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Abstract The variability and persistence of species
are appropriate measures of stability for communities
that have large fluctuations in composition, such as
phytoplankton. Our hypothesis was that phytoplank-
ton species richness and abundance depend on the
environmental variability arising from different
phases of hydrological cycles, since changes in the
limnophase and potamophase promote environmental
fluctuations in the floodplain. A sub-basin of the Upper
Parana River was assessed between 2000 and 2001, a
prolonged limnophase period, and 2010-2011, a
period of conspicuous potamophase and limnophase.
The phytoplankton community differed between these
two periods. The lowest species richness with elevated
values of abundance was recorded in 2000-2001,
when 18 taxa indicators were verified. Lower vari-
ability and greater persistence of phytoplankton were
recorded in 2000-2001, when the environmental
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variability was low. Therefore, the prolonged limno-
phase had a negative influence on species richness and
influenced the pattern of dominant species persistence,
thus, corroborating our hypothesis, indicating greater
phytoplankton persistence in irregular hydrological
cycles. Hydrological cycles with limnophase and
potamophase periods present greater variability and
less persistence of phytoplankton species richness and
abundance.

Keywords Phytoplankton - Richness - Abundance -
Stability - Environmental variability - Upper Parana
River floodplain

Introduction

The concept of stability has been widely discussed in
theoretical ecology (Tilman, 1999; Ives & Carpenter,
2007; Mazancourt et al., 2013). Limnology has
explored several characteristics of aquatic ecosystems
that affect the stability of communities, including
diversity, interactions among species, type of food
webs and sensitivity of species to different environ-
mental perturbations (Ptacnik et al., 2008; Corcoran &
Boeing, 2012; Downing et al., 2014). Attempts have
been made to understand the conditions that lead a
community to persist in a given period of time
(Townsend et al., 2010), since it is possible to define
species persistence as the constancy in abundance, in
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the ranking of species or in their presence or absence
over time (Rahel, 1990).

Stability can be measured in many different ways,
commonly associated with different properties of the
community, including variability, or inversely, species
persistence (Pimm, 1984). Appropriate measures must
be used, especially for communities that have large
fluctuations in species composition (Ives et al., 2000),
such as phytoplankton.

The phytoplankton community is temporally
dynamic, and its variability is related to environmental
characteristics and the temporal stability of the
ecosystem. Several underlying processes may explain
the increased community dissimilarity through time. It
can be a result of the different responses of populations
to environmental fluctuations, such as local extinction
and colonisation processes (Schneck et al., 2010). The
variability of phytoplankton structure, expressed here
as changes in richness and abundance, is a potential
indicator of environmental conditions, providing
examples to understand how ecological systems
respond to natural or anthropogenic disturbances.

Investigations of the community variability, as a
response, have enabled the understanding of patterns
and processes regarding a wide range of ecological
systems, scales (spatial and/or temporal) and applica-
tions (Fraterrigo & Rusak, 2008). Furthermore, to
understand the dynamics of ecological systems and the
variability of organisms, it is necessary to provide
information to management and monitoring pro-
grammes for biodiversity conservation (Palmer et al.,
1997).

Alterations in both the limnophase (low water) and
potamophase periods (high water; Neiff, 1990) pro-
mote environmental fluctuations in the floodplain. The
hydrological (or hydrosedimentological, sensu Neiff,
1990) cycles of Parana River are influenced by
anthropogenic impacts, due to a large cascade of
reservoirs that are located upstream of this area, and
have generated hydrodynamic, physical, chemical and
biological changes on the floodplain (Souza Filho
et al., 2004; Roberto et al., 2009; Souza Filho, 2009;
Bovo-Scomparim et al., 2013). In addition, climatic
events such as El Niio and La Nifia, which have
caused rainfall anomalies in the region, have influ-
enced the range of variation of the water levels in the
main channel, with effects on phytoplankton (Train &
Rodrigues, 2004; Bovo-Scomparim & Train, 2008;
Borges & Train, 2009; Rodrigues et al., 2009).
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The aim of this study was to assess the variability in
richness and density of a phytoplankton community,
and inversely, their persistence, in habitats of the sub-
basin of the Upper Parana River floodplain, as well as
its relationship with the environmental variability
generated during extreme hydrological cycles. There-
fore, our hypothesis was that the variability and
persistence of phytoplankton species richness and
abundance depend on the environmental variability
arising from different phases of the hydrological
cycles. We predicted that years with irregular hydro-
logical cycles, when no flood pulse occurs, there
would be less variability and greater persistence of
phytoplankton species richness and abundance. How-
ever, in hydrological cycles with conspicuous limno-
phase and potamophase, larger dispersion of the
phytoplankton inoculum may occur during the pota-
mophase, which may increase the variability and
decrease the persistence of phytoplankton species
richness and abundance.

