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Abstract

The limnological characteristics and the phytoplankton community of the pelagic region of the São João River, tributary 
of the Iguaçu River, Iguaçu National Park were analyzed from August 2008 to July 2009. 221 taxa were identified and 
the Bacillariophyceae class was the most representative. Bacillariophyceae and Chrysophyceae were the dominant 
classes in density and Bacillariophyceae in biovolume. According to the DCA carried out for phytoplankton density 
and biovolume, significant differences were identified between the periods, and between the sites and study periods, 
respectively. The highest richness of species reached 40 taxa in September 2008 at station 1. The Shannon-Wiener 
diversity indexes and evenness, calculated from the density of phytoplankton, were temporally heterogeneous and 
spatially similar. In general, the significant temporal variations in the composition of the phytoplankton community 
were due to variations in limnological conditions, mainly temperature, transparency and nutrients. Spatially the structure 
was more similar due to the proximity among the stations. Moreover, the similarity of the distribution of communities 
in lotic environments were due to the unidirectional flow.

Keywords: phytoplankton, Iguaçu National Park, lotic system, seasonality, structure.

Variação sazonal da estrutura da comunidade fitoplanctônica  
no Rio São João, Parque Nacional do Iguaçu, Brasil

Resumo

As características limnológicas e a comunidade fitoplanctônica na região pelágica do Rio São João, tributário do Rio 
Iguaçu, Parque Nacional do Iguaçu, foram analisadas de agosto de 2008 a julho de 2009. Foram identificados 221 táxons, 
sendo Bacillariophyceae a classe mais representativa. Bacillariophyceae e Chrysophyceae foram as classes dominantes 
em densidade e Bacillariophyceae, em biovolume. De acordo com a DCA realizada para densidade e biovolume, foram 
identificadas diferenças significativas entre os períodos e entre os locais e períodos estudados, respectivamente. A 
maior riqueza de espécies foi alcançada em setembro de 2008 com 40 táxons na estação 1. O índice de diversidade de 
Shannon-Wiener e a equitabilidade, calculados a partir da densidade fitoplanctônica, foram temporalmente heterogêneos 
e espacialmente similares. Em geral, variações significativas na composição do fitoplâncton foram devidas às variações 
nas condições limnológicas, principalmente temperatura, transparência e nutrientes. Espacialmente, a estrutura foi 
mais similar, em razão da proximidade das estações e, também, da similaridade da distribuição da comunidade em 
ambientes lóticos, devido ao fluxo unidirecional.

Palavras-chave: fitoplâncton, Parque Nacional do Iguaçu, sistema lótico, sazonalidade, estrutura.
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1. Introduction

The main objective of limnological research is to 
understand the behavior of freshwater ecosystems and it is 
one of the most important tools for conserving and preserving 
biodiversity and water resources. Lotic environments have 
been studied less than lentic environments (Reynolds and 
Descy, 1996; Huszar and Silva, 1999; Silva et al., 2001; 
Rodrigues et al., 2007; Soares et al., 2007).

Potamoplankton, defined as phytoplankton in rivers 
(Reynolds, 2006), consists of species originated from these 
environments and with the ability to grow and reproduce 
entirely in the main canal, forming dominant populations, 
especially along the intermediary sections (Vannote et al., 
1980). The potamoplankton forms can include species of 
limnoplankton, which originate from lake catchments or 
from periphyton (Reynolds and Descy, 1996).

The higher turbulence and lower light intensity in 
rivers cause differentiations in the composition of the 
potamoplankton, promoting higher abundance of diatoms 
and green algae, which grow quickly and have a greater 
ability to thrive in turbulent environments (Reynolds, 
1994). However, the lower density and biomass of these 
groups compared with those of lakes is one of the most 
relevant characteristics of phytoplankton.

Understanding potamoplankton biodiversity in connection 
with environmental factors is extremely important for 
monitoring water quality (Rodrigues et al., 2007). These 
systems which have been affected by an increasing human 
impact and other fluctuations can become efficient and clear 
indicators of these changes, whether natural or manmade 
(Huszar and Silva, 1999).

Studies that cover lotic portions in the area of the 
Paraná River basin focusing on ecological studies of the 
phytoplankton community are still rare, considering the 
area size and the large number of tributaries: Bonetto et al. 

(1979, 1982), Garcia de Emiliani (1988, 1990), Henry et al. 
(1998), O’Farrell et al. (1996), Train and Rodrigues (1998), 
Train et al. (2000), Borges et al. (2003), Ferrareze and 
Nogueira (2006), Rodrigues et al. (2009), Borges and 
Train (2009) and Perbiche-Neves et al. (2011).

