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Abstract

This study investigated the enrichment influence due to fish farming in net cages on the phytoplankton composition,
density and diversity in two arms of a subtropical reservoir (Salto Caxias, Parana). There were no statistically significant
differences in the phytoplankton composition and diversity, as well as for concentrations of nutrients among the handled
treatment. The density values were higher during the summer. Richness and Shannon diversity values were low during
the study period. The equitability values were high during the winter and low in the summer. Variations of phytoplankton
community and nutrients were mainly influenced by seasonality. The absence of significant differences between the
treatments was probably due to the small number of net cages and fish used, as well as to the hydrodynamics of the
studied environments, which are influenced by upstream rivers inflows.

Keywords: phytoplankton, community structure, net cages, hydrodynamics’s effect.

Influéncia do cultivo de peixes em tanques-rede sobre a estrutura do
fitoplancton: estudo de caso em um reservatério subtropical brasileiro

Resumo

Este estudo investigou os efeitos do enriquecimento devido ao cultivo de peixes em tanques-rede sobre a composigao,
densidade e diversidade fitoplanctonica em dois bragos de um reservatorio subtropical (Salto Caxias, Parand). Nao
foram registradas diferengas significativas para a composicao e diversidade fitoplanctonica e para as concentragdes de
nutrientes entre os tratamentos utilizados. A densidade foi maior durante o verdo. Os valores de riqueza de espécies e
diversidade de Shannon foram baixos durante todo o periodo de estudo. A equitabilidade foi elevada no inverno e baixa
no verdo. As variagdes da comunidade fitoplanctonica e dos nutrientes parecem ter sido influenciadas principalmente
pela sazonalidade. A auséncia de diferencas significativas entre os tratamentos, provavelmente se devem ao pequeno
numero de tanques e peixes utilizados, ¢ a hidrodindmica dos ambientes estudados, os quais sdo influenciados pelos
influxos dos rios a montante.

Palavras-chave: fitoplancton, estrutura da comunidade, tanques-rede, efeitos da hidrodinamica.

1. Introduction

In Brazil, fish cultivation in net cages is a relatively
recent activity that started in the 1980s, been introduced in

2009). Such activity can increase the concentration of
nitrogen and phosphorus in the water column, leading

the country, mainly, to generate employment and income,
and has been growing substantially in recent years and also
receiving governmental incentives (Alves and Baccarin,
2007; Ayrosa et al., 2008).

During intensive cultivation in net cages, large amounts
of organic matter, from feedstuffs used in feeding and
from fish excreta, are directly released in the aquatic
environment (Alves and Baccarin, 2007; Santos et al.,
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to the eutrophication of the system (Diaz et al., 2001;
Figueredo and Giani, 2005; Alves and Baccarin, 2007).
The eutrofization promotes changes in the trophic web
and in the balance of aquatic communities, a decrease in
phytoplankton diversity and fosters the heavy growth of
some species (Crossetti et al., 2008; Borges et al., 2010).
As a result of nutrient load, an increase in phytoplankton
proliferation, particularly Cyanobacteria, has been recorded
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and it represents a growing problem in ecosystems such
as reservoirs (Borges et al., 2010).

Therefore, phytoplankton community is an important
tool in the diagnosis of environmental conditions as it
readily responds to impacts on the aquatic environment,
resulting in changes in its structure (Diaz et al., 2001;
Lachi and Sipatba-Tavares, 2008). Such changes may be
caused by variations in nutrient availability, changes in
water retention time and light availability (Kimmel et al.,
1990; Nogueira, 2000; Borges et al., 2008; Teixeira de
Oliveira et al., 2011).

In tropical and subtropical regions, seasonal changes,
mainly the ones related to variations in rainfall, induce
physical and chemical changes in water (Figueredo and
Giani, 2001) and it can become the main responsible for
changes in phytoplankton dynamics (Huszar and Reynolds,
1997). In reservoirs, in addition to seasonal variations in
water level, other factors must also be considered, such as
the natural nutrients inputs from the affluents associated to
the fish cultivation which can accelerate the eutrophication
process in the system (Nogueira, 2000; Diaz et al., 2001).

