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Abstract
Reservoir operations alter, eliminate or restrain the natural hydrologic cycles. Biotic community has become subject to 
these non-cyclic events, responding by reducing the species diversity. Ephemeroptera species present distinct responses 
to environmental deterioration such that poses this assemblage between the most useful groups in biomonitoring 
programs. We hypothesized an alteration in beta diversity at the longitudinal species gradient, which will be influenced 
mainly by species losses between zones. Changes in temporal beta diversity is also expected, but the main drivers of 
such alterations will be the species turnover between the sampling period. Ephemeroptera community was monitored 
in nine sampling points from Itaipu Reservoir, where were installed three sets of substrates composed by a float 
and 2 wooden substrates. We took biological samples in triplicates monthly, from June-01 to August-02. Our initial 
hypothesis was partially supported and with significant variations only for spatial approach, between the Reservoir 
zones. The generated ordering from Non-Metric Dimensional Scale – NMDS - corroborated with spatial analyzes, 
with the formation of two groups along the gradient zonation of the reservoir. The temporal ordination showed no 
clear pattern. As expected, the contribution to beta diversity was different for our two approaches, such that the loss 
of species was more important along the spatial gradient and despite of no significant result, the species replacement 
was more important among months. The spatial results lead us to infer that differences in limnological characteristics 
between zones are important for determining differences in Ephemeroptera composition and can reflect the dependency 
degree of the species in relation to the lentic and sometimes-lotic conditions, mainly in the riverine zone of reservoirs. 
On the other hand, the absence of a temporal pattern can be result of chaotic variations in the physical and chemical 
attributes imposed by the reservoir operation, disrupting continuity of the biota and natural succession processes.
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O gradiente longitudinal de um reservatório promove perdas ordenadas na 
diversidade e densidade da comunidade de Ephemeroptera

Resumo
As operações de reservatórios alteram, eliminam ou restringem os ciclos hidrológicos naturais. A comunidade biótica 
torna-se sujeita a estes eventos não-cíclicos, respondendo com a redução da diversidade de espécies. As espécies de 
Ephemeroptera apresentam respostas distintas à deterioração ambiental, sendo o grupo muitousado em programas 
de biomonitoramento. Nós hipotetizamos uma alteração na diversidade beta das espécies no gradiente longitudinal, 
influenciada principalmente pelo componente aninhamento com a consequente perda de espécies entre as zonas do 
reservatório. Também são esperadas mudanças na diversidade beta entre os meses de amostragem, mas o principal fator 
dessas alterações será a substituição das espécies entre os períodos, em função dos rápidos ciclos de vida que o grupo 
apresenta. A comunidade Ephemeroptera foi monitorada em nove pontos amostrais do reservatório de Itaipu, onde 
foram instalados três conjuntos de substratos compostos por um flutuador e 2 substratos de madeira. Tomamos amostras 
biológicas em triplicatas mensalmente, de junho de 2001 a agosto de 2002. Nossa hipótese inicial foi parcialmente 
suportada, com variações significativas apenas na escala espacial. A ordenação gerada pelo Escalonamento Dimensional 
Não-Métrico – NMDS - corroborou com as análises espaciais, com a formação de dois grupos ao longo do gradiente 
de zonação do reservatório. A ordenação temporal não mostrou um padrão claro. Como esperado, a contribuição para 
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1. Introduction

Reservoirs are complex systems exhibiting a range of 
ecological, economic and social interactions (Tundisi, 1996). 
A major impact of reservoirs is the reduction of natural 
cyclicity of riverine environment. Reservoir operations 
alters, eliminate or restrain the natural hydrologic cycles. 
Biotic community become subject to these non-cyclic 
perturbations related to operation of dams, exacerbating 
the instability induced by these new environments and 
responds by reducing the species diversity, which leading 
to simpler assemblies (Agostinho et al., 1999).