Knowledge of the spatial and temporal distribution 
of phytoplankton in aquatic ecosystems is an important 
condition for adequate understanding of its structure and 
function. The aim of this study was to evaluate the variation 
of the phytoplankton structure, considering environmental 
factors in a subtropical river. Therefore, we considered that 
physical and chemical characteristics would temporally 
and spatially determine the modifications of composition, 
density and biomass of the phytoplankton community. 

2. Material and Methods

Iguaçu National Park (INP) encompasses approximately 
180.000 ha and it has about a 400 km perimeter, part of 
which boarders the Iguaçu River directly (Guimarães et al., 
2003). The INP covers the largest fragment of Brazilian 
protected area within the Atlantic Forest and is considered 
one of the last remnants of this kind of vegetation in the 
southern region of the country (Ibama, 2008).

The São João River (25° 35.52’ S and 54° 24.17’ W) is 
a third order river. Its source is located in the Municipality 
of Santa Terezinha of Itaipu, Paraná, its water flows 
north-south and it has a total watershed area of about 
79.10 km2, 27.86 km2 which lies in the Municipality of 
Santa Terezinha of Itaipu and 51.23 km2 in Foz do Iguaçu, 
28.09 km2 located within the INP (Figure 1).

The São João River has an average flow of 0.88 m3/s 
and it borders the INP on the West. Its mouth can be 
found in the Iguaçu River (Salamuni et al., 2002) which, 
in turn, is an important affluent of the Paraná River basin, 
the second largest hydrological system in South America 

Figure 1. Location of the São João River, Iguaçu National Park, Paraná, Brazil.
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and the fifth largest in the world (Devercelli, 2006). 
The sampling stations are located in regions with dense 
surrounding vegetation and a few aquatic macrophytes, 
among them are Poaceae, Cyperaceae and Pontederiaceae.

The phytoplankton was collected monthly (August 2008 
to July 2009) from three sampling stations in longitudinal 
sections, in the pelagic region of the São João River, INP, 
Paraná, Brazil. Samples were obtained directly with bottles 
20 cm below the surface of the water and fixed with a 1% 
acetic Lugol solution. The samples themselves were collected 
using a plankton net with a 25 μm mesh, which was towed 
horizontally in the subsurface of the column of water in 
order to concentrate the biological material to add to the 
floristic inventory. The phytoplankton net samples were 
stored in 500 mL bottles of polyethylene and preserved in 
a Transeau solution (Bicudo and Menezes, 2006).

The Round (1965, 1971) classification system, proposed 
by Bicudo and Menezes (2006), was adopted for the class 
level. The species richness took into consideration the total 
number of taxa per quantitative sample. The density was 
estimated according to the method described by Utermöhl 
(1958). The density calculation was made in accordance 
with APHA (1995), taking into account individual cells, 
colonies, cenobia or filaments, depending on the form 
in which the algae occur in nature. The diversity index 
(Shannon and Weanner, 1963) and evenness (Pielou, 
1984) was applied to the density data. The phytoplankton 
biomass was estimated by the biovolume, multiplying the 
density of each taxon by its respective volume (Sun and 
Liu, 2003). The phytoplankton net samples were analysed 
in a binocular microscope coupled with a drawing tube and 
ocular micrometer, always magnified by 400 and 1000×. 
All the samples were deposited at the UNOP herbarium, 
Unioeste/Cascavel, Paraná, Brazil.

The physical and chemical analyses of the water from 
the São João River were done at the Iguaçu National 
Park laboratory of environmental analysis, Paraná, Brazil 
in the AquaIguaçu program. Measurements of water 
temperature (°C), dissolved oxygen (mg.L–1), pH and 
electrical conductivity (μS.cm–1) were obtained with 
portable digital potentiometers. Water transparency 
(m) was obtained by a Secchi disk. The ammonium 
concentration (NH4

+), nitrite (NO2
–), nitrate (NO3

–) and 
total phosphorus – PT were determined according to APHA 
(1995). Meteorological data regarding precipitation and air 
temperature were supplied by the Meteorological Institute 
of Paraná (SIMEPAR/CURITIBA). A period in which no 
precipitation was recorded in the ten days preceding the 
collection was considered a dry period. In contrast, when 
rainfall was recorded it was considered a rainy period.

The abiotic variable (except for precipitation 
and air temperature) was summarized using the PCA 
(Principal Components Analysis). Species data (density 
and biovolume) were summarized by means of DCA 
(Detrended Correspondence Analysis). Possible spatial 
and temporal differences were tested by two-way ANOVA, 
using the first two axes of DCA created by density and 
biovolume. In the case of significant differences, Tukey 

posteriori tests were performed. The relationship between 
environmental variables and the density and biovolume 
data of the phytoplankton classes were tested using the 
Spearman correlation (McCune and Grace, 2002). The 
numerical analyses were conducted using the Pc-Ord 
program (McCune and Mefford, 1999) and Statistica 
versão 7.1 (Statisoft, 2005).

