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Abstract A confluence zone in the Upper Parana
River Floodplain was sampled to verify the influence
of upstream reservoirs on the dispersion and coloni-
sation of phytoplankton. We hypothesized that the
dilutive effect and high discharge limit phytoplankton
colonisation in the main stem and that the phyto-
plankton functional structure in floodplain lakes is
influenced by upstream reservoirs. The recruitment of
functional group (FG) M from Rosana Reservoir was
evidenced with low establishment in the main stem
and colonisation in the floodplain lake. The lower
connectivity with the Parana River during limnophase
reflected in water column total mixing and dominance
of the FGs C and P in floodplain lake and greater
stability of the water column, with dominance of the
FG H; in a secondary channel. In the potamophase, the
Parana River negatively influenced the phytoplankton
biovolume in the associated environments. In this
period, FG P was dominant in the secondary channel
and FG X, in the floodplain lake. Our results
emphasize that despite the contribution of inocula to
the Parana River from the upstream inflow and from
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tributaries, the phytoplankton depletion was due to
retention and seston sedimentation in the Porto
Primavera Reservoir, high discharge and dilution in
this confluence zone.
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Introduction

Species distributions depend on spatial and environmen-
tal processes. Spatial dynamics alter the local species
diversity, which, in turn, alters the regional biota via
dispersal and colonisation (Leibold et al., 2010).

The topology of fluvial systems, including the
principal channel and associated environments, sig-
nificantly affects dispersal, and it is fundamental in
community structure (Brown & Swan, 2010). Most
variation and heterogeneity of a river occur in
confluence zones (Benda et al., 2004), and, according
to the functional process zone perspective, a river is
not continuous but is a series of patches. Primary
production in these systems varies with the type of
functional process zone and its environmental char-
acteristics, particularly hydrological retention, con-
nectivity, geomorphic complexity and inputs from the
riparian zone and watershed (Thorp et al., 2008).

The relationship between hydrological connectivity
and biodiversity depends on the exchange of
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organisms and gene flow through the processes of
extinction and colonisation (Cloern, 2007). Maintain-
ing the connectivity that results from the natural
fluctuations in the water level is fundamental to the
integrity, functioning and structure of aquatic commu-
nities in floodplain lakes (Leira & Cantonati, 2008).
Alterations in these fluctuations, which are caused by
climatic changes and flow regulation of the associated
channels, may result in severe consequences for the
water quality and biodiversity of these environments
(Abrahams, 2008; Leira & Cantonati, 2008).

Reduced connectivity results in a reduced conflu-
ence effect from tributaries, in accordance with the
‘network dynamics hypothesis’ (NDH), which relates
the key attributes of hydrographic networks with the
heterogeneity of fluvial forms and processes (Benda
et al., 2004). Moreover, with a limited dispersal of
organisms, a decrease in connectivity can reduce the
gene flow between local communities and lead to
inbreeding and a loss of genetic diversity, as has been
documented in fragmented environments (Coulon
et al., 2004; Cloern, 2007).

Habitat fragmentation is considered to have a great
impact on rivers worldwide (Nilsson et al., 2005), and
fragmentation caused by dams, principally those
located upstream of floodplain rivers, constitute one
of the main anthropogenic alterations of these ecosys-
tems (Souza Filho et al., 2004).

Studies have shown that reservoirs of the Upper
Parana River basin, particularly the Porto Primavera
Reservoir (UHE Engenheiro Sérgio Motta), have
caused significant alterations in the amplitude of
variation of the hydrometric levels of this river in
addition to reducing the discharge and connectivity
between the river and the environments adjacent to the
river’s floodplain (Souza Filho et al., 2004).

The present study aims to analyse the influence of
the inputs from the Porto Primavera and Rosana
Reservoirs on the dispersal and seasonal variation of
biovolume and phytoplankton functional groups (FGs)
in the Upper Parand River, a secondary channel, and a
floodplain lake. The following hypotheses were tested:
(1) the segment of the Parana River analysed receives
phytoplankton biovolume from upstream inflows and
from left and right bank tributaries, but the dilution
effect and high discharge limit colonisation, which
results in low phytoplankton biovolume in the main
stem and (2) the biovolume of the taxonomic groups
and phytoplankton FGs in floodplain lakes connected
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to the Parana River is influenced by species dispersal
originating from the inflows of the Porto Primavera
and Rosana Reservoirs.

