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Abstract
Tributaries may serve as richness source for the river main channel and the zoobenthos community is a good tool to 
verify this kind of pattern. In this study, we aimed to characterize the benthic invertebrate assemblage in three tributaries 
associated to the Paraná River main channel, focusing in Oligochaeta community. We hypothesized that (i) in tributaries, 
Oligochaeta are richer than the main river (Paraná River) and (ii) dammed tributary (Paranapanema River) is poorly 
diverse than the others. Samples were conducted in Paranapanema, Baía and Ivinhema tributaries using a modified 
Petersen grab along three transects (samples conducted inside the tributary, in the mouth of each tributary and inside 
Paraná River). To analyze (i) the difference between the richness and density among the tributaries and the Paraná 
River and (ii) effect of each tributary transect on the Oligochaeta richness we used a nonparametric Kruskal-Wallis 
test. Changes in environmental variables and in richness and composition of Oligochaeta were summarized by Canonic 
Correspondence Analysis. It was registered 21 different benthic invertebrates taxa, being Oligochaeta assemblage with 
the highest density. Within Oligochaeta, Narapa bonettoi was the most abundant species, followed by Haplotaxis 
aedochaeta and Paranadrilus descolei. In our results we refused both hypotheses, because we did not found significant 
differences for richness and density between the tributaries and the main river, and also no difference between the 
three transects of each tributary were found. However, the tributaries less influenced by damming, especially the Baía 
recorded high richness. This corroborates their importance to diversity in the floodplain and the species of Oligochaeta 
reflect the peculiar characteristics of habitats within each tributaries.

Keywords: Narapa bonettoi, benthic invertebrate, sediments, floodplain, biodiversity.

Tributários como fontes de riqueza para assembleia de Oligochaeta 
(Annelida) de um rio Neotropical represado

Resumo
Tributários podem servir como fonte de riqueza para o canal principal do rio e a comunidade de zoobentos é uma 
boa ferramenta para verificar esse tipo de padrão. Neste estudo, que teve como objetivo caracterizar as assembleias 
de invertebrados bentônicos em três tributários associados ao canal principal do rio Paraná, com foco na comunidade 
de Oligochaeta. Nossa hipótese é que (i) em afluentes a assembleia de Oligochaeta apresenta maior riqueza do que 
o rio principal (rio Paraná), e (ii) o tributário represado (Rio Paranapanema) é menos diverso do que os demais. As 
amostras foram realizadas nos tributários Paranapanema, Baía e Ivinhema utilizando uma draga Petersen modificado 
ao longo de três transectos (amostras realizadas dentro do afluente, na boca de cada afluente e no interior do Rio 
Paraná). Para analisar (i) a diferença na riqueza e densidade entre os afluentes e o rio Paraná, e (ii) o efeito de cada 
transecto do tributário sobre a riqueza Oligochaeta foi utilizado um teste de Kruskal-Wallis não paramétrico. Mudanças 
nas variáveis   ambientais e na riqueza e composição de Oligochaeta foram resumidos por análise de correspondência 
canônica. Foi registrados 21 diferentes táxons invertebrados bentônicos, sendo assembleia de Oligochaeta com a maior 
densidade. Dentro de Oligochaeta Narapa bonettoi foi à espécie mais abundante, seguido por Haplotaxis aedochaeta e 
Paranadrilus descolei. Em nossos resultados, ambas as hipóteses foram refutadas, visto que não mostraram diferenças 
na riqueza e densidade entre os tributários e o canal principal, e nem entre os três transectos dos tributários. Entretanto, 
os tributários menos influenciados pelo represamento, principalmente o Baía, registraram riqueza elevada. Isso corrobora 
sua importância para a diversidade na planície de inundação e as espécies de Oligochaeta refletem as características 
peculiares dos habitats dentro de cada tributátio.

