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Abstract
Brazilian floodplains have suffered great changes in their natural characteristics in recent decades, mainly in the flood 
pulse. The Upper Paraná River floodplain is one of the few places where are found remained areas in which such peculiar 
characteristics keep reflecting on its high biodiversity. Ephemeroptera nymphs are one of the higher density groups 
among benthic community, occurring in many water bodies like large rivers and secondary channels. We sought to 
understand which factors are needed for the species establishment and how much important is the species colonization, 
especially in environments with anthropogenic changes. The marginal areas, which are more structured with presence of 
macrophytes, showed the highest density and richness even in the Paraná River that has great human impact. We verified 
dominance of Americabaetis alphus, Tricorythopsis araponga, Tricorythopsis artigas on the Parana River, correlated 
with transparency, depth and electric conductivity, while the dominance of Traverella sp. was correlated with water 
temperature, especially in marginal areas. Consequently, the increasing transparency and electric conductivity due to the 
Porto Primavera dam in Parana River can be favoring those Ephemeroptera species. We demonstrated the importance 
of preserving the wetlands of Ivinhema River State Park mainly for Guajirolus sp., which was only registered in this 
region. Therefore, our study provides support for understanding gaps from previously studies using artificial substrates 
in three large rivers which are of great importance to the upper Paraná River floodplain.
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Efeitos da disponibilidade de alimento e características do habitat sobre a 
composição de espécies de Ephemeroptera nas escalas sazonal e  

espacial de rios de planície neotropicais

Resumo
Muitas planícies de inundação brasileiras vêm sofrendo enormes alterações em suas características naturais nas últimas 
décadas, principalmente no pulso de inundação. A planície de inundação do alto rio Paraná é um dos poucos lugares 
onde ainda há áreas nas quais essas características peculiares se mantêm, o que reflete em sua alta biodiversidade. Dentre 
a comunidade zoobentônica, Ephemeroptera é um dos grupos com maior densidade, ocorrendo em diversos corpos 
aquáticos como rios de grande porte e canais secundários. Nós buscamos compreender quais fatores são necessários 
para o estabelecimento das espécies e o quão importante é a colonização dessas espécies, principalmente em ambientes 
com modificações antrópicas. As áreas marginais mais estruturadas com presença de macrófitas apresentaram altas 
densidade e riqueza mesmo no rio Paraná que apresenta grande impacto antrópico. Verificamos que as dominâncias 
de Americabaetis alphus, Tricorythopsis araponga e Tricorythopsis artigas no rio Paraná foram correlacionadas com 
maiores valores de transparência, profundidade e condutividade, enquanto que a dominância de Traverella sp. foi 
correlacionada com temperatura, principalmente em áreas marginais. Consequentemente, o aumento da transparência 
e da condutividade devido à barragem de Porto Primavera no rio Paraná pode estar favorecendo essas espécies de 
Ephemeroptera. Nossos resultados demonstram a importância da preservação do Parque nacional das várzeas do rio 
Ivinhema, principalmente para o gênero Guajirolus sp., o qual apenas foi registrado nessa região. Portanto, nosso estudo 
vem trazer subsídios para compreensão de lacunas verificadas em estudos anteriores utilizando substratos artificiais 
em três rios de enorme influência na planície de inundação do alto rio Paraná.

Palavras-chave: zoobentos, ninfas de insetos, colonização, biodiversidade, riqueza.
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1. Introduction

Environmental laws aiming at surveying, managing and 
protecting freshwater ecosystems throughout the world rely 
on biological indicators of ecosystem health (Stoddard et al., 
2008; Callisto et al., 2004). Natural preserved areas keep the 
integrity of a considerable number of aquatic ecosystems, 
which makes them of great importance for the maintenance 
of both biological diversity and structural patterns of these 
environments (Agostinho et al., 2005). Studies with these 
ecological perspectives have been conducted to better 
understand the interactions of organisms and functioning 
of aquatic ecosystems (Callisto et al., 2001; Henriques-
Oliveira et al., 2003; Suriano and Fonseca-Gessner, 2004; 
Silva et al., 2007).