Materials and methods
Study area

The Parana River is the second longest river in South
America (4,695 km), the tenth largest river in the
world in terms of water discharge, and the fourth
largest in terms of drainage area (2.8 x 10° km?). The
Upper Parana River includes approximately the first
third of the Parana River basin, and it lies completely
within Brazilian territory, except for one stretch along
the Itaipu Reservoir that borders Paraguay. The Upper
Parana River has a drainage area of 891,000 kmz, or
10.5% of the total area of Brazil (Souza Filho et al.,
2004).

The rivers that form the Parana River are similar to
other plateau rivers, with an average slope of 0.8 m per
km, decreasing in the middle portion to 0.3 m per km.
Before the closure of the Porto Primavera Dam in
1998, a large floodplain existed from Trés Lagoas
(MS) to Guaira (PR), extending for approximately
480 km. This floodplain currently includes a stretch of
230 km from the Porto Primavera Dam to the upper
part of the Itaipu Reservoir (with a slope 0.18 m per
km). This floodplain, especially on the western margin
of the Parand, can be up to 20 km wide and is
composed of numerous secondary channels, lakes and
rivers. Due to its importance as a representative of a
local river—floodplain system, this floodplain was
given status as an Environmental Protection Area
(APA) to preserve the islands and ‘varzeas’ of the
Parand River (Souza Filho et al., 2004).

The reservoir of the Porto Primavera hydroelectric
plant is located in the Parand River, 28 km upstream of
the river’s confluence with the Paranapanema River,
the main tributary in the stretch studied. This reservoir
is 2,250 km? in area, 18,500 x 10° m?in volume, and
has an annual average discharge of 7,066 m*> s~ ' and a
theoretical water residence time of 33 days (Souza
Filho et al., 2004).

The Paranapanema River is formed by various
springs from the Serra do Paranapiacaba mountain
range. The river stretches for 930 km to its mouth at
the Parana River. Rosana Reservoir occupies the last
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position in a cascade of eight reservoirs in the
Paranapanema River (Fig. 1), forming part of the
border between Sdo Paulo and Parana States, Brazil.
The filling of this reservoir was completed in Novem-
ber 1986, and it has an inundated an area of 220 km?>
and a volume of 1,920 km? and has an average annual
discharge of 1,203 m> s7! and a theoretical water
residence time of 19 days (CESP, 1998).

The study area is located downstream of the Porto
Primavera Reservoir, in the middle section of the Upper
Parand, and comprises a stretch of the principal channel
of the Upper Parana River (stations: PR 1—immediately
downstream of the Porto Primavera Reservoir dam;
PR2—downstream of the Paranapanema River mouth;
PR3—in the main stem of the Parana River, next to the
right margin; and PR4—downstream of the channel that
connects the secondary channel to the Parana River),
Baia River, one secondary channel (station SC), and one
floodplain lake (station FL) (Fig. 1).

The secondary channel (Baia River) is sub-parallel
to the Upper Parana River along its right bank. The
Bafa River has a width:depth ratio of 18:1. During
flood periods, the current velocities decrease, and the
current may reverse and flow upstream due to the entry
of water from the Parana River. The construction of
the Porto Primavera dam interrupted the Baia River

system and diminished the watercourse volume (Sou-
za Filho et al., 2004). The floodplain lake (Gargas
Lake) is located on the right bank of the principal
channel of the Parana River and is permanently
connected to this channel. This lake is 2,128 m in
length and 14.1 ha in area, and it has a perimeter of
4,328 m and an average depth of 2 m.

Field and laboratory methods

Phytoplankton samples were taken at the subsurface
(depth 20 cm) in the studied environments. Samples
were taken each month from May 2007 to April 2008.
Phytoplankton samples were preserved with acidified
Lugol’s solution.