3. Results

The air temperature during the study period ranged 
from 27.5 °C in March 2009 to 13.1 °C in July 2009. The 
highest rainfall occurred in January and May 2009, 254 
and 243 mm, respectively, and the minimum in November 
2008 (0 mm). The water temperature ranged from 30.8 °C 
in March 2009, station 3, to 19 °C in August 2008, station 3. 
The warmest water temperatures coincided with the period 
of lowest rainfall and highest atmospheric temperature. 
The concentration of dissolved oxygen (DO) ranged from 
8.8 mg.L–1 in August 2008 and July 2009, both at station 
3, to 5.4 mg.L–1 in March 2009, at station 3. The higher 
temperatures caused depletion of oxygen and the lower 
temperature conditions caused an increase in the availability 
of dissolved oxygen. 

The water transparency ranged from 1.28 m in January 
2009, station 3, to 0.82 m in April 2009, station 1, with 
the highest values recorded during the period of greatest 
precipitation. The pH was moderately basic with a maximum 
value of 8.8 in July 2009, station 3 and slightly acidic with 
a minimum value of 6.6 in September and November 2008, 
stations 1 and 2, respectively. The lowest values occurred 
during the period of low rainfall. The electrical conductivity 
showed a range of 38.5 μS.cm–1 in March 2009, station 2, 
to 57.5 μS.cm–1 in July 2009, station 3.

With regards to nutrients, extremely low concentrations 
were found. The concentrations of ammonium (NH4

+) showed 
a high variability (CV 213.5%) with the highest values 
recorded in January 2009, station 3. The concentration of 
nitrite (NO2

–) showed less variability among the nutrients 
(CV 53.7%) with the highest values recorded in November 
2008, stations 1 and 2. The nitrate (NO3

–) also showed low 
variability (CV 55.1%) with the highest values recorded 
in November 2008, station 1. The total phosphorus (TP) 
had the second highest variability among the nutrients 
(CV 112.2%), with the highest values recorded in January 
2009, station 3 (Table 1).

The first two axes generated by Principal Components 
Analysis explained 58.8% of the total variability of the 
abiotic data in the São João River. Axis 1 was influenced 
positively by electrical conductivity (0.47) and dissolved 
oxygen (0.44) and negatively by water temperature (–0.45) 
and total phosphorus (–0.40). The distribution from the 
sampling stations tend to be in the top left table during 
the months with the highest water temperature and total 
phosphorus values, and in the bottom right table during 
the months with larger dissolved oxygen values. In axis 2, 
the variables that better correlated variables were nitrate 
(–0.51), nitrite (–0.46) and ammonium (–0.39), which 
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mainly affected the distribution tendency of the rainy 
months (Figure 2).

A total of 221 taxa were identified (Table 2), distributed 
among 9 taxonomic classes: Bacillariophyceae (30.3%), 
Chlorophyceae (20.8%), Zygnemaphyceae (17.6 %), 
Euglenophyceae (16.7%), Cyanophyceae (7.2%), 
Dinophyceae (2.7%), Chrysophyceae (2.2%), Cryptophyceae 
(1.3%) e Xantophyceae (0.9%). The Desmodesmus 
(Chlorophyceae), Euglena (Euglenophyceae), Closterium 
(Zygnemaphyceae) and Trachelomonas (Euglenophyceae) 
genera were the most representative in relation to the number 
of taxa, with 13, 11, 9 and 9 respectively. Temporally, the 
richness of the species ranged from 13 taxa (December 

2008, station 3) to 40 taxa (September 2008, station 1). 
Spatially, the average richness values were very similar: 
26 taxa (station 1) 24 taxa (station 2) and 22 taxa (station 3).

The highest values of phytoplankton density were 
observed in March 2009, station 1 (465 ind.mL–1), August 
2008, station 2 (377 ind.mL–1) and September 2008, station 2 
(279 ind.mL–1). The lowest values were recorded in October 
2008, station 3 (19 ind.mL–1) and November 2008, station 3 
(24 ind.mL–1). The Bacillariophyceae, Chlorophyceae and 
Euglenophyceae classes contributed most to the density 
values, and Aulacoseira granulata (Bacillariophyceae), 
Monoraphidium arcuatum (Chlorophyceae) and 
Trachelomonas hispida (Euglenophyceae) were the 

Table 1. Descriptive statistics of the environmental variables of the São João River between August 2008 and July 2009.

