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Abstract: The aim of this study was to analyze aquatic oligochaete distribution in relation to water column 
physicochemical variables, structural environmental variation, and predominant substrates in the preserved 
Amazonian streams of the Saracá-Taquera National Forest (FLONA Saracá-Taquera), northwest Pará, Brazil. 
Oligochaetes are widely used as bioindicators for monitoring aquatic environments as they are very sensitive to 
pollution and environmental changes. Physicochemical and structural variables were measured from 100 stream 
segments in order to understand the distribution of oligochaetes in Amazonian streams. Biotic samples were collected 
using Surber samplers in three of the most predominant substrate types in each segment. PERMANOVA testing 
showed that there was a significant difference in the oligochaete community among some substrates, potentially 
caused by a difference in the abundance of the most common taxa. Canonical Correspondence Analysis showed 
that physical variables drive the distribution of oligochaetes in preserved Amazonian streams, as they determine 
the formation of different substrates along the stream, from the source to the mouth; favoring the presence of 
oligochaetes with more specific ecological needs in low-order streams, and the presence of oligochaetes capable of 
colonizing various types of substrates and deeper zones in high-order streams. These results suggest that water depth 
and channel width are the main drivers of aquatic oligochaete distribution along Amazonian streams, determining 
the formation of unstable and low-quality substrates and, consequently, the low colonization by oligochaetes in 
high-order streams; and more diverse and stable substrate formation in low-order streams, favoring the colonization 
by diverse taxa of aquatic oligochaetes in low-order Amazonian streams.
Keywords: Aquatic macroinvertebrates, biomonitoring, tropical streams, substrates, stream hydrology, mining 
activities.

Comunidade de oligoquetos aquáticos em riachos amazônicos, Floresta Nacional 
Saracá-Taquera, Pará, Brasil

Resumo: O objetivo deste trabalho foi analisar a distribuição da comunidade de oligoquetos em relação às variáveis 
físico-químicas da coluna da água, variação estrutural do ambiente, e substratos predominantes em riachos 
amazônicos conservados na FLONA Saracá-Taquera, noroeste do Pará, Brasil. Oligochaetes são amplamente 
utilizados como bioindicadores para monitoramento de ambientes aquáticos, pois são muito sensíveis à poluição e 
às mudanças ambientais. Variáveis físico-químicas e estruturais de 100 trechos de riachos foram mensuradas para 
entender a distribuição de oligoquetos em riachos amazônicos. Amostras bióticas foram coletadas com amostrador 
Surber em três dos tipos de substratos mais predominantes em cada trecho. A PERMANOVA mostrou que há uma 
diferença significativa da comunidade de oligoquetos entre alguns substratos, possivelmente baseada nas diferenças 
no número do táxon mais comum. A Análise de Correspondência Canônica mostrou que as variáveis físicas controlam 
a distribuição da comunidade de oligoquetos em riachos amazônicos preservados, porque estas variáveis determinam 
a formação dos diferentes substratos ao longo do riacho, desde a nascente até a foz, favorecendo a presença de 
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Introduction

Oligochaetes play important roles in aquatic systems, such as in 
food webs, as a source of food for other invertebrates, fish, and birds 
(Ezcurra de Drago et al, 2007); in the organic matter decomposition 
process; and also fulfilling an important role in the cycling of nutrients, 
participating in sediment structuring and nutrient exchange in the water/
sediment phase (Golterman et al., 1983).

They are good indicators of environmental conditions (Verdonschot, 
2001) because they have limited mobility, long life cycles, an intimate 
relationship with substrates and they are extremely influenced by 
the habitat characteristics in which they live (Behrend et al., 2009). 
Different species of oligochaetes are sensitive, moderately tolerant or 
highly tolerant to physicochemical changes in aquatic ecosystems (Yap 
et al., 2006, Rodrigues and Reynoldson, 2011, Burdon, et al., 2019). 
Although many studies evaluate the macroinvertebrate community in 
tropical streams, oligochaetes are often ignored or identified only as 
a subclass or family, downplaying the group’s role as a bioindicator 
(Lopes et al., 2011; Couceiro et al., 2009; Alves et al., 2008; Fidelis, 
2006; Walker, 2004).

