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Abstract: Aim: In this study, we analyzed the structure of the copepod community along a
longitudinal axis of the last undammed stretch of the Upper Parand River floodplain, downstream of
Porto Primavera reservoir. We hypothesized that (i) copepod assemblage would show an increase in
the abundance of organisms, species richness and specific diversity with the distance from the Porto
Primavera reservoir, due to the arrival of species from adjacent lakes and tributaries; (ii) copepod
abundance and species richness would be higher in tributaries and adjacent lakes located at the
floodplain, which show higher environmental heterogeneity and function as a species source; and
(iii) spatial patterns of copepod assemblage structure are related to the environmental gradient, since
copepods show a rapid response to the variation of environmental conditions. Method: Sampling was
performed quarterly from August 2013 to July 2014, at the subsurface of the pelagic region. Sampling
sites were located along the Parand River, in seven of its tributaries, and in eight lakes located in its
floodplain. Results: We identified 29 species belonging to two families: Cyclopidae (21 species) and
Diaptomidae (eight species). On contrary of our first hypothesis, ANOVA results showed a significant
decrease in copepod abundance in the downstream direction. Similarly, the tributaries showed higher
values of ecological attributes in the upstream stretch. RDA results showed that in axis 1, the Parand
River and the lakes were positively correlated with conductivity, pH, temperature and suspended
organic matter, characterized by the most abundant copepod species. The tributaries, on the other
hand, were negatively correlated with turbidity, total nitrogen, total phosphorus and depth. Axis 2
showed a positive correlation of the Parand River with conductivity and suspended organic matter,
and a higher abundance of Argyrodiaptomus azevedoi, Notodiaptomus iheringi, N. henseni, N. cearensis
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and V. cf. spinuliferus. On the other hand, the lakes were positively correlated with temperature and
pH and also with a higher abundance of Zhermocyclops minutus and T. decipiens. Conclusion: We
highlight the importance of the maintenance of the ecological integrity of the Upper Parand River
floodplain, especially of its tributaries, in order to support the high biodiversity registered in the
last undammed stretch. Furthermore, we highlight the importance of manipulation of water levels
in reservoirs located upstream of this stretch, a necessary condition to maintain the hydrological
connectivity between floodplain habitats and the main river.

Keywords: zooplankton; dam; cascading reservoir continuum concept; flood pulse; hydrological
connectivity.

Resumo: Objetivo: Este estudo analisou a estruturagao da comunidade de copépodes ao longo de
um eixo longitudinal do dltimo trecho livre de barramento do sistema rio-planicie de inundagao do
alto rio Parand a jusante da barragem de Porto Primavera. Nossas hipéteses foram que (i) a comunidade
de copépodes apresentard aumento na abundéncia de organismos, riqueza e diversidade especifica de
espécies & medida que se distdncia da barragem de Porto Primavera devido ao incremento de espécies
de lagoas marginais e tributdrios; (ii) os atributos da comunidade serdo maiores em tributdrios e lagoas
marginais localizadas na planicie de inundagio pois a mesma apresenta maior heterogeneidade ambiental
e atual como uma fonte de espécies; (iii) o padrio de composi¢io de espécies serd correlacionado
ao gradiente ambiental tendo em vista que os copépodes apresentam rdpida resposta a variagio das
condigbes ambientais. Método: As amostragens foram realizadas trimestralmente, em 2013 e 2014,
a subsuperficie da regido peldgica, ao longo do rio Parand, em sete de seus tributdrios e em oito lagoas
localizadas em sua planicie de inundagio. Resultados: Foram identificadas 29 espécies, pertencentes
4s familias Cyclopidae (21 espécies) e Diaptomidae (8 espécies). Ao contrdrio da primeira hipdtese,
os resultados da ANOVA evidenciaram um decréscimo significativo na abundéncia de copépodes
desde montante até jusante, na calha principal do rio Parand. Os resultados da RDA mostraram que
no eixo 1, o rio e as lagoas foram correlacionados positivamente condutividade, pH, temperatura e
material orginico em suspensio, caracterizada pelas principais espécies de copépodes. Os tributdrios,
por outro lado, foram correlacionados negativamente com turbidez, nitrogénio total, féforo total
e profundidade. O eixo 2 houve correlagdo positiva do rio Parand com condutividade elétrica e
material orginico em suspensio, e maior abundancia de Argyrodiaptomus azevedoi, Notodiaptomus
iheringi, N. henseni, N. cearensis e N. cf. spinuliferus. Por outro lado, as lagoas foram correlacionadas
positivamente com pH e temperatura e também maior abundincia de Thermocyclops minutus e
1. decipiens. Conclusio: Dessa forma, destaca-se a importincia da manutengio da integridade ecolégica
da planicie de inundagio do alto rio Parand na manutencio da elevada biodiversidade registrada nesse
tltimo trecho livre de represamentos desse importante rio tropical. Ressalta-se ainda a importancia
da manipulacdo da vazio dos reservatdrios a montante desse trecho, condigao necessdria a existéncia