Variable Mean and standard deviation Minimum Maximum CV (%)
Water temperature (°C) 23.9 ± 3.5 19 30.8 14.7
Air temperature (°C) 22.2 ± 4.3 13.1 27.5 19.4
Dissolved oxygen (mg.L–1) 7.3 ± 1.1 5.4 8.8 15.3
pH 7.1 ± 0.4 6.6 8.8 5.9
Conductivity (μS.cm–1) 44.1 ± 5.2 38.5 57.5 11.9
Transparency (m) 1.01 ± 10.7 0.82 1.28 10.5
Precipitation (mm) 67.9 ± 82.8 0 254 122
NH4

+(μg.L–1) 0.11 ± 0.25 0.02 1.55 213.5
NO2

– (μg.L–1) 0.07 ± 0.03 0.01 0.16 53.7
NO3

–(μg.L–1) 0.82 ± 0.45 0.02 1.95 55.1
PT(μg.L–1) 0.46 ± 0.52 0.04 3.17 112.2

Figure 2. Dispersion of the month-station scores along the first two axes of the PCA, conducted for the São João River 
(S1-station 1; S2-station 2; S3-station 3; Ago-August; Sep-September; Oct-October; Nov-November; Dec-December; 
Jan-January; Fev-February; Mar-March; Apr-April; May-May; Jun-June; Jul-July; Temp.H2O-Water Temperature; 
PT-Phosphorus; NH4+ Ammonium; NO2

–Nitrite; NO3
–Nitrate; O2-Dissolved Oxygen).
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most abundant taxa. Chrysophyceae had no significant 
contribution for density, except in March 2009 with Dinobryon 
bavaricum. Euglenophyceae contributed significantly to 
the phytoplankton density in April and May 2009. The 
Shannon-Wiener diversity indexes and evenness showed 
temporal heterogeneity, but spatial similarity (Figure 3a-c). 
The density of Bacillariophyceae had a negative correlation 
with the water temperature (R = –0.61), ammonium 
(R = –0.53), nitrite (R = –0.39) and total phosphorus 

(R = –0.48). Chlorophyceae had a negative correlation 
with nitrate (R = –0.40). Euglenophyceae had a negative 
correlation with transparency (R = –0.45), ammonium 
(R = –0.33), nitrite (R = –0.54) and total phosphorus 
(R = –0.41). Chrysophyceae had a negative correlation 
with transparency (R = –0.48), nitrite (R = –0.51) and 
total phosphorus (R = –0.44).

The phytoplankton biovolume values were low 
(< 1 mm3.L–1). The highest values were observed in March 
2009, station 2 (0.925 mm3.L–1) dominated by Euglena 
acus var. longissima, September 2008, stations 1 and 2 
(0.749 and 0.744 mm3.L–1 respectively), dominated by 
Aulacoseira granulata and Surirella guatimalensis. The 
lowest values were observed in October and November 
2008 (0.001 mm3.L–1), both at station 3, coinciding with 
the lowest phytoplankton density values. The biovolume 
of Bacillariophyceae had a negative correlation with 
water temperature (R = –0.59), ammonium (R = –0.35), 
nitrite (R = –0.37) and total phosphorus (R = –0.36) and 
a positive correlation with dissolved oxygen (R = 0.42). 
Euglenophyceae had a negative correlation with transparency 
(R = –0.33), nitrite (R = –0.48) and total phosphorus 
(R = –0.41). Chrysophyceae had a negative correlation 
with transparency (R = –0.48), nitrite (R = –0.51) and 
total phosphorus (R = –0.44) (Figure 4a-c).

The temporal and spatial phytoplankton density scores 
obtained by the DCA were interpreted using the first 
two axes with the highest eigenvalues (axis 1 = 0.73 and 
axis 2 = 0.52). The DCA diagram (Figure 5a-b) showed 
a temporal variation. The months corresponding to the 
rainy periods were separated on the left of the diagram 
(Figure 5a), influenced by lower values of phytoplankton 
density. Low spatial variation was recorded, except 
for August 2008, shown by the presence of Cymbella 
tumida at station 2, Surirella guatimalensis at station 1 
and Aulacoseira granulata at station 3 (Figure 5b). Axis 
1 of the DCA showed statistic significant values (F = 3.3; 
p < 0.05), and the Tukey test showed a difference in the 
scores only between the periods.

The spatial and temporal phytoplankton biovolume 
scores obtained by the DCA were interpreted using the 
two axes with the greatest eigenvalues (axis 1 = 0.76 and 
axis 2 = 0.43). The DCA diagram (Figure 6a-b) showed 
a temporal variation between the periods, and a slight 
spatial gradient (Figure 6a). Station 2 in August 2008 
and station 1 in October were separated from the other 
stations due to the presence of Surirella guatimalensis. 
The months of November and December showed marked 
spatial heterogeneity. The month of September 2008 
showed the highest spatial homogeneity in relation to the 
phytoplankton biovolume, with the presence of Surirella 
guatimalensis at both stations 1, 2 and 3. The DCA axis 
1 showed statistic significant spatial (F = 4.3; p < 0.05) 
and temporal (F = 7.7; p < 0.05) differences.

