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Abstract

The oligochaetes are considered good indicators of ecological conditions and specific types of habitats. Among the
factors that influence the distribution of these invertebrates are the water flow and the nature of the substrate. The aim
of this study is to describe the composition and distribution of oligochaete species in a first-order stream in Atlantic
Forest and try to identify if some species are associated with characteristics of particular types of habitats. In the dry
season and in the rainy season, sand and litter samples in two riffle areas and two pool areas were collected in different
parts along the stream using a hand net. The greatest observed richness and abundance occurred in sand in the pool,
however the greatest estimated richness was obtained for litter in the pool. The Kruskal-Wallis analysis showed effect of
the different types of habitat on the abundance and richness of oligochaetes. The Nonmetric Multidimensional Scaling
(NMDS) and Multiresponse Permutation Procedure analysis (MRPP) indicated that the variation in the fauna composition
had relation with different types of substrates. The indicator species analysis showed that Limnodrilus. hoffmeisteri
was an indicator species in both the riffle sand and pool sand and Pristina americana was only an indicator in the pool
sand. The high organic matter content in both sandy habitats probably favored the greater abundance of oligochaetes.
The results showed that the substrate constitutes an important factor for the local distribution of these invertebrates
in streams. The variation of the community structure among mesohabitats and the presence of indicator species of
specific types of habitats in the stream demonstrate the importance of environmental heterogeneity for the oligochaetes
fauna in forested streams.
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Distribuicao de oligoquetas em um riacho da Mata Atlantica,
Sudeste do Brasil

Resumo

Os oligoquetos sdo considerados bons indicadores de condigdes ecoldgicas e de tipos especificos de habitats. Entre os
principais fatores que influenciam a distribuigao desses invertebrados estdo o fluxo da dgua e a natureza do substrato.
O objetivo principal desse estudo foi descrever a composi¢ao e distribuigdo de espécies de oligoquetas de um riacho
de primeira ordem da Mata Atlantica e identificar espécies que sao caracteristicas de tipos especificos de habitats. Na
estagdo seca e na estagdo chuvosa, amostras de areia e folhigo de duas corredeiras e dois remansos foram coletadas
em diferentes manchas ao longo de um trecho do riacho usando rede de mao. A maior abundancia e riqueza observada
ocorreram em areia de remanso. Entretanto, a analise de rarefagdo mostrou que a maior riqueza estimada foi obtida
em folhigo de remanso. A analise de Kruskal-Wallis mostrou o efeito dos diferentes tipos de mesohabitats sobre a
abundancia e riqueza de oligoquetas. A analise de Escalonamento Multidimensional ndo- Métrico (NMDS) e a andlise
de Procedimento de permutag@o mulitirespostas (MRPP) indicaram que a variagdo na composi¢ao da fauna teve relagio
com os diferentes tipos de substratos. A analise de espécies indicadoras mostrou que L. hoffmeisteri foi indicadora tanto
de areia de corredeira como de remanso e P. americana foi indicadora somente de areia de remanso. O alto contetido
de material organico em ambos habitats arenosos provavelmente favoreceu a maior abundancia de oligoquetos. Os
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resultados mostraram que o substrato constitui um importante fator para a distribuicao local desses invertebrados
em riachos. A variagdo da estrutura da comunidade entre os mesohabitats e a presenca de espécies indicadoras de
tipos especificos de habitats demonstrou a importancia da heterogeneidade ambiental para a riqueza e distribui¢ao de

oligoquetos em riachos florestados.

Palavras-chave: espécies indicadoras, folhico, areia, regido tropical.

1. Introduction

The interaction of environmental variables in different
scales of time and space determines the structure of the
benthic communities in streams (Brosse et al., 2003;
Weigel et al., 2003). The climate and geology of the
watershed determine vegetation types, rainfall regime,
temperature, substrate characteristics and water flow
conditions. Variations in water speed influence the size
of particles in the substrate, distribution of food resources
and formation of different mesohabitats on the stream bed,
determining the distribution of benthic organisms (Pardo
and Armitage, 1997; Beisel et al., 1998). The relationship of
benthic fauna with specific habitats makes these organisms
efficient indicators of patterns of water flow, types of
prevailing substrates and temporal or anthropic changes,
which normally alter those factors (Verdonschot, 2001;
Muotka and Laasonen, 2002).