Materials and methods
Study area

The Parana River is the second largest river in South
America and the tenth largest in the world regarding
discharge water, completely inside the Brazilian
territory, except for a stretch along the Itaipu Reser-
voir, bordering with Paraguay (Agostinho et al., 2008).
The width:depth ratio is 100:1 and water velocity of
approximately 0.56 m s~'. The Upper Parand River
floodplain occupies the entire channel of the Parana
River along the segment between Porto Primavera
Dam (Primavera, SP) and the backwater of Itaipu
Reservoir (Guaira, PR). The river is about 230 km
long and 20 km wide (Souza Filho & Stevaux, 2004).

The Baia River (BR) sub-basin is located on the
right bank of the Parand River. BR is an important
lateral channel, located in the State of Mato Grosso do
Sul (Fig. 1). The BR is separated from the Parana
River, on its left bank, by a wide floodplain, containing
numerous channels and lakes. It has a depth:width
ratio of 18:1 and considerable flow variations during
the different phases of the hydrological cycle. During
potamophase, the flow decreases, which can reverse
the flow when water enters the Parana River (Train &
Rodrigues, 1998).
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Fig. 1 Map of the study
area of Bafa River sub-basin
in the Upper Parana River
floodplain (BR: Baia River,
CFL: connected floodplain
lake: Guaranda Lake, IFL:
isolated floodplain lake:
Fechada Lake)
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Guarana Lake (CFL) is a floodplain lake with direct
connection to the BR, with a rounded shape, present-
ing an average depth of 2.1 m, 386 m length, 1058 m
perimeter and an area of 4.2 ha, beyond these margins,
it is constituted of macrophytes, mainly in limnophase
periods. Fechada Lake (IFL) is an isolated floodplain
lake, without direct connection to the BR, with an
elongated shape, presenting average depth of 2.4 m,
624 m length, 1376 m perimeter and an area of 7.5 ha.

Sampling and sample analysis

Water samples were taken quarterly in 2000-2001
(exceptin 2001, when only two samples were taken) and

2010-2011, indicating different hydrological cycles.
Phytoplankton samples were taken on the subsurface
(depth 20 cm) of the pelagic zone of each environment.
Samples were directly collected with bottles. These
samples were preserved with 1 % Lugol’s solution. We
performed the counting randomly per field, using an
inverted microscope, according to Utermohl (1958) and
Lund et al. (1958), estimating the phytoplankton
density. Phytoplankton species richness considered the
number of taxa present in each sample.

Water temperature (WT, °C), pH, electrical con-
ductivity (Cond, puS cm™') and dissolved oxygen
(DO, mg 17') were measured in situ using portable
digital potentiometers. Water transparency (m) was
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measured with a Secchi disc. The euphotic zone (Z.,)
was calculated as being 2.7-fold the depth of the
Secchi disc (Cole, 1994). The maximum depth (Z;;,.x)
was obtained in each habitat. Total phosphorus (TP),
soluble reactive phosphorus (SRP), nitrate (NO3-N),
nitrite (NO,-N) and ammonium (NH4-N) were mea-
sured using the methods described in Bovo-Scom-
parim et al. (2013). The dissolved inorganic nitrogen
(DIN) was calculated as the sum of the NH,4-N, NO,-N
and NOs5-N concentrations. The daily water levels of
the Parand River (WL) were provided by the Itaipu
Binational, National Water Agency (ANA) and Lim-
nology, Ichthyology and Aquaculture Research Center
(Nupélia). Potamophase was considered when the
water level of the Parana River was >3.5 m, the
beginning of the flooding process in the environments
associated with the Upper Parana River (Souza Filho
et al., 2004). Limnophase was considered when the
water level of the Parana River was <3.5 m.