In ecological terms, due to human interference, 
reservoir systems show combinations of riverine and 
lacustrine elements. A characteristic of these systems is 
the presence of a longitudinal gradient with three distinct 
zones, named by Thornton et al. (1981) as riverine, transition 
and lacustrine zones. Each zone presents differences 
in physical and chemical characteristics which lead to 
differences in biotic assemblages (Velho  et  al., 2001; 
Moreno-Ostos et al., 2008). In this sense, a fundamental 
concept regarding the structure of biological communities 
and its variation is beta diversity, which can be defined as 
the variation in community composition between sites or 
periods (Tuomisto, 2010; Melo et al., 2011). Besides the 
importance of beta diversity to explain differences between 
two biological communities, Simpson (1943) suggested 
the existence of other features leading to dissimilarity 
in species communities between sites which were not 
related to turnover. To evaluate the factors changing beta 
diversity, Baselga (2012) created a new index where the 
beta diversity can be partitioned in nestedness and turnover.

Species nestedness, in the beta diversity partitioning 
concept, is related to events where there are ordered species 
losses among both spatial and temporal scales (Baselga, 
2012). On the other hand, the turnover component determine 
the exchange of some species by others, as a consequence 
of environmental conditions, or any spatial or temporal 
restrictions (Qian et al., 2005). The partitioning of the beta 
diversity in these components, in addition to the relative 
importance of environmental and spatial factors, can be 
important tools for a better understanding of the spatial and 
temporal dynamics in biological communities (Baselga, 
2012).Currently, the dissimilarity index as the Jaccard 
or Sørensen have been widely used to evaluate the beta 
diversity and its components for several groups of organisms, 

including invertebrates (Baselga, 2010; Fattorini and Baselga, 
2012), terrestrial vertebrates (Dobrovolski et  al., 2012; 
Tonial et al., 2012) and aquatic vertebrates (Florentino and 
Penha, 2011). Ephemeroptera is an important component 
in most freshwater systems, being found in various types 
of habitats (Dominguez et al., 2001; Barber-James et al., 
2008). According to Merritt and Cummins (1996) and Silva 
(1997) Ephemeroptera is highly sensitive to ecological 
disturbances. Ephemeroptera species present distinct 
responses to environmental deterioration so that poses 
them between the most useful groups in biomonitoring 
programs (Domínguez et al., 2006; Salles et al., 2004). 
The distribution of species can be also related to season 
(Nolte et al., 1996; Melo et al., 2002), water level (Melo 
et al., 1993, 2004; Tabacchi et al., 1993) and substratum 
(Giller and Cambell, 1989; Francischetti  et  al., 2004; 
Goulart and Callisto, 2005; Shimano et al., 2011).

The responses of aquatic fauna to hydrological 
modifications induced by dams are still not well understood 
within the Neotropical fauna (Nelson, 1994). In function 
to great deeps of reservoirs, artificial substrates can 
reveal alterations in the composition and abundance of 
the Ephemeroptera species along spatial and temporal 
gradients. While spatial differences in Ephemeroptera 
community would evidence changes in habitat structure 
between reservoir zones, temporal differences would allow 
evaluating the stability of environmental conditions and 
the adaptation capacity of species in reservoirs. Based on 
above discussion, we hypothesized differences in beta 
diversity which is influenced both spatially and temporally 
so that (i) spatial beta diversity of Ephemeroptera 
community is driven mainly by nestedness of species 
along the longitudinal gradient between reservoir zones 
while (ii) temporal beta diversity is driven by turnover 
between the sampling period.

2. Methods

2.1. Area of the study
Itaipu reservoir is located at the Paraná River 

(24o05’ to 25o33’S, 54o00’ to 54o37’W), border between 
Brazil and Paraguay. Its length reaches 170 km, 
with a surface area of 1,350 km2 and a basin area of 
approximately 820,000 km2. The residence time of water 
is approximately 40 days, and only 29 days in the main 

a diversidade beta foi diferente para nossas duas abordagens, de modo que a perda de espécies foi mais importante ao 
longo do gradiente espacial e apesar de não haver resultado significativo, a substituição das espécies foi mais importante 
entre os meses de amostragem. Os resultados espaciais levam-nos a inferir que as diferenças nas características 
limnológicas entre as zonas são importantes para determinar as diferenças na composição de Ephemeroptera e podem 
refletir o grau de dependência das espécies em relação às condições lênticas e às vezes lóticas, principalmente na zona 
fluvial dos reservatórios. Por outro lado, a ausência de um padrão temporal pode ser resultado de variações caóticas 
nos atributos físicos e químicos impostos pela operação do reservatório, que interrompem a continuidade da biota e 
os processos de sucessão naturais.