In despite of numerous studies on phytoplankton
dynamics in Brazilian reservoirs, studies about the effects
of fish cultivation in net cages on this community are still
poor. Therefore, this study aimed to evaluate the changes
in diversity components of this community according to
an experimental cultivation of two species of Siluriformes,
silver catfish (Rhamdia voulezi Haseman, 1911) and
surubim of Iguacu (Steindachneridion melanodermatum
Garavello, 2005), in net cages in an arm of Salto Caxias
reservoir, Parana.

We tested the hypotheses that the cultivation system
of Siluriformes (i) increases the nutrient concentration in
the affected areas, (ii) decreases the taxonomic complexity
(composition) of phytoplankton community, (iii) increases
the density, and (iv) reduces species richness, evenness
and Shannon-Wiener diversity.

2 Material and Methods

The Iguacu River is formed by the union of Irai and
Atuba rivers in Curitiba city, and travels around 1,320 km
following its course to debouch on Parana River, in the city
of Foz do Iguacu (Parand, 2010). Salto Caxias reservoir
(25°33”S; 53°30° W) is the last of a series of five large
impoundments which regulate the flow of Iguacu River. The
construction of the dam began in 1995 and its operation in
1999 (Copel, 2011). The reservoir is considered a trickle,
it has 142 km? of surface area and 3,573 km® of volume
(Comité Brasileiro de Barragens, 2011). Water residence
time is estimated in 32.5 days and shows a dendritic pattern
of margin development (Ribeiro et al., 2005).

The region’s climate is classified as humid subtropical
(Cfa), with well defined seasons along the year. Rainfall
is usually well spread throughout the year; however it is
fewer in autumn and winter (dry season) than in spring and
summer (rainy season). The average annual rainfall is from
1,600 to 1,800 mm and the average annual temperature is
19-20° C (Maak, 2002).

This study was carried out in two side arms located on
the right-hand margin of the reservoir’s transition region
(Figure 1), in the city of Boa Vista da Aparecida, Parana.
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Figure 1. Salto Caxias reservoir with the location of sampling stations. Codes available in Table 1.
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The larger arm is comprised by the Jacutinga River and the
smaller one by an unnamed stream. The area surrounding
the reservoir is dominated by grasslands and small areas
of secondary forest (Julio Junior et al., 2005) with small
rural properties and the predominance of family farming
(Lima et al., 2005). Aquatic macrophytes were not observed
during the study period.

The net cages (30) were arranged in the smaller arm
in three sets of ten a year before the beginning of this
experiment. In each 4 m® net cage 60 adult fish of the species
Rhamdia voulezi (silver catfish) and Steindachneridion
melanodermatum (surubim do Iguagu) were placed.
The second arm, comprised by the Jacutinga River, was
considered without influence of the net cages.

The silver catfish is a neotropical species, found
from Southeast Mexico to the central region of Argentina
(Urbinati and Gongalves, 2005). Surubim do Iguagu is an
endemic species, restricted to the lower level of Iguagu River
(it appears only downstream of Segredo reservoir) and it
is considered at risk of extinction (Feiden et al., 2006). In
order to feed the fish, commercial ration of extruded type
has been used. Feeding management was established by
the technique of supply ad libidum and was adjusted by
using the method of entire food consumption observation
in the first hour after the supply. Fish received food twice
a day (morning and afternoon).

Samplings of phytoplankton and abiotic variables were
performed in the pelagic zone of the two arms bimonthly
from September 2010 to July 2011. Two sampling stations
were established beside the net cages (N1 and N2) and
200 m apart from each other; two other stations were
established in the cageless arm (C1 and C2) and also
200 m apart from each other. In September 2010 there
was no sampling at the station C2.