The oligochaetes, as well as other aquatic invertebrates,
can also live in habitats with a wide range of ecological
conditions, from aquatic environments strongly impacted
by human activities (Juget and Lafont, 1994; Martins et al.,
2008) to conserved habitats where the entry of organic
matter is basically restricted to litter from nearby plants,
such as those present in riparian forests in mountain
streams (Dumnicka, 1994). In natural environments the
main factors that influence the occurrence and distribution
of oligochaetes are the structure of the substrate, organic
matter content and water flow. For instance, there are species
that prefer substrates with smaller particle size and low
current flow, while others are more common in habitats
with coarser substrates and higher flow (Verdonschot,
2001; Dumnicka, 2006; Syrovatka et al., 2009).

Oligochaetes are good indicators of conditions and
specific types of habitats (Verdonschot, 2001), and are thus
commonly used in ecological characterization studies. The
distribution pattern of these invertebrates in neotropical
lotic environments is still relatively unknown, especially
in small streams in the Atlantic Forest (Alves et al., 2008).

Since benthic organisms have varied responses to
the physical variables of aquatic habitats, studies of
the composition and distribution of different groups
of invertebrates provides a better understanding of the
relationship of this fauna with the organization and
structure of the lotic ecosystem. Based on the hypothesis
that oligochaetes species have specific preferences for
stream habitats, the aim of this study is to describe the
composition and distribution of oligochaetes species in
a first-order stream in the Atlantic Forest region and to
identify the species that are characteristic of particular
types of habitats, considering the substrate and water flow
as the main variables.

2. Material and Methods

The stream is located in a fragment of the Atlantic Forest
in the secondary succession stage (21° 44’ 36” — 21° 44’
317 S and 43° 18’ 517 — 43° 18’ 53” W, at an altitude of
850 m) in Juiz de Fora, southeastern Brazil. The climate
in the region is Cwa in the K6ppen classification, with hot
and rainy summers and cool and dry winters (Latuf, 2004).
It is shallow (5.63+1.43cm) and the streambed is mostly
composed of sand with average organic matter content of
30%, predominance of 2 mm to 0.5 mm fractions in riffles
and 2 mm to 0.25 mm in pools (Table 1) and patches of
stones and leaf litter.

The water is transparent and well oxygenated
(10.0340.42mg/L), with good electric conductivity
(17.75+2.06 pS/cm) and pH of 6.38+0.41. These variables
are the average of three readings at each collection point
along the stream, using a Horiba U10 multiparameter
meter. Differences between the measures of environmental
variables were estimated by the Mann-Whitney test (p <0.05).
In each of three months in the dry season (July, August
and September) and three in the rainy season (January,
February and March), sand and litter samples in two riffles
and two pools along a segment of approximately 100 m of
the stream were collected for a period of 30 seconds each,
using a hand net (250 pm mesh). Two monthly samples
were thus obtained from each mesohabitat: Litter in pool,
litter in riffle, sand in pool and sand in riffle. The pools
and riffles sampled were different from month to month.

The samples were fixed in 4% formaldehyde and the
organisms were sorted under a stereoscopic microscope
and conserved in 70% alcohol. The oligochaetes were
identified under an optical microscope to the lowest
taxonomic level possible, according to the criteria suggested
by Brinkhurst and Jamieson (1971), Righi (1984) and
Brinkhurst and Marchese (1992). The species formerly
considered to be included in the family Tubificidae were
instead classified as belonging to the family Naididade,
according to Erséus et al. (2008).

Table 1. Granulometric characterization of sediment
(ABNT, 1995) in the stream located in an Atlantic Forest
fragment area in southeastern Brazil.