Palavras-chave: Narapa bonettoi, invertebrados bentônicos, sedimentos, planície de inundação, biodiversidade.
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1. Introduction

Worldwide, the lotic systems have been altered by the 
constructions of dams (Boon et al., 1992) and, the aquatic 
communities are strongly affected by the habitat loss, 
changes in the flow intensity and alterations in the water 
chemistry and physical parameters (Barletta et al., 2010). 
These problems directly affect the bottom fauna causing 
loss of species, increasing the density and alterations in 
community structure (Ward and Stanford, 1979).

Large river floodplains are deterministic ecosystems, 
in which the lateral hydrological connectivity with lakes 
and tributaries describes the exchanges by water of energy, 
material and organisms from the main to secondary floodplain 
channels (Paillex et al., 2012). In natural conditions, 
these locations are typically characterized by high habitat 
heterogeneity, high variability in flow, sediment load and 
sediment size (Ribeiro et al., 2012). For those reasons, the 
lateral connectivity with tributaries may serve as source 
of richness for the river main channel.

Nevertheless, many rivers have been channelized 
and regulated by dams, often with the aim to produce 
hydroelectric power (Barletta et al., 2010). This kind of 
anthropic alteration may have consequences downstream 
the dam such as loss of habitats, changes in physical and 
chemical conditions, shift in sediment load downstream 
the dam and sometimes even alter the substrate. Thereby, 
habitat fragmentation has been implicated as a primary 
cause underlying the global loss of biodiversity (Primack, 
1993) for a variety of freshwater organisms, ranging from 
producers to consumers.

One group of organisms is especially important, 
the benthic invertebrate assemblage, because they play 
an important role in freshwater ecosystems in linking 
primary production, allochthonous input and top predators 
(Kagalou et al., 2006). These organisms are very sensitive 
to physical and chemical disturbances (Furse et al., 2006; 
Jesús-Crespo and Ramírez, 2011), which lead to reductions 
in diversity and abundance and increased dominance of 
species that can tolerate adverse conditions (Smith and Lamp, 
2008; Jesús-Crespo and Ramírez, 2011; Wang et al., 2012)

Within benthic invertebrates, Oligochaeta are one of the 
most abundant groups, in almost all freshwater environments 
and particularly in the Paraná River floodplain (Takeda, 
1999), and have an important role in structuring the sediment 
of freshwater ecosystems (Drago et al., 2004; Marchese, 
2009). Oligochaeta assemblages are influenced by the type 
of substrate, food availability, and especially the flood 
pulse (Stevaux and Takeda, 2002; Behrend et al., 2009) and 
hydro-morphological characteristics (Blettler et al., 2008).

In this study, we aimed to characterize the benthic 
invertebrate assemblage in four rivers, focusing in 
Oligochaeta community. We hypothesized that (i) in 
tributaries, Oligochaeta are richer than the main river 
(Paraná River) and (ii) tributary which is influenced 
by dams (Paranapanema River) is poorly diverse than 
the others. According to these hypotheses we tested the 
predictions that (i) tributaries have different granulometric 

texture and high amount of organic matter than the main 
river, which leads to a more complex habitat reflecting in 
a more diverse community and (ii) the dam alter abiotic 
conditions diminishing the local diversity.

2. Material and Methods

2.1. Study area
This study was conducted in the Paraná River main 

channel (in a floodplain) and three tributaries (Figure 1). 
The tributaries sampled are Paranapanema, Baía and 
Ivinhema River (Figure 1). The difference between them 
is that only Paranapanema River is dammed, with 7 dams 
over 10 meters depth (Agostinho et al., 2004). Baía and 
Ivinhema tributaries do not have dams, and it is very 
important feature because they keep its natural flow, 
converging in high habitat heterogeneity and different 
types of sediment when compared to dammed rivers 
(Agostinho and Zalewski, 1996). Those kinds of rivers 
have highlighted the importance for the maintenance of 
biodiversity.