The variation in the hydrological cycle was consid-
ered by amplitude of limnophase (number of days with
water level below reference level 3.5 m), amplitude of
potamophase (number of days with water level above
reference level 3.5 m) and connectivity index (ratio of
the number of days under potamophase and limno-
phase) using PULSO software (Neiff & Neiff, 2003).

Data analysis

We performed a principal component analysis (PCA)
to summarise environmental variability between dif-
ferent periods. In order to verify differences in
phytoplankton richness and abundance between the
two periods analysed (2000-2001 and 2010-2011)
and the phases of the hydrological cycle (limnophase
and potamophase), we performed a permutational
multivariate analysis of variance (PERMANOVA;
Anderson, 2001). Additionally, we identified species
associated with each period in each habitat using the
indicator species analysis (INDVAL; Dufréne &
Legendre, 1997). To test the variability and persis-
tence of the phytoplankton species, we conducted a
permutation test for homogeneity of multivariate
dispersions among the sampling units of phytoplank-
ton density collected in each period. The test was
based on the distances from individual points (sam-
pling unit) to their group centroid in the full dimen-
sional space calculated through a principal coordinates
analysis (PCoA). The analysis was based on a
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dissimilarity matrix obtained using Bray—Curtis index
(Anderson, 2006). Significance was estimated through
analysis of variance and permutation test. The data
were log-transformed ;o(x) + 1. To assess the rela-
tionship between phytoplankton abundance and envi-
ronmental variables, we carried out a BioEnv test,
which finds the best subset of environmental variables
with the maximum Spearman’s rank correlation using
the community dissimilarity matrix (Bray—Curtis
index, log(x + 1) data; Clarke & Ainsworth, 1993).
INDVAL analysis was performed using the PC-Ord
6.0 (McCune & Mefford, 1999). The remaining
analyses were processed using R environment (R
Development Core Team, 2012).

Results
Hydrological cycles and environmental variability

The variation in water level in the Parana River was
determined in two distinct periods. In the years of
2000 and 2001, the average water level was
27+£06m (CV 21 %) with low intensity and
amplitude of potamophase (11 and 3 days, respec-
tively), the connectivity index ranged from 0.01 to
0.03 and limnophase predominated (355 and
362 days, respectively). The average water level of
the Parana River in the years of 2010 and 2011 was
33+ 1.1 m (CV 32 %) with the occurrence of
intense potamophase (102 and 81 days, respectively),
and a connectivity index between 0.29 and 0.39. In
these years, during the potamophase, the water levels
of the Parana River were >6 m (Fig. 2).

The first two axes generated through the PCA
explained 60 % of the environmental variability in the
environments of the BR sub-basin. The first axis had
positive influence of the water level of the Parana
River (0.43), Z,ax (0.43) and Z.,, (0.39) and negative
influence of DO (—0.37), discriminated between the
potamophase periods in 2010 and 2011, pointed out on
the right of the diagram. The principal variables in the
second axis were TP (0.48) and SRP (0.46) and pH
(—0.41) (Fig. 3).

Phytoplankton community

Overall, 197 taxa were registered in BR, 235 in CFL and
162 in IFL. Chlorophyceae, Bacillariophyceae,
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Fig. 2 Daily variation in water level of the Parana River in the
periods 2000-2001 and 2010-2011. Arrows indicate the
sampling periods. Dotted line represents the level required to
flood into the Baia River sub-basin

Cyanobacteria and Euglenophyceae were the principal
groups. Cryptophyceae, Chrysophyceae, Zygnema-
phyceae, Xanthophyceae and Dinophyceae also
revealed important contributions to these environments.