Attempts to describe reference conditions based 
on the existence of pre-established characteristics in a 
range of sites have become very usual over the past three 
decades. In such approaches, sites have been classified 
in groups by clustering methods, which are based on 
the similarity of their species composition, providing an 
objective way of grouping reference sites with similar 
invertebrate assemblages (Reynoldson  et  al., 1997). 
In aquatic environments, studies about macroinvertebrate 
distribution from lotic environments has generated great 
interest, so that many of the general functional models of 
stream and river ecology were derived from studies of this 
fauna (e.g., “River Continuum Concept” – Vannote et al., 
1980 and “Serial Discontinuity Concept” – Ward and 
Stanford, 1983).

Special attention must be paid to the assessment of the 
distribution and structure of the aquatic communities, the 
diversity of habitats and microhabitats and available trophic 
resources. Many aquatic insects are rapid colonizers because 
their active aerial dispersal (for review, see Power et al., 
1988; Flory and Milner, 2000). However, several years of 
study are necessary for a confident evaluation of the aquatic 
biodiversity at the species level and it is of great importance 
starting this approach with the characterization of abiotic 
parameters and an inventory of aquatic communities.

Benthic invertebrates play an important role in 
riverine food chains and organic matter cycling, so that 
the environmental parameters shaping their assemblages 
have been studied in many ecosystems. The structure and 
composition of lotic macroinvertebrate communities are 
known to depend on both biotic and abiotic characteristics 
of habitat. Ephemeroptera is an important group among 
macroinvertebrates, presenting great abundance and diverse 
and occupying a large variety of aquatic environments, from 
running water to backwater (Salles et al., 2004a). This group 
of aquatic insects contains approximately 4,000 species 
in 300 genera, distributed worldwide, except at the poles 
and oceanic islands (Domínguez et al., 2001). In Brazil, 
there is a total of 10 families, 63 genera and 166 species 
of Ephemeroptera (Salles et al., 2004a). Ephemeroptera 
nymphs are, in general, considered to be sensitivity to 
environmental changes (Lenat, 1988), being widely used 
in monitoring programs.

Environmental conditions may vary among watersheds 
of large river basins, such as the different rivers from 
the Upper Paraná River floodplain. Abiotic differences 
consequently exert influences on the Ephemeroptera 
community. In this study, we looked at Ephemeroptera 
community under different conditions of food availability 
and habitat features at two scales: seasonal and spatial. 
Possible relationships between faunal variation and 
environmental parameters were examined. Based on 
these assumptions, we expected to find differences in 
both composition and structure of the Ephemeroptera 
nymphs in relation to differences in the environmental 
conditions from each studied river.

2. Material and Methods

2.1. Study area
This study was conducted in the Upper Parana River 

Floodplain (Paraná, Brazil). The sampling area is located 
between Três Lagoas (Mato Grosso do Sul State, Brazil) and 
Guaíra (Paraná State, Brazil) towns, and Porto Primavera and 
Itaipu dams, a stretch of approximately 230 km extension, 
covering an area of 526,752 ha (Souza Filho and Stevaux, 
1997). Samples were collected at 12 regions, within of 
three rivers: Paraná, Ivinhema and Baía (Figure 1).

The Paraná River basin is the second major basin in 
South America, encompassing an area about 20.000 km2 in 
the maximum flood period (Welcomme, 1985; Bonetto et al., 
1989). From its headwater, at the confluence of Grande 
and Parnaíba rivers (lat. 20°S) to its mouth at the la Plata 
river in Argentina (lat. 34°S), Paraná River runs about 
3,780 km. This river presents a varying width, with the 
occurrence of islands and bars. The maximum depth can 
overcome 15 meters and its marginal vegetation is composed 
by grassland, and scattered trees, remnants from original 
vegetation. Moreover, some marginal areas and islands 
present signs of human exploration.