Water temperature (WT; °C), pH, electrical con-
ductivity (cond.; puS cm_l) and dissolved oxygen (O,;
mg 17') were measured with portable digital potenti-
ometers. Water transparency (m) was measured with a
Secchi disc and the turbidity was measured using a
turbidimeter. Concentrations of total phosphorus,
soluble reactive phosphorus (Golterman et al., 1978),
total nitrogen (Mackereth et al., 1978), nitrate (Giné
et al., 1980) and ammonium (Koroleff, 1978) were
also determined. All of the abiotic variables were
obtained in the same time than the biological ones.

Fig. 1 Map showing the
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Total alkalinity (Alc.) was measured according to
Mackereth et al. (1978), the euphotic zone (Zeu) was
calculated as being 2.7-fold the depth of the Secchi
disc (Cole, 1994) and the concentrations of total
suspended matter (TSM) were determined according
to Wetzel & Likens (2000).

The period between September 2007 and April
2008 was under the influence of La Niria (C.P.C.,
2012). Rainfall and hydrometric levels (H. Level) of
the Parana River were provided by the Brazilian
National Water Agency (ANA). Periods of potamo-
phase were considered when the hydrometric level of
the Parand River was greater than 3.5 m, which signals
the beginning of the flooding process of the lentic
environments associated with the Upper Parana River
(Souza Filho et al., 2004). Periods of limnophase were
considered when the hydrometric level of the Parana
River was lower than 3.5 m.

Phytoplankton density was estimated according to
Utermohl (1958) and Lund et al. (1958). The phyto-
plankton biovolume was estimated by multiplying the
density of different taxa by their respective volumes.
The volume of each cell was calculated from geometric
models approximate the form of individuals (Sun & Liu,
2003).

Species contributing more than 5% to the total
phytoplankton biovolume according to the methodol-
ogy proposed by Kruk et al. (2002) and Huszar et al.
(2003) were grouped in FGs according to Reynolds et al.
(2002), Borics et al. (2007) and Padisak et al. (2009).

The relationships between the abiotic data and the
biovolume of the phytoplankton FGs were analysed
through canonical correspondence analysis (CCA; Ter
Braak, 1986). The FGs biovolume values were log-
transformed to minimise data variability. The statis-
tical significance for the first two axes was tested by
permutation test (Legendre et al., 2011). To identify
which variables explained the greatest variability of
phytoplankton FGs, forward selection of explanatory
variables (Blanchet et al., 2008) were made. The CCA
analysis was performed in the R-language environ-
ment (R Development Core Team, 2012).

Results
The pluviometric index values were less than 30 mm

during most of the study period, with values greater
than 40 mm recorded only in July and November
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2007. The hydrometric levels were below 3.5 m
between May 18, 2007 and March 11, 2008 (Fig. 2a).
This period was characterised as limnophase. The
highest discharge values were documented between
March 18 and April 30, 2008 (Fig. 2b), being this
period characterised as potamophase.

The water temperature was between 18 and 30°C
with values less than 22°C (>18°C) only in the months
of June, July and August. The pH remained close to
neutral. The Parana River had high Z., values, which
were very close to the Z,,, values. The electrical
conductivity and alkalinity did not display clear
seasonality, and the greatest variability was observed
in the secondary channel (CV = 23 and 44%, respec-
tively) (Table 1).

TSM and turbidity values showed high variation
(CV >40%) in all of the sampling stations, with a trend
of decreasing values in the period between May and
October 2007. Higher values were verified between
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Fig. 2 Pluviometric precipitation values (bars), hydrometric
levels (a) and discharge (b) (lines) of the Parana River from May
2007 to April 2008. The sampling days are indicated by arrows
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Table 1 The mean values and coefficients of variation (%) of
water temperature (WT, °C), Z..x (m), Z., (m), pH, electrical
conductivity (Cond.; puS cm™ "), dissolved oxygen (O,, mg 1™ b,
alkalinity (Alk., mEq 1Y), total suspended material (TSM,
ng 171), turbidity (Turb.; NTU), nitrate (N-NO3~, g 1,

ammonium (N-NH, ", ng 17", total nitrogen (NT, pg 17'),
soluble reactive phosphorus (SRP, pig 17"), and total phosphorus
(TP, ng 17') in the Parand River, secondary channel, and
floodplain lake