Studies have demonstrated that Oligochaeta species have a wide 
range of responses to contamination by nutrients, metals, and organic 
chemicals, showing distribution patterns which are associated with 
pollution and contaminants (Rodriguez and Reynoldson, 2011). 
However, there is limited literature about how this group responds to 
physical factors, such as fine sediment inputs, deforestation and mining 
activities in lotic environments. Therefore, it is important to know how 
oligochaetes are distributed and which of this community’s structuring 
variables are present in tropical systems like those found in the Amazon, 
whereby mineral exploitation is an expanding activity that can impact 
these environments (Castello and Macedo, 2016).

According to some studies on streams, the main factors that 
influence aquatic oligochaetes composition and distribution are water 
flow, waterbody width and depth, and substrate characteristics (Nijboer, 
2004, Rosa et al. 2015). However, other factors seem to play a role in 
shaping oligochaete communities depending on context. Syrovátka 
(2009) suggested that flow velocity and habitat preference explain the 
spatial pattern of oligochaete distribution in a small highland stream. 
Blettler (2008) found a marked relationship between the different 
substrate types and the oligochaetes associated with them and, according 
to this author, some physical factors such as water velocity and depth 
may influence the establishment and availability of the substrates, 
as well as the composition of their associated fauna. However, other 
authors such as Prenda and Gallardo (1992) and Schenkova and Helesic 
(2006) affirm that oligochaetes do not have habitat preferences and 

oligoquetos com necessidades ecológicas mais específicas em riachos de baixa ordem, e oligoquetos capazes de 
colonizar diferentes tipos de substrato e zonas mais profundas em riachos de ordem maior. Os resultados deste 
trabalho sugerem que a profundidade da água e a largura do canal são as variáveis que controlam a distribuição da 
comunidade de oligoquetos em riachos amazônicos, determinando a formação de substratos instáveis e de baixa 
qualidade, e consequentemente baixa colonização de oligoquetos, em riachos de ordem maior; e formação de 
substratos mais diversificados, mais estáveis e de qualidade em riachos de baixa ordem, favorecendo a colonização  
de diversos taxa de oligoquetos aquáticos em riachos amazônicos de baixa ordem.
Palavras-chave: Macroinvertebrados aquáticos, biomonitoramento, riachos tropicais, substratos, hidrologia de 
riachos, atividades de mineração.

show a broad ecological tolerance. More information from tropical 
streams is needed in order to draw a big picture about the importance 
of environmental variables in oligochaete distribution.

Central Amazonian streams are low-order heterotrophic 
environments (Junk, 1983; Lima and Gascon, 1999), and the forest 
next to the streams supplies them with resources and material to 
form different kinds of aquatic fauna substrates. The dependence on 
allochthonous organic matter produces a link between the characteristics 
of the forest that surrounds the streams and the composition of local 
aquatic fauna, including some fish and most benthic invertebrates, which 
is associated with the meso- and micro-habitats structured within them 
(Nessimian et al., 1998). Thereby faced with different impacts near these 
kinds of environment the stream bottom can suffer physicochemical and 
structural transformations, leading to the modification of substrates and 
their associated fauna (Dedideu et al., 2015). Low-order Amazonian 
streams are homogeneous in relation to water column physicochemical 
variables. They are clear, acidic, have low conductivity, constant 
temperatures and low alkalinity waters, and they are not influenced 
by the flood pulse of big rivers. Therefore, their periodic flow change 
is influenced by local daily rainfall, with noticeable changes during 
different seasons (Junk, 1983). All this information suggests that 
water column physicochemical factors do not influence t oligochaete 
community distribution in preserved Amazonian streams; rather, it may 
be structural and physical factors which influence this distribution.