The tributaries sampled are Paranapanema, Baía 
and Ivinhema River (Figure 1). The difference between 
them is that only Paranapanema River is dammed, with 
7 dams over 10 meters depth (Agostinho et al., 2004). 
Baía and Ivinhema tributaries do not have dams, and it is 
very important feature because they keep its natural flow, 
converging in high habitat heterogeneity and different types 
of sediment when compared to dammed rivers (Agostinho 
and Zalewski, 1996). Those kinds of rivers have highlighted 
the importance for the maintenance of biodiversity.

2.2. Sampling procedure
Samples were conducted on March, 2013 using a 

modified Petersen grab (0.0345 m2) along three transects 
in the tributaries Paranapanema, Baía e Ivinhema of 
Paraná River. The samples were taken in three transects 
of each tributary (T1, T2 and T3). T1 represent samples 
conducted inside the tributary (500 m from the mouth), 
T2 samples conducted in the mouth of each tributary and 
T3 samples inside Paraná River (500 m from the mouth of 
each tributary) (Figure 1). In each transect were taken four 
benthic samples at right and left margins (RM and LM) 
and in the center (C), which included three for biological 
analysis and one for grain size analysis. Each sample was 
constituted by three subsamples.

Granulometric textures were determined using 
methodology modified of Wentworth (1922) and the 
organic matter (O. M) content was obtained from 10 g 
sediment by incineration at 560°C during four hours.

Along with biological samples, we measured conductivity 
(μS.cm–1; portable condutivimeter of Digimed), pH 
(pHmeter of Digimed), turbidity (NTU; Turbidimeter of 
Quimis, model Q-179), depth (Ecosonda Hondex PS 7), 
temperature (oC) and dissolved oxygen (mg.l–1; portable 
oximeter with YSI equipament) in situ in the bottom region.

Samples for biological analysis were washed through a 
series of sieves (mesh size from 2.0 to 0.2 mm). All organisms 
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retained on 2.0 and 1.0 mm sieves were immediately picked 
out. The material retained on the 0.2 mm sieve was fixed in 
80% alcohol and sorted under a stereoscopic microscope. 
All the invertebrates were identified and counted using the 
keys Pérez (1988) and Mugnai et al. (2010).

Oligochaeta specimens were identified to species level 
when mature and to family level when immature due to the 
need for sexual characteristics for identification, according 
to the following literature: Brinkhurst and Jamieson (1971), 
Brinkhurst and Marchese (1991) and Righi (1984).

2.3. Statistical analysis
First we characterize the benthic invertebrate assemblage, 

after that we focus in Oligochaeta group. Oligochaeta 
abundances were transformed to density (number of 
individuals*0.0345 m–2). To see Oligochaeta assemblage 
in each transect, Richness (S), Density and Kownacki’s 
dominance index (Kownacki, 1971) were calculated.

The nonparametric Kruskal-Wallis test to analyze 
the difference between tributaries and Paraná River on 
Oligochaeta richness and density. This analysis was 
performed to see the effect of each tributary (transects 
T1, T2 and T3) on the Oligochaeta richness. We used the 
program STATISTICA 7.0, to perform all analysis above.

In order to summarize the relation between the 
Oligochaeta assemblages with the water physical and 
chemical data, a Canonical Correspondence Analysis 
(CCA) was performed using program Pcord5.

3. Results
3.1. Abiotic analysis

Were founded the highest values of coarser sediments 
in transects of Paranapanema tributaries (Figure 2A), 
such as gravel and coarse and medium sand. The highest 
values of finer sediments (very fine sand and mud) were 
recorded in transects of the Baía and Ivinhema tributaries, 
except in T3 of Ivinhema, where registered high values of 
coarse and medium sand, characteristic for belonging to 
Paraná River. Was verified in transects of Paranapanema 
the lowest values   of organic matter (%), while in transects 
T2 from Baía and T1 from Ivinhema we recorded the 
highest values   (Figure 2B).

The Baía tributary, a semi lotic river, differs from others 
because the low values of dissolved oxygen, turbidity, 
electric conductivity and depth (Table 1).

