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Abstract: Aim: Floodplains are among the most biologically diverse systems in the world, where 
hydrological regime is recognized as crucial to structure aquatic communities. We predicted that 
i) structure of benthic metacommunity is nested in the drought and random in the flood season in 
a Neotropical floodplain. We expected to find ii) environmental homogenization during the flood 
season which may disrupt the nested pattern. Moreover, we identified habitats of high taxa richness of 
benthic invertebrates and characterized them by habitat type and fluvial systems. Methods: We sampled 
benthic invertebrates from 36 habitats in the Upper Paraná River floodplain. We tested nestedness 
using NODF index and evaluated the environmental variability using the multivariate homogeneity of 
group dispersions (PERMDISP), separately for flood and drought periods. Results: The environmental 
variability was lower during the flood. We found a nested distribution among benthic invertebrates 
in both flood and drought periods. The highest species richness values were recorded in small and 
unconnected lakes from Paraná fluvial system and some rivers and secondary channels, independent 
of the fluvial system. Chironomidae, Oligochaeta and Ostracoda were the most frequent taxa and 
were recorded in all habitats. Conclusion: The nested distribution of benthic invertebrates is a 
consistent pattern for this metacommunity because its distribution was not disrupted by floods that 
homogenize limnological conditions and increase the connectivity among habitats. We also found 
that habitats with high taxa richness were both lotic and lentic in the three fluvial systems. Our 
findings emphasize that different habitats in different subsystems sustains the richness of the benthic 
invertebrates metacommunity in the Upper Paraná River floodplain over time. 

Keywords: environmental homogenization; Upper Paraná River floodplain; distribution patterns; 
aquatic invertebrates.

Resumo: Objetivo: Planícies de inundação estão entre os sistemas biológicos mais diversos do 
mundo, onde o regime hidrológico é reconhecido como crucial para estruturar as comunidades 
aquáticas. Nós predizemos que i) a estrutura da metacomunidade bentônica é aninhada na seca 
e aleatória na cheia de uma planície de inundação Neotropical. Nós esperamos encontrar ii) uma 
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channels, which maintain great biodiversity of 
terrestrial and aquatic organisms (Agostinho et al., 
2008). Benthic invertebrates is one of the most 
diverse and abundant groups among the aquatic 
communities in the Upper Paraná River floodplain. 
These organisms are strongly influenced by 
environmental conditions and show reduced 
mobility in the water (Würdig et al., 2007), features 
that make this community an interesting tool for 
studies of distribution patterns.

The flood pulse is a key process in the structuring 
of the aquatic communities from the Upper 
Paraná River floodplain (Agostinho et al., 2008). 
After floods, the communities may be initially 
disassembled (i.e. random) and then increase 
progressively their organizations (Fernandes et al., 
2009; Ortega et al., 2015). Indeed, floods may act 
as natural perturbations in Neotropical floodplains 
causing random redistribution of some communities 
during flooding (e.g., Ortega  et  al., 2015) in 
opposition to drought, when the metacommunities 
can be found in some non-random pattern 
(i.e. nestedness) due to higher environmental 
variability. Furthermore, during floods, the physical 
and chemical aquatic conditions tend to become 
homogenized in floodplains (Thomaz et al., 2007). 
In this sense, we could expect that this lower 
environmental variability and higher connectivity 
may promote a random distribution of organisms 
during the flood.

We hypothesized environmental homogenization 
during the flood and predicted that i) environmental 
variability is lower during the flood than during 
the drought. In this way, we also investigated the 

1. Introduction

One of the main objectives of community 
ecology and biogeography is to explain the 
non-random distribution of species among sites 
(Heino  et  al., 2009). Accordingly, the search for 
patterns of biological metacommunities distribution 
and the mechanisms promoting changes in the 
species composition and richness have been 
the focus of many studies (Leibold  et  al., 2004; 
Cadotte et al., 2006; Presley et al., 2011). One well 
studied and important distribution pattern in 
metacommunities is nestedness, where species poor 
assemblage is a subset of the set of species that occur 
in rich assemblages (Patterson & Atmar, 1986). In a 
perfect nestedness distribution, all species present 
in a site will be found in all sites with higher species 
richness (Moore & Swihart, 2007). A nested pattern 
has been found in different habitats and organismal 
groups, such as networks of interactions between 
animals and plants (Guimarães  et  al., 2006), 
the occurrence of species on islands (Frick et al., 
2009) and aquatic insect communities in streams 
(Heino  et  al., 2009). These disparate examples 
sustain the idea that nestedness is a common pattern 
in nature (Wright et al., 1998; Omesová et al., 2008; 
Heino et al., 2009).