de uma conectividade hidrica entre planicie e rio principal.

Palavras-chave: zooplancton; barragem; conceito de reservatérios continuos em cascata; pulso

de inundagio; conectividade hidrica.

1. Introduction

Suitable environmental conditions are essential
for the proper functioning and maintenance of
watercourses, as described by the River Continuum
Concept (Vannote et al., 1980). According to
this theory the riparian vegetation, adjacent
lakes and tributaries influence the patterns
of environmental conditions in river systems.
Therefore, aquatic communities are structured
according to longitudinal changes in environmental
gradients along the river.

Human activities such as reservoir construction
have caused environmental disturbances and
altered aquatic ecosystems, promoting changes
in the hydrodynamics and chemical and physical
characteristics of river systems, thus influencing
the structure of aquatic communities (Simées et al.,

2015; Agostinho et al., 2016). In this context, the
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Serial Discontinuity Concept (Ward & Stanford,
1995), which complements the River Continuum
Concept, highlights that river impoundments
promote discontinuity in the longitudinal dynamics
and alterations in biotic and abiotic components.
However, aquatic communities and nutrients could
show a gradient downstream of the dam, becoming
gradually closer to the original conditions of the
river. In some aquatic ecosystems, one can observe
large reservoirs constructed in cascades, as is the
case of the Parand River (Agostinho et al., 2007).
Despite having a 230 km undammed stretch, this
river suffers the effects of 34 cascading reservoirs
located upstream of Porto Primavera reservoir
(Agostinho et al., 2008).

The construction of Porto Primavera reservoir
has drastically affected the Upper Parand River
floodplain, since discharge control altered the flood
regime, nutrient concentration along the river
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and, consequently, influenced the establishment
of aquatic communities (Agostinho et al., 2004b).

The Cascading Reservoir Continuum Concepts,
in turn, attempts to predict the dynamics of these
systems. This concept hypothesizes the existence of
an interconnection between ecological processes in
cach type of reservoir, in the upstream-downstream
direction, and the influence of lateral systems
connected to the rivers, such as adjacent lakes
and tributaries (Barbosa et al., 1999; Stanford &
Ward, 2001), considering the differences in their
communities (Barbosa et al., 1999). Thus, this
concept has been used to evaluate the possibility
of reestablishment of the original environmental
conditions and the organization of aquatic
communities in environments under the influence
of reservoir construction.

In this sense, the study of the zooplankton
community is relevant due to its high
species diversity (Lansac-Téha et al., 2009)
and sensitivity to environmental alterations,
making it a potential bioindicator of changes in
these ecosystems (Maia-Barbosa et al., 2006).
This community has been considered a key factor
for the comprehension of alterations in aquatic
environments (Eskinazi-Sant’anna et al., 2013),
providing knowledge on ecological processes in
hydrographic basins (Maia-Barbosa et al., 2006;
Shah et al., 2013).