Considering the homogeneity of the water column physicochemical 
variables of the Amazonian streams, we hypothesize that oligochaetes 
distribution in Amazonian streams is determined by physical and 
structural variables like the flow, depth and substrate material at the 
bottom of the streams. Therefore, this study aims to analyze oligochaetes 
distribution in relation to the physicochemical variables of the water 
column; physical variation; and predominant substrates in preserved 
Amazonian streams in Brazil. This is a piece of valuable knowledge for 
the development of biomonitoring tools to assess Amazonian streams; as 
well as contributing to the body of knowledge about these invertebrates 
in the region, which is still fragmented and incomplete in all Brazilian 
freshwater systems (Takeda et al., 2017).

Material and Methods

1.	 Study area

The study was carried out in the Saracá-Taquera FLONA, in the 
northwest of the state of Pará (Brazil) (Figure 1). It is located on the right 
bank of the Trombetas River, between the municipalities of Terra Santa, 
Oriximiná, and Faro, near the political division of the state of Amazonas. 
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The FLONA is responsible for the protection of 441,282.63 hectares of 
the Amazon Biome (Ministério do Meio Ambiente, 2001). The region 
is covered by tropical rainforest, with annual rainfall rates ranging 
between 1,900 and 2,500 mm and a dry season from June to October 
with less than 100 mm of monthly rainfall (Sioli, 1985). Authorized 
bauxite extraction occurs within the Saracá-Taquera FLONA, and the 
streams in this region are impacted in different ways by the products of 
this activity (such as deforestation, siltation, damming, suppression of 
riparian forest, etc.), leading to the eventual or permanent modification 
of the characteristics of these environments.

The entire region is drained by small streams, composed of acidic 
(pH 4.5-5.4) and low turbidity (clear) waters with low conductivity 
(7.9-16.7 μS.cm-1) and average temperatures of 24° C (Mortatti, 
2004). These streams do not suffer from significant seasonal variations 
of physicochemical variables, which is indicative of their great 
environmental stability instead, local rainfall is responsible for variation 
of these parameters (Nessimian et.al. 2008).

In the Amazon region low-order streams (1st to 3rd order) have, 
under natural conditions, a full canopy cover that shades them entirely, 
reducing the primary productivity within them. Larger streams (4th 
and 5th orders) have lower coverage of surrounding forest, increasing 
the incidence of light in the stream and favoring the growth of aquatic 
macrophytes within the channel.

Furthermore, the streams exhibit different channel geomorphologies. 
Larger streams have well-structured margins, supported by tree roots 
and riparian vegetation, and the smaller ones generally do not present 
defined margins. Generally, the bed of the stream is sandy with plant 
litter accumulation consisting of leaves and wooden materials from 
surrounding forest in some spots. Branches and trunks act as retention 
mechanisms in the streams, generating small rapids and pools, 

favoring the formation of deposition and retention areas which increase 
environmental heterogeneity (Fidelis, 2006).

2.	 Abiotic characterization of the streams

 Overall, 100 stream segment samples from 1st to 5th order, 
were collected in the months of March (rainy season) and September 
(dry season), from 2009 to 2011. In each site, the water temperature 
(electronic thermometer, 0.1 of accuracy), dissolved oxygen in water 
(YSI Portable Mod. 550A), water depth, channel width, and the substrate 
types were measured. To evaluate substrate characteristics, a 50 by 50 
cm quadrat was used, subdivided into 25 smaller squares. This method 
consisted of a visual estimate of the percentage of squares filled by the 
different types of substrate (USEPA, 2004). Water depth was measured 
with a ruler on two transverse transects in the sampling point, with ten 
depth measurements being taken from each transect, and the average 
depth was calculated. Channel width was measured on the same 
transverse transects as depth, and the average width was calculated. In 
addition, 1L of water was collected in polyethylene bottles at each point 
and taken to the laboratory for pH analysis (QUIMIS-Mod. Q400MT 
benchtop), electrical conductivity measuring (QUIMIS benchtop 
electronic conductivity meter), and turbidity analysis (Del Lab DL350 
portable microprocessor turbidimeter).