. . Pool Riffle
Particle size (%) sediment sediment

20 > @ > 2 mm (fine gravel) 15.88 36.84
2>® > (.5 mm (coarse sand) 35.60 39.88
0.5>®>0.25 mm 29.39 16.05
(medium sand)
0.25 > ®©> 0.05 mm (fine sand) 18.10 6.92
@ < 0.05mm (silt) 1.01 0.31
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For each mesohabitat we measured the abundance
and both observed and estimated richness. The richness
was estimated by rarefaction curves for the four
mesohabitats sampled based on the lowest abundance
of individuals obtained (Gotelli and Cowell, 2001),
using the EcoSim (version 7.72) program. When the
criteria normality were not met (Shapiro-Wilk test,
p>0.05) or the homoscedasticity of the variances were
not obtained (Levene test, p >0.05), we used Kruskal-
Wallis analysis (p<0.05) to determine the effect of
different mesohabitats on the variation of abundance
and richness observed. The Mann-Whitney test (p<0.05)
was used to check the effect of the seasons (dry and
rainy) on these parameters. The analyses was carried
out with the Statistica (version 7.0) program. Since in
streams the dynamics between habitats and periods
have a stochastic component (Townsend, 1989; Lake,
2000), we assumed independence between the samples.

We performed non-metric multidimensional scaling
(NMDS) to verify the ordination of the fauna in the
mesohabitats from the log-transformed abundance data. In
this analysis, sample units that did not contain oligochaete
specimens were excluded. Significant differences
in the fauna composition between the mesohabitats
were checked by the nonparametric multi-response
permutations procedure (MRPP). These analyses were
performed with the PC-ORD 5.15 program (McCune
and Mefford, 2006).

We also applied analysis of similarity (Anosim) to
test the variation in the fauna composition between the
two seasons and calculated the indicator value (IndVal),
as proposed by Dufrene and Legendre (1997), to verify
the existence of taxa with preferences for a determined
type of mesohabitat. This method combines information
on species abundance and frequency of occurrence among
groups. A taxon is considered to be a good indicator when
it has high abundance and frequency of occurrence in
one of the conditions defined a priori. These analyses
were performed with the R program (R Development
Core Team, 2011).

3. Results

The average water speed in the stream’s riffles was
0.23+0.33m/s, with a significant difference between the two
seasons (Z=2.93;n=6; p<0.01) and riffle and pool areas
(Z=-2.99; n=6; p<0.01), but the abiotic variables of the
water did not vary significantly between the mesohabitats:
pH (Z=0.382; n=6; p=0.38), conductivity (Z=1.556; n=6;
p=0.12) and dissolved oxygen (Z=—0.872; n=6; p=0.38).

We found 343 oligochaetes specimens, belonging to
three families: Alluroididae, Enchytraeidae and Naididae.
The most abundant species were Limnodrilus hoffmeisteri
and Pristina americana, which occurred predominantly
in the sand in pool. In the litter in riffle and litter in pool,
the family Enchytraeidae was best represented in the dry
season, although the greatest abundance of this family
occurred in sand in riffle (Table 2).

The greatest observed richness occurred in the sand
in pool (p > 0.05) but the rarefaction analysis indicated
that the greatest estimated richness occurred in the litter
in pool (Figure 1). This demonstrates the influence of the
abundance obtained in the sand in pool over the observed
richness for this mesohabitat.

The Kruskal-Wallis analysis showed the effect of the
different types of habitat on the abundance (H= 18.85;
df= 3; p<0.01) and richness of oligochaetes (H= 24.35;
df=3;p<0.01), allowing us to verify that sand substrates
presented higher abundance and richness than litter
substrates (Figure 2). However, the Mann-Whitney test
showed that only richness decreased significantly between
seasons (Z=2.51; n=32; p=0.01).