Among the organisms belonging to the
zooplankton community, the copepods are generally
filter-feeding organisms with a diet basically
composed of phytoplankton (Perbiche-Neves et al.,
2007), bacteria and detritus (Smith et al., 1979).
Thus, copepods have a relevant ecological role in
freshwater ecosystems, as they feed on primary
producers and transfer the energy to higher levels
of the food web (Sugumaran, 2016).

Alterations in physical and chemical factors
caused by reservoir construction promote changes
in food composition, altering the community
structure of copepods (Perbiche-Neves et al.,
2014). These changes can determine the type of
feeding of copepods and favor the development
of certain species, influencing on the community
structure (Matsumura-Tundisi & Tundisi, 2003;
Napiérkowski et al., 2006). In this context,
alteration in the structure and dynamics of the
copepod community can be an indicator and a
reflex of changes in aquatic ecosystem functioning,
as observed by Pedrozo & Rocha (2005).

Considering the sensitivity that some species
show to environmental changes, in environments
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affected by reservoir construction, we aimed to
verify the structure of the copepod assemblage along
a longitudinal axis of the last undammed stretch of
the Upper Parand River floodplain, downstream of
Porto Primavera reservoir.

We evaluated the hypotheses that (i) copepod
assemblage would show an increase in the abundance
of organisms, species richness and diversity with
the distance from the Porto Primavera reservoir,
due to the arrival of species from adjacent lakes
and tributaries; (ii) copepod abundance and
species richness would be higher in tributaries and
adjacent lakes located at the floodplain, which show
higher environmental heterogeneity and function
as a species source; and (iii) spatial patterns of
copepod assemblage structure are related to the
environmental gradient, since copepods show a
rapid response to the variation of environmental
conditions.

2. Material and Methods
2.1. Study Area

Our study was performed in the last undammed
stretch of the Upper Parand River floodplain,
between UHE Engenheiro Sérgio Motta (Porto
Primavera reservoir) and Itaipu Reservoir (Figure 1).
The Parand River, which belong to the Prata basin,
has an extension of 4,695 km, and has more than
145 great reservoirs along its course, all of them
more than 10 meters tall, and of which 20% show
an area greater than 100 km? (Agostinho et al.,
2004b, 2007).

The mean declivity of the Upper Parand River
is 0.18m/km. In the studied stretch, its declivity
is reduced (0.09m/km), and the river exhibits a
broad anastomosing channel and an extensive
alluvial plain, with accumulation of sediment
in the riverbed, creating inlets and small islands
(over 300), or large islands and a restricted
floodplain (Agostinho, 1993).

The studied stretch of the Upper Parand River
showed an extensive floodable area of 480 km
before the construction of Porto Primavera
reservoir. However, after the dam construction, the
floodplain was reduced to an extension of 230 km
(Agostinho et al., 2004b). The river-floodplain
system has several tributaries. On its left bank,
Paranapanema, Ivai and Piquiri are the main
tributaries, and at the right bank Bafa, Iguatemi,
Ivinhema and Amambai are the most important.
This flood plain system can reach 20 km of width
in its right bank, and show a series of adjacent lakes
(Agostinho et al., 2004b).
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Figure 1. Sampling sites in the Upper Parand River floodplain, between Porto Primavera reservoir and Itaipu Reservoir.
Upstream: stretch directly influenced by Porto Primavera reservoir and the large tributaries of the left river bank;
Downstream: stretch influenced by the small tributaries of the right river bank and Itaipu reservoir.

