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Abstract

The limnological characteristics and the phytoplankton community of the pelagic region of the Sdo Jodo River, tributary
of the Iguacu River, Iguacu 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, Iguagu National Park, lotic system, seasonality, structure.

Variacao sazonal da estrutura da comunidade fitoplanctonica
no Rio Sao Joao, Parque Nacional do Iguacu, Brasil

Resumo

As caracteristicas limnoldgicas e a comunidade fitoplanctdonica na regido peldgica do Rio Sdo Jodo, tributédrio do Rio
Iguacu, Parque Nacional do Iguagu, foram analisadas de agosto de 2008 a julho de 2009. Foram identificados 221 tdxons,
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 diferengas significativas entre os periodos e entre os locais e periodos estudados, respectivamente. A
maior riqueza de espécies foi alcangada em setembro de 2008 com 40 tdxons na esta¢do 1. O indice de diversidade de
Shannon-Wiener e a equitabilidade, calculados a partir da densidade fitoplanctdnica, foram temporalmente heterogéneos
e espacialmente similares. Em geral, varia¢Ges significativas na composicao do fitoplancton foram devidas as variacdes
nas condi¢des limnoldgicas, principalmente temperatura, transparéncia e nutrientes. Espacialmente, a estrutura foi
mais similar, em razdo da proximidade das estagdes e, também, da similaridade da distribui¢ao da comunidade em
ambientes 16ticos, devido ao fluxo unidirecional.

Palavras-chave: fitoplancton, Parque Nacional do Iguagu, sistema l6tico, 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
Parana 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.

W E
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(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

Iguacu National Park (INP) encompasses approximately
180.000 ha and it has about a 400 km perimeter, part of
which boarders the Iguagu River directly (Guimardes 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 Sao Jodo 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, Parana, its water flows
north-south and it has a total watershed area of about
79.10 km?, 27.86 km? which lies in the Municipality of
Santa Terezinha of Itaipu and 51.23 km? in Foz do Iguagu,
28.09 km? located within the INP (Figure 1).

The S@o Jodo River has an average flow of 0.88 m%/s
and it borders the INP on the West. Its mouth can be
found in the Iguacu River (Salamuni et al., 2002) which,
in turn, is an important affluent of the Parana River basin,
the second largest hydrological system in South America

Station | 18uagu National Park

| Station 2
Sao Jodo
river
|
‘ Station 3
BR - 469

river

104 m

Iguagu river

Figure 1. Location of the Sdo Joao River, Iguacu National Park, Parana, 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 Sdo Jodo River, INP,
Paran4, 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 um 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 Utermohl
(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 1000x.
All the samples were deposited at the UNOP herbarium,
Unioeste/Cascavel, Parand, Brazil.

The physical and chemical analyses of the water from
the Sdo Jodo River were done at the Iguagu National
Park laboratory of environmental analysis, Parand, Brazil
in the Aqualguacu program. Measurements of water
temperature (°C), dissolved oxygen (mg.L™"), pH and
electrical conductivity (uS.cm™) were obtained with
portable digital potentiometers. Water transparency
(m) was obtained by a Secchi disk. The ammonium
concentration (NH,"), nitrite (NO,"), nitrate (NO,") and
total phosphorus — PT were determined according to APHA
(1995). Meteorological data regarding precipitation and air
temperature were supplied by the Meteorological Institute
of Parand (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
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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
versdo 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'in August 2008 and July 2009, both at station
3, to 5.4 mg.L"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
20009, 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 uS.cm™ in March 2009, station 2,
to 57.5 puS.cm™ in July 2009, station 3.

With regards to nutrients, extremely low concentrations
were found. The concentrations of ammonium (NH,") showed
a high variability (CV 213.5%) with the highest values
recorded in January 2009, station 3. The concentration of
nitrite (NO,") showed less variability among the nutrients
(CV 53.7%) with the highest values recorded in November
2008, stations 1 and 2. The nitrate (NO,") 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 S@o Jodo 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™"), August
2008, station 2 (377 ind.mL™") and September 2008, station 2
(279 ind.mL™"). The lowest values were recorded in October
2008, station 3 (19 ind.mL™") and November 2008, station 3
(24 ind.mL™). 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
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Figure 2. Dispersion of the month-station scores along the first two axes of the PCA, conducted for the Sado Jodo 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.H20-Water Temperature;
PT-Phosphorus; NH4* Ammonium; NO, Nitrite; NO, Nitrate; O,-Dissolved Oxygen).

