and reservoirs (p = 0.29) or between different 
reservoir compartments (upstream and dam) (p = 0.20) were 
observed (Figure 3). Higher values of total phytoplankton 
abundance clearly occurred in the middle basin reservoirs 
(Canoas II, Canoas I and Capivara) and the lowest abundance 
was observed in the third studied reservoir (Salto Grande) 
along the cascade (Figure 3). Seasonally, the abundance 
was significantly lower in spring and higher in summer 
(p = 0.003).

The phytoplankton abundance was positively correlated 
with the zooplankton abundance, as seen in Figure 4 
(r = 0.5887).

The chlorophyll-a concentration was significantly 
higher (p = 0.003) in the tributaries when compared to 
the reservoirs (Figure 5). Considering the intra-reservoir 
variability a significant decreasing tendency from upstream 
to the dam (p = 0.001) was observed. Chlorophyll-a 
concentrations were higher in summer for both studied 
years. Longitudinally, chlorophyll values were higher 
in the middle basin reservoirs. There was a positive 
linear correlation (r = 0.4213) between chlorophyll and 
phytoplankton numerical abundance (Figure 6), as expected. 

cluster analysis (r-Pearson similarity) (PC-ORD - McCune 
and Meffort, 1995).

Correlation analyses (Pearson product-moment) 
were performed in order to identify the main factors 
influencing the phytoplankton biomass/numerical abundance 
– phosphorus, transparency, water retention time (RT) (data 
from Nogueira et al., 2006) and zooplankton abundance 
(data from Nogueira et al., 2008). The same analyses 
were used for detection of spatial patterns in diversity 
(reservoirs compartments, river longitudinal gradient 
and tributaries).

3. Results

Two hundred and thirty four taxa, distributed in 
92 genera, were recorded in the phytoplankton assemblages 
of the Paranapanema River reservoirs and tributaries. 
Chlorophyta was the most specious group (98 taxa), 
followed by Bacillariophyta (58 taxa), Cyanophyta (32 taxa), 
Zygnemaphyta (21 taxa), Euglenophyta (8 taxa), Chrysophyta 
(7 taxa), Dinophyta (6 taxa), Cryptophyta (2 taxa) and 
Rodophyta (1 taxa).

Significant higher phytoplankton richness was observed 
in the fluvial stretches (tributaries and main river) when 
compared with the reservoirs (p < 0.005) (Figure 2). The 
Pardo River was an exception for this tendency, with the 
lowest number of taxa per sample among all stations (mean 
value of 30.4). The first sampling station (JU, before the 
influence of the first reservoir) and the ones corresponding to 
the Paranapanema mouth zone (upstream and downstream) 
into the Paraná River, exhibited the highest phytoplankton 
richness (mean values between 51 and 54) (Figure 2). 
When the reservoirs’ longitudinal axis (intra-reservoir 
variation) was considered, a significant decreasing tendency 
in richness, from upstream to the dam zone, was observed 
(p = 0.002) (Figure 2).

Seasonally, significant higher richness was observed 
during spring and lower in winter (p = 0.004).

Figure 2. Phytoplankton richness (mean values and stand-
ard deviation) along the Paranapanema River reservoir cas-
cade (reservoirs in grey; tributaries in dark grey). See Table 
1 for abbreviations.

Figure 3. Phytoplankton abundance (mean values and stan
dard deviation) along the Paranapanema River reservoir 
cascade (reservoirs in grey; tributaries in dark grey). See 
Table 1 for abbreviations.

Figure 4. Linear correlation between phytoplankton and zo-
oplankton abundances in the Paranapanema River reservoir 
cascade.
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Figure 5. Phytoplankton biomass (chlorophyll-a) (mean 
values and standard deviation) along the Paranapanema 
River reservoir cascade (reservoirs in grey; tributaries in 
dark grey). See Table 1 for abbreviations.