The total of 9.378 benthic invertebrates individuals was 
recorded, distributed in 21 different taxa (Figure 3A), with 

Figure 1. Study area showing the Paraná River and three tributaries (Paranapanema River- P; Baía River - B and Ivinhema 
- I River) associate to it. The black circles are the sample sites (T1 represent samples conducted inside the tributary (500m 
from the mouth), T2 samples conducted in the mouth of each tributary and T3 samples inside Paraná River (500 m from the 
mouth of each tributary).
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predominance of Oligochaeta (6.600 individuals) followed 
by Chironomidae and Harpacticoida groups (Figure 3B).

As Oligochaeta was the most abundant benthic group, 
we performed further studies focusing on its assemblage 
(Figure 4A). Regarding the average density, Narapa 
bonettoi was the most abundant species (Figure 4B). 
Haplotaxis aedochaeta and Paranadrilus descolei were 
also relatively abundant and common in the environments 
analyzed, while the other species were rare and had more 
restricted occurrence (Figure 4A).

The pattern of richness and density of Oligochaeta 
assemblage was analyzed in relation to transects without 
considering the tributary. The density was higher in T3, 
but not richness, while T1 and T2 were a little more 
similar. Nevertheless, according to Kruskall-walis test, no 
differences between the transects were found (Richness: 
H(2.9)=0.83; p=0.66 – Density: H(2.9)=0.62 p=0.73).

In general, the mean richness of Oligochaeta was 
relatively low in the transects (Figure 5). Among the 
tributaries, the highest mean richness was recorded in 
Baía River, although no significant differences were found 
between all the sites (H(8.81)=14.9; p=0.06).

Regarding to Dominance index of Kownacki, N. bonettoi 
was dominant in three sites of Paranapanema and T3 of 
Baía and Ivinhema tributaries. Paranadrilus descolei 
was dominant in T1 and T2 of Baía and Ivinhema Rivers, 

while Aulodrilus pigueti was dominant only in T1 from 
Ivinhema River (Table 2).

The two first axes of CCA explained 38.6% of total 
data variability (axis 1 = 28% and axis 2 = 10.6%). The 
first axis splitted Paranapanema from the others, which 
was influenced by N. bonettoi e H. aedochaeta. Some 
sites of Baía River were influenced by pH and organic 
matter, and by the species Dero (Dero) sawayai, Nais 
communis, Pristina leydi and Haemonais waldvogeli. 
Many species, such as A. pigueti, P. descolei, Pristina 
americana, Limnodrilus hoffmeistei, Dero (Aulophorus) 
furcatus, Dero (Aulophorus) borelli, Pristina aequiseta 
and Slavina evelinae were related to finer sediment, fine 
and very fine sand and mud, conditions found in some 
sites of Baía and Ivinhema rivers (Figure 6).

4. Discussion

In our results we refused the initial hypotheses, because 
we did not found significant differences for richness and 
density between the tributaries and the main river and, 
although the low richness in Paranapanema River, this 
difference was also not significant related to the others 
tributaries (Baía and Ivinhema).

The higher density of Harpacticoida in the sample 
site T3 from Baía River is supported by Takeda et al. 
(2001a). They characterized this group as typical from 

Figure 2. Granulometric composition (A) and Organic matter (B) in the sediment from the tributaries of Paraná River. 
VFS = very fine sand; FS = fine sand; MS = medium sand; CS= coarse sand; VCS = very coarse sand; GRA= granules; 
PB= pebbles.