In the NMDS analysis we observed that the riffle
sand and pool sand mesohabitats tend to form a more
homogeneous group (Figure 3). The MRPP analysis
indicated variation in the fauna composition between
mesohabitats with different types of substrates, except the
riffle sand and riffle litter (Table 3). But we did not detect
any variation in the fauna composition between the two
seasons (R=0.07; p=0.11).

The indicator species analysis showed that L. hoffmeisteri
was an indicator species in both the riffle sand and pool sand
(IV=10.914; p<0.01) and P. americana was an indicator
in only the pool sand (IV=0.713; p=0.02).

Table 2. Abundance and observad richness Oligochaetes collected in dry and rainy seasons in mesohbitats: Sand in pool
(SP), sand in riffle (SR), litter in riffle (LR) and litter in pool (LP) in a stream located in an Atlantic Forest fragment area in

southeastern Brazil.

Season Dry Rainy

Habitat SP SR LR LP SP SR LR LP
Alluroidea 1 - 2 1 1 1 -
Enchytraeidae 17 39 15 11 8 7 - 6
Naididae (Sensu Erséus et al., 2008)
Pristina proboscidea Beddard 1895 1 - - - - - -
Pristina americana Cernosvitov, 1937 7 2 - 1 27 10 - -
Pristinella jenkinae (Stephenson, 1931) - - - - 1 - - 1
Limnodrilus hoffmeisteri Claparede, 1862 116 20 3 - 22 10 - 2
Bothrioneurum sp. Stolc 1888 3 5 - - 8 1 - -
Observad Richness 7 6 3 3 6 5 - 3
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Figure 1. Estimated richness of oligochaetes in the two mesohabitats (pool and riffle) in a stream located in an Atlantic
Forest fragment area in southeastern Brazil. The vertical bar indicates the lowest abundance obtained.
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Figure 2. Result of the Kruskal-Wallis analysis showing the effect of the different mesohabitats types on the abundance and
richness of oligochaetes in a stream located in an Atlantic Forest fragment area in southeastern Brazil.
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Figure 3. Non-metric multidimensional scaling (NMDS) analysis, showing the ordination of the mesohabitats in a stream
located in an Atlantic Forest fragment area in southeastern Brazil.
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Table 3. Result of the multi-response permutation procedure
(MRPP) of the oligochaetes fauna collected in a stream
located in an Atlantic Forest fragment area in southeastern
Brazil. RL- riffle litter, PL- pool litter, PS- pool sand,
RS- riffle sand.

Group codes compared A* P
PS vs. RS 0.002 0.37
PS vs.RL 0.030 0.05
PS vs. PL 0.070 <0.01
RS vs. RL —0.011 0.63
RS vs. PL 0.036 0.03
RL vs. PL —0.022 0.71

*Chance-corrected within-group agreement.

4. Discussion

Studies of streams show that more complex substrates
such as leaves and other plant matter generally contain
greater abundance and richness of oligochaetes, by providing
more spots for shelter and retaining more abundant food
resources, in the form of small organic particles and
periphyton (Dangles et al., 2001; Taniguchi and Tokeshi,
2004; Gorni and Alves, 2012). However, this association
was not observed in the stream studied here, as shown
by the results of the Kruskal-Wallis, which indicated
greater taxon abundance and richness values associated
with the sandy substrate in both the riffles and pools.
The high organic matter content in both sandy habitats
probably favored the greater abundance of oligochaetes,
which in turn influenced the greater richness observed in
this substrate. On the other hand, there was no variation
of the fauna in relation to the water flow differences
between the mesohabitats (riffle and pool). This result
corroborates that of Syrovatka et al. (2009), who reported
that the quantity of particulate organic matter explained
more of the variation observed in the oligochaetes fauna
than did the water flow conditions. Alves et al. (2006)
and Verdonschot (2001) respectively observed that the
granulometria and nature of the substrate has a considerable
influence on the distribution of oligochaetes. According
to Ward (1992), substrate characteristics are a more
effective variable to explain the distribution of benthic
species than the physical and chemical properties of the
water. Additionally, the greater abundance and frequency
of L. hoffmeisteri, Bothrioneurum sp. and P. americana in
sandy mesohabitats contributes to the variation observed
in the composition of oligochaetes species, confirming that
differences related to the substrate constitute an important
factor for the distribution of these invertebrates in natural
water bodies (Sauter and Gude, 1996).