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

Variable Mean and standard deviation Minimum Maximum CV (%)
Water temperature (°C) 239+35 19 30.8 14.7
Air temperature (°C) 222+43 13.1 27.5 19.4
Dissolved oxygen (mg.L™) 73+1.1 54 8.8 15.3
pH 7.1+04 6.6 8.8 5.9
Conductivity (uS.cm™) 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
NH,*(ug.L™) 0.11£0.25 0.02 1.55 213.5
NO, (ug.L™) 0.07 £0.03 0.01 0.16 53.7
NO, (ug.L™ 0.82 +£0.45 0.02 1.95 55.1
PT(pug.L™") 0.46 £ 0.52 0.04 3.17 112.2
4
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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

1.0
Aug./08 Oct./08 Dec./08 Feb./09 Apr./09 June/09

Sept./08 Nov./08 Jan./09 Mar./09 May/09 July/09

32 1.1
3.0 10
2.8
g S
£ 24 08 &
% 22 0.7 E
z 20 T8
2 06 =
i 1.8 g
a 16 05
1.4
1.2 @ 04
1.0
Aug./08 Oct./08 Dec./08 Feb./09 Apr./09 June/09
Sept./08 Nov./08 Jan./09 Mar./09 May/09 July/09
3‘4 T T T T T T T T T T T T ]AO
32
3.0 4 0.9
~ 28
E 2.6 108 &
g 24 =
£ 22 107 iZ
> E
220 5
218 106
R 16
1.4 105
1.2
1.0 0.4
Aug./08 Oct./08 Dec./08 Feb./09 Apr./09 June/09
Sept./08 Nov./08 Jan./09 Mar./09 May/09 July/09
32 1.0
3.0
2.8 109
~ 26
‘ 108 <
g 24 €
£ 22 £
= 107 E
2 20 5]
3 |
218 {06 =
2 16
1.4 105
1.2 @
0.4

Figure 3. Temporal and spatial variation of diversity and
equitability of the phytoplankton in the Sao Joao River in
the period from August/2008 to July/2009 in station 1 (a),
station 2 (b) and station 3 (c).
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(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™"). The highest values were observed in March
2009, station 2 (0.925 mm?® L") dominated by Euglena
acus var. longissima, September 2008, stations 1 and 2
(0.749 and 0.744 mm?>.L ! respectively), dominated by
Aulacoseira granulata and Surirella guatimalensis. The
lowest values were observed in October and November
2008 (0.001 mm?.L"), 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 Sdo Jodo River, probably due to the local
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Figure 4. Seasonal variation of the density and biovolume of the phytoplankton in the Sdo Jodo River in the months of

August 2008 to July 2009, in the stations 1(a), 2(b) and 3(c).

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
Jacui Delta, Rio Grande do Sul, studied by Rodrigues et al.
(2007), with 229 in the Gravatai River, 231 in the Sinos
River, 199 in the Cai River and 199 in the Jacui River.
Rodrigues et al. (2009) recorded 177 taxa in their study
of the Parana River, 288 taxa in the Baia River and 227
taxa in the Ivinhema River. Perbiche-Neves et al. (2011)
recorded 149 taxa in the Iguacu River and tributaries.
The phytoplankton composition of the Sdo Jodo River
was typical of lotic environments, and Bacillariophyceae
and Chlorophyceae were predominant. These algae groups
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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.

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

The low phytoplankton density and biovolume values
recorded in the Sdo Jodo 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 Baia
River which has a low current flow. The low abundance

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

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

11



Bortolini, JC. and Bueno, NC.

400
350 .
(Aug—SZ \)
.. ® .
300 Oct-S2
m]
250
o 200 APES2 aars3
4 .P%%’ Oct-S3
2 Mar-S1 Nagetb1 S
150 ‘g i Phe -~
Mar S2 it A
June P‘:l) s2 Ney-83 g "\
100 July: ﬁ /' Augsl .
1 . \
" Sept S3 '
50 \ Sept- 52, /
\\ g
u
0 ® Dry period AN QP%
O Rainy period T~
=50
=50 0 50 100 150 200 250 300 350 400 450
Axis 1
500 N
e O
o s s ®
Oo o
400 = R
Desmodesmus communis Oe
Achnanthes microcephala
300 |:|o ® s ° Aulacoseira granulata
Ankistrodesmus densus M % °
o up
o © . .0 , .
200 A oam A A Surirella guatimalensis °
I e B e0A o A LN o
2 + o o ¢ o o
2 Strombomonas fluviatilie A o O o o
< A A o O a0 ©
100 " Lo M o
o o s Ao o O Bacillariophyceae
A o ° ° O Chlorophyceae
0 A © < Zygnemaphyceae
o 2 ® Apg o A Euglenophyceae
o @ Cyanophyceae
N M Dinophyceae
-100 @ Chrysophyceae
A Cryptophyceae
° + Xantophyceae
-200
-100 0 100 200 300 400
Axis 1
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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

12

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 Sdo Jodo
River did not exceed 1 mm?3.L". The Bacillariophyceae class
was the most representative, as reported by Borges et al.

Braz. J. Biol., 2013, vol. 73, no. 1, p. 1-14
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(2003) in the Pirap6 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 Baia River, as well
as in a side canal of the Alto Parana 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
Iguagu 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.
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