Parana River
(PR1)

Parana River
(PR2)

Parana River
(PR3)

Parana River
(PR4)

Secondary channel
(80

Floodplain Lake
(FL)

WT 25 (12%) 24.6 (12%) 24.9 (12%)
Zinax 11.1 (11%) 7.4 (10%) 5.3 (12%)
Zeu 10.4 (22%) 7.1 (13%) 5.3 (12%)
pH 7 (5%) 6.9 (4%) 7.1 (4%)
Cond. 59.2 (8%) 69.7 (14%) 59.2 (8%)
0, 7.7 (8%) 7.5 (9%) 7.6 (11%)
Alk. 316.9 (13%) 390.4 (12%) 332.6 (14%)
TSM 0.4 (65%) 1 (63%) 0.4 (55%)
Turb. 1.8 (177%) 4 (81%) 1.9 (178%)
N-NO;~ 164.4 (17%) 302.2 (21%) 166.2 (18%)
N-NH,* 11.2 (36%) 10 (39%) 12.9 (38%)
TN 313 (10%) 516.3 (10%) 320.6 (14%)
SRP 7.1 (38%) 9.4 (29%) 7.6 (41%)
TP 9.4 (42%) 12.3 (31%) 9.5 (41%)

24.9 (13%) 25.2 (15%) 25.4 (15%)
1.6 (45%) 3.1 (23%) 2.6 (12%)
1.6 (45%) 2.2 (27%) 1.8 (26%)
7.1 (9%) 6.6 (8%) 6.8 (4%)

57.1 (17%) 34.4 (23%) 59.1 (8%)
7.9 (17%) 6.4 (17%) 7.3 (20%)

311.9 (15%) 155.4 (44%) 321.8 (13%)
1.5 (62%) 6.3 (58%) 10.7 (41%)
4.5 (129%) 20.2 (60%) 19.2 (49%)

126.9 (34%) 62.8 (51%) 103.2 (39%)

19.2 (69%) 77.8 (119%) 33.6 (73%)

359.6 (37%) 590.8 (25%) 396.6 (20%)

8.9 (53%) 20.8 (76%) 9.5 (69%)
13.9 (81%) 45.7 (37%) 28.1 (31%)

February and April 2008 to sampling stations located
in the main stem and between November 2007 and
April 2008 to floodplain lake and secondary channel
(Table 1).

The greatest N-NO; ™~ concentrations values were
registered in the Parand River. In the secondary
channel, the greatest TN concentrations values were
found. SRP and TP average concentrations were
between 7.1-9.4 and 9.4-13.9, respectively in the
Parana River, and the highest average values were
observed in the floodplain lake and the secondary
channel (Table 1).

We documented 168 taxa, which were distributed
among the following groups: Chlorophyceae (35%),
Bacillariophyceae (23%), Cyanobacteria (15%), Eu-
glenophyceae (10%), Xanthophyceae (5%), Zygnem-
aphyceae (4%), Cryptophyceae (4%), Chrysophyceae
(3%) and Dinophyceae (1%).

We recorded 73 taxa in the Parand River (28 taxa at
station PR1, 33 at station PR2, 28 at station PR3, and
46 at station PR4), 74 taxa in the secondary channel,
and 129 taxa in the floodplain lake. Biovolume values
were high in the floodplain lake and secondary channel
and low in the stations located in the Parand River,
with the exception of station PR4 in November and

PR2 in November and December, when there were
Dolichospermum planctonicum (Brunnth.) Wacklin,
Hoffm. et Komdrek (basionym: Anabaena plancto-
nica Brunnthler) and Radiocystis fernandoi Komarek
& Komark.-Legn. blooms, respectively. The greatest
values occurred during limnophase, with the maxi-
mum value found in the secondary channel in
November. An accentuated reduction of biovolume
values was documented during the month of April,
during potamophase, particularly in the floodplain
lake and secondary channel (Fig. 3).