Palavras-chave: diversidade beta, distribuição espacial, variação temporal, riqueza.
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channel. The average depth is 22 m and the maximum 
170 m in stretches nearer the dam.

Pagioro and Thomaz (2002) defined three different zones 
of Itaipu Reservoir based on the limnological characteristics: 
riverine, transition and lacustrine zones where the extension 
of each zone is approximately 25, 35 and 90 km, respectively 
(Okada et al., 2005). The samples were taken at nine sampling 
point along the longitudinal gradient of the reservoir where 
were installed three sets of substrates composed by a float 

and 2 wooden substrates. Guaíra and Oliveira Castro were 
located in the riverine zone and then named Riverine 1 and 
Riverine 2 respectively; Porto Mendes and Porto Britânia 
represented the transition zone and named Transition 
1 and Transition 2 respectively. The sites: Entre Rios, Santa 
Helena, São Miguel do Iguaçu, Santa Terezinha de Itaipu 
and ICLI represented the lacustrine zone and then, named 
Lacustrine1, Lacustrine2, Lacustrine3, Lacustrine4 and 
Lacustrine5, respectively (Figure 1).

Figure 1. Location of the sampling stations from longitudinal gradient of Itaipu Reservoir.
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2.2. Biological sampling
For the study on the Ephemeroptera in the longitudinal 

gradient, at each site we sampled three sets of artificial 
substrates monthly, from June 2001 to August 2002. 
The samples of material adhered to each substratum were 
sampled with a square tray of 8 cm × 8 cm (0.0064 m2), 
and fixed in polyethylene bottles containing 70% alcohol. 
For the analysis, we considered each set of substrates of 
each site as a sample unity.

Ephemeroptera nymphs were separated, counted and 
subsequently identified in the laboratory under the stereoscopic 
and optical microscope. The immature stages were identified 
to the minimum possible taxonomic level, in accordance 
with Lugo-Ortiz and McCafferty (1996), Domínguez et al. 
(2001), Molineri (2001), Salles et al. (2004), Dias (2005), 
Dias and Salles (2005), Domínguez et al. (2006).

2.3. Statistical analyzes
In order to describe variations in Ephemeroptera 

communities structure between the different zones and months, 
the following attributes were used: i) Density (Ind.m-2), 
calculated per square meter, using the area removed 
from substrates (0.0064 m2); and ii) Taxonomic richness 
(S) – number of registered taxa. The differences between 
the values of attributes were tested by analyses of variance 
(one-way ANOVA) considering the significance of p < 0.05.

A non-metric multidimensional scaling (NMDS) was 
performed with the abundance of Ephemeroptera taxa 
between the zones from Itaipu Reservoir, considering the 
longitudinal gradient (riverine, transition and lacustrine)) 
and between collection periods. NMDS was chosen because 
it is one of the most robust ordination analyses to nonlinear 
situations (Clarke, 1993). The distances were calculated 
through the Bray-Curtis similarity index. The resolution 
distortion in two dimensions is expressed by the value of 
stress. The closer to zero the stress is, better will be the 
fit between original distance of objects and arrangement 
obtained by the analysis (Legendre and Legendre, 1998). 
The Lacustrine3 were excluded of the analysis because 
no individual was found during the experiment. Analysis 
of variance for multivariate permutation (PERMANOVA) 
was used to assess the significance of ordination of 
Ephemeroptera composition (α = 0.05).

Beta diversity provided dissimilarity measures between 
different sites and periods. To evaluate the causes behind the 
results, we partitioned the overall dissimilarity for multiple 
sites (Jaccard dissimilarity) into the following fractions 
according to Baselga (2012): dissimilarity due to species 
replacement (turnover) and dissimilarity due to nestedness 
(nestedness-resultant fraction of beta diversity). Thus, we 
evaluated whether the total dissimilarity found was related 
to the loss (nestedness component) or replacement (turnover 
component) of species between months. Finally, for better 
visualization of beta diversity patterns, we built incidence 
matrices for both spatial and temporal approaches.