3.	 Biotic sampling and identification

In each sampled segment three of the most predominant substrate 
types were collected, and these were grouped in six categories in 
accordance with their composition: sand and leaves (SAN+LEA), sand 
only (SAN), sand with fine organic matter (SAN+MO), macrophytes 
(MC), gravel (GRA) and roots (ROO). The samples were collected 
using a “Surber” sampler with an area of 0.09 m² and a 250 μm mesh 

Figure 1. Study Area. Saracá-Taquera National Forest, Municipality of Oriximiná, Pará, Brazil. The micro-basins painted 
in shades of lighter gray are part of the Trombetas River basin, and the darker grays are part of the Nhamundã River basin.
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opening. The samples were stored in plastic bags and transported to 
the laboratory, where they were washed in a sieve with a 0.5 mm mesh. 
Subsequently, the organisms were separated and preserved in 70% 
alcohol for the identification of the lowest possible taxonomic levels 
(dependent on the taxonomic characteristics required to obtain family, 
genus and species levels) under an optical microscope with the help of 
different identification keys (Brinkhurst and Marchese, 1989; Pinder, 
2010; Brinkhurst & Jamieson, 1971).

4.	 Data analysis

Canonical Correspondence Analysis (CCA) was used to explore 
which variables better explain oligochaete distribution along the 
streams. A PERMANOVA test was used to evaluate whether there was 
a significant difference in oligochaete assemblage per substrate, and 
a SIMPER test was performed in order to identify which taxa most 
contributed to the differences among the substrates. All analyses were 
performed using PAST statistical software v3.14.

Results

Sampled streams were similar in physicochemical characteristics: 
transparent and oxygenated waters [2,02 (±2,70) NTU; 5,92 (±1,12) 
mg L-1], mean water temperatures of 25 ° C (±0,65), an acidic pH 
[4,9 (±0,18)] and low conductivity [11,06 (± 4,46) μS/cm] (Table 1). 
Moreover, these streams do not have significant water nutrient charges 
due to the soil characteristics found in the Trombetas river watershed 
(Sioli, 1989).

A total of 780 aquatic oligochaetes were identified in 10 taxa, 
represented by six families: Naididae, Enchytraeidae, Haplotaxidae, 
Lumbriculidae, Alluroididae, and Glossoscolecidae. The oligochaetes 
composition in each substrate can be found in Table 2.

Most taxa were associated with higher organic matter loading 
substrates. All identified taxa occurred in the SAN+LEA substrate, 
and Bratislavia unidentata (Harman, 1978) and Aulodrilus pigueti 
(Kowalewski, 1914) were found exclusively in this substrate. The taxa 
Glossoscolecidae n.i, Haplotaxis sp. (Hoffmeister, 1843), Tubificinae 
n.i1 and Lumbriculidae n.i., were recorded in greater abundance in the 
SAN+LEA substrate. Nais communis (Piguet, 1906) was also present 
in substrates with higher organic matter loading, such as SAN+LEA 
and SAN+OM, as well as substrates with lower organic matter loading, 
such as GRA. Brinkhurstia americana (Brinkhurst, 1964) occurred in 
all substrates except for GRA, and showed the highest abundance in 
SAN + LEA and SAN + OM substrates. The Enchytraeidae family 
occurred in all sampled substrates, but showed higher abundance in the 
ROO substrate and the second highest abundance in the MC substrate 
(Figure 2).