Cyanobacteria contributed the most to the phyto-
plankton biovolume at all of the sampling stations
except for the floodplain lake, where Bacillariophy-
ceae was dominant (Fig. 3). We documented nine FGs
(A, C,E, J, K, M, P, W; and X;) in the floodplain
lake, five (C, H;, M, P and X,) in the secondary
channel, four (C, M, P and X,) at station PR1, four
(C, M, P and X,) at station PR2, four (H;, M, P and
X,) at station PR4 and three (A, M and X,) at station
PR3 (Fig. 4; Table 2).

The two first axes of the CCA analysis were
significant (eigenvalue = 0.63 and 0.41, respectively,
P < 0.05) and explained 31% of the total variance.
Secondary channel was discriminated in the first axis
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Fig. 4 Monthly variation of phytoplankton biovolume by FGs in the Parand River, secondary channel and floodplain lake from May
2007 to April 2008

of the CCA and represented by FGs H; (Dolichosper- The first CCA axis also evidenced a temporal

mum planctonicum) and P (Aulacoseira granulata
Ehrenberg (Simonsen) var. granulata), which were
correlated with higher N-NH,* (—0.38) and SRP
(—0.42) concentrations (Fig. 5).

gradient for the stations PR1, PR3 and PR4 and
particularly discriminated February, May, July and
November from the others months, as seen in the right
of the diagram, influenced by higher values of pH
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Table 2 Percentage of biovolume of the phytoplankton FGs in the Parand River, secondary channel and floodplain lake, from May
2007 to April 2008

PRI PR2 PR3 PR4 SC FL
May 83% M 83% M 84% M 86% M 949 P 56% K
2007 6% X, 16% M
7% C
7% W,
June 37% X, 83% P 81% M 89% M 94% P 39% C
15% X, 9% X, 5% X, 26% A
8% A 13% P
July 55% P 49% P 32% X, 60% X, 80% H, 35% J
34% X, 23% X, 9% M 21% C
8% P 9% P
5% X,
August 37% X, 64% C 18% X, 18% X, 88% H, 76% E
28% X, 6% H, 11% W,
September 41% X, 11% X, 6% Xa 43% X, 92% H, 45% C
14% J
8% X,
6% P
October 44% X, 52% X, 96% M 17% X, 27% P 49% C
15% H, 17% P
14% K
5% M
November 62% M 96% M 94% M 80% H, 61% H, 50% P
36% P 12% P 34% P 36% C
5% J
December 78% M 99% M 86% M 24% X, 73% H, 57% P
1% X, 7% X, 24% P 23% C
10% M
January 76% M 84% M 94% M 25% X, 64% P 88% M
2008 15% H,
February 69% X, 94% M 34% X, 62% X, 84% H, 79% K
17% C 5% X, 9% X,
March 64% X, 77% M 83% M 71% X, 77% P 48% M
6% C 18% C 7% P
5% C
April 71% X, 89% M 87% M 47% X, 49% P 34% X,
8% X, 38% C
6% X

(0.76) with lower N-NH," and SRP concentrations
(Fig. 5).

Station PR2 was discriminated in the second axis of
the CCA and represented by FG M (R. fernandoi),
which was correlated with higher N-NO;™
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concentrations (0.67) and Z., (0.52). Floodplain lake
was also discriminated in the second axis of the CCA
and represented by FGs A, C, E, J, K, W; and X,
which were correlated with lower SRP concentrations
and Parand River hydrometric levels (Fig. 5).
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However, the results of forward selection of explan-
atory variables showed that only the variables
N-NO;~ (P =0.01) and pH (P =0.02) were
significant.

Discussion

The increase in transparency and the decrease in total
phosphorus concentrations of the Upper Parana River
as compared with data obtained in sample series from
1987 to 1988 (Thomaz et al., 1992) and 2000 to 2008
(Roberto et al., 2009) may be attributed to the
retention and sedimentation processes of seston in
the cascade of reservoirs located upstream. These
processes have shown an increase after the construc-
tion of the dam of the Porto Primavera Reservoir. The
high concentrations of TN observed in the Upper
Parana River, which were similar to those recorded
before the construction of the reservoir (Thomaz et al.,
1992), proved to have the smallest influence of this
reservoir on nitrogen concentrations.