Baía River (22°41’9”S; 53°15’9”W) is located at the 
right margin of Paraná River, into the Mato Grosso do Sul 
State. This river presents varying widths and depth about 
3.2 meters, with stretches narrower and upper margins, 
which are occupied by riparian vegetation or human-altered 
grassland. At the wider sections, the margins are shorter 
and the vegetation is composed by flooded grasslands, 
named as “várzeas”. The Baía River is a meandering river 
that can be considered as a “semi lotic” environment, 
presenting patterns of thermal stratification in the water 
column (Thomaz et al., 1991).

Ivinhema River (22o55’2”S; 53°39’1”W) runs parallel 
to Paraná River and it is linked to Baía River by Curutuba 
channel and to Paraná River by Ipoitã and two other 
channels in its lower portion. It presents an average depth 
of 3.9 meter, shows distinguished vegetation in its margins, 
varying from herbaceous to extensive areas covered 
by riparian forests in different stages of regeneration. 
This region is characterized by the presence of hundreds 
of lakes (Stevaux et al., 1997) (Figure 1).
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2.2. Sampling
For study of Ephemeroptera distribution on the 

artificial substrates, the replicates were monthly sampled 
from January 2004 to March 2005 in Paraná, Baía and 
Ivinhema rivers. In each river were installed three sets of 
substrates (in transect of each river: right and left margins 
and central region). Each substrate set was composed by 
a float and 2 wooden substrates, totaling 1,215 samples 
(3 rivers × 3 regions × 3-substrate structures × 3 replicates 
× 15 months).

The material adhered to each substratum were sampled 
with a square tray of 5 cm x 5 cm (0.0025m2), and fixed in 
polyethylene bottles containing 70% alcohol. For statistical 
analyses, we considered each set of substrates sampled 
monthly in each region (i.e., margins or center region into 
each river) as a sample unity. Concurrently to biological 
sampling, we measured the values of water temperature 
(°C), electric conductivity (μS.cm-1) and dissolved oxygen 
concentration (mg.L-1) by YSI equipment (6820 CM model), 
depth (meters), water transparency by Secchi disk and 
water flow (cm.s-1) by General Oceanics INC equipment 
(2035 MKIV model). The hydrometric levels from Paraná 
and Ivinhema rivers were provided by Itaipu Binacional 
Water Agency. For statistical analyses, the water levels 
were transformed in diary averages to verify the dry and 
flood events during the sampled period.

In the laboratory, we separated and counted the 
Ephemeroptera nymphs under a stereoscopic microscope. 
Later, we identified them at the lowest possible taxonomic 
level under an optical microscope, according to specialized 
literature of Dominguez et al. (2001), Salles et al. (2004b) 
and Dias and Salles (2005).

2.3. Statistical analyses
The replicated samples of nymph’s density values 

between the stations were transformed in averages (ind.m-2) 
to verify spatial and temporal variations in Ephemeroptera 
community. We built two graphs, the former between 
three rivers (Paraná, Baía and Ivinhema rivers) and the 
later between the 15 months of colonization. To check the 
nymphs that dominated certain location or substrate, we 
calculated the Kownacki’s dominance index (Kownacki, 
1971). Analyses of Variance (ANOVA) were performed 
between the different Ephemeroptera attributes (density 
and richness) and the spatial (biological variation per 
rivers, sites regions and substrate types) and temporal 
scales (biological variation per months).

The more influential environmental data (limnological 
variables: temperature, dissolved oxygen, electric 
conductivity, pH, transparency and depth) on the 
Ephemeroptera distribution and composition were used 
to explain the biological variables through a Canonical 

Figure 1. Sampling stations of the Upper Parana River floodplain. 1- Parana River (main channel); 2- Baia River (main 
channel), 3- Ivinhema River (main channel).
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Correspondence Analysis (CCA). CCA was performed to 
search the probable correlations between environmental 
variables and abundance of Ephemeroptera species for the 
different analyzed scales (rivers and regions). The analysis 
was performed using PcOrd 5.0 program (McCune and 
Mefford, 1999).