Figure 6. Linear correlation between chlorophyll-a and 
phytoplankton abundance in the Paranapanema River res-
ervoir cascade.

Figure 7. Linear correlation between phytoplankton 
abundance and ortophosphate in the Paranapanema River 
reservoir cascade.

Figure 8. Linear correlation between chlorophyll-a and 
transparency in the Paranapanema River reservoir cascade.

Figure 9. Linear correlation between chlorophyll-a and 
water retention time in the Paranapanema River reservoir 
cascade.

The phytoplankton abundance was positively correlated 
with total dissolved phosphate (r = 0.1946) (Figure 7). The 
phytoplankton biomass (chlorophyll-a) was negatively 
correlated with transparency (r = 0.496) (Figure 8) and 
water retention time (r = 0.350) (Figure 9).

The relative abundance among the main phytoplankton 
groups is showed in Figure 10. The green algae, despite having 
a larger number of species, were not numerically dominant. 
Cryptophyceae was the most abundant group (49.4%), 
followed by Bacillariophyceae (29.2%). Cryptophyceae 
exhibited higher dominance during autumn and winter 
of the two consecutive years as well as in summer and 
spring of 2001 for most sampling stations. A conspicuous 
presence of Bacillariophyta occurred during summer of 
2000 and, for the superior region of the cascade system, 
in the winter of 2000 and summer and spring of 2001. 
Chlorophyta had a relatively higher contribution only in 
the spring of 2000. In this sampling period, the abundance 
distribution among the different phytoplankton groups was 
more homogeneous in almost the entire system. Cyanophyta 
had lower density during summer and autumn of 2000 and 
a considerable increase in the spring of 2000 and summer 
of 2001. The highest percentage of this group occurred in 
the Capivara Reservoir.

Cryptomonas brasiliensis Castro, Bicudo and Bicudo 
can be considered as the main species of the phytoplankton 
in the studied reservoirs cascade. The specie was observed 
in all samples and its abundance ranged from 0.07%, in 
Jurumirim Reservoir (dam zone) (July of 2000), to 94.8%, 
in Capivara (upstream zone) (January of 2001). Among 
diatoms Discotella stelligera (Cleve and Grunow) Houk 
and Klee predominated in Chavantes Reservoir (dam 
zone), reaching 75.2% in January of 2001, and Asterionella 
formosa Hass in Pardo River, with a maximum of 64.5% 
in July of 2000. In relation to the green algae, the high 
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contributions of Anabaena circinalis Rabenhorst ex Bornete 
and Flahault in Capivara Reservoir (27.1% in October 
of 2000) and Microcystis aeruginosa var. aeruginosa 
(Kutzing) Lemmermannin Tibagi River (9.8% in October 
of 2000) were found.

Other important genera due to either high abundance 
peaks or wide distribution (spatial and temporal) were 
Chroomonas, among Cryptophyta; Stephanodiscus, 

contributions of Monoraphidium cf. contortum (Thur. ex 
Bréb.) Kom.-Legner in Jurumirim (upstream zone) (19.2% 
in July of 2001); Chlorella spp. in Tibagi River (14.6% 
in October of 2001) can be mentioned. Lepocinclis acus 
(O.F. Mül.) B. Marin and Melkonian in Taquari River 
(5.7% in the July of 2000), and Phacus longicauda (Ehr.) 
Duj., in Canoas II Reservoir (4.2% in July of 2001), were 
the main Euglenales. Among the blue-green algae, high 

Figure 10. Relative abundance among the phytoplankton groups along the Paranapanema River reservoir cascade during the 
distinct sampling periods. See Table 1 for abbreviations.
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The cluster analysis (Figure 13), on the basis of the 
phytoplankton assemblage structure of each sampling station, 
showed that the better correlated sampling groups included 
reservoirs with low water retention times (Canoas I and 
II, Taquaruçu and Rosana Reservoirs). Other consistent 
groups included Chavantes Reservoir (upstream and dam) 
as well as the next river stretch (Salto Grande upstream). 
Similarity analyses evidenced that the most distinctive 
environments were the Tibagi River (the largest tributary 
of Paranapanema Basin) and the Jurumirim Reservoir 
(first in the cascade).