2.2. Field surveys

Copepod sampling was performed in August
(low water period) and November (high water
period) 2013, and February (high water period)
and May (low water period) 2014. Sampling was
performed at the subsurface 30 cm of the central
region, distributed in transects along a longitudinal
axis of the Parana River, from downstream Porto
Primavera reservoir to the beginning of Itaipu
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Reservoir. We sampled in 10 sampling sites in the
river channel with three replicates (left bank, center,
and right bank), which were distributed upstream
and downstream of the mouths of the seven largest
tributaries, which were also sampled. Besides the
lotic systems, we also sampled eight adjacent lakes,
located in the floodplain itself. Thus, we obtained a
total of 180 samples, 120 in the Parand River, 28 in
tributaries, and 32 in lakes.
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Plankton samplings were performed in the
morning, with a suction pump, by filtering 600 liters
of water per sample through a plankton net of 68
pm mesh size. Samples were further fixed in a 4%
formaldehyde buffered with calcium carbonate.

2.3. Environmental parameters sampling

The following environmental parameters were
measured in each sampling site in the field: water
transparency (m) (Secchi disk), pH (digital portable
pH meter), conductivity (pS.cm™) (digital portable
conductivity meter), and turbidicy (NTU) (digital
turbidimeter), temperature (°C), and dissolved
oxygen (saturation % and mg.L") (YSI digital
oximeter).

In the laboratory, total nitrogen (Mackereth etal.,
1978) and phosphorus were determined
(Golterman et al., 1978). Organic and inorganic
suspended matter (pg.L"') were determined by
gravimetry (Wetzel & Likens, 1991).

Data on these physical and chemical variables
were provided by the Laboratory of Basic Limnology
of the Research Nucleus in Limnology, Ichthyology
and Aquaculture (Nupelia) of the State University
of Maringi.

Data on the water levels of the Parand River were
provided by the Itaipu Reservoir, of the monitoring
station of Sio José (22° 43’ 04”S, 53° 10’ 36”0)
(altitude above mean sea level — amsl).

2.4. Laboratory analysis

In the laboratory, we identified copepods
using specialized literature (Santos-Silva,
2000; Lansac-Toha et al., 2002; Silva, 2003;
Perbiche-Neves et al., 2015). Individuals were
counted under a binocular optic microscope,
using Sedgewick-Rafter chambers. A minimum of
50 individuals were counted in three subsequent
subsamples, obtained with a Hensen-Stempel pipette
(2.5 mL) (method modified from Bottrell et al.,
1976). Samples with a reduced number of individuals
were counted entirely. Final density was expressed in
individuals per cubic meter (ind.m). The subsample
method, despite providing a reliable estimate of
abundance, underestimates species richness, since
rare species may not be registered. Considering that,
in order to determine species richness, we analyzed
subsequent subsamples of each sample until no new
species were registered.

2.5. Statistical analyses

In order to verify the species diversity (H’)
of copepods in each sampling site, as described
in hypotheses (i) and (ii), we calculated the
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Shannon-Wiener index (Pielou, 1975), which is
described by — H’ = - ¥ (ni/N) x log? (ni/N), in
which ni is the number of individuals of the ith
species and N is the total number of individuals.

In order to test hypotheses (i) and (ii), we used
Analysis of Variance (ANOVA) (Sokal & Rohlf,
1991) to verify if there are significant differences
(p<0.05) in the abundance, richness and diversity
of copepod species between sampling sites along the
longitudinal axis of the river, lakes and tributaries.
Moreover, we performed Fisher’s LSD post-hoc test
to identify significant differences between upstream
and downstream of the sampled environments.
The longitudinal axis was arbitrarily categorized in
two stretches: upstream, represented by sampling
sites P1 to P5 for the Parani River, T1 to T4 for
tributaries, and L1 to L4 for lakes; and downstream,
represented by sites P6 to P10 for the Parand River,
T5 to T7 for tributaries and L5 to L8 for lakes.

Previously to all analyses, we logarithmized
abundance data and checked the normality and
homocedasticity assumptions. When assumptions
were not met, we performed a Kruskal-Wallis test,
using software Statistic 7.0 (Statsoft Inc., 2005).