4. Discussion

It could be observed that there was a high diversity of 
species in the São João River, probably due to the local 

Figure 3. Temporal and spatial variation of diversity and 
equitability of the phytoplankton in the São João River in 
the period from August/2008 to July/2009 in station 1 (a), 
station 2 (b) and station 3 (c).

a

b

c
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conditions favorable to the phytoplankton biodiversity, since 
it is located in one of the most important environmental 
protection areas in the country (INP). A large number of 
phytoplankton taxa were also recorded in the rivers of the 
Jacuí Delta, Rio Grande do Sul, studied by Rodrigues et al. 
(2007), with 229 in the Gravataí River, 231 in the Sinos 
River, 199 in the Caí River and 199 in the Jacuí River. 
Rodrigues et al. (2009) recorded 177 taxa in their study 
of the Paraná River, 288 taxa in the Baía River and 227 
taxa in the Ivinhema River. Perbiche-Neves et al. (2011) 
recorded 149 taxa in the Iguaçu River and tributaries.

The phytoplankton composition of the São João River 
was typical of lotic environments, and Bacillariophyceae 
and Chlorophyceae were predominant. These algae groups 

grow quickly and have greater ability to succeed in turbulent 
environments (Reynolds, 1994). The Bacillariophyceae 
class showed the greatest abundance of species in lower 
temperatures (19-21 °C) and Chlorophyceae in higher 
temperatures (26-29 °C).

The Zygnemaphyceae and Euglenophyceae classes were 
also important for the composition of phytoplankton. The 
Zygnemaphyceae class, with 39 original taxa, probably 
originated from inocula periphyton that derivate from their 
source through the water flow are scattered along the river 
bed. The Euglenophyceae class, which had 37 recorded 
taxa, developed periods with a higher input of organic 
material into the aquatic environment due to lixiviation of 
surrounding vegetation during the rainy periods.

Figure 4. Seasonal variation of the density and biovolume of the phytoplankton in the São João River in the months of 
August 2008 to July 2009, in the stations 1(a), 2(b) and 3(c).

a

b

c

a

b

c
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The low phytoplankton density and biovolume values 
recorded in the São João River are principally due to the lotic 
characteristics of the environment, making the maintenance 
of the community difficult. According to Reynolds and 
Descy (1996) ideal light and nutrient conditions and low 
current flow are necessary for the healthy development of 
algae. Train and Rodrigues (1998) found that Cyanobacteria 
contributed largely to the phytoplankton biomass in the Baía 
River which has a low current flow. The low abundance 

of Cyanobacteria reported in this study was probably due 
to these characteristics, as Ferrareze and Nogueira (2006) 
recorded in the Paranapanema basin. The Cryptophyceae, 
Dinophyceae and Xantophyceae classes also had a minor 
contribution to the abundance of phytoplankton.

The highest density of diatoms, mainly of Aulacoseira 
granulata, meroplankton algae and R-strategist, common 
in river plankton, reflect the suitable conditions for the 
development of the group, especially at lower temperatures 

Figure 5. a) Dispersion of the month-station scores and b) the density of the phytoplankton taxa along the first two axes of the 
DCA (S1-station 1; S2-station 2; S3-station 3; Ago-August; Sept-September; Oct-October; Nov-November; Dec-December; 
Jan-January; Fev-February; Mar-March; Apr-April; May-May; Jun-June; Jul-July).

a

b



Braz. J. Biol., 2013, vol. 73, no. 1, p. 1-14

Bortolini, JC. and Bueno, NC.

12

and lower concentrations of nutrients, as shown by the 
negative correlation with these factors. According to 
Reynolds (1994) the dominance of filamentous diatoms 
is also associated with their capacity to form inoculants, 
which are deposited in the sediment and are re-suspended 
into the water column through the turbulence.

The presence of Dinobryon bavaricum in March 2009 is 
associated with the lower transparency of the water column 

and low concentrations of nutrients. Both Chrysophyceae 
and Euglenophyceae classes had negative correlations with 
the transparency and nutrient values, showing evidence of 
their mixotrophic capabilities and, as a consequence, their 
capability to develop in environments with limited light.