4. Discussion

Large Brazilian rivers have been intensively modified 
by construction of dams specially designed to integrate 
a complex hydroelectric production system. Such major 
physical transformation affects the entire river ecosystem 
structure and functioning (Tundisi et al., 1999; Barbosa et al., 
1999; Jorcin and Nogueira, 2005a, b).

Several studies carried out in large Brazilian reservoirs 
have shown that the main factors influencing phytoplankton 
composition, density and biomass are water retention time, 
advection processes, vertical mixture regime, longitudinal 
and lateral gradients in physical and chemical conditions, 
as well as the indirect effects of important meteorological 
factors such as rainfall and wind (Santos and Calijuri, 1998; 
Nogueira, 2000; Gomes and Miranda, 2001; Calijuri et al., 
2002; Matsumura-Tundisi and Tundisi, 2005). Nevertheless, 
despite the existence of several reservoir cascades in 
important rivers of the country, little information about the 
phytoplankton in these systems is available (Padisák et al., 
2000; Silva et al., 2005). Integrated analyses with emphasis 
on phytoplankton in reservoir cascades are also rare for the 
rest of South America (Bonilla, 1997) and other continents 
(Mineeva et al., 2008).

The phytoplankton richness registered in the present 
study (234 taxa/92 genera) is high, compared to other 
studies on phytoplankton assemblages carried out in distinct 
Paranapanema basin aquatic environments with a similar 
number of analysed samples (Nogueira, 2000; Bittencourt-
Oliveira, 2002; Henry et al., 2006b; Ferrareze and Nogueira, 
2006; Bicudo et al., 2006). Probably, this can be attributed 

Discotella, Aulacoseira, Nitzchia, Fragilaria, Navicula, 
Cymbella among Bacillariophyceae; Scenedesmus, 
Schroederia, Chlamydomonas, Dictyosphaerium, 
Botryococcus, Kirchneriella, Staurastrum and Actinastrum 
among Chlorophyta; Raphidiopsis, Synechocystis, 
Synechococcus, Pseudanabaena, Cylindropermopsis, 
Anabaena, Planktolyngbya, Planktothrix, among Cyanophyta; 
Peridinium and Gymnodinium among Pyrrhophyta and 
Dinobryon and Mallomonas among Chrysophyceae.

Higher values of phytoplankton diversity were observed 
at Jurumirim upstream, before the beginning of the 
cascade (Figure 11). A negative tendency in diversity 
along the cascade was verified (r = 0.86). Considering 
only the tributary rivers, a positive tendency towards the 
Paranapanema mouth was found (r = 0.80).

Phytoplankton diversity was significantly higher in the 
tributaries when compared with the reservoirs (p = 0.005). 
Intra-reservoir (upstream – dam zones) variation in diversity 
was not significant (p = 0.21).

The lowest diversity (0.6) was observed in Canoas II 
Reservoir (July 2000) due to an almost complete dominance 
(92% of total phytoplankton) of Cryptomonas sp. Canoas II 
and I Reservoirs generally had low values of diversity 
(Figure 11).

The assemblages diversity was significantly higher 
in spring (p < 0.005), specially in October 2000 when 
most values were higher than 3.5 bits.ind-1. In this period 
the highest diversity (4.5 bits.ind-1) was calculated for 
Jurumirim Reservoir (dam zone) with Bacillariophyta, 
Chlorophyta and Cyanophyta exhibiting almost the 
same proportion (21%). Cryptophyta, Euglenophyta and 
Dinophyta also had a similar contribution (8%). The main 
species were Lyngbya putealis Montagne ex Gomont (15%) 
and D. stelligera (8%). Lower diversity values were found 
during summer.