In order to test hypothesis (iii) and evaluate
the influence of the environmental heterogeneity
on the structure of the planktonic copepods, we
used a Redundancy Analysis (RDA) (Legendre &
Legendre, 1998). Results were based on the values
of total inertia and percentage of explanation of
each retained axis (p<0.05). The abundance of
organisms was logarithmized to reduce the influence
of rare species and then transformed according to
the Hellinger procedure (Legendre & Gallagher,
2001). Furthermore, the effect of multicolinearity
between environmental variables was tested through
the Variance Inflation Factor (VIF). These analyses
were performed in software R. version 3.1.3
(R Development Core Team, 2015), using the
package ‘vegan’ (Oksanen et al., 2012).

3. Results
3.1. Environmental characterization

In general, environmental variables showed low
spatial variability during the study period in the
different sampling sites. However, turbidity showed
an increase in the upstream-downstream direction
(P1 to P10). We also observed an increase in total
phosphorus concentrations in the sampling sites
located at the upstream stretch (P6 to P10), which
are influenced by tributaries at the right bank of the
Parand River (Table 1).
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Water level showed little variation between
sampling periods. The lowest value was observed
in May 2014 (233.94 amsl), and the highest in
February 2014 (235.83 amsl). Water levels varied
only 1.89 m between those periods of low and high
water levels (Figure 2).

3.2. Structure of the copepod assemblage

We identified 29 species, belonging to two
families: Cyclopidae (21 taxa) and Diaptomidae
(8 taxa) (Table 2). Among Cyclopidae, only
Eucyclops elegans, E. ensifer, Mesocyclops meridianus,
Microcyclops anceps, Paracyclops chiltoni,

Thermocyclops decipiens and T. minutus were
registered in all types of environments. Among
Diaptomidae, all species except Notodiaptomus sp.
were observed in all types of environments (Table 2).

Thermocyclops minutus and T. decipiens
(Cyclopoida) showed the highest mean abundance
in the lakes, whereas Notodiaptomus henseni and
N. cearensis (Calanoida) were the most abundant
in the river (Figure 3).

Significant differences in the copepod abundance
(F =4.33; p = 0.04) were found between stretches
considering the sampling sites located in the Parand
River, with higher means in the upstream sites
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Figure 2. Variation in water level in relation to sea level (amsl) from August 2013 to July 2014. Areas signed with
arrows represent sampled months. The value zero in the y-axis is represented by 231.5 (level zero corrected by altitude

above mean sea level).
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Table 2. Species list and spatial occurrence of copepods collected in this study in the Upper Parand River floodplain.

Taxonomic position

River Tributaries Lakes

ORDER CICLOPOIDA

FAMILY CYCLOPIDAE
Acanthocyclops robusts (Sars, 1863)
Eucyclops elegans (Herrick, 1884)
Eucyclops ensifer Kiefer, 1936
Eucyclops prinophorus (Kiefer, 1936)
Ectocyclops rubescens Brady, 1904
Macrocyclops albidus (Jurine, 1820)
Mesocyclops sp.
Mesocyclops aspericornis (Daday, 1906)
Mesocyclops ellipticus Kiefer, 1936
Mesocyclops longisetus (Thiébaud, 1912)
Mesocyclops meridianus (Kiefer, 1926)
Mesocyclops ogunnus Onabamiro, 1957
Metacyclops laticornis (Lowndes, 1934)
Metacyclops mendocinus (Wierzejski, 1892)
Microcyclops sp.
Microcyclops alius Kiefer, 1935
Microcyclops anceps (Richard, 1897)
Microcyclops finitmus Dussart, 1984
Paracyclops chiltoni (Thomson, 1882)
Thermocyclops decipiens (Kiefer, 1929)
Thermocyclops minutus (Lowndes, 1934)