Limnodrilus hoffemeisteri has been found by other
authors associated with fine sediment (Marchese and Drago,
1999; Alves and Strixino, 2000). In the stream studied here
this species was present in sediment consisting mainly
of coarse and medium sand fractions. This may have
been favored by the ability of L. hoffmeisteri to colonize
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sediments with a wide variety of granulometric fractions
(Sauter and Gude, 1996).

Pristina americana, considered as indicator of sandy
pool sediment, was found in tributaries of the Parana River
in habitats with varied granulometry, from pebbles to sand
and mud (Takeda, 1999). Suriani-Affonso et al. (2011)
found this species to be mostly associated with habitats
containing a predominance of medium sand in the rivers
studied, and Learner et al. (1978) observed that Pristina
species were mainly associated with gravel substrate. These
studies taken together show the plasticity of this species in
colonizing habitats with varied substrate and flow.

Enchytraeidae, the family with the most homogeneous
distribution in all the mesohabitats, is generally abundant
in streams with coarse granulometry and high oxygen
content (Lencioni and Maiolini, 2002), characteristics also
present in the stream studied here. Many Enchytraecidae
species are able to colonize habitats with varied conditions,
including those with faster water flow and substrates with
large particles (Giani and Lavandier, 1977; Johnson and
Ladle, 1989) because the large interstitial spaces provide
good oxygenation (Giere, 1993).

The increased rainfall and consequent faster flow in
the wet season is one of the main factors causing variation
in the structure of benthic communities in tropical streams
(Ribeiro and Uieda, 2005; Carvalho and Uieda, 2004;
Battistoni et al., 2010). Our results, however, indicate
that only the rich taxa (Enchytraeidae) were vulnerable
to increased precipitation. In agreement, Takeda (1999)
did not observe seasonal effects on the abundance of
oligochaetes in habitats located in the alluvial plain of the
Parana River, but suggested that water level fluctuations
are an important factor for the colonization patterns of
oligochaetes species. Verdonschot (2001) reported that
although the distribution of oligochaetes in streams is affected
by a complex interaction of variables, the hydrological
regime is an important additional variable to explain the
species distribution of this community.

The variation of the community structure among
the types of mesohabitats and the presence of indicator
species of specific types of habitats in the stream studied
demonstrate the importance of heterogeneity for oligochaetes
fauna in streams in forested regions. On the other hand,
the low total abundance of individuals found in this study
can be explained by the presence of potential predators of
oligochaetes, such as odonatan and megalopteran insects.
These orders were found in this steam by Rosa et al.
(2009) during the same period and with the same substrate
types. Alves et al. (2008) also found low abundance of
oligochaetes (n = 259 individuals) in forest streams with
cold and well oxygenated water, the beds being made up
mainly by pebbles and accumulation of fine and coarse
organic matter. In organically polluted environments,
unlike in the stream studied here, it is common to find
a great abundance of worms, possibly favored by the
absence of more sensitive organisms and elimination of
competition and predation (Myslinski and Ginsburg, 1977;
Martins et al., 2008).



Rosa, BFJV., Martins, RT. and Alves, RG.

The results demonstrate that in the stream studied
the oligochaetes species have preferences for specific
types of habitats, with the substrate being the component
with the greatest influence on the distribution of these
invertebrates. Considering the low representation of
oligochaetes in this stream and in other environments
with similar characteristics, there is a need for further
studies to investigate the distribution of these organisms.
And given the different types of substrates and flows
(Verdonschot, 2001), these become important predictors
of the richness and diversity of species in preserved low-
order lotic environments.
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