The phytoplankton biovolume recorded in the São João 
River did not exceed 1 mm3.L–1. The Bacillariophyceae class 
was the most representative, as reported by Borges et al. 

a

b

Figure 6. a) Dispersion of the month-station scores and b) of the biovolume of the phytoplankton taxa along the first two 
axes of the DCA (S1-station 1; S2-station 2; S3-station 3; Ago-August; Sept-September; Oct-October; Nov-November; 
Dec-December; Jan-January; Fev-February; Mar-March; Apr-April; May-May; Jun-June; Jul-July).
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(2003) in the Pirapó River. Soares et al. (2007) studied the 
Paraibuna and Pomba River and recorded a dominance of 
diatoms and desmids in the biovolume in the middle and 
downstream stretch of Pomba River. Train and Rodrigues 
(1998) and Train et al. (2000) recorded the dominance of 
cyanobacteria in the biovolume of the Baía River, as well 
as in a side canal of the Alto Paraná River.

Smaller species may produce a higher density, however, 
in relation to the biovolume. They can contribute less to the 
total biomass when compared to less abundant ones, but 
which are larger in size, species. This occurred with the 
biovolume of some groups, such as the Bacillariophyceae, 
where Aulacoseira granulata predominated in density. 
However, Surirella guatimalensis was also important for the 
peak of biovolume, and for Euglena acus var. longissima, 
which was important for the phytoplankton biovolume.

In general, structural characteristics of lotic environment 
phytoplankton, especially diatoms and green algae dominance 
in the composition and of diatoms in the density and 
biovolume were observed. The correlations between the 
environmental factors, density and biovolume showed 
temperature, transparency and nutrients to be the main 
structural factors of the phytoplankton community. The 
negative correlation of the phytoplankton classes with 
transparency and nutrients is probably associated with the 
dilution effect during rainy periods and to the increased 
turbidity limiting the light in the environment. 

The significant temporal variations in the structure of 
the phytoplankton community, between the study periods, 
occurred due to the limnological attributes, which brought 
on changes in the phytoplankton density and biovolume. 
However, spatially, there were only significant variations in 
the biovolume, due to the presence of taxa with larger cell 
sizes. In general, spatially, the structure of the phytoplankton 
community was more similar, due to the proximity of the 
sampling stations and the similarity in the distribution of 
communities in lotic environments, due to the unidirectional 
flow of the water. Perbiche-Neves et al. (2011) showed 
significant temporal differences in the phytoplankton of the 
Iguaçu River and tributaries due to climatic, physical and 
chemical variations and large spatial variation in relation 
to the community due to its large spatial dimension, which 
did not occur in the present study.

Thus, beyond the influences of geomorphic and 
hydrodynamic features of the lotic environment itself 
in determining the variations in composition, density 
and biomass of the phytoplankton species, factors such 
as temperature, transparency and nutrients also have an 
important role in the phytoplankton structuring, especially in 
the temporal organization of the community. Limnological 
studies in lotic environments constitute an important tool in 
recognizing the patterns of disruption in the phytoplankton 
community as a function of the environmental conditions in 
these ecosystems, and provide us with means for preserving 
and conserving the biodiversity, both locally and regionally.

Acknowledgements – The authors would like to thank the 
Araucária Foundation for granting the Master scholarship to 
the primary author (Cross-reference 14/2008 and Araucária 

Foundation Agreement 225/08), the Chico Mendes Institute of 
Biodiversity Conservation for the Iguaçu National Park Director 
for the use of the facilities to complete these studies, Sisbio for 
the permission to carry out the research in the protected area 
(13134-2), and the Capes for the financial aid.

References

American Public Health Association – APHA., 1995. Standart 
methods for the examination of water and wasterwater. Washington: 
Byrd Prepress Springfield.

BICUDO, CEM. and MENEZES, M., 2006. Gêneros de Algas 
de Águas continentais do Brasil: chave para identificação e 
descrições. São Carlos: Rima.

BONETTO, CA., ZALOCAR DE DOMITROVIC, Y., CARO, 
PM. and VALLEJOS, ER., 1979. Produción primaria Del Rio 
Paraná em el área de su confluência com el Rio Paraguai. Ecosur, 
vol. 6, no. 12, p. 207-227.

BONETTO, CA., ZALOCAR DE DOMITROVIC, Y. and 
VALLEJOS, ER., 1982. Contribuición al conocimento Del 
fitoplâncton Del Paraná Médio I. Ecosur, vol. 9, no. 18, p. 189-212.

BORGES, PAF., RODRIGUES, LC., PAGIORO, TA. and TRAIN, 
S., 2003. Spatial variation of phytoplankton and some abiotic 
variables in the Pirapó River – PR (Brazil) in August 1999: 
a preliminary study. Acta Scientiarum Biological Sciences, 
vol. 25, p. 1-8.