The phytoplankton species richness in BR ranged
from 13 (May 2000) to 52 taxa (December 2010). In
CFL, it ranged from 11 (August 2000) to 56 taxa
(March 2010), while in IFL, the range was between 14
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Fig. 3 Dispersion of the scores of the first two axes of the
principal component analysis performed for the abiotic vari-
ables of the Baia River sub-basin environments (CFL L:
connected floodplain lake in limnophase, CFL P: connected
floodplain lake in potamophase, IFL L: isolated floodplain lake
in limnophase, IFL P: isolated floodplain lake in potamophase,
BR L: Baia River in limnophase, BR P: Baia River in
potamophase, WL: water level of the Parana River, Z:
maximum depth, Z,: euphotic zone, DO: dissolved oxygen, pH:
pH, TP: total phosphorus, SRP: soluble reactive phosphorus)

(February 2000) and 35 taxa (March 2010). The
highest values for species richness were recorded in
2010-2011, for all of the analysed habitats (Fig. 4).
Phytoplankton density ranged from 54 ind. ml™'
(December 2011) in BR to 9986 ind. ml™" (February
2000) in CFL. The highest value of phytoplankton
density was recorded during limnophase of
2000-2001 (Fig. 5). Significant differences in phyto-
plankton species richness and density were recorded in
the different periods and phases of the hydrological
cycle (Table 1).

The results of the INDVAL analysis suggest that
only one taxon was indicator of the period 2010-2011,
Monoraphidium convolutum (Corda) Komarkova—
Legnerova, in CFL, while in the period 2000-2001,
18 taxa with significant values were indicators
(Table 2).

The PCoA indicated that along the period of
2000-2001 the sampling units in the three habitats
were less dispersed than between 2010 and 2011
(Fig. 6a—c). The dispersion of the groups had signif-
icant differences in BR (P = 0.005), CFL (P = 0.03)
and IFL (P = 0.01).

BioEnv indicated that the variables correlated with
phytoplankton abundance in BR were pH, Z,,,x and the
water level of the Parana River (Table 3). In CFL, the
principal variables were electrical conductivity and
Ze, (Table 4) and in IFL, the principal variables
correlated were electrical conductivity, Z., and SRP
(Table 5).

Discussion

The variability of phytoplankton species richness and
abundance in the environments of the BR sub-basin
was strongly associated with the hydrological regime
of the Parana River. Lower temporal variability and
greater phytoplankton persistence occurred in
2000-2001, when an extreme drought in the region
resulted in anomalies in the hydrological cycles. The
synergism of the La Niiia events (McPhaden et al.,
2006; CPTEC, 2012), which caused negative precip-
itation anomalies in the region, associated with Porto
Primavera Reservoir filling, located upstream to the
study area (Borges & Train, 2009; Rodrigues et al.,
2009), was decisive to generate disturbances in the
hydrological regime and extending the limnophase
period.
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Fig. 4 Temporal variation of phytoplankton richness in river (a),
connected floodplain lake (b) and isolated floodplain lake (c)

Thus, the combination of intensive hydrological
and climatic anomalies affected the dynamics of the
phytoplankton community structure and caused
greater persistence of abundance for some taxa.
Devercelli (2006) also recorded high phytoplankton
abundance, due to prolonged limnophase, associated
with severe drought in the Middle Parana River in
1999-2000. As attested by Pomati et al. (2011), the
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Fig. 5 Temporal variation of phytoplankton density in river (a),
connected floodplain lake (b) and isolated floodplain lake (c)

intensity of fluctuations of environmental variables
has strong effect on the temporal stability of plank-
tonic communities.