Floodplain systems are among the most 
biologically diverse areas in the world (Tockner 
& Stanford, 2002). In the Neotropics, the Upper 
Paraná River floodplain is an area of significant 
ecological importance, because it encompasses 
a high heterogeneity of habitats (Thomaz  et  al., 
2007), such as connected or unconnected lakes, 
backwaters, secondary channels and the main 

homogeneização ambiental durante a inundação, a qual desestrutura o padrão aninhado. Além disso, 
identificamos áreas de maior riqueza de invertebrados bentônicos sob alta heterogeneidade de uma 
planície de inundação Neotropical, e caracterizamos tais locais por tipo de ambiente e sistema fluvial. 
Métodos: Nós amostramos 36 locais, e analisamos a estrutura da comunidade bentônica através 
do índice de aninhamento NODF. A heterogeneidade ambiental foi avaliada através de testes de 
homogeneidade de dispersões multivariadas (PERMDISP) separadamente para os períodos de cheia e 
seca. Resultados: A comunidade bentônica seguiu uma distribuição aninhada em ambos os períodos 
hidrológicos. As maiores riquezas de táxons foram encontradas nas lagoas pequenas e não conectadas 
do sistema fluvial do rio Paraná e em alguns rios e canais secundários, independentemente do sistema 
fluvial. Chironomidae, Oligochaeta e Ostracoda foram os táxons mais frequentes, registrados em 
todos os ambientes. A variabilidade ambiental foi menor durante a cheia. Conclusões: A distribuição 
aninhada é um padrão consistente para esta metacomunidade bentônica, pois sua distribuição não foi 
desestruturada mesmo sob condições de homogeneização limnológica e aumento da conectividade dos 
ambientes promovidos pela cheia. Nós também encontramos que locais com alta riqueza de espécies 
foram distribuídos tanto entre ambientes lênticos quanto lóticos pertencentes aos três sistemas fluviais. 
Os resultados demonstram a importância da planície de inundação como um todo, onde a conservação 
de seus diferentes ambientes mantém a riqueza da comunidade bentônica ao longo do tempo. 

Palavras-chave: homogeneização ambiental; planície de inundação do alto rio Paraná; padrões 
de distribuição; invertebrados aquáticos.
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hypothesis that the benthic metacommunity is 
more structured during the drought than during the 
flood and we tested the prediction that ii) benthic 
metacommunity is nested during the drought 
due to higher environmental variability. We also 
aimed to identify habitats of higher taxa richness 
of benthic invertebrates in the Upper Paraná 
River floodplain, and characterize them by type 
of environment (connected or unconnected lakes, 
rivers or secondary channels) or fluvial systems 
(Paraná, Baía or Ivinhema fluvial systems).

2. Materials and Methods

2.1. Study area

The Upper Paraná River floodplain occupies a 
vast area, located in a stretch of 230 km between 
the mouths of Paranapanema and Ivinhema 
rivers in Paraná and Mato Grosso do Sul States 
(Souza Filho & Stevaux, 2004). The Upper Paraná 
River floodplain is  shows high environmental 
heterogeneity and high biological diversity. 
We sampled 36 different sites including lakes with 
(connected) or without connection (unconnected) 

to the main river, and main (rivers) and secondary 
channels belonging to three different fluvial systems: 
Ivinhema, Baía and Paraná (Figure 1).