Environmental variables were obtained simultaneously
to the collections of the phytoplankton and included water
temperature (T ) and dissolved oxygen (DO). Euphotic
zone (Z, ) was estimated as 2.7 times the extinction depth
of Secchi disk (Cole, 1994). The ratio between the euphotic
zone and the maximum zone (Z_:Z ) was estimated by the
ratio between the euphotic zone and the maximum depth.

Turbidity (Turb), pH and concentrations of dissolved
total phosphorus (P-DTP; Mackereth et al. (1978)), soluble
reactive phosphorus (P-SRP; Mackereth et al. (1978)), nitrite
(N-NO, ; Strickland and Parsons, 1972) and ammonium
(N-NH,"; Koroleff, 1976) were determined. The sum of
the latter two (dissolved inorganic nitrogen - N-DIN) was
used for the analyses.

The wind speed values (Win), air temperature (T ) and
precipitation (Pre) were provided by the Meteorological
Institute of Parana (Simepar) and records used were
obtained from Salto Caxias station, located in the city of
Capitdo Leonidas Marques. In statistical and multivariate
analyzes the sum of the three days preceding the sampling
was used for rainfall.

Samples of phytoplankton community were collected
in the subsurface and fixed with 1% acetic lugol solution.
In addition, samples were obtained with plankton net

Braz. J. Biol., 2014, vol. 74, no. 1, p. 145-155

with 25 mm aperture, with the purpose of concentrating
the material and assisting in taxonomic analysis. These
samples were preserved in Transeau solution (Bicudo and
Menezes, 2006) and the classification system adopted for
class was the Round (1965, 1971) proposed by Bicudo and
Menezes (2006). The framing of Cyanobacteria taxa was
based on Komarek and Anagnostidis (1989, 1998, 2005).

Phytoplankton density was determined according to the
methodology described by Utermdhl (1958), with analysis
of samples under inverted microscope. The count of fields
was held at random using the criteria of minimum area
(100 fields) or until achieving species curve of rarefaction.
The phytoplanktonic density was performed according to
the American Public Health Association - APHA (1995)
and the result, expressed in individuals (cells, coenobium
or colonies) per milliliter.

The attributes evaluated for phytoplankton community
were composition, species richness (tax number per
quantitative sample), density (ind.ml ), evenness (E;
Pielou, 1966) and Shannon-Wiener diversity (bits.ind.™)
(H’; Shannon and Weaver, 1963). The frequency of species
was calculated from the percentage of occurrence in
quantitative samples.

Abiotic variables were synthesized using a Principal
Components Analysis (PCA) and significant axes
were selected according to the Broken Stick criteria
(Jackson, 1993). A variance analysis (two-way ANOVA)
was applied to test significant differences for the values
of nutrients (P-SRP, P-DTP and N-DIN) in different
treatments (sampling stations - factor 1) and collection
seasons (dry and rainy seasons - factor 2). Assumptions
of normality and homoscedasticity of ANOVA were
evaluated by Shapiro-Wilk and Levene tests, respectively.
When significant differences were identified (p < 0.05),
the Tukey test was applied a posteriori.

To summarize phytoplankton composition data, the
Detrended Correspondence Analysis (DCA — Gauch Junior
(1986); Jongman et al. (1995)) was used by referring to
a table with presence (1) and absence (0) of species in
the different stations and sampling seasons. To test for
significant differences in species composition between
stations and sampling seasons, a variance analysis (two-way
ANOVA) was applied from the scores of the two first
axes of the DCA, species richness, density, evenness and
Shannon diversity.