The change in the natural dynamics of potamophase
periods may have influenced the local phytoplankton
richness, since floods, along with habitat heterogene-
ity, are responsible for the maintenance of biodiversity
in the floodplain (Neiff, 1990; Ward & Tockner,
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Table 1 The results of
PERMANOVA analysis for
phytoplankton species
richness and density in the
river, connected floodplain
lake and isolated floodplain
lake with two levels of
observation

Bold indicate the significant
values

Significance level < 0.05

Phase: limnophase and
potamophase, Period:
2000-2001 and 2010-2011

Effects df Mean square F-statistic P value (permutational)
River
Richness
Phase 1 0.40779 1.5835 0.080
Period 1 1.25869 4.8877 0.001
Phase * Period 1 0.49031 1.9039 0.001
Residual 10 0.25752
Total 13
Density
Phase 1 0.52316 1.4288 0.061
Period 1 0.91255 2.4922 0.001
Phase * Period 1 0.49705 1.3575 0.001
Residual 10 0.36616
Total 13
Connected floodplain lake
Richness
Phase 1 0.40142 1.4889 0.094
Period 1 1.15334 4.2779 0.001
Phase * Period 1 0.44476 1.6497 0.002
Residual 10 0.26960
Total 13
Density
Phase 1 0.48802 1.3478 0.110
Period 1 1.00741 2.7822 0.001
Phase * Period 1 0.47807 1.3203 0.001
Residual 10 0.36210
Total 13
Isolated floodplain lake
Richness
Phase 1 0.36461 1.2523 0.161
Period 1 1.15214 3.9572 0.001
Phase * Period 1 0.42765 1.4688 0.020
Residual 10 0.29115
Total 13
Density
Phase 1 0.42704 1.1849 0.230
Period 1 1.08132 3.0003 0.001
Phase * Period 1 0.49735 1.3800 0.001
Residual 10 0.36040
Total 13

2001). The low species richness and high density
recorded in 2000-2001, provided the evidence, along
with the presence of cyanobacteria during most of this
period. In general, the continuous persistence of

species is often greater in relatively constant environ-
mental conditions (Collier, 2008).

The increase in phytoplankton species richness in
periods of high water levels in Parana River between
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Table 2 Phytoplankton indicator taxa and their significance values (P < 0.05) in the period 2000-2001 and 2010-2011 in river
(BR), connected floodplain lake (CFL) and isolated floodplain lake (IFL)

BR CFL IFL
2000-2001

Aulacoseira distans (Ehrenberg) Simonsen 0.0278 0.0034
Aulacoseira granulata (Ehrenberg) Simonsen var. granulata 0.0024

Aulacoseira herzogii (Lemmermann) Simonsen 0.0046

Cyclotella stelligera Cleve & Grunow 0.0002 0.0164
Dolichospermum circinalis (Rabenhorst ex Bornet & Flahault) P. Wacklin, 0.0014

L. Hoffmann & J. Komarek (= Anabaena circinalis Rabenhorst ex Bornet et Flahault)
Dolichospermum planctonicum (Brunnthaler) P. Wacklin, L. Hoffmann & 0.0472 0.0138
J. Komarek (= Anabaena planctonica Brunnthaler)

Aphanocapsa elachista West & G.S. West 0.0244
Synechocystis aquatilis Sauvageau 0.0128 0.0158
Closteriopsis scolia A. Comas 0.0140 0.0138
Monoraphidium contortum (Thuret) Komarkova-Legnerova 0.0168 0.0150
Monoraphidium griffithii (Berkeley) Komarkova-Legnerova 0.0140

Euglena sp. 0.0138
Trachelomonas hispida var. hispida (Perty) Stein 0.0494
Trachelomonas volvocinopsis Svirenko 0.0156

Chroomonas acuta Utermohl 0.0002 0.0046 0.0034
Cryptomonas brasiliensis Castro, Bicudo e Bicudo 0.0494
Cryptomonas marssonii Skuja 0.0008 0.0008
Cryptomonas erosa Ehrenberg 0.0002 0.0008 0.0036

2010-2011
Monoraphidium convolutum (Corda) Komarkova-Legnerova 0.0210

2010 and 2011 suggests the availability of ecological
niches and inflows of inocula into the remaining
habitats that were isolated during limnophase.
Besides, the adjacent environments in the Upper
Parana River may constitute storage zones for algae,
contributing significantly to phytoplankton species
richness (Bovo-Scomparim, 2011). Therefore, it con-
firmed that a greater amplitude of potamophase
favours phytoplankton diversity.