BORGES, PAF. and TRAIN, S., 2009. Phytoplankton diversity 
in the Upper Paraná River floodplain during two years of 
drought (2000 and 2001). Brazilian Journal of Biology, vol. 69, 
p. 637-647. PMid:19738970. http://dx.doi.org/10.1590/S1519-
69842009000300018

DEVERCELLI, M., 2006. Phytoplankton of the Middle Paraná 
River during an anomalous hydrological period: a morphological 
and functional approach. Hydrobiologia, vol. 563, p. 465-478. 
http://dx.doi.org/10.1007/s10750-006-0036-0

FERRAREZE, M. and NOGUEIRA, MG., 2006. Phytoplankton 
assemblages and limnological characteristics in lotic systems of 
the Paranapanema Basin (Southeast Brazil). Acta Limnologica 
Brasiliense, vol. 18, p. 389-405.

GARCIA DE EMILIANI, MO., 1988. Fitoplâncton y variables 
ambientales em cauces Del Paraná Médio. Argentina. Analisis de 
correlación canônica. Revue d’Hydrobiolgie Tropicale, vol. 21, 
no. 3, p. 183-196.

-, 1990. Phytoplankton ecology of the Middle Paraná River. Acta 
Limnologica Brasiliense, vol. 3, no. 1, p. 391-417.

GUIMARÃES, AE., LOPES, CM., MELLO, RP. and ALENCAR, 
J. 2003. Ecologia de mosquitos (Díptera, Culicidae) em áreas 
do Parque Nacional do Iguaçu, Brasil. 1. Distribuição por 
hábitat. Cadernos de Saúde Pública, vol. 19, no. 4, p. 1107-
1116. PMid:12973575. http://dx.doi.org/10.1590/S0102-
311X2003000400032

HENRY, R., NUNES, MA., MITSUKA, PM., LIMA, N. and 
CASANOVA, SMC., 1998. Variação Espacial e temporal da 
produtividade primária pelo fitoplâncton na represa de Jurumirim (Rio 
Paranapanema, SP). Revista Brasileira de Biologia, vol. 58, no. 4, 
p. 571-590. http://dx.doi.org/10.1590/S0034-71081998000400005

HUSZAR, VLM. and SILVA, LHS., 1999. A estrutura da 
comunidade fitoplanctônica no Brasil: cinco décadas de estudos. 
São Carlos: Limnotemas.

http://dx.doi.org/10.1590/S1519-69842009000300018
http://dx.doi.org/10.1590/S1519-69842009000300018
http://dx.doi.org/10.1007/s10750-006-0036-0
http://dx.doi.org/10.1590/S0102-311X2003000400032
http://dx.doi.org/10.1590/S0102-311X2003000400032
http://dx.doi.org/10.1590/S0034-71081998000400005


Braz. J. Biol., 2013, vol. 73, no. 1, p. 1-14

Bortolini, JC. and Bueno, NC.

14

Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais 
Renováveis – IBAMA., 2008. Plano de manejo. Brasília: Ministério 
do meio ambiente. Available from: <http://www.ibama.gov.br/
siucweb/mostraUc.php?seqUc=17>. Access in: 28 may 2008.

McCUNE, B. and GRACE, JB., 2002. Analysis of ecological 
communities. Gleneden Blach: MjM Software Design.

McCUNE, B. and MEFFORD, MJ., 1999. PC-ORD - Multivariate 
analysis of ecological data. version 4.0. Gleneden Blach: MjM 
Software Design.

O’FARRELL, I., IZAGUIRRE, I. and VINOCUR, A., 1996. 
Phytoplankton ecology of the lower Paraná River (Argentina). 
Archiv für Hydrobiologie, vol. 15, p. 75-89.

PERBICHE-NEVES, G., FERRAREZE, MF., SERAFIM-
JÚNIOR, M., SHIRATA, MT. and LAGOS, PED. 2011. Influence 
of atypical pluviosity on phytoplankton assemblages in a stretch 
of a large sub-tropical river (Brazil). Biologia Section Botany, 
vol. 66, n. 1, p. 33-41.

PIELOU, EC., 1984. The interpretation of ecological data. New 
York: John Wiley and Sons.

REYNOLDS, CS.,1994. The long, the short and the stalled: on 
the attributes of phytoplankton selected by physical mixing in 
lakes and rivers. Hydrobiologia, vol. 289, p. 9-21. http://dx.doi.
org/10.1007/BF00007405

-, 2006. Ecology of phytoplankton. New York: Cambridge 
University Press.

REYNOLDS, CS. and DESCY, JP., 1996. The production, 
biomass and structure of phytoplankton in large rivers. Archiv 
für Hydrobiologie, vol. 113, p. 161-167.