To assess the influence of abiotic variables on the
composition of phytoplankton community, Spearman’s
Correlation Analysis was performed between the variables
with the highest structure coefficient obtained from the
PCA, and the values of species richness, density, evenness
and Shannon diversity. Correlations considered significant
were those where p < 0.05. For the variance analysis and
Spearman’s Correlation the sofware Statistica 7.1 was used
(StatSoft Inc., 2005). To estimate the values of species
richness, evenness, Shannon diversity and multivariate
analysis (PCA and DCA) the software used was Pc-Ord
4.0 (MacCune and Mefford, 1999).
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3. Results

The highest precipitation levels were registered in
summer (December 2010 and January-February 2011),
and the lowest levels occurred at the end of autumn
(May-June 2011) (Figure 2). In July 2011 occurred high
values of precipitation prior to sampling (Table 1), despite
of this being a month of drought.

The extension of the euphotic zone achieved almost
the whole water column during most part of the season, as
depicted from values of Z_:Z  (Table 1). Air and water
temperatures were higher in January and March 2011.
Dissolved oxygen values were similar between the stations
and sampling periods, with the highest values observed
in July 2011, together with the lowest values of air and
water temperature. Turbidity was higher in November
2010 in all stations.

The pH showed values close to neutrality during the
study period, and the lowest values were observed in
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Figure 2. Daily values of precipitation recorded at Salto
Caxias reservoir from September 2010 to August 2011.
Arrows indicate the dates of collections. Codes available in
Table 1.

Table 1. Values of precipitation - Pre (mm); wind speed - Win (m.s™"), depth - Dep (m), euphotic zone - Z_ (m), euphotic
zone:maximum zone ratio - Z_:Z . air temperature - T (°C), water temperature - T, (°C), dissolved oxygen - DO (mg.I
1), turbidity - Turb (NTU), soluble reactive phosphorus - P-SRP (pg.l""), dissolved total phosphorus - P-DTP (ug.I'") and
dissolved inorganic nitrogen - N-DIN (ug.l"") recorded in the four sampling stations in the two arms of Salto Caxias reservoir,
from September 2010 to July 2011. Mean values by location and sampling time, and variation coefficient (CV) for the entire
period. (N1 and N2: samples stations with net cages; C1 and C2: samples stations without net cages; Sep-September, Nov-

November, Jan-January, Mar- March, May, Jul-July).

Stations Pre Win Dep z, %e": T, T, DO Turb pH P-SRP P-DTP N-DIN
N1
Sept 0.0 2.7 9.6 9.6 1.0 20.0 239 6.7 2.1 7.1 242 477 233
Nov 508 2.0 9.9 7.9 0.8 21.1 235 6.3 3.1 7.1 87 504 20.1
Jan 62.2 1.9 9.9 9.9 1.0 248 282 5.6 0.3 7.3 3.8 352 176
Mar 0.0 2.9 10.7 9.3 09 244 285 6.3 0.8 7.6 0.5 89 331
May 0.2 1.7 11.2 8.0 0.7 193 242 59 1.2 7.2 05 28.6 46.0
Jul 81.0 2.1 7.8 7.1 0.9 194 200 75 0.0 7.3 3.8 247 168
N2
Sept 0.0 2.7 6.5 6.5 1.0 200 215 6.7 1.7 7.0 250 455 152
Nov 50.8 2.0 4.2 4.2 1.0 21.1 239 6.2 2.6 7.1 13.6  58.0 26.6
Jan 62.2 1.9 4.2 4.2 1.0 248 287 6.5 0.8 7.3 4.6 348 214
Mar 0.0 2.9 5.2 5.2 1.0 244 28.0 5.6 0.4 7.5 2.2 7.9 543
May 0.2 1.7 5.5 5.5 1.0 193 244 6.1 0.9 7.1 1.3 69 215
Jul 81.0 2.1 5.5 5.5 1.0 194 19.7 7.5 0.0 7.2 3.0 22 217
C1
Sept 0.0 2.7 10.8 10.8 1.0 200 233 6.2 22 62 209 628 11.1
Nov 50.8 2.0 9.4 8.9 1.0 21.1 244 6.2 6.2 7.2 87 638 217
Jan 62.2 1.9 9.4 7.3 0.8 248  29.1 7.0 0.7 7.7 46 799 145
Mar 0.0 2.9 10.9 109 1.0 244 28.1 5.7 0.8 7.0 4.6 12.6 478
May 0.2 1.7 106 9.2 0.9 193 240 5.6 1.1 7.3 0.5 548  29.6
Jul 81.0 2.1 106 7.8 0.7 194 207 7.4 0.0 7.3 3.8 493 30.7
C2
Nov 50.8 2.0 8.0 8.0 1.0 21.1 248 6.3 6.3 7.2 46 434 217
Jan 62.2 1.9 6.3 6.1 1.0 248 296 6.5 0.4 7.4 4.6 429 222
Mar 0.0 2.9 4.0 4.0 1.0 244 290 5.1 1.4 7.1 4.6 531 747
May 0.2 1.7 5.6 5.6 1.0 193 252 6.1 0.8 7.1 0.5 265 134
Jul 81.0 2.1 5.6 4.1 0.7 19.4  20.8 7.4 2.6 6.3 7.0 2.8 16.8