The phytoplankton composition of the BR and
floodplain lakes presented remarkable differences
between the two periods. According to INDVAL
analysis, M. convolutum was the only significant
indicator for CFL in 2010-2011, probably due to the
decrease in competitive and dominant species during
the potamophase, which favoured the increase of rare
species (Train & Rodrigues, 2004). The lowest water
retention time in the potamophase restricts phyto-
plankton growth, and our results suggest that this time
is insufficient for the accumulation of phytoplankton,
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in other words, for the proliferation of dominant
species (Schemel et al., 2004).

In the high water period, the positive precipitation
anomalies were influenced by EI Nifio events accord-
ing to McPhaden et al. (2006) and CPTEC (2012),
which occurred concomitantly with the release of
water from dams upstream, causing exceptional floods
in the Upper Parand River, with large amplitude of
potamophase. In this phase of the hydrological cycle,
occurred a marked reduction in the phytoplankton
density, mainly in BR, that had influence of flooding
caused by Parana River.

According to Schemel et al. (2004), phytoplankton
abundance is favoured in temperate floodplains with
complex hydrological variability with several flooding
periods. However, this was not a pattern evident in this
sub-basin of the Upper Parand River subtropical
region. The highest value of phytoplankton abundance
was recorded in 2000-2001, with the absence of
potamophase. Grabowska et al. (2014) described
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significant increase in phytoplankton abundance at
low water level condition and increased diversity of
phytoplankton during high water level condition, the
same pattern found in our study.

In 2000-2001, with the occurrence of lower
variability and greater persistence in the phytoplank-
ton abundance in the habitats, 18 taxa were selected as
indicators. These taxa were favoured by environmen-
tal conditions imposed by limnophase, mainly at high
concentrations of TP and low Z,,,,. Among these taxa,
a higher contribution of diatom Aulacoseira granulata
(Ehrenberg) Simonsen var. granulata to density in BR
in 2000-2001 pointed to the dependence of this taxon
upon turbulence for suspension (Reynolds et al., 2002;
Rodrigues et al., 2009), which was facilitated in the
lower Z,,.x period, when the winds promoted complete
mixing in the water column. Aulacoseira herzogii
(Lemmermann) Simonsen, an indicator species for
CFL, was associated with high nutrient concentra-
tions, such as TP and SRP. According to Padisék et al.
(2009), the occurrence of these taxa is related to
environmental conditions found in the shallow lakes,
such as mesotrophic status and water column mixing,
which were verified in this environment.

The dominance of cyanobacteria nitrogen fixers
such as Dolichospermum circinalis (Rabenhorst ex
Bornet & Flahault) P. Wacklin, L. Hoffmann & J.
Komarek and Dolichospermum planctonicum (Brun-
nthaler) P. Wacklin, L. Hoffmann & J. Komarek has
been attributed, among other factors, to their ability to
survive in N-deficient systems (Reynolds et al., 2002).
This feature combined with their high surface:volume
ratio, confers a greater tolerance to nutrient-limiting
conditions and results in the success of these taxa in
low light, high-trophic status environments (Kruk &
Segura, 2012). D. planctonicum in BR and CFL in
February and August 2000 was associated with low
Z.. and hypereutrophic conditions (TP >200 pg 171).
The cyanobacteria Aphanocapsa elachista West & G.
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Table 3 Results of the BioEnv for samples collected in the river during study period

Model sizes Models Correlation
1 WL 0.1184
2 Znax + WL 0.1687
3 pH + Zpna + WL 0.1958
4 Cond + Zax + SRP + WL 0.1748
5 WT + Cond + Z,x + SRP + WL 0.1708
6 WT + pH + Cond + Z;.x + SRP + WL 0.1378
7 WT + DO + pH + Cond + Z,x + SRP + WL 0.1072
8 WT + DO + pH + Cond + Z;,,x + DIN + SRP + WL 0.0840
9 WT + DO + pH + Cond + Z, + Zy,x + DIN + SRP + WL 0.0409
10 WT + DO + pH + Cond + Z, + Zn.x + DIN + TP + SRP + WL 0.0180
Value in bold corresponds to the set of variables with maximum correlation