ORDER CALANOIDA

FAMILY DIAPTOMIDAE
Argyrodiaptomus azevedoi (Wright, 1935)
Argyrodiaptomus furcatus (Sars, 1901)
Notodiaptomus sp.
Notodiaptomus cearensis (Wright, 1936)
Notodiaptomus henseni (Dahl, 1894)
Notodiaptomus iheringi Wright, 1935
Notodiaptomus isabelae (Wright, 1936)
Notodiaptomus spiniger (Brian, 1925)
Notodiaptomus cf. spinuliferus (Dussart, 1985)

X X X X

X X X X X X

X X X X X X X

X X X X X X x
X X X X X X x
X X X X X X X X X

(Figure 4a). Differences were not significant for
species richness (F = 0.8; p = 0.37) and diversity
(F =1.04; p = 0.31) (Figure 4b and ¢).

Copepod abundance (F = 5.19; p = 0.02),
species richness (F = 9.14; p < 0.01), and diversity
(F = 11.91; p < 0.01) were significantly different
between stretches considering the sampling sites
located in the tributaries (Figure 5a, b and ¢).
Higher values of all the attributes were found in
sites located upstream.

Considering the lakes, ANOVA showed
significant differences for copepod abundance
(F=7.51; p = 0.01) between stretches, with higher
mean values found in sites located downstream
(Figure 6a). Species richness (F = 0.12; p = 0.73)
and diversity (F = 2.19; p = 0.15) did not show
significant differences between stretches located
upstream and downstream (Figure 6b and ¢).
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Copepod abundance differed significantly
between types of environments according to
Kruskal-Wallis (H = 47.33; p < 0.001). Tributaries
showed lower mean values of this attribute,
while higher mean values were registered in lakes
(Figure 7a). ANOVA also indicated significant
differences between types of environments for
species richness (F = 44.46; p < 0.01) and diversity
(F = 8.56; p <0.01). Regarding species richness, a
significant difference was found between the three
types of environments, while for diversity, sites
located in the main channel and in the lakes differed
significantly from sites located in the tributaries.
Highest mean values of species richness and diversity
were found in sampling sites located in the Parand
River, while lowest mean values of these attributes
were found in tributaries (Figure 7b and ¢).

RDA revealed an association between the
copepod assemblage structure and environmental
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variables (p < 0.05), and the ordination model
explained 57% of the variance in the data. Axis 1
explained 42% of the variance in the data and
discriminated the sampling sites located in Parand
River and adjacent lakes, positively related to
this axis and characterized by higher values of
conductivity, pH, temperature and suspended
organic matter, and also by the occurrence and
abundance of the main copepod species, from the
sampling sites located in the tributaries, negatively
related to this axis, and which showed higher values
of turbidity, total nitrogen, total phosphorus and
depth.

Axis 2 explained 25% of the variance in the data
and discriminated the sampling sites located in the
Parand River, with higher values of conductivity
and suspended organic matter and characterized
by the occurrence and higher abundances of
diaptomids Notodiaptomus iheringi, N. cearenses,
N. cf. spinuliferus and N. henseni, from the sampling
sites located in the lakes, with higher pH and
temperature, where cyclopids Zhermocyclops minutus
and 7. decipiens predominated (Figure 8). Moreover,
this analysis evidenced that higher nutrient
concentrations (TN and TP) were positively related
to axis 2, associated with sampling sites from the
lakes and tributaries, which indicates a higher
trophic state in these environments.

4, Discussion

We observed a longitudinal gradient of nutrients
along the sampled stretch of the Parand River.
This tendency of lower values of total phosphorous
concentrations and turbidity in sampling sites
closer to Porto Primavera reservoir is certainly
related to the effects of upstream reservoir cascades
causing several alterations downstream, such as
the reduction in the transport of suspended matter
transport, decrease in nutrient concentrations
causing oligotrophication, increase in water
transparency, and discontinuity of physical and
chemical characteristics (Barbosa et al., 1999). These
effects have been widely reported as possible causes
of changes in the aquatic biota (Istvdnovics et al.,
2010; Bortolini et al., 2016) and have been
observed for the Upper Parand River floodplain
(Agostinho et al., 2008; Mantovano et al., 2015;
Simées et al., 2015) and other reservoirs in the
world (Ney, 1996).