Because light and nitrogen were not limiting to the
phytoplankton development in the Upper Parana
River, the low biovolume values may be attributed
to low phosphorous concentrations and high dis-
charge. Despite the Upper Parana River discharge has
suffered reduction after construction of the Porto

Primavera (Souza Filho et al., 2004), it has strongly
influenced the phytoplankton and abiotic variables of
this river.

Fluctuations in the hydrometric levels of fluvial
systems play a fundamental role in the structure,
function and integrity of the adjacent aquatic envi-
ronments (Leira & Cantonati, 2008). Impacts caused
by climatic changes on these systems can provoke
alterations in adjacent environments, communities and
species (Abrahams, 2008). In addition to the influence
of operational procedures of the upstream dams in the
Upper Parana River, the hydrological cycle was under
the influence of La Niria (C.P.C., 2012). This influence
was reflected in the low hydrometric levels of the
Parana River and characterised most of the study
period as occurring during limnophase, with low
connectivity between the river and the secondary
channel and floodplain lake.

A sharp reduction in the hydrometric level of
shallow lakes promotes the total mixing of the water
column by the action of winds (Hofmann et al., 2008).
The lower connectivity between the Parana River and
the floodplain lake, the low Z,.x values and the high
nutrient concentrations observed during limnophase,
period under the influence of La Nira, may have
contributed to the dominance of the FGs C and P in the
floodplain lake. However, in the secondary channel, in
this period, the lower connectivity and the greater

@ Springer



124

Hydrobiologia (2013) 702:115-127

stability of the water column favoured FG H; (D.
planctonicum).

The D. planctonicum blooms in the secondary
channel may have resulted from recruitment from the
lentic environments associated with the channel, in
which blooms of various species of Dolichospermum
are common (Train & Rodrigues, 2004). The lentic
characteristics of the Baia River certainly favoured
D. planctonicum blooms, supporting the findings of
Train & Rodrigues (1998). However, the higher values
of biovolume of this species recorded in the secondary
channel in the present study may be related to the
decrease in the river’s discharge after construction of
the Porto Primavera Reservoir.

As reported in a study in the Baia River during the
hydrological cycle of 1993-1994, Dolichospermum
circinalis, Dolichospermum solitarium and Dolicho-
spermum spiroides were dominant in the period of low
water and water column stability and were substituted
by Aulacoseira granulata var. granulata in conditions
of total mixing and higher N-NO;3;™ concentrations
(Train & Rodrigues, 1998). The absence of FG H; and
the dominance of FG P in this secondary channel in
April, in the present study, in conditions of water
column instability, indicate a likely interruption in the
successional sequence and a reversion to a previous
stage of phytoplankton succession.

The higher concentrations of N-NO;~ and N-NH, "
documented during the dominance of FG P and the
low concentrations of these nutrients when FG H; was
dominant might also contribute to the successional
dynamics of the phytoplankton community in the
secondary channel.

The low contribution of Aulacoseira granulata (FG
P) to Upper Parana River phytoplankton biovolume
values, which was dominant in previous periods in the
same stretch (Rodrigues et al., 2009) and in the Middle
Parana River (Devercelli, 2010) is probably due to
seston sedimentation and retention in the Porto
Primavera Reservoir and reduction in discharge and
phosphorus concentrations in the Upper Parana River,
after construction of the dam reservoir (Souza Filho
et al., 2004; Roberto et al., 2009).

The higher water level in the Parana River in April
led to a greater connectivity with the floodplain lake,
dilution of the phytoplankton community in this
environment and changes in dominance of FGs. The
high contribution of FG X, in the floodplain lake,
which was the principal dominant in all stations of
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Upper Parana River, confirms the greater influence of
the river on the lake during this month.

The dominance of FG X, in Upper Parand River and
in others aquatic systems in the Parana Basin (Garcia de
Emiliani, 1997; O’Farrell et al., 2003; Devercelli, 2010)
may be attributed to opportunistic characteristics of
cryptomonads, which are adapted to a turbulent water
column, a high surface:volume ratio and the rapid
absorption of nutrients (Reynolds et al., 2002). Accord-
ing to Reynolds (2000), phytoplankton species recruit-
ment upstream in rivers is intensified when the species
have a small cell size, high growth rate and photosyn-
thetic efficiency, and low rate of sedimentation.