Table 4 Results of the BioEnv for samples collected in the connected floodplain lake during study period

Model sizes Models Correlation
1 Zeu 0.4257
2 Cond + Z, 0.4452
3 pH + Cond + Z, 0.4367
4 pH + Cond + Z., + Zpnax 0.4161
5 pH + Cond + Z,, + Z.x + DIN 0.3541
6 DO + pH + Cond + Z, + Zy.x + DIN 0.3179
7 DO + pH + Cond + Z, + Zpn.x + DIN + WL 0.2897
8 WT + DO + pH + Cond + Z¢, + Zmax + DIN + WL 0.2458
9 WT + DO + pH + Cond + Z, + Z.x + DIN + SRP + WL 0.2018
10 WT + DO + pH + Cond + Z., + Zp.x + DIN + TP + SRP + WL 0.1611

Value in bold corresponds to the set of variables with maximum correlation

S. West and Synechocystis aquatilis Sauvageau were
favoured by the high concentrations of nutrients,
mainly TP. Furthermore, A. elachista, with abundant
mucilage, and S. aquatilis, with a high surface:volume
ratio (Kruk et al., 2010), were favoured in limnophase,
due to high water retention time, thereby enabling
greater permanence in the water column. Thus, the
synergism of these factors influenced the dominance
of cyanobacteria in the phytoplankton community.
The chlorophyceans represented by Closteriopsis
scolia A. Comas, Monoraphidium contortum (Thuret)
Komarkova-Legnerova and Monoraphidium griffithii
(Berkeley) Komarkova-Legnerova, with high require-
ments for nutrients (Padisak et al., 2009), contributed
strongly to high phytoplankton density in BR and its
connected lake in many periods. Euglena sp., Trach-
elomonas hispida var. hispida (Perty) Stein and
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Trachelomonas volvocinopsis Svirenko have com-
monly been described for meso—eutrophic shallow
lakes rich in organic matter (Padisdk et al., 2009; Kruk
& Segura, 2012), and contributed to high densities
only in CFL, in 2000-2001. The cryptomonads
Chroomonas and Cryptomonas, selected as indicators
for all environments, possess high surface area:vol-
ume ratios, rapid growth, rapid absorption of nutrients
and tolerance to low light. These characteristics,
including opportunistic life strategies, make them
very adaptable to a wide range of habitats and
environmental conditions, and enable their develop-
ment in different habitats (Reynolds et al., 2002; Kruk
et al., 2010). High values of phytoplankton density
occurred in CFL as well as in the river in 2000 and
2001, when prolonged limnophase occurred. The low-
flow conditions in BR favoured phytoplankton growth
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Table 5 Results of the BioEnv for samples collected in the isolated floodplain lake during study period

Model sizes Models Correlation
1 Zew 0.2238
2 Zew + SRP 0.2673
3 Cond + Z., + SRP 0.2895
4 Cond + Z., + Zya.x + SRP 0.2571
5 pH + Cond + Z., + Zy.x + SRP 0.2473
6 pH + Cond + Z,, + Z.x + DIN + SRP 0.2359
7 DO + pH + Cond + Z, + Z.x + DIN + SRP 0.2078
8 DO + pH + Cond + Z, + Z,,x + DIN + SRP + WL 0.1829
9 WT + DO + pH + Cond + Z, + Zpnax + DIN + SRP + WL 0.1443
10 WT + DO + pH + Cond + Z., + Z,,x + DIN 4+ TP + SRP + WL 0.0929

Value in bold corresponds to the set of variables with maximum correlation

and the occurrence of cyanobacteria blooms (Train &
Rodrigues, 1998) as well as promoted greater persis-
tence of species.