CV (%) 1014 194 323 305 11.3 109 127 103 108.0 48 56.5 107.5 60.2
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stations C1 and C2 in September 2010, and C2 in July 2011.
N-DIN concentrations were slightly higher in summer,
and the largest values were observed in March. Turbidity,
P-SRP, rainfall and N-DIN were the abiotic variables with
the highest coefficients of variation over the study period.

The two-way ANOVA showed that the nutrients
concentration (P-SRP, P-DTP and N-DIN) showed no
significant variations between treatments (stations with and
without net cages). However, significant differences were
found, considering the sampling periods. In March 2011,
there were significant differences compared to the level
recorded in other months for the P-SRP values (F = 16.14, p
=0.0001) and N-DIN (F =19.77, p=0.0001). Considering
the P-DTP, September 2010 showed significant differences
compared to other months (F = 78.85, p = 0.0001).

The Principal Components Analysis (PCA) explained
50.2% of the total data variability (Figure 3). The score
dispersion of places and sampling periods showed a temporal
gradient, splitting summer and winter in the diagram,
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Figure 3. Score dispersion of locations and sampling
periods along the first two axes of Principal Components
Analysis (PCA), performed for the abiotic variables in the
two arms of the Salto Caxias reservoir. Codes available in
Table 1.
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being November 2010 and May 2011 in the intermediate
position. No evident spatial differences were observed.

The first axis of PCA, which explained 32.2% of
the data variability, separated the sites according to their
time variation. Samplings for the summer period were
placed on the right side of the diagram and had positive
correlation with the variables P-SRP (0.44), N-DIN (0.44),
water temperature (0.39) and air temperature (0.33).
Samplings for the winter period were placed on the left
side of the diagram and showed negative correlation with
the DO (-0.37).

The second axis of PCA explained 20% of the data
variability and ordered the samplings on the positive side
of the diagram, which were influenced by rainfall (0.39),
and on the negative side the samplings influenced by
variables Z (-0.47), depth (-0.40) and P-DTP (-0.36).

Considering the qualitative and quantitative analyses
of phytoplankton, 206 taxa distributed in nine taxonomic
groups were registered: Cyanobacteria (65), Bacillariophyceae
(59), Zygnemaphyceae (37), Chlorophyceae (31),
Oedogoniophyceae (7), Chrysophyceae (4), Cryptophyceae
(1) Chlamydophyceae (1) and Dinophyceae (1).

Species richness values were low, with less than
15 species. Higher values of richness were observed in
summer. Chlorophyceae (12), Bacillariophyceae (11) and
Cyanobacteria (10) had a greater contribution to richness. In
March 2011 higher values of richness were recorded, with
the greatest contribution of Cyanobacteria (Figure 4a). The
most frequent species were Spicaticribra rudis (Tremarin,
Ludwig, Becker & Torgan) Tuji, Leelahakriengkrai et
Peerapornpisal, present in 70% of samples, and Eutetramorus
fottii (Hindak) Komarek, with a frequency of 65%. The
values of richness in January and March 2011 showed
significant differences compared to other sampled months
(F=9.47,p=0.001).