The CCA revealed that the first axis explained 72% of data 
variability (statistical significance by randomization test p = 0,001) 
(Figure 3). The first axis was described by the substrate variable to 
the right of the graph, and by the water depth and channel width to the 
left. Streams from 1st to 3rd order were distributed to the right of the 
graph and 4th and 5th orders were distributed to the left of the graph. 
Oligochaetes taxa were associated with the substrate, water depth, and 
channel width, which are related to the order of the stream. Tubificinae 
n.i2, Lumbriculidae, Glososcolecidae, Nais communis (Piguet, 1906) 
were linked to substrate variables in low-order streams (1st to 3rd 
order); and Brinkurstia americana (Brinkhurst, 1964), Aulodrilus 
pigueti (Kowalewski, 1914), Tubificinae n.i1 and Enchytraeidae n.i 
were associated with wider and deeper streams.

1.	 Statistical analysis

PERMANOVA (Table 3) showed that there is a significant difference 
between Oligochaeta communities registered in ROO and in the 
substrates SAN, SAN+LEA, and GRA, with no significant difference 
between the communities registered in the ROO, SAN+OM, and MAC 
substrates. The SIMPER test showed that the taxa which contributed 
the most to this difference were Enchytraeidae (26.81%), Brinkhurstia 
americana (Brinkhurst, 1964) (23.3%), and Tubificinae n.i1 (19.63%).

Discussion

As expected, this study showed that substrate types, water depth, and 
channel width are the main drivers of aquatic oligochaetes distribution 
in Amazonian streams. These variables determine the formation of 
unstable substrates in high order streams; substrates that cannot be used 
as refugia and lacking in food sources, which may limit the colonization 
and establishment of some Oligochaeta species. On the other hand, these 
physical variables influence the formation of stable substrates in low-
order streams, which are good as refugia and can possibly offer enough 
food sources to create specific microhabitats that enable colonization 
by more specific oligochaetes taxa.

Our results showed that Oligochaeta species abundance can be 
partially explained by the type of substrate associated with the order 
of the streams. The ROO substrate showed significant differences in 
oligochaete community patterns compared to other substrates, and the 
taxa that most contributed to this difference were Enchytraeidae, B. 
americana (Brinkhurst, 1964) and Tubificinae ni1. Since these taxa 
occur in all substrates, the significant difference among the substrates 
could be related to the abundance levels of such taxa in each substrate. 
All taxa identified at the present study occurs in the substrates indicated 
by the bibliography and some aquatic oligochaetes taxa occur in low 
abundance in specific substrates [N. communis (Piguet, 1906), B. 

Table 1. Abiotic parameters measured with the mean, standard deviation, minimum value and maximum value; pH, Water conductivity (CON); Turbidity (TUR); 
Water temperature (TEM), Dissolved Oxygen (O2); Channel Depth (PR), Channel Width (LC).

Channel 
width (m)

Channel 
depth (m)

Water 
Temperature (°C) pH Water conductivity 

(µS/cm)
Turbidity 

(NTU)
Dissolved 

oxygen (mg/L)
Mean 3,57 0,54 25,78 4,90 11,06 2,02 5,92
Standard deviation 4,42 0,55 0,65 0,18 4,46 2,70 1,12
Minimum value 0,2 0,05 23 4,58 6,54 0,1 0,23
Maximum value 25,5 3,1 29,2 5,72 38,1 13,2 17,5
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Table 2. List of aquatic oligochaetes taxa identified in each sampled substrate. Substrates: Sand (SAN), Sand + Leaves (SAN+LEA), Gravel (GRA), Macrophytes 
(MAC), Sand + Organic Matter (SAN+OM), and Roots (ROO). The symbol (+) represents the presence and (-) represents the absence of the taxa in each sampled 
substrate.