3. Results

During the sampled period, we recorded only one total 
flood event (flood >6m) in studied area, between January and 
February 2005. In March, April, June and November 2004 
we observed shorter floods events (3.5m < flood < 4.5m), 
which could influence only the Paraná Subsystem (Souza 
Filho, 2009) (Figure 2).

We recorded 2,042 Ephemeroptera nymphs, 
representatives to five families (Baetidae, Leptohyphidae, 
Leptophlebiidae, Polymitarcyidae and Caenidae), identified 
in 16 taxa (Table 1). We verified significant differences in 
Ephemeroptera density for scales of the river and region, 
where Ivinhema and Paraná rivers were different to Baía 
(Figures 3A) and right margin region was different to center 
(Figure 3B), respectively. On the other hand, significant 
differences for richness were observed for river and temporal 
scales. Like density, Ivinhema and Paraná rivers presented 
major richness and were different to Baía (Figures 3A). 
In relation to temporal scale, the only period with major 
differences to others were comprised by 6-8th months of 
colonization (Figure 3C).

We could detect some temporal pattern in Ephemeroptera 
densities only for Ivinhema River, which were decreasing 
from first to the last months. For the other rivers, the 
densities remained moderately constant along sampled 
period, exception of a high-density period in Baía River, 
between 8-10th months. The major values of densities 
were registered at Paraná and Ivinhema rivers (Figure 4).

In relation to composition, the major differences were 
observed between Ivinhema and Paraná rivers. Despite the 
high abundance of Americabaetis alphus in all rivers and of 
its dominance in Ivinhema and Paraná rivers (Table 1), we 

observed higher densities and dominance of Tricorythopsis 
araponga in Paraná River, while Traverella sp. was the 
dominant taxa in Ivinhema River. In contrast, we observed 
other dominant taxa to Baía River, with Caenis sp. and 
Farrodes sp. as the most abundant taxa.

The correlations between environmental and biological 
data through Canonical Correspondence Analysis (CCA) 
was significant under the Mont Carlo’s permutations 
(eigenvalue: 0.492 with p <0.01), explainig 15% of data 
variations. We observed a clustering of two main groups 
(Figure 5A): the former group was composed by Ivinhema 
and Baía sampling sites, and was influenced by major 
values of temperature (Figure  5B) and dominances of 

Figure 2. Hydrometric variations during the sampling 
period.

Figure 3. Analyses of Variance (One-way ANOVA) between 
rivers (A) regions (B) and sampling period (C).
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Figure 4. Ephemeroptera densities along of the 15 months of colonization in each sampled rivers.

Table 1. Kownacki’s dominance index: in black: dominant taxa (10 < values < 100); Subdominant taxa (1 < values < 9,99); 
non-dominant taxa (0 < values < 1); empty cells: taxa absent.

Ivinhema Baía Paraná
CE MD ME CE MD ME CE MD ME

Baetidae

Americabaetis alphus (Lugo-Ortiz & 
McCafferty 1996)

10.53 17.98 11.67 1.50 6.86 6.38 63.81 41.31 46.81

Camelobaetidius sp. (Demoulin 1966) 0.20 0.19
Cryptonympha sp. (Lugo-Ortiz & 
McCafferty 1998)

0.16 0.15 0.57 0.01 0.03

Guajirolus sp. (Flowers 1985) 0.11
Baetodes sp. (Needham & Murphy 
1924)

0.03

Leptohyphidae

Tricorythopsis araponga (Dias & 
Salles 2005)