Phytoplankton density values increased between
September 2010 and March 2011, decreasing until the end
of the experiment. The highest values of this attribute were
observed in March in all sampling stations, with values
above 1,300 ind.mL™" (Figure 4b). The groups that have
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Figure 4. Variation in species richness (a) and phytoplankton density (b) for taxonomic classes observed in the two arms of

the Salto Caxias reservoir, from September 2010 to July 2011.
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most contributed to the density were Cyanobacteria and
Chlorophyceae, especially during summer (November
2010, January and March 2011). According to the ANOVA,
January and March showed significant differences for
density (F =216.6; p=0.0001) compared to other months.

The summer period had the lowest values of evenness,
with significant differences compared to the winter period
(F = 6.695; p = 0.004), when the largest values were
observed (Figure 5). Shannon diversity values were lower
than the 2.2 bits.mm=. We observed an increase pattern
over the period of study, however, the lowest values were
observed in station C1 in November 2010 and May 2011.
The greatest value of H’ was observed in station C2 in
July 2011 (Figure 5). No significant differences were
observed for attributes of phytoplankton community
between treatments (stations with and without cages),
according to the ANOVA.

The two first DCA axes were retained for interpretation
and explained 23% of total data variability. The DCA
showed a temporal gradient in species composition in
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Figure 5. Variation of Shannon-Wiener diversity (H’) and
evenness (E) of phytoplankton observed in the four sampling
stations of the Salto Caxias reservoir, from September 2010
to July 2011. Codes available in Table 1.

the sampled months, and separation between summer and
winter (Figure 6). On the first DCA axis, November 2010,
January and March 2011 were detailed on the left side of
the diagram, and September 2010, May and July 2011, on
the right. Cyanobacteria and Chlorophyceae were mainly
associated to the summer, while other classes were more
representative during the winter. The low score dispersion
of species showed spatial similarity in phytoplankton
composition (Figure 6b).

The variance analysis showed significant differences
for the first DCA axis (F = 156.8; p=0.0001). The Tukey
test showed significant differences between the summer and
winter periods. The Spearman’s correlations showed that
changes in the composition of phytoplankton community
in the two arms of Salto Caxias reservoir were related to
rainfall, wind, air and water temperature, turbidity, DO,
pH, P-DTP, P-SRP and N-DIN (Table 2). The Shannon
diversity was not correlated with any of the abiotic variables.

4. Discussion

The nutrients concentrations and other abiotic variables
showed only temporal changes, as evidenced by numerical
analyzes, with separation between summer and winter
periods. The effects of the net cages, primarily, depend on
the intensity of the cultivation system, area and depth of
the environment, as well as retention time of water (Guo
and Li, 2003). We found out that the low retention time
of the reservoir (estimated in 32.5 days), associated with
the low depth of sampling locations and the inflows of the
two upstream rivers, seem to have resulted in low effects
of cultivation on the environment assessed.

In addition to the environment hydrodynamics,
characterized by high flow, the size of the cultivation
system seems to have assumed relevance, since in the present
study few net cages were used. Despite the nutrients had no
significant increase in the arm influenced by cultivation, other
studies on the impacts of fish farming have demonstrated
changes in their concentrations, such as those conducted
by Guo and Li (2003) and Guo et al. (2009), who found
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Figure 6. Score dispersion of locations and sampling peeriods (a) and of phytoplankton species (b) along the first two DCA
axes. Codes and abbreviations are present in Table 1.
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Table 2. Relevant results of Spearman’s correlations for the two arms of the Salto Caxias reservoir, from September 2010 to

July 2011. Codes available in Table 1.