Taxa
Substrates

SAN SAN+LEA GRA MAC SAN+OM ROO
Tubificinae n.i 1 + + + + + +
Tubificinae n.i 2 - + - - + -
Aulodrilus pigueti - + - - - -
Haplotaxis sp. + + - - + -
Enchytraeidae n.i + + + + + +
Brinkhurstia americana + + - + + +
Lumbriculidae n.i + + + - + +
Glossoscolecidae n.i + + + - + -
Nais communis - + + - + -
Bratislavia unidentata - + - - - -

Figure 2. Relationship between the sampled substrates and the occurrence 
frequency of aquatic oligochaetes. Substrates: Sand (SAN), Sand + Leaves (SAN 
+ LEA), Gravel (GRA), Macrophytes (MAC), Sand + Organic Matter (SAN + 
OM), and Roots (ROO). Bu - Bratislavia unidentata; Nc - Nais communis; Gsp 
- Glossoscolecidae ni1; Psp - Lumbriculidae ni1; Ba - Brinkhurstia americana; 
Esp - Enchytraeidae ni1; Hsp - Haplotaxis ni1; Ap - Aulodrilus pigueti; 
Tsp1 - Tubificinae ni1; Tsp2 - Tubificinae ni2.

unidentata (Harman,1978), and A. pigueti (Kowalewski, 1914)], which 
could be understood as a habitat preference when the substrates are 
available; whereas other taxa seem to have greater plasticity to colonize 
all types of substrate that could be formed in low- to high-order streams.

In the present study, the SAN+LEA substrate showed the highest 
richness and diversity of aquatic oligochaetes. This substrate provides 
food and shelter for different macroinvertebrates and fish species (Passos 
et al., 2003). A. pigueti (Kowalewski, 1914) and the two morphospecies 
of the Tubificinae subfamily were recorded as having higher abundance 
in this substrate, which corroborates with what was observed by Alves 
and Strixino (2000) and Behrend (2009), that where these groups 
occur is also associated with an abundance in organic matter. Those 
taxa are abundant in this kind of substrate because, generally, they 
ingest sediment particles, digesting bacteria and fungi present in them, 
which accelerates the decomposition of organic matter (Wavre and 
Brinkhurst, 1971).

The Tubificinae subfamily is characterized by a high abundance 
in polluted areas and high tolerance to organic pollution caused by the 
presence of domestic wastewater in aquatic environments (Martins et 
al., 2008). The present study registered a considerable abundance of 
tubificids; therefore, the occurrence of this taxon must be carefully 
analyzed, since the high abundance of this group in preserved 
Amazonian streams is a natural condition and does not necessarily 
indicate environmental pollution. As specified by Rodriguez & 
Reynoldson (2011), not all species respond in the same way to all types 
of pollutants and impacts, and it is necessary to identify the occurring 
species in order to stipulate their contaminating or impacting agents, and 
to analyze their effects on oligochaetes communities through specific 
studies. The subfamily level identification may lead to misinterpretation 
of the environmental integrity of the studied streams. A useful tool 
to assess environmental health conditions would be to identify the 
individuals of this group at the lowest taxonomic levels in order to 
understand the different tolerance to pollution of each species. However, 
in this study, many individuals of Naididae family could not be identified 
to species level because they were not sexually mature, which could 
be explained by the fact that the asexual reproduction of Naididae is 
generally employed during favorable environmental conditions, and 
sexual reproduction predominates in stressful conditions (Parish, 1981). 
This could indicate that the abundance of non-reproductive individuals 
of Tubificinae subfamily could be an important metric to assess the 
environmental integrity of Amazonian streams.

The genus Haplotaxis (Hoffmeister, 1843), deemed predatory 
because of its well-developed muscular pharynx (Brinkhurst & 
McKey-Fender 1991), had an abundant presence in the SAN+LEA 
substrate. The wide variety of benthic invertebrates and availability of 
food sources that the substrate SAN+LEA provides (Rezende, 2007) 
could justify the higher abundance of Haplotaxis (Hoffmeister, 1843) 
in this substrate.

In this study, N. communis (Piguet, 1906) was registered in the 
SAN+OM, SAN+LEA, and GRA substrates. According to Dumnicka 
(1994), these substrates offer protection against predators. He also 
observed a relationship between N. communis (Piguet, 1906) and 



6

Bevilacqua, M.S. et al.