Table 1. Means of Abiotic variables in sampled transects (T1, T2 and T3) of Paranapanema, Baía and Ivinhema tributaries.
Paranapenema Baía Ivinhema

T1 T2 T3 T1 T2 T3 T1 T2 T3
Dissolved Oxygen (mg/L) 6.45 6.34 6.79 3.91 4.10 6.24 6.11 5.96 6.73
Oxigygen (%) 83.77 82.63 89.33 51.63 54.43 81.93 85.80 78.40 88.47
pH 7.60 7.78 7.83 6.29 6.39 7.46 7.38 7.40 7.79
Electric condutivity (µS.cm–1) 58.10 58.20 63.50 25.33 25.07 51.70 44.30 44.53 58.37
Temperature (°C) 29.00 29.10 29.63 29.80 29.63 29.67 29.63 29.70 29.40
Turbidity (NTU) 12.50 12.60 5.03 1.47 1.81 0.40 20.77 20.53 4.68
Depth (m) 4.80 6.43 5.07 2.60 1.53 2.50 5.67 5.47 3.97
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lotic environments like the Paraná River. In the other hand, 
Chironomidae and Oligochaeta are recognized as the most 
abundant groups in all different kinds of habitats from the 
Upper Paraná River floodplain (Higuti and Takeda, 2002; 
Rosin et al., 2009), and were also abundant in our study.

Oligochaeta was the most abundant group in 
Paranapanema and Ivinhema tributaries, composed 
mainly by the following species: N. bonettoi, P. descolei 
and H. aedochaeta. The dominance of N. bonettoi in all 
transects of Paranapanema and in the sample site T3 of 

Figure 3. Density of benthic invertebrates community (A) and Oligochaeta assemblage (B). T1 represent samples inside the 
tributary (500 m from the mouth), T2 samples in the mouth of each tributary and T3 samples inside Paraná River (500 m 
from the mouth of each tributary).

Figure 4. Density of Oligochaeta assemblage without Narapa bonettoi (A) and only Narapa bonettoi (B). T1, T2 and T3, 
see Figure 1.
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Ivinhema tributary was explained by abiotic conditions 
typically of lotic environments, with high values of dissolved 
oxygen and electric conductivity and granulometric texture 
composed predominantly of pebbles, coarse and medium 
sand and very low organic matter content.

The high density of N. bonettoi near the Ivinhema 
tributary is justified by the presence of sand banks in this 
region, which has less influence of the Porto Primavera dam.

According to Drago (1980), Marchese (1987, 1994), 
Marchese and Drago (1992), Righi and Varela (1983) and 
Takeda et al. (2001b), N. bonettoi is a small Oligochaeta 
species without setae, which lives in the interstices between 
sand grains in large fluvial systems. Its existence has been 
reported in lotic water bodies with high current velocities, 
depths and discharges and sandy mobile sediments with 
scarce organic matter content, low conductivity and dune 
beds, and is often the only benthic species in the Paraná 
River main channel and the principal secondary streams 
of its alluvial plain.

The second most abundant species, P. descolei, is 
associated with high conductivity, moderate velocity of 
current, mud-clay and mud-sand substratum (Marchese, 
1987; Takeda, 1999; Behrend et al, 2009). This specie was 
very abundant in our samples, and it was registered in Baía 
(T1 and T2) and Ivinhema (T1 and T2) tributaries, sites 
with presence of fine grained sediments, like mud and sand. 
Low abundance of P. descolei in Paranapanema tributary 

Table 2. Dominance index according Kownacki (1971): Dominants (10-100); Subdominants (1-9.99); Adominants (0-0.99) 
Adominants A (0.1-0.99); Adominants B (0-0.099).

Tributaries
Paranapanema Baía Ivinhema

Oligochaeta assemblage T1 T2 T3 T1 T2 T3 T1 T2 T3
Narapidae
Narapa bonettoi - (Righi & Varela 1983) 70.76 87.68 53.22 2.79 17.67 7.33 87.21
Haplotaxidae
Haplotaxis aedeochaeta -(Brinkhurst & 
Marchese 1987) 1.78 0.04 0.18 1.67 0.05 0.14

Naididae
Pristininae
Pristina aequiseta -Bourne, 1891 1.52 4.96
Pristina americana -Cernosvitov, 1925 0.06 1.31 0.17
Pristina leidy -Smith, 1896 0.15
Pristina proboscidea -Beddard, 1896 0.31 0.15
Naidinae
Bratislavia unidentata -(Harman, 1973) 1.09 0.93
Dero (Aulophorus) borelli -Michaelsem, 
1900 0.44