Attributes/variables Pre  Win T T, DO Turb pH P-SRP P-DTP N-DIN
Bacillariophyceae density 0.48 - 0.87 0.72 - -0.62 - - - -
Chlorophyceae density - - 0.87 0.72 - - - - - -
Cyanobacteria density - - 0.70  0.80 - - 0.46 - - -
Chrysophyceae density - - -0.41 -0.53 - - - - - -
Chlamydophyceae density - —0.45 045 - - - - - —0.47 -
Total density - - 0.81  0.57 - - 0.43 - - -
Bacillariophyceae richness ~ 0.53 - - - 0.63 - - - - -
Chlorophyceae richness - - 0.71  0.50 - - - - - -
Cyanobacteria richness - - 0.68 0.79 - - 0.47 - - -
Chrysophyceae richness - - - -0.63  0.50 - - - - -
Chlamydophyceae richness - -0.45 -0.45 - - - - - -0.47 -
Total richness - - 0.60 - - - - 0.49 - 0.49
Evenness - - -0.83 -0.72 - - -0.42 -0.46 - —0.46

an increase of phosphorus and nitrogen from cultivation
in net cages in a bay of Lake Niushanhu, China.

Borges et al. (2010), in experiment with tilapia
(Oreochromis niloticus L.) in net cages in an arm of Rosana
reservoir, observed an increase in the concentration of
total nitrogen and ammonium after the installation of the
net cages, and also found strong influence of the reservoir
hydrodynamics on the cultivation system.

Indeed, the hydrodynamic has been pointed out by several
authors (Diaz et al., 2001; Silva et al. 2005; Araripe et al.,
2006; Alves and Baccarin, 2007; Nogueira et al. 2010)
as driving the changes to the abiotic variables. Thus, the
fish cultivation can cause eutrophication of the system,
especially in environments with low time of water renewal
(Araripe et al., 2006). In addition, narrow and shallow
environments, as in the case of the two studied arms,
associated with the inflows of the upstream rivers and the
reservoir operation, have reduced water retention time and,
as a consequence, the nutrients were exported downstream
(Kennedy and Walker, 1990).

Seasonal changes in the composition and density of
phytoplankton seem to mainly have been influenced by
natural climatic changes, such as temperature. Cyanobacteria
and Chlorophyceae were associated to the summer due
to the higher values of temperature and high availability
of nutrients. Bacillariophyceae was probably favored by
lower temperatures and mixing patterns. Phytoplankton
composition can also be determined by the mixing patterns,
already reported by other authors (Crossetti and Bicudo,
2005; Tundisi, 1990; Moura et al., 2007).

Cyanobacteria was probably favored by high
temperatures, as also verified by Chu et al. (2007),
Degefu et al. (2011) and Kosten et al. (2012). In spite
of Cyanobacteria being a common component of the
phytoplankton, it represents one of the main contributor to
the biomass and diversity in aquatic ecosystems, especially
in eutrophic waters (Sant’Anna et al., 2006a; Borges et al.,
2008) and several species are potential toxin producers
(Komarek, 2003; Calijuri et al., 2006).
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Bacillariophyceae was primarily represented by centered
diatoms and typical potamoplanktonic, such as Aulacoseira
granulata (Ehrenberg) Simonsen, 4. muzzanensis (Meister)
Krammer and Spicaticribra rudis, probably in response
to the lower temperatures and water flow from the two
evaluated arms, since diatoms are adapted do turbulent
environments due to the their high sedimentation rate
(Tundisi, 1990; Pérez et al., 1999; Train and Rodrigues,
2004; Silva et al., 2005).

The low values of species richness and density recorded
during the study period, with significant seasonal differences,
were probably influenced by the short water retention
(Train et al., 2005; Brasil and Huszar, 2011). The variations
in the number of species between summer and winter may
be a result of the reduced depth of the studied environments,
whereas shallow environments are more likely to suffer
environmental changes, for example, the changes caused
by rain (Kimmel et al., 1990; Tundisi, 1990; Padisak,
1993; Straskraba, 1998).