The connectivity between the river and the lake
facilitates the exchange of inocula, providing the
lentic environment with hydrodynamic and nutritional
conditions appropriate for the development and per-
sistence of mostly A. granulata var. granulata and D.
planctonicum in 2000-2001. Furthermore, the contin-
uous fluctuations in water level of BR, connected to
Guarana Lake, influence the magnitude of environ-
mental variation in this lake. Thus, the continuous
exchange of water between BR and this CFL resulted
in a greater homogeneity of environmental conditions,
as well as of phytoplankton taxa, unlike those
observed in IFL, which, with its particular dynamics,
allowed the occurrence of distinct successional pro-
cesses of the phytoplankton community, thereby
establishing a distinct habitat and phytoplankton
community from BR.

The variability of phytoplankton abundance fol-
lowed a well-defined temporal pattern, with records of
the highest variability or greatest dispersion of sam-
pling units in time for 2010-2011, in the river and
floodplain lakes. As indicated through the PCoA,
potamophase increased temporal dissimilarity and
modified the phytoplankton abundance. In this sense,
the recurrence of floods maintains those environmen-
tal conditions that favour greater variability and lower
persistence of the phytoplankton community. This
indicates that the temporal variability of phytoplank-
ton abundance was lowest in the years 2000 and 2001,
when potamophase did not occur, providing the

phytoplankton taxa with greater persistence. The
opposite was reported in 2010 and 2011, with the
occurrence of intensive potamophase, greater vari-
ability of phytoplankton abundance and lower taxa
persistence.

The low diversity of planktonic algae may decrease
the magnitude and stability of ecosystem processes,
such as the use of resources and productivity (Cot-
tingham et al., 2001). This pattern was observed in
2000-2001, when the prolonged limnophase altered
the patterns of richness and influenced the dominance
of some species. In the absence of floods, the
autochthonous processes of productivity may have
had greater contribution to energy input than the
allochthonous processes, causing the accumulation of
nutrients in the habitats, mainly TP. These conditions
favour the dominance of species such as cyanobacte-
ria. Effects of extreme variations in water level on
other aquatic communities of the Upper Parana River
floodplain have been shown previously (Bonecker
et al., 2009; Lansac-Toha et al., 2009; Padial et al.,
2009; Bonecker et al., 2013; Higuti et al., 2013; Petry
et al., 2013).

The environmental variables selected by BioEnv,
explain the dissimilarity of the phytoplankton in the
river (pH, Z,.« and water level of Parana River), in
CFL (conductivity and Z,,) and IFL (conductivity, Z.,
and SRP). The variables water level, Z., and Z,x
showed a particularly strong variation between the two
extreme periods; therefore, they appeared to be
directly related to the temporal variation of phyto-
plankton abundance. These variables indicated that
when there is low environmental variability,
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phytoplankton abundance is greater. According to
Huszar et al. (2003), environmental constancy is
required to promote and maintain phytoplankton
persistence; however, little is known on the subject
and its direct relationship with environmental stability
(Schneck et al., 2010). Nevertheless, it is possible to
conclude that the greater phytoplankton persistence
was related to lower environmental variability.

Flooding is a regulatory factor and component of
the ecosystem that benefits the maintenance of
ecological processes and the biodiversity (Ward &
Tockner, 2001). So, the limnophase extension inter-
feres with the phytoplankton richness and influences
the pattern of species dominance. A strong distinction
of the phytoplankton richness and abundance was
observed between the two periods analysed. Undoubt-
edly the regulation of the main channel of Parana
River by Porto Primavera Dam, along with the La Nifia
event, was the main drivers of alterations in the
environmental conditions in 2000-2001, and influ-
enced the extension of limnophase. Therefore, our
hypothesis was confirmed that in irregular hydrolog-
ical cycles without flood pulses reduce variability and
increase abundance of the phytoplankton community,
which is in contrast to the hydrological cycles with
limnophase and potamophase when there is greater
variability and lower persistence of phytoplankton
richness and abundance.
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