Dero (Aulophorus) furcatus -(Müller, 
1773) 0.22

Dero (Dero) sawayai -Marcus, 1943 0.15
Haemonais waldvogeli -Bretscher, 1900 0.31
Nais communis -Piguet, 1906 0.15
Slavina evelinae -(Marcus, 1942) 0.44 0.15
Dero sp. 0.22 0.17
Tubificinae
Limnodrilus hoffmeistei -Claparede, 1862 1.09 0.17 0.05 0.03
Aulodrilus pigueti -Kowalewski, 1914 1.09 0.93 13.75 0.30
Paranadrilus descolei -Gavrilov, 1955 0.12 14.59 27.89 19.25 19.59
Richness 2 2 4 10 11 5 2 6 2

Figure 5. Richness of Oligochaeta assemblage. T1, T2 and 
T3, see Figure 1.
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and T3 of Baía and Ivinhema tributaries occur because 
it is a large species with no adaptations to environments 
with strong flow and few organic matters.

Haplotaxis aedochaeta was registered mainly in the 
Paranapanema tributary, which is characterized by low 
quantities of organic matter and high amounts of sand and 
pebbles. Similar observations were reported by Montanholi-
Martins and Takeda (1999) in the Upper Paraná River, in 
which they related H. aedochaeta to environments with 
medium, coarse and very coarse sand, gravel and pebbles. 
Moreover, this species was found in the samples sites 
T3 from Baía and Ivinhema tributaries (located in the 
Paraná River) which have similar physical and chemical 
characteristics to the Paranapanema tributary.

There were no significant differences for richness, but 
nine of the overall species occurred in the sample sites T1 
and T2 of Baía tributary: P. aequiseta, P. leidy (Pristininae), 
B. unidentata, D. (A.) borelli, D. (A.) furcatus, D (D.) sawayai, 
H. waldvogeli, N. communis and S. evelinae (Naidinae). 
These species reflected the semi-lentic conditions of this 
tributary, where features as high levels of organic matter, 
very fine sand and mud favored the establishment of these 
species, which was demonstrated by the CCA correlations.

Figure 6. Ordination diagram for the first two axes of Canonical Correspondence Analysis (CCA) with the scores ordination 
of 1 and 2 axes of sampled sites with the correlation of abiotic variables and Oligochaeta. (A) Species of Oligochaeta 
(B) Abiotic variables (C) Environments. PB= pebbles; GRA= Granules; VCS= very coarse sandy; CS= coarse sandy; 
MS = medium sandy; FS= fine sand; VFS= very fine sandy; OM = organic matter; DO= dissolved oxygen; COND = water 
conductivity; TURB= turbidity; TEMP= temperature.

Although the results showed that the tributaries did 
not affect on the presence of Oligochaeta species on the 
main river, it was observed differences in the granulometric 
texture composition and in the water physical chemical 
variables between each tributary. Thus, the community 
composition varied along with the availability of habitat, 
sediment texture and amount of organic matter.

Our results revealed the importance of the tributaries 
as source of richness to the maintenance of the regional 
diversity, once that each tributary has peculiar features 
to Oligochaeta species, as the species P. descolei which 
was abundant in the Paraná River before impoundment, 
as locals (T3) of three tributaries. Nevertheless, Baía 
tributary, a semi-lentic ecosystem showed high species 
diversity, favoring Oligochaeta assemblage colonization.

This study showed the importance of the maintenance 
of tributaries without dams to Oligochaeta assemblage and 
for the floodplain biodiversity. The results demonstrated 
that Oligochaeta assemblage shifts inside each tributary 
according with its habitats compositions and how the 
physical and chemical modifications caused by the dam 
Porto Primavera favors the dominance of species adapted 
reducing the richness of these locations changed.
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