The phytoplankton diversity was positively associated with 
the zooplankton diversity along the cascade (Figure 12).

Figure 11. Diversity of phytoplankton assemblages (mean 
values and standard deviation) along the Paranapanema 
River reservoir cascade (reservoirs in grey; tributaries in 
dark grey). See Table 1 for stations abbreviations.

Figure 12. Linear correlation between zooplankton and 
phytoplankton diversities in the Paranapanema River reser-
voir cascade.
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Figure 13. Similarity analysis among the sampling stations in the Paranapanema River reservoir cascade based on the abun-
dance of the phytoplankton classes. See Table 1 for abbreviations.

to the extensive, spatially, sampling programme in which 
the present data originates. The same fact was verified 
for the zooplankton (Nogueira et al., 2008) and benthic 
macroinvertebrates (Jorcin and Nogueira, 2009), which 
were simultaneously sampled in the reservoir cascade. 
These results demonstrate the importance of considering 
larger spatial scales, if possible the whole hydrograph 
basin, in order to assess the biodiversity status of inland 
water ecosystems.

Despite an increasing tendency in richness along the 
cascade (inter-reservoir variation), towards the mouth, this 
pattern was not statistically corroborated.

The Chlorophyceae was the most specious phytoplankton 
group, followed by Bacillaryophyceae. This structural 
characteristic seems to be a consistent pattern for the 
phytoplankton assemblages in the basin. High richness 
of Chlorophyceae and Bacillaryophyceae has also been 
observed by Nogueira (2000) for Jurumirim Reservoir, 
the first in the cascade; by Bittencourt-Oliveira (2002) 
for the largest Paranapanema tributary, the Tibagi River; 
by Henry et al. (2006b) for three lateral lakes to the 
Paranapanema River just before the Jurumirim Reservoir 
upstream stretch; by Ferrareze and Nogueira (2006) for lotic 
stretches of the Paranapanema River and tributaries and by 
Bicudo et al. (2006) for Rosana, the last reservoir in the 
series. The dominance, in richness, of Chlorophyceae and 
Bacillaryophyceae was also reported for other large rivers 
and reservoirs in La Plata basin (Bonilla, 1997; Padisák, 
2000; De Léon and Chalar, 2003; Silva et al., 2005).

The Paranapanema River dams seem to have a negative 
effect on phytoplankton richness, as higher number of taxa 
was associated to riverine conditions. A similar pattern 

was observed for the benthic macroinvertebrates, which 
decreased in richness and abundance in the deeper and 
higher retention time reservoirs of the cascade (Jorcin and 
Nogueira, 2008). Bicudo et al. (2006), following the filling 
up process of Rosana Reservoir, observed a diminution in 
the diversity values of the phytoplankton assemblages.

The first sampling station (upstream of Jurumirim), 
before the influence of the first dam, as well as the tributaries 
(except Pardo River) exhibited higher phytoplankton richness 
and diversity. Matsumura-Tundisi and Tundisi (2005) 
studying the spatial structure of the eutrophic Reservoir 
of Barra Bonita in the adjacent basin (towards north) of 
the Tietê River (São Paulo, Brazil), also observed the 
highest phytoplankton richness in an important tributary 
(Piracicaba River). Thus, it is imperative to consider the 
lateral dimension, in addition to the longitudinal one, for 
aquatic biota inventories in large basins/reservoirs. The 
same consideration is stressed by Mineeva et al. (2008) 
based on the effect of the Oka River entrance in the Volga 
reservoirs cascade (Russia) on the phytoplankton biomass. 
In the case of the Paranapanema cascade, typical water 
quality parameters (nutrients, transparency, turbidity, etc.) 
indicate that higher degradation is mainly associated to 
the tributaries (Jorcin and Nogueira 2005a, b). The Pardo 
River, for instance, receives a large amount of domestic 
sewage from several municipalities along its course, 
and the Tibagi River is highly influenced by intensive 
agriculture practices.