2.2. Sampling period

We sampled in March of 2010 during the flood 
period (Figure  2). The water level of the Paraná 
River reached more than 3.5 m during the sampling 
period and attained 6 m some days before sampling, 
which is an uncommon event in this floodplain due 
to flood regulation imposed by the dam operations 
upstream the study area (Souza Filho, 2009). When 
the Paraná River reaches high levels (i.e., 6 m), there 
is a total overflow, connecting all habitats in the 
floodplain (Souza Filho, 2009). We also sampled 
in September of 2010, during the drought period, 
when water level was below 3.5 m (Souza Filho, 
2009) and the habitats were less connected.

2.3. Data sample

We sampled benthic invertebrates using a 
modified Petersen grab (0.0345 m2). We determined 
three sites along the habitat transects, from one to 
another margin, including the central region. In each 

Figure 1. Sampled habitats in the Upper Paraná River floodplain. 1. Peroba L.; 2. Ventura L.; 3. Zé do Paco L.; 
4.  Ipoitã C.; 5. Boca do Ipoitã L.; 6. Patos L.; 7. Capivara L.; 8. Ivinhema R.; 9. Finado Raimundo L.; 10. Jacaré L.; 
11. Sumida L.; 12. Jacaré L.; 13. Cortado C.; 14. Pombas L.; 15. Curutuba C.; 16. Manezinho L.; 17. Osmar L.; 
18. Traíra L.; 19. Guaraná L.; 20. Bilé L.; 21. Leopoldo L.; 22. Genipapo L.; 23. Clara L.; 24. Pau Véio L.; 25. Paraná 
R.; 26. Pousada L.; 27. Garças L.; 28. Baía R.; 29. Fechada L.; 30. Pousada das Garças L.; 31. Porcos L.; 32. Aurélio 
L.; 33. Baía C.; 34. Maria Luíza L.; 35. Gavião L.; 36. Onça L. L. = Lake; C. = Secondary Channel; R. = River.
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site, we collected three sample units for biological 
studies. We washed samples for biological analysis 
through a series of sieves (2.0, 1.0 and 0.2 mm). 
All organisms retained on 2.0 and 1.0 mm sieves 
were removed and fixed in 80% alcohol. We fixed 
the material retained on the 0.2 mm sieve in 80% 
alcohol and sorted it under a stereomicroscope. 
All the invertebrates were identified and counted 
using Pérez (1988) e Mugnai  et  al. (2010) keys. 
The taxonomic level of identification varied across 
groups (i.e., species level, e.g. L. fortunei or phylum, 
e.g., Nematoda).

The following environmental variables were 
measured concurrently with the biotic sampling: 
dissolved oxygen (mg L–1, portable oximeter), 
water temperature (°C, thermometer coupled to the 
oximeter), electric conductivity (µScm–1, portable 
potentiometer), transparency, pH, turbidity 
(NTU, portable turbidimeter), total chlorophyll-a 
(µg L–1, Golterman  et  al., 1979), inorganic and 
organic suspended material (µg L–1, Teixeira et al., 
1965), total nitrogen (µg L–1, Mackereth  et  al., 
1978), total phosphorus (µg L–1, Golterman et al., 
1979) and alkalinity (µEq L–1, Carmouze, 1994). 
Daily measurements of the water level (m) were 
obtained using a hydrological ruler at the left 
margin of the Paraná River in Porto Rico town 
(Paraná, Brazil).

2.4. Data analysis

We investigated if  the environmental 
heterogeneity is different between the hydrological 
periods using the multivariate homogeneity of group 

dispersions (PERMDISP; Anderson et al., 2006). 
In  this way, we tested if, in a multidimensional 
space given by the Principal Coordinates Analysis 
(PCoA; Anderson & Walsh, 2013), the mean 
distance of habitats to its group centroid is 
lower during the flood than during the drought. 
We used Euclidian distance to calculate the 
environmental dissimilarity from abiotic variables 
measured. Abiotic variables were previously 
standardized to correct differences among units. 
The P value was calculated from 999 permutations 
of model residuals which were used to generate 
a permutation distribution of F under the 
null hypothesis of there being no difference in 
dispersion between the groups (i.e. flood and 
drought). We used the function betadisper in 
vegan package (Oksanen  et  al., 2010) in the R 
environment (R Core Team, 2012).