Water levels showed little variation between
sampling periods, which did not allow for a
characterization of low water and high water
periods. Inundations of important impact over
habitats adjacent to the Parand River occur when
water levels reach at least 4.6 meters (Souza-Filho,
2009). In this way, we evaluated only the spatial
scale, while the temporal scale was not taken into
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Figure 8. Bidimensional representation of Redundancy Analysis (RDA) between copepod abundances and
environmental variables of the sampling sites. COND = conductivity; TN = total nitrogen; DEP = depth; TP = total
phosphorous; TEMP = temperature; TURB = turbidity; DO = dissolved oxygen; SOM = suspended organic matter;
SIM = suspended inorganic matter. Species: A.az = A. azevedoi; A.fu = A. furcatus; N.ih = N. iheringi; T.m = T. minutus;
T.d = T decipiens; N.he = N. henseni; N.cL.spi = N. cf. spinuliferus; N.ce = N. cearensis. For better visualization, only

species mostly associated to each axis are showed.
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account, considering that the effect of flood pulse
on the copepod assemblage could not be tested.

Considering the structure of the copepod
assemblage, the numeric predominance of
T minutus, N. henseni, T. decipiens and N. cearensis
has been reported in studies approaching this
assemblage in freshwater ecosystems (Nogueira et al.,
2008; Lansac-Toha et al., 2004, 2009; Ferrareze &
Nogueira, 2011).

Copepod abundance decreased with the
distance from Porto Primavera reservoir, in the
upstream-downstream direction. This pattern of
decreasing abundance could also be observed in
other studies performed in environments located
downstream of reservoirs (Mitsuka & Henry, 2002;
Chang et al., 2008; Perbiche-Neves et al., 2012;
Grabowska et al., 2013).

This decrease in abundance is probably caused
by the influence of flow velocity in the stretch
downstream of the reservoir (Mitsuka & Henry,
2002; Chang et al., 2008; Portinho et al., 2016).
Thus, there is an expressive contribution of the
reservoir fauna for the community structure
immediately downstream of the reservoir, which
frequently suffers a decrease along the dowstream
stretch, which exhibits with lotic characteristics.
The abundance of these organisms is influenced
by hydrodynamic conditions, since the current
velocity affects the availability of food resources
through the removal of nutritive compounds of
the biotic community (Mitsuka & Henry, 2002).
Furthermore, the reproduction of planktonic
organisms is also limited by the high current velocity
(Ward, 1994), considering that these organisms are
exported in a downstream direction in a rate that is
frequently higher than their reproductive capacity.
In addition, the large volume of water coming
from downstream, promotes a dilution effect in
the abundance of copepods (Nadai & Henry, 2009;
Neto et al., 2014).

Moreover, lentic environments such as
floodplain lakes favor the development of planktonic
populations, including copepods (Viroux, 1997;
Velho et al., 2001). Since the upstream strecch is
more extensive and characterized by an elevated
number of lakes and secondary channels, we suggest
that the higher values of copepod abundance
observed in sampling sites located upstream of
the Parand River could also be the result of the
contribution of fauna from environments adjacent
to the floodplain. However, the absence of flood
during the studied period leads us to disregard
this idea. In this sense, Casanova & Henry (2004)
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verified that low water levels determined a small
contribution of lakes, both in terms of abundance
and diversity, to the increment of copepod species
in the Paranapanema River.

Thus, it is more plausible to assume that the
higher abundance of copepods in the stretch closer
to Porto Primavera reservoir was due to the arrival
of copepods coming from the reservoir. The higher
water retention time in the reservoir frequently
favors an increase in the abundance of these
microcrustaceans (Sartori et al., 2009).