The dam construction along large rivers probably causes 
a strong organizational disruption in the natural longitudinal 
pattern. The expected addition of species towards the river 
mouth (Vannote et al., 1980) was just a weak tendency 
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a decrease in phytoplankton density in the intermediate 
of three reservoirs of the Río Negro cascade in Uruguay. 
However, this pattern can not be considered an exclusive 
rule, as the chlorophyll concentrations in the reservoirs 
of the cascade with higher water retention (Jurumirim 
and Chavantes) (between 400 and 630 days) did not 
exceeded 3 µg.L-1 (mean values). In fact, there was a 
negative correlation between phytoplankton biomass and 
the reservoirs water retention time.

Among the large rivers of the high Paraná basin, 
the Paranapanema has been considered as a system that 
preserves a relatively good “water quality” condition, with 
several reservoirs classified as oligotrophic (Henry, 1993; 
Jorcin and Nogueira 2005a, b; Nogueira et al., 2008). In the 
present study the maximum concentration of chlorophyll was 
8 µg.L-1 (mean value) while in the adjacent Tietê Reservoir 
cascade the values in the upstream reservoirs can reach 
more than 50 µg.L-1 (Tundisi et al., 1991; Padisák et al., 
2000) or even more than 400 µg.L-1 during phytoplankton 
blooms (Calijuri et al., 2002). Phytoplankton biomass 
was slightly higher in the last two sampling stations 
(Paranapanema mouth upstream and downstream), in 
the Paraná River, compared to the sampling points in the 
Paranapanema lower stretch. A dilution effect due to the 
input of more oligotrophic water could even be considered, 
as the chlorophyll in the Paraná River was lower after the 
Paranapanema mouth.

The negative correlation between water transparency 
and chlorophyll shows that the light conditions in the 
Paranapanema basin seems not to be a limiting factor for 
phytoplankton development. This result was influenced by 
higher abundances in stretches/reservoirs where riverine 
conditions predominate, with phytoplankton assemblages 
dominated by species tolerant to turbulent conditions and 
typical high mineral turbudity (e.g. Cryptopheceae - functional 
group Y, C-strategist, sensu Reynolds et al., 2002).

Different from natural lakes, phytoplankton dynamics 
in rivers is dominated by physical interactions, and those 
biotic interactions are traditionally believed to regulate 
limnetic communities being suppressed and rarely well-
expressed (Reynolds et al., 1994). This seems to apply to 
the Paranapanema reservoir cascade, where the zooplankton 
(microcrustaceans) probably does not have a significant 
control on the phytoplankton abundance. A positive correlation 
between phytoplankton and zooplankton (microcrustaceans) 
(Nogueira et al., 2008) along the Paranapanema cascade 
was observed. Evidence on the inability of zooplankton 
to shape and control the phytoplankton in the tropics are 
provided by Melo and Huszar (2000) and Rückert and Giani 
(2008). Nevertheless, further investigation is still necessary 
to corroborate this hypothesis as reservoirs cascades are 
complex systems and, as pointed out by Mineeva et al. 
(2008), phytoplankton maybe controlled by physical 
processes in the run-of-the-river reservoirs (fast flow) while 
the biotic interactions would be more important in high 
water retention time systems (accumulation reservoirs).

Phytoplankton composition and structure, even in major 
taxonomical categories, showed to be a good indicator 

for the phytoplankton in the Paranapanema basin. Jorcin 
and Nogueira (2008), for benthic macroinvertebrates, and 
Nogueira et al. (2008), for zooplankton, did not observe 
a longitudinal increment in richness too. Nevertheless, a 
progressive increase in species number does occur for the 
fish fauna (Britto and Carvalho, 2006).