In order to investigate if the structure of the 
benthic metacommunity is nested during each 
hydrological period, we calculate the NODF 
(“Nestedness metric based on Overlap and 
Decreasing Fill”) proposed by Almeida-Neto et al. 
(2008) and recommended by Ulrich et al. (2009). 
We ordered the incidence matrix from the most 
common to the rarest taxa at rows and ranked the 
habitats from the richest to the poorest at columns. 
We calculated one NODF among the habitats in 
the flood and another NODF among the habitats 
in the drought. We used the function oecosimu in 
the vegan package (Oksanen et al., 2010) in the R 
environment (R Core Team, 2012).

Figure 2. Fluviometric level of the Paraná River in 2010. The circles represent the collection periods. Fluviometric 
levels exceeding the upper dashed line represent bank overflow.
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3. Results

We corroborated our first hypothesis because 
we found a lower variability in the abiotic variables 
during the flood period (average distance to 
centroid = 2.637) when compared to the drought 
period (average distance to centroid = 3.421), 
(F1,70 = 4.412; P = 0.038 (Figure 3).

We found 31,905 individuals, which are 
classified in 28 taxa across the 36 sites of Upper 
Paraná River floodplain. We found 19 taxa of 
benthic invertebrates in the flood samples and 
23 taxa in the drought samples. We observed the 
highest taxa richness in rivers and channels in both 
flood and drought periods, with higher values during 
the drought than the flood season (Table 1). Despite 
of the low taxa richness found in the most connected 
and unconnected lakes, we observed increases in 
the taxa richness from flood to drought periods 
for both habitats similar to found to rivers and 
secondary channels. The most common taxa were 
Chironomidae (found in 30 and 34 sites during the 
flood and drought seasons, respectively), Nematoda 
(found in 29 and 30 sites during the flood and 
drought seasons, respectively), Oligochaeta (found 

in 27 and 30 sites during the flood and drought 
seasons, respectively) and Ostracoda (found in 
27 sites in both periods) (Figure 4).

We rejected our second hypothesis about the 
nestedness of benthic metacommunity only during 
the drought because we found nestedness for both 
flood (NODF = 73.82; P < 0.001) as drought 
(NODF = 76.14; P < 0.001). The standardized 
effect size (SES) was similar between periods 
(SES = 24.36 in the flood; SES = 22.37 in the 
drought).

4. Discussion

Contrary to our second hypothesis, the 
benthic metacommunity followed a nested 
distribution among the studied habitats in both 
hydrological periods, not only for drought as we 
expected. Corroborating our results, other studies 
also found the nested distribution for aquatic 
invertebrates (e.g. Heino, 2010; Heino et al., 2009; 
Larsen & Ormerod, 2010; Petsch  et  al., 2015). 
Differences in habitat features, such as isolation, 
size and those features related to environmental 
quality (i.e., physical and chemical variables) are 
recognized as drivers of nestedness in many different 
biological communities (Atmar & Patterson, 1993; 
Higgins  et  al., 2006; Almeida Neto et  al., 2008; 
Elmendorf & Harrison, 2009). Some of these 
factors might be important in the Upper Paraná 
River floodplain, where sites or periods with high 
environmental heterogeneity (i.e., drought periods) 
could support more taxa in relation to sites or 
periods with low environmental heterogeneity 
(i.e., flood periods) and facilitate the formation of a 

Figure 3. Mean distances to centroid based on differences of abiotic variables between flood and drought periods. 
Each point on the graph represents the dissimilarity of abiotic variables of an individual lake sampled from different 
hydrological periods. Triangles represent drought period and circles represent flood period.

Table 1. Mean and standard deviation of taxa richness 
between habitats and hydrological periods.

Habitats
Taxa Richness

Flood Drought
Rivers 10.33 (±2.52) 17.00 (±2.65)
Secondary channels 10.25 (±4.57) 14.25 (±2.22)
Connected lakes 5.47 (±2.88) 8.47 (±3.18)
Unconnected lakes 6.31 (±4.70) 9.70 (±5.13)
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nested distribution. However, it is unlikely that the 
nestedness was caused by temporal variability in the 
physical and chemical water variables among habitats 
because we found this pattern in both hydrological 
periods. Although we corroborated our first 
prediction about environmental homogenization 
during the flood, the reduced environmental 
variability was not enough to disrupt the nestedness 
since both hydrological periods were equally 

nested. Our results disagree from those found by 
Ortega  et  al. (2015) for large-sized fishes using 
checkerboard. However, maybe using more refined 
data as morphospecies, NODF differences between 
hydrological periods (i.e. higher NODF during the 
drought) become stronger.