6.75 3.42 2.27 1.35 16.05 51.94 7.63

Tricorythopsis artigas (Traver 1958) 0.77 0.16 0.13 0.30 0.14 0.03 1.10 20.72

Tricorythopsis minimus (Allen 1973) 0.04 0.03 0.20 0.14
Traverhyphes sp. (Molineri 2001) 3.24 2.38 0.29 0.06 0.22 0.94
Tricorythodes n. sp. (Ulmer 1920) 0.20
Leptophlebiidae

Traverella sp. (Edmunds 1948) 37.96 54.12 35.57 0.78
Thraulodes sp. (Ulmer 1920) 0.03
Farrodes sp. (Peters 1971) 0.04 0.16 0.29 6.29 10.20 0.85 0.03 0.03
Polymitarcyidae

Campsurus spp. (Eaton 1868) 0.23 4.28 1.29 5.62 5.49 4.54
Asthenopus sp. (Eaton 1871) 0.81 0.97 0.60 0.20 0.57
Caenidae

Caenis sp. (Stephens 1835) 10.49 1.18 8.51
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Figure 5. Ordination diagram for the first two axes of Canonical Correspondence Analysis (CCA) with the scores ordination 
of 1 and 2 axes of sampled sites (A) with the correlation of Ephemeroptera (B) and abiotic variables (C).
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Farrodes sp., Canis sp. (from Baía River), Tricorythodes 
sp. and Traverella sp. (from Ivinhema River; Figure 5C). 
The later group was composed by Paraná sampling units, 
by the major values of all other environmenal variables 
(mainly transparency, deph and eletric condutivity) and 
the dominance of Camelobaetidius sp., Tricorythopsis 
araponga.

4. Discussion

This study corroborated with our initial hypothesis 
that Ephemeroptera communities are structured under 
environmental patterns. Despite we had not observed 
temporal pattern, we could detect in this research the 
first records of many Ephemeroptera genera to Upper 
Paraná River floodplain area, such as, Baetodes sp., 
Camelobaetidius sp., Guajirolus sp. Tricorythodes sp., 
Traverhyphes sp., Traverella sp., Thraulodes sp. Farrodes 
sp. and Asthenopus sp.

The dominance of Americanbaetis alphus and 
Tricorythopsis araponga in Paraná River, added to the 
temporal stability, indicate that these species are mainly 
adapted in fast-flowing waterbodies as the Paraná River, 
which reached speeds up to 0.566 ms-2 during a flood 
events. The Baetidae nymphs are known by their high 
abundance in running waters (Berner and Pescador, 1988; 
Salles et al., 2004a), including species with high swimming 
ability (Mackay, 1992) and short life cycle in the tropics 
(Jackson and Sweeney, 1995).

Americabaetis alphus nymphs presents a high mobility 
on the substrates and its swimming is performed by muscular 
contractions of the abdomen and through the movements 
of the caudal filaments, which give support and strength 
to the movement. The morphology of the tarsal claws 
with denticles of A. alphus and two rows of submarginal 
denticles (Lugo-Ortiz and McCafferty, 1996), can favor the 
establishment of this species on the Paraná River substrates. 
Francischetti et al. (2004) in studies performed in Itatiaia 
River (Campo Belo- RJ) verified a greater abundance 
of A. alphus on litter streams. Moreover, according to 
Shimano et al. (2013), this species is associated with wood 
substrates in lotic and semi lotic environments.

Absences of A. alphus and T. araponga in both river 
bottom (Takeda et al., 1997; Takeda and Fujita, 2004) and 
macrophytes (Melo et al., 2002, 2004; Takeda et al., 2003), 
can suggest the coming of these nymphs to substrate by 
drifting in the water column, driven by strong Paraná River 
flow. Similar conditions were presented by the Ivinhema 
River, where we also observed a dominance of at least 
one of these species, A. alphus. A. alphus was dominant 
in Ivinhema and Paraná rivers but was not in Baía River, 
which presents an almost imperceptible flow (most of the 
movement of the float was caused by wind), indicating 
again the preference of this species by running waters.