The higher diversity of copepod species in the
main river channel was probably determined by the
influence of tributaries, mainly those located at the
right bank (Baia, Ivinhema and Ivinheminha), in
the floodplain. This result suggests an importance
of these tributaries for species dispersal, which
maintains a higher diversity of copepods in the main
river channel despite the low abundance found in
this environment. Velho et al. (2004) suggested that
the Parand River functions as a collector of the fauna
from all the floodplain.

The redundancy analysis showed that
environmental conditions influenced the structure
of the copepods assemblage. In this way, the
highest copepod abundances and occurrence in
lakes corroborate the pattern frequently registered
for zooplankton, owing to the lentic characteristic
of these environments, which allow the successful
reproduction and establishment of populations,
especially of copepods (Paggi & Paggi, 1990). In our
study, cyclopoid species, especially 7. minutus and
T. decipiens, predominated in these environments,
characterized by the higher values of water
temperature and pH. Due to the higher water
residence time and reduced flow velocity of these
lakes, compared to the river, one could expect that
calanoids would be better adapted and predominate
in these environments (Ferrareze & Nogueira,
2011), and that cyclopoids would predominate in
sampling sites located at the Parand River. However,
we observed an inverse pattern, which could be
explained by the fact that the studied lakes were
mainly mesotrophic, which favours cyclopoid
species (Landa et al., 2007), to the detriment of
calanoid species, which prevail in oligotrophic
environments.

In the Parand River, as previously highlighted,
calanoids dominated, in terms of abundance and
occurrence. This suggests that this predominance
is determined by the influence of the upstream
reservoir (Porto Primavera), which retain both
nutrients and sediments (Agostinho et al., 2004a),
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promoting oligotrophication, considering that this
is the last of a long series of reservoirs located at the
Parand River basin. Other authors also registered
a similar pattern of calanoid abundance in lotic
environments impacted by upstream reservoirs
(Lopes et al., 1997; Portinho et al., 2016).

In turn, tributaries were characterized by the low
occurrence and abundance of copepods, likely due
to the high current velocity of these environments.
Therefore, although tributaries show considerably
high values of nutrient concentration, which was
also verified in the lakes, the water residence time,
extremely reduced in these environments, limits
the development of populations of copepods
(Pourriot et al., 1997). Moreover, higher turbidity
values found in these tributaries can limit the
occurrence of these organisms, by obstructing the
respiratory tract (Mitsuka & Henry, 2002).

Therefore, although the hydrodynamics was
considered the main factor influencing the
occurrence and dominance of copepod groups,
the results obtained in our study also indicate the
relevance of the trophic degree as a structuring factor
for this assemblage, when comparing the Parand
River (oligotrophic) with the adjacent mesotrophic
lakes. In summary, the results obtained in our study
evidenced a decrease in the copepod abundance
along the longitudinal axis of the Parand River,
from upstream to downstream, refuting our first
hypothesis. This was likely due to the influence of
fauna coming from the reservoir in the organization
of the copepod assemblage in the upstream stretch
of the study area.

Our second hypothesis was partially refuted
considering that the highest copepod diversity,
contrary to our expectations, was registered in the
Parand River, although the highest abundance was
verified in the floodplain lakes. Finally, the third
hypothesis was corroborated, since the abundance
and composition patterns of copepods were related
to the environmental gradient.

Thus, we highlight the importance of the
maintenance of the ecological integrity of the Upper
Parand River floodplain, in order to maintain the
high biodiversity registered in the last undammed
stretch of this important tropical river. We emphasize
the importance of the regulation of outflow from
reservoirs located upstream this stretch, which is a
necessary condition to the existence of hydrological
connectivity between the floodplain habitats and
the main river, fundamental for the biodiversity of
river-floodplain systems.
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