Age and morphological complexity of each reservoir 
in the cascade are also important factors interfering in the 
phytoplankton richness and diversity. Canoas I and Canoas 
II, the newest reservoirs in the Paranapanema cascade, were 
the ones with lower phytoplankton diversity. The Jurumirim 
spatial complexity effect on the phytoplankton productivity 
and structure has been already well demonstrated (Henry 
et al., 1998; Nogueira, 2000). Another particularity that 
influences richness and diversity is the connectivity with 
lateral wetlands, mainly with seasonal or permanent lakes 
containing a huge amount of different microhabitats 
(macrophyte-dominated). This is certainly related to the 
influence of the periphyton assemblages. This positive effect 
in diversity has also been reported for the microcrustaceans 
assemblages (Nogueira et al., 2008) and is certainly 
responsible for the consistently high values exhibited by 
the phytoplankton in the first sampling station (Upstream 
Jurumirim). Such areas along the cascade must be considered 
as strategic sites for conservation policy in the basin.

Phytoplankton and zooplankton (Nogueira et al., 2008) 
diversity were positively associated along the cascade.

A clear increase of phytoplankton abundance was 
observed in the middle stretch of the reservoir cascade 
(Canoas II, Canoas I and Capivara Reservoirs). The 
same pattern was observed for the periphytic community 
by Felisberto and Rodrigues (2005). Higher abundance 
of phytoplankton in the middle Paranapanema basin is 
explained by the increase of the trophic conditions in this 
stretch (Jorcin and Nogueira 2005a, b), as demonstrated by 
the positive correlation between phosphorus concentration 
in the water and chlorophyll data. Henry (1990) had 
already demonstrated, experimentally, that phosphate 
enrichment stimulates the phytoplankton growth in 
Jurumirim Reservoir.

According to Gomes and Miranda (2001), an important 
factor responsible for the recurrent low values of chlorophyll 
in the upper Paraná basin reservoirs is the predominant 
high flow, besides the scarcity of some important mineral 
nutrients other than N and P, minor essential ions such as 
carbon, potassium, calcium, magnesium and iron. In the 
Paranapanema cascade, the phytoplankton development 
in Taquaruçu, and especially in Salto Grande Reservoir, 
where the nutrient concentration is higher, is negatively 
influenced by the fast water flow (RT) (ca. 8 and 1.5 days, 
respectively). Phytoplankton control by advection processes 
(wash-out) is an efficient strategy to reduce the eutrophication 
effects, mainly the Cyanophyceae growth (Kimmel et al., 
1990; Steinberg and Gruhl, 1992; Reynolds et al., 1994; 
Padisák et al., 1999). Felisberto and Rodrigues (2005) 
found a low periphytic biomass in Salto Grande Reservoir 
and attributed that fact to the high water flow too. The 
same argument was used by Bonilla (1997) to explain 
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structure. A high retention time reservoir (Chavantes) can 
also determine the phytoplankton composition and abundance 
of the next reservoir (Salto Grande upstream).

Reservoirs generally have the capability to retain 
nutrients, from point and non-point sources, and this fact 
supports the idea that a progressive “oligotrophication” 
process should be expected along reservoir cascades 
(Tundisi et al., 1991; Armengol et al., 1999). This hypothesis 
seems to apply well to river basins heavily polluted in their 
upstream zones (e.g. Tietê River – Brazil; Ter River – Spain). 
Nevertheless, our data, as well as the ones of Silva et al. 
(2005), Felisberto and Rodrigues (2005), Meiling et al. 
(2007) and Mineeva et al. (2008), do no adjust to the above 
mentioned model, as an increase in the trophic conditions 
(and phytoplankton abundance) was clearly seen in the 
middle cascade region. There was also no adjustment to 
the Cascading Reservoir Continuum Concept (Barbosa 
et al., 1999), as an exclusive (predictable/progressive) 
gradient, downstream of the first large reservoir of the 
series, was not detected.
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