Dispersion acts as a homogenising agent, indepen-
dent of the local environmental conditions (Leibold
et al., 2010). In addition to the low environmental
variability among the sampling sites in the main
channel, the dominance of FGs M and X, in all the
stations may be attributed to species dispersion.

The high biovolume values of R. fernandoi (FG M)
recorded at station PR2 in November and December were
the result of inflows of inocula into the Paranapanema
River, likely from the Rosana Reservoir. Although
potamoplankton is represented by forms that are able to
survive selective forces that act on rivers (Reynolds,
2000), some populations are maintained by inocula from
‘dead zones’ (Reynolds, 2000; Thorp et al., 2008).

Radiocystis fernandoi showed high values of bio-
volume in the Rosana Reservoir in 2001 and 2002
(Rodrigues et al., 2005; Train et al., 2005, cited as
Microcystis aeruginosa) and in tributaries of the left
bank of this reservoir in 2003 (Borges et al., 2008) and
2006 (Fonseca et al., 2009; Borges et al., 2010).
Although this species was registered at stations PR1,
PR3 and PR4, colonisation of the principal channel of
the Parana River was likely limited by the high
discharge and low concentrations of phosphorus.

The biovolume values of Chroococcales at station
PR3 were higher than those measured in the period
from March 1993 to February 1994 (Train & Rodri-
gues, 2004; Rodrigues et al., 2009). Although R.
fernandoi had been recorded at station PR1, which is
situated immediately downstream of the Porto Prima-
vera Reservoir, the low values recorded show the low
contribution of inocula in this reservoir to the down-
stream stretch of the Parand River.

There are three stages in phytoplankton species
recruitment: the dispersion of pre-existing popula-
tions, establishment of low population density, and
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posterior colonisation with an increase in spatial
occupation. The downstream flow in rivers permits
the dispersion of viable inocula, which can colonise
downstream regions (Talling & Prowse, 2010). Con-
sidering the ‘network dynamics hypothesis’ and the
effect of confluence in floodplain rivers (Benda
et al., 2004), it is possible that the colonisation of
R. fernandoi observed in the floodplain lake resulted
from the inflow of inocula from the Paranapanema
River.

The high biovolume values of R. fernandoi docu-
mented in the floodplain lake confirm the hypothesis
that the biovolume of taxonomic and functional
phytoplankton groups is influenced by the dispersion
of species from reservoirs located upstream of the
stretch of the Upper Parana River, particularly from
the Rosana Reservoir.

Other floodplain environments of the Upper Parana
River might also act in the dispersion of R. fernandoi
to the floodplain lake, as blooms of this species have
been documented there (Train et al., 2004 (cited as
Microcystis aeruginosa); Bovo-Scomparin & Train,
2008).

Radiocystis fernandoi was placed in FG M due to
its dominance in the floodplain lake and in other
tropical environments (Bovo-Scomparin & Train,
2008; Borges et al., 2008, 2010) under eutrophic
conditions and water column mixing, in addition to the
morphological and functional similarities that this
species shares with Microcystis aeruginosa. These
results contrast with the proposal by Padisak et al.
(2009) to place this species in FG Lg, which is
characteristic of mesotrophic environments and is
represented by species that are sensitive to conditions
of deep or prolonged mixing (Reynolds et al., 2002).

The recruitment of phytoplankton in the Upper
Parana River was evidenced mainly to FG M, with
dispersion of R. fernandoi populations from Rosana
Reservoir, establishment of low population biovolume
in the main stem of Upper Parana River and posterior
colonisation in the floodplain lake.

The low values of phytoplankton biovolume doc-
umented in the main stem of the Upper Parand River
indicate that the stretch studied here does not offer
favourable conditions for phytoplankton develop-
ment. These results confirm the hypothesis that
although this river, in this confluence zone, receives
phytoplankton biovolume from upstream inflow and
from left and right bank tributaries, the depletion of

phytoplankton is due to retention and seston sedimen-
tation in the Porto Primavera Reservoir in addition to
the high discharge and dilution in this section of the
Upper Parana River.
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