The highest values of Bacillariophyceae richness and
density observed in July 2011 were probably favored by
lower temperatures. Several authors have reported that
diatoms occur mostly in lower temperatures (Huszar
and Caraco, 1998; Silva et al., 2005). Additionally, local
precipitation in the day preceding the sampling date may
also explain the major contribution of this group, and the
presence of Pinnularia and Eunotia, which are typically
periphytic. Silva et al. (2005) and Rodrigues et al. (2005)
also observed predominance of Bacillariophyceae in
Salto Caxias reservoir during the winter in response to
low temperatures.

The high contribution of the Chlorophyceae and
Cyanobacteria to richness and density in the summer was
positively related to air temperature and water temperature.
Chlorophyceae and Cyanobacteria are widely distributed
and have usually been associated to greater availability
of nutrients and light and high temperature conditions
(Huszar et al., 2000; Komarek, 2003; Sant’Anna et al.,
2006b; Lachi and Sipauba-Tavares, 2008). In addition,
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some studies have observed an increase in phytoplankton
density and biomass due to the selective consumption of the
zooplankton and consequent dominance of Cyanobacteria
(Degans and Meester, 2002; Kozak and Goldin, 2004;
Borges et al., 2010).

Cyanobacteria and Chlorophyceae were particularly
represented by Chroococcales and Chlorococcales,
respectively, especially colonial nanoplanktonics, that
presented high surface/volume ratio, which increases
the absorption of nutrients allowing adaptive advantages
(Lopes et al., 2005; Dantas et al., 2008; Brasil and Huszar,
2011).

The low Shannon diversity values and absence of
significant differences in the treatments and sampling
periods, can be associated to the low values of species
richness. Despite the higher density of Cyanobacteria in
March 2011, mainly Aphanocapsa delicatissima West
& West and 4. holsatica Cronberg & Komarek, there
was no decrease in diversity, because in that month
the highest values of richness were observed. In higher
temperature and high water transparency periods there is the
predominance of the picoplankton (Reynolds et al., 2002).
Thus, although evenness has decreased until March 2011,
diversity has increased due to an increase in the number
of species. However, it is worth emphasizing that the
decrease in diversity associated with a high proliferation of
Cyanobacteria has been frequently mentioned in literature
(Padisak, 1993; Borics et al., 2000; Figueredo and Giani,
2001; Sant’Anna et al., 2006b).

The lowest values of Shannon diversity observed in
November 2010 and May 2011 in station C1 were probably
related to greater depth of this site and lower wind speed
in these months. The regimen of mixing water influences
directly the phytoplankton structure (Padisak, 1993), as that
can affect the availability of nutrients in the water column
(Lopes et al., 2005). The decrease in diversity observed
in September 2010, May and July 2011 in station N2,
and in November 2010 in C1, is a result of the decrease
in the number of species and evenness, as observed by
Padisak (1993).

Our results did not confirm the hypothesis of changes
in the concentration of nutrients for the sites influenced
by net cages and on the attributes of the phytoplankton
community (composition, richness, density, evenness and
Shannon diversity). The hydrodynamics of the two studied
arms associated with the seasonal variations probably
were key factors in structuring the phytoplankton and
the abiotic variables. Although the release of nutrients
has not significantly affected the study area, Diaz et al.
(2001) points out that systems present a support capacity
and that from this point the environment conditions may
be compromised.

It’s necessary to investigate the impacts of fish waste,
considering the intensive farming with a greater number
of net cages, especially in high temperatures, when the
fish metabolism is increased (Araripe et al., 2006; Borges
et al., 2010). In addition, the adjacent areas from the
farming should be monitored as well, to verify the real
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effects on diversity of aquatic biota (Marengoni, 2006;
Borges et al., 2010).
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