These calculations were performed during routine work 
executed in the vegan (for NMDS ordination, PERMANOVA 

tests and temperature matrix) and betapart (for beta diversity 
analysis) packages of R (R Development Core Team, 
2014). The figures were built in Statistica 7.1 program 
(Statsoft Inc, 2005).

3. Results

Significant differences were found only between 
reservoir zones (Figure 2A), where the highest values of 
density and taxa richness of Ephemeroptera were observed 
for riverine and transitional zones. Although there has been 
an intense fluctuation in these attributes throughout the 
collection period, they were not significant (Figure 2B).

NMDS ordination corroborated with the previous 
spatial analyzes, clustering the data into two groups 
along the reservoir-zones gradient (Figure  3A). 
Riverine and transitional zones were more related to 
each other than with the sites of lacustrine zone. By the 
permutation test performed the ordination was significant 
(F model = 6.932, p = 0.001; Table 1), and showed a pattern 
of spatial variation between reservoir zones. However, the 
temporal ordination, by sampling periods, showed no 
clear pattern (Figure 3B), and the permutation test was 
no significance (F model = 1.12, p = 0.37).

Figure 2. Mean and standard error for Density and Richness 
of Ephemeroptera taxa between (A) the zones (spatial) and 
(B) months (temporal) from longitudinal gradient of Itaipu 
Reservoir.
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4. Discussion

Our initial hypothesis was partially supported and 
only a spatial variation was significant. Ephemeroptera 
community was strongly structured in the spatial approach, 
both in density and in richness, with significant differences 
between zones along the gradient of Itaipu Reservoir, but no 
significant temporal change was observed. Similar patterns 
were found by Terra et al. (2010), who reported reductions 
in the richness of fish community and no seasonal pattern 
in the longitudinal gradient of a Neotropical reservoir.

Spatial results from NMDS ordination lead us to infer 
that the limnological characteristics differentiated between 
zones are important for the determination of different 
Ephemeroptera composition. The riverine zone of Itaipu 
Reservoir presents characteristics of a lotic environment, 
with a brief water residence time, high levels of nutrient 
availability and higher stream flow velocity (Okada et al., 

Figure 3. NMDS ordination for Ephemeroptera 
taxa between (A) the zones (spatial) and (B) months 
(temporal) from longitudinal gradient of Itaipu 
Reservoir. T. araponga = Tricorytopsis araponga; 
A. alphus = Americabaetis alphus.

Figure 4. Matrix for presence (black squares) or absence (white squares) of Ephemeroptera taxa between (A) the zones 
(spatial) and (B) months (temporal) from longitudinal gradient of Itaipu Reservoir.

Table 1. Results of PERMANOVA test for the NMDS 
ordination.

PERMANOVA results

Df F of 
Model P

Reservoir zones 2 6.932 0.001*
Residuals 19 0.578
Sampled periods 3 1.1166 0.375
Residuals 11 0.76656
*significant value for α = 0.05. Df = degrees of freedom; 
F of Model = permuted values generated by PERMANOVA; 
P = probability).

The main contribution for the analysis of beta diversity 
partitioning at spatial scale was by the nestedness-resultant 
fraction of beta diversity (Table 2), showing losses of species 
and reduction of abundance between the zones as the main 
ecological alterations of Ephemeroptera community at the 
longitudinal gradient (Figure 4A).

For temporal scale, the turnover fraction was the 
principal driver for the beta diversity of Ephemeroptera 
composition between months, however, no significant 
result was observed for the months sampled (Figure 4B).

Table 2. Beta diversity partitioning of the abundance of 
Ephemeroptera taxa between zones (spatial) and periods 
(temporal) of Itaipu Reservoir.

Spatial beta diversity by Jaccard dissimilarity
Turnover fraction 0.00
Nestedness-resultant fraction 0.44
Overall Beta diversity 0.44

Temporal beta diversity by Jaccard dissimilarity
Turnover fraction 0.65
Nestedness-resultant fraction 0.15
Overall Beta diversity 0.80
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2005). These factors certainly contributed to the greater 
density of nymphs, especially of Americabaetis alphus. 
The direct influence of the water inflow of the Paraná 
River to the reservoir riverine zone can have contributed 
to the distribution and colonization of the nymphs coming 
from upstream of the Paraná River.