The major transparency values of Paraná River 
(due  to the presence of a reservoir cascade upstream 
of the studied area, which is holding most suspended 
sediment), might have also influenced the dominance of 

A. alphus and T. araponga. The damming events usually 
favor the proliferation of periphyton algae that comprise 
food sources and shelter for these species, as verified by 
Brittain (1982) and Salles et al. (2003).

Generally, the abundance of a specific trophic resource 
determines the composition, diversity and abundance of 
invertebrate communities (Ward, 1992). Moreover, the 
substrate surface has greater physical irregularity, that 
provides more habitat and organic matter accumulation, 
which are important for obtaining food and shelter for 
invertebrates (Anjos and Takeda., 2005; Shimano et al., 
2013). For instance, from field observations, we noted that 
Traverella sp. freely runs on the substrate surface and when 
there was some disturb event, the nymphs quickly seek for 
shelter within the substrate. Moreover, the quantity and 
quality of fine particulate suspended organic matter present 
in the environment may be related to the dominance of 
this species in the Ivinhema River.

Comparing the rivers, we observed a dominance of 
distinctive taxa in the Baía River. Such observations lead 
us to recognize the high species adaptation to differential 
environmental characteristics of each river, which showed 
differences in structure and composition of Ephemeroptera 
community. The semi-lotic conditions of Baía River can favor 
the abundance of some taxa, as Caenis sp., Campsurus sp. 
and Farrodes sp. Nolte et al. (1997), in studies conducted 
in the Benedict River, reported the occurrence of Caenidae 
family after a disrupting of water flow. The food resources 
are another important factor determining the abundance of 
Caenis sp. According to Palmer et al. (1993), this genera 
presents scraper habits. Although we do not evaluated the 
periphyton composition, we noted a high algae colonization 
under the substrate surfaces where such genera was found, 
which would provide an extra food source for these 
nymphs. High abundances of food resources related to 
algae could be allowed the abundance of Farrodes sp., 
classified by Polegatto and Froehlich (2001) as scrapers 
and filter-gatherers, able to get a wide variety of food 
resources available in the environment, such as diatoms 
and other algae, including colonial algae, fungi, debris, 
and fine particulate organic matter.

Campsurus sp. nymphs are found in both lentic and 
lotic environments (Edmunds and Waltz, 1996) and are 
known for their burring habits, digging galleries into 
substrates (Melo et al., 1993; Takeda et al., 1997; Leal et al., 
2005; Domínguez et al., 2006). Despite these preferred 
bottom‑habits, Campsurus sp. occurrence on artificial 
substrates can be related to vertical migration events, 
which is allowed by the absence of a high-water flow 
of Baía River, where this taxon was abundant. Vertical 
migrations of Campsurus spp. were also recorded by 
Melo et al. (2004), who related a migration pattern from 
the bottom to Eichhornia azurea substrates with periods 
of low oxygen concentrations.

Variations in limnological characteristics of the rivers, 
especially the flow rate, influenced the structure and 
composition of the Ephemeroptera community among the 
rivers sampled. In addition, differences in the availability 
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of food resources and morphological constraints of each 
species were also important in determining differences in 
community structure among the studied rivers. Therefore, 
these features reflect the adaptive strategies of each group 
(such as body morphology to avoid drag by the current, 
mobility behavior and orientation and how to obtain food) 
to survive in different environmental conditions found 
between rivers.

Studies about colonization of insects on artificial 
substrates such as Ephemeroptera nymphs are extremely 
important for monitoring, conservation and management 
of aquatic environments. Our study adds information for 
this poorly studied group in large water bodies, such as 
the Upper Paraná River floodplain, demonstrating how 
the colonization and establishment patterns differ between 
environments. Therefore, we highlight the need to conduct 
experiments on appropriate scales of space and time, so that 
we can have an idea as close as possible to reality about 
the dispersal and colonization of these insects.
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