There was not a single type of environment 
(connected or unconnected lakes, rivers or 
secondary channels) or fluvial system (Paraná, 

Figure 4. Benthic invertebrates nestedness among the habitats during the flood (A) and during the drought (B). 
Grey rectangles represent taxa presence.
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Baía or Ivinhema) which sustained higher taxa 
richness. Nonetheless, both lotic and lentic 
habitats from the three fluvial systems recorded 
sites with high taxa richness (e.g., Ivinhema and 
Paraná Rivers, Curutuba and Ipoitã secondary 
channels or Genipapo, Clara and Ventura lakes). 
The high number of taxa found in most rivers and 
secondary channels can be explained by the fact 
that these habitats generally have high levels of 
dissolved oxygen (Roberto et al., 2009). Moreover, 
the presence of riparian vegetation, both in lotic 
(e.g., Paraná and Ivinhema rivers, Curutuba 
and Ipoitão secondary channels) as lentic (e.g., 
Genipapo, Clara and Osmar lakes) habitats may 
provide an additional source of organic matter, 
which represent favorable features to establishment 
of mostly benthic organisms (as demonstrated by 
Henriques-Oliveira et al., 1999; Rosin et al., 2010 
and Ragonha et al., 2013).

Regarding the benthic metacommunity 
composition, we found Chironomidae, Oligochaeta 
and Ostracoda in all 36 habitats analyzed. This high 
occupancy demonstrated the high environmental 
plasticity of these benthic invertebrates, which 
make them able to colonize different habitats in 
the Upper Paraná River floodplain (i.e. rivers, 
secondary channels and lakes). Chironomidae, 
Oligochaeta and Ostracoda have been recognized in 
other studies as abundant and broadly distributed 
in the Upper Paraná River floodplain (Takeda, 
1999; Higuti & Takeda, 2002; Higuti et al., 2007, 
2009; Rosin et al., 2009; Petsch et al., 2013). Rare 
taxa (e.g. Harpacticoida, Megaloptera, Turbellaria 
and Coleoptera) tended to occur, accordingly to 
the nestedness analyses, in the richest habitats. 
Moreover, some taxa could be associated to 
particular habitats. Harpacticoida, for example, is a 
small crustacean that lives among the interstices of 
sand grains (Reid, 1991), typical of lotic habitats. 
Thus, its occurrence was restricted to a few rivers 
and channels, mainly related to the Paraná River, 
as demonstrated in other studies (Takeda  et  al., 
2001; Petsch  et  al., 2013). The invasive mussel 
Limnoperna fortunei was related to Curutuba and 
Ipoitã channels and Ivinhema River, environments 
where the predominance of pebbles provide a 
suitable substrate for its fixation and establishment.

Studies about nestedness have been applied to 
evaluate the effectiveness of conservation methods 
in several ecosystem types (Schouten et al., 2007; 
Horsak & Černohorský, 2008) because it is able 
to detect sites which include the most of species 
richness in a region. In this way, nestedness analyses 

are effective tools for resource management and 
conservation planning because they can suggest 
whether in theory, any environmental feature of 
interest, such as those related to flood disturbance 
(e.g., Petsch  et  al., 2015) is likely to affect 
distributional patterns in an array of sites. Despite 
we could not notice changes in the nestedness 
pattern between hydrological periods, we identified 
some very taxa-rich sites of benthic invertebrate in 
the Upper Paraná River floodplain, among them 
rivers, secondary channels and some lakes from 
different fluvial systems. Therefore, our findings 
emphasize that the maintenance of different habitats 
in different subsystems sustains the richness of the 
benthic invertebrates metacommunity in the Upper 
Paraná River floodplain over time.
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