RODRIGUES, SC., TORGAN, L. and SCHWARZBOLD, A., 2007. 
Composição e variação sazonal da riqueza do fitoplâncton na foz de 
rios do delta do Jacuí, RS, Brasil. Acta Botanica Brasílica, vol. 21, 
p. 707-721. http://dx.doi.org/10.1590/S0102-33062007000300017

RODRIGUES, LC., TRAIN, S., BOVO-SCOMPARIM, VM., JATI, 
S., BORSALLI, CCJ., and MARENGONI, E., 2009. Interanual 
variability of phytoplankton in the main rivers of the Upper Paraná 
River floodplain, Brazil: influence of upstream reservoirs. Brazilian 
Journal of Biology, vol. 69, p. 501-516. PMid:19738958. http://
dx.doi.org/10.1590/S1519-69842009000300006

ROUND, FE., 1965. The biology of the algae. London: Edward 
Arnold (Publishers) Ltda.

-, 1971. The taxonomy of the Chlorophyta, 2. British 
Phycological Journal, vol. 6, p. 235-264. http://dx.doi.
org/10.1080/00071617100650261

SALAMUNI, R., SALAMUNI, E., ROCHA, LA. and ROCHA, 
AL., 2002. Parque Nacional do Iguaçu, PR: Cataratas de fama 
mundial. In SCHOBBENHAUS, C., CAMPOS, DA., QUEIROZ, 
ET., WINGE, M. and BERBERT-BORN, MLC. (Eds). Sítios 
Geológicos e Paleontológicos do Brasil. Brasília: Comissão 
Brasileira de Sítios Geológicos e Paleobiológicos (SIGEP). 
p. 313-321.

SILVA, CA., TRAIN, S. and RODRIGUES, LC., 2001. Estrutura 
e dinâmica da comunidade fitoplanctônica a jusante e a montante 
do reservatório de Corumbá, Caldas Novas, Estado de Góias, 
Brasil. Acta Scientiarum Biological Sciences, vol. 23, p. 283-290.

SHANNON, CE. and WEANNER,W., 1963. The mathematical 
theory of communication. Urbana: University of Illinois Press.

SOARES, MCS., HUSZAR, VLM. and ROLAND, F., 2007. 
Phytoplankton dynamics in two tropical rivers with different 
degrees of human impact (Southeast Brazil). River Research and 
Applications, vol. 23, p. 698-714. http://dx.doi.org/10.1002/rra.987

SOARES, MCS., SOPHIA, MG. and HUSZAR, VLM., 2007. 
Phytoplankton flora of two rivers in Southeast Brazil – Paraibuna 
and Pomba Rivers, Minas Gerais. Revista Brasileira de Botânica, 
vol. 30, p. 433-450.

Statisoft., 2005. Statistica (data analysis software system). 
version 7.1. Available from: <www.statisoft.inc>.

SUN, J. and LIU, D., 2003. Geometric models for calculating 
cell biovolume and surface area for phytoplankton. Journal 
of Plankton Research, vol. 25, p. 1331-1346. http://dx.doi.
org/10.1093/plankt/fbg096

TRAIN, S. and RODRIGUES, LC., 1998. Temporal fluctuations 
of the phytoplankton community of the Baía River in the upper 
Paraná River floodplain, Mato Grosso do Sul, Brazil. Hydrobiologia, 
vol. 361, p. 125-134. http://dx.doi.org/10.1023/A:1003118200157

TRAIN, S., OLIVEIRA, MD. and QUEVEDO, MT., 2000. 
Dinâmica sazonal da comunidade fitoplanctônica de um canal 
lateral (Canal Cortado) do Alto Rio Paraná (PR, Brasil). Acta 
Scientiarum Biological Sciences, vol. 22, p. 389-395.

VANNOTE, RL., MINSHALL, GW., CUMMINS, KW., SEDELL, 
JR. and CUSHIN, CE., 1980. The river continuum concept. 
Canadian Journal of Fisheries and Aquatic Sciences, vol. 37.

UTERMÖHL, H., 1958. Zur Vervollkommung der quantitativen 
Phytoplankton-Methodic. Verhandlungen der Internationalen 
Vereinigung für Theoretische und Angewandte Limnologie, 
vol. 9, p. 1-38.

http://www.ibama.gov.br/siucweb/mostraUc.php?seqUc=17
http://www.ibama.gov.br/siucweb/mostraUc.php?seqUc=17
http://dx.doi.org/10.1007/BF00007405
http://dx.doi.org/10.1007/BF00007405
http://dx.doi.org/10.1590/S0102-33062007000300017
http://dx.doi.org/10.1590/S1519-69842009000300006
http://dx.doi.org/10.1590/S1519-69842009000300006
http://dx.doi.org/10.1080/00071617100650261
http://dx.doi.org/10.1080/00071617100650261
http://dx.doi.org/10.1002/rra.987
www.statisoft.inc
http://dx.doi.org/10.1093/plankt/fbg096
http://dx.doi.org/10.1093/plankt/fbg096
http://dx.doi.org/10.1023/A:1003118200157