Preferences of Ephemeroptera species for riverine 
systems were extensive studied in the past. For example, 
in the review of Brittain and Saltveit (1989) about effects 
of impoundment on mayfly community, the distribution 
of species was summarized according to environmental 
conditions. The authors related the mayfly distribution 
with their preferences for living in flow and shallow 
systems, and suggested a change in the mayfly fauna 
by river regulation. Similarly, Zelinka (1984) related a 
strong decrease in flow in an experimental stream with 
a considerable decrease in densities of mayfly nymphs. 
Changes in water temperature in dammed systems were 
also related to reductions in mayfly densities (Brittain and 
Saltveit, 1989) and could explain the variations found in 
species richness among the reservoir zones studied here.

Variations in beta diversity were different between our 
two approaches, being significant only amongreservoir zones. 
According to Baselga (2012), beta diversity partitioning 
reflects changes in community composition between sites or 
periods. The partitioning in the two components (turnover 
or nestedness fraction) is crucial for understanding the 
historic and present-day determinants of beta diversity 
(e.g. Dobrovolski  et  al., 2012; Hortal  et  al., 2011; 
Leprieur et al., 2011; Svenning et al., 2011). The ordered 
loss of species was more important along the spatial gradient. 
Great reduction of Ephemeroptera richness promoted by the 
species loss along reservoir zones, corroborating with Wetzel 
(1990) postulates. Despite no significative result, species 
replacement was more temporally than spatiallyHigher 
turnover contribution to beta diversity between months 
would imply in replacement of some species by others, 
because of environmental sorting or spatial and historical 
constraints (Qian et al., 2005).

Changes in limnological features among reservoir 
zones contributed to Ephemeroptera taxa decreasing 
from riverine to lacustrine zone, due to the restrictive 
characteristics of such zone. Differences in water velocity 
can explain the reduction in the density and richness of 
Ephemeroptera taxa. Hynes (1970) stated the water velocity 
as of vital importance, since many aquatic invertebrates are 
dependent of water for food and respiration. According to 
Oliveira et al. (2005), the lacustrine zone presents a low 
availability of nutrients and a long water residence period 
with reduction in the water velocity.

According to Wetzel (1990), perturbations imposed by 
reservoir operation is a chaotic succession of reactions marked 
by a reduction in the interdependence among species and a 
lower biotic stability, disrupting the continuity of biota and 
natural succession processes and can be related with our 
spatial results. On the other hand, Taniwaki et al. (2013) 
postulated the absence of marked seasonality for the most 
of nutrient concentrations in Brazilian reservoirs, so that 

the structure and composition of biological communities 
would reflect these environmental characteristics. Absence 
of temporal changes in limnological features of reservoir 
could lead to a more stable environment and then, 
resulting in absences of significant temporal variations of 
Ephemeroptera community. In a scenario of low species 
diversity, such result has a great concern in relation to 
species diversity in reservoirs because lower turnover 
rates indicate only the same set of species will be able to 
colonize the habitat, reducing the biological diversity of 
these systems.

Many investigations have been carried out with 
Ephemeroptera nymphs in reservoirs, among which 
should be highlighted those of Samways  et  al. (1996), 
Ogbogu (2001), Pardo et al. (1998) and of Goulart and 
Callisto (2005). However, this is the first study in Brazil 
relating to the colonization of Ephemeroptera assemblage 
in artificial substrate embedded along a reservoir gradient. 
We demonstrated changes in the structure and composition 
of Ephemeroptera community in the longitudinal gradient 
of Itaipu Reservoir, with species richness decreasing from 
riverine to lacustrine zones. Biological variations can reflect 
the dependency degree of species in relation to the lentic 
and sometimes-lotic conditions imposed by damming, 
altering, mainly the natural river flow. Although nymphs 
of few Ephemeroptera species were able to colonize the 
artificial substrates, such group can be considered a good 
environmental indicator. In this way, from the species 
losses along of spatial gradient, we could infer that can be 
occurring human-mediated impacts on the Itaipu reservoir, 
as the currently so-called community homogenization.
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