Biota Neotrop., 20(1): e20180654, 2020

http://www.scielo.br/bn	 http://dx.doi.org/10.1590/1676-0611-BN-2018-0654

Figure 3. Canonical Correspondence Analysis. To facilitate visualization, the graph was split into two parts. Part "a" shows the streams around abiotic and 
structural variables. The numbers 1, 2, 3, 4 5, represent the stream order and how these groups are scattered on the graph. The symbols represent: (●) 1st 
stream order, (*) 2nd stream order, (■) 3rd stream order, (▲) 4th stream order, and (▼) 5th stream order. Part "b" plots the relationship between abiotic and 
structural variables in accordance with the different taxa of Oligochaeta.

Table 3. One-way PERMANOVA testing of  substrates and the aquatic oligochaetes  found in each of them. Substrates: Sand (SAN), Sand + Leaves (SAN + LEA), 
Gravel (GRA), Macrophytes (MAC), Sand + Organic Matter (SAN + OM), and Roots (ROO). (*) indicates a significant difference (p < 0.05).

SAN SAN+LEA GRA MAC SAN+OM
SAN+LEA 0.5354
GRA 0.4785 0.2346
MAC 0.6873 0.7174 0.3489
SAN+OM 0.9022 0.9915 0.3948 0.7465
ROO 0.045* 0.0147* 0.0185* 0.5491 0.096

rocky substrates covered with mud in the rapids of low-order streams. 
Also, according to Verdonschot (1999) N. communis (Piguet, 1906) is 
generally associated with substrates composed of fine sand and organic 
sediments, which justifies the occurrence of this species in the SAN+OM 
substrate. The occurrence of this species in gravel can be justified by the 
fact that the surface of the gravel would favor the growth of periphytic 
algae, one of the main food sources of N. communis (Piguet, 1906) and 
a determinant factor in  Naidinae distribution.

The Enchytraeidae family was found in all substrates and had its 
highest abundance in ROO found in first-order, shallow, clear-water 
pristine streams with moderate concentrations of dissolved oxygen. 
Such characteristics resemble those described by Rodrigues et al. (2013) 
for streams in the state of Minas Gerais; and also, data from low-order 
streams in the state of São Paulo presented by Alves et al. (2008), with 
very different characteristics to Amazonian streams (low temperature 
[16 °C], neutral to alkaline pH [7 to 8.5] and water conductivity of 172.6 
μS.cm-1). This underscores the ability of this family to occur in a wide 
range of environmental conditions, allowing it to colonize a variety 

of environments: terrestrial, semi-aquatic, and aquatic, with different 
abiotic characteristics as well as various types of substrate.

The species B. americana (Brinkhurst, 1964) was registered in 
all substrates except gravel. This shows the ecological plasticity of 
this species, which can colonize several substrates under different 
conditions. According to Marchese (2010), this species usually occurs 
in sandy sediments, both of low-order streams and larger rivers. Other 
authors like Omodeo and Coates (2001) also associate it with lentic 
environments with profundal zones loaded with organic matter.

Glossoscolecidae is a common terrestrial earthworm family which 
also has aquatic representatives. In this study, the family occurred 
frequently in different substrates and was extremely prevalent in low-
order streams. The high occurrence of this group in SAN+MO and 
SAN+LEA substrates and the link of this group to low-order streams and 
the substrate variable could be explained by ecological earthworm needs. 
It is common to think that the occurrence of earthworms in low-order 
streams is an accident derived from adjacent terrestrial populations, 
since the streams are narrow and shallow, intensifying the interaction 
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between water and land (Rodrigues, 2013), but earthworms could be 
found at terrestrial, semi-aquatic and aquatic habitats. Truly aquatic 
earthworm species can be found in decaying vegetation in marshes 
and stream banks, in the soils of flooded rice paddies and along river 
margins and stream banks (James & Brown, 2006) associated with 
bryophytes (Rodrigues, 2013).

In summary, the results of this work showed that the FLONA 
Saracá-Taquera streams were homogeneous in relation to 
physicochemical water parameters. Physical and structural variables 
such as the substrate, water depth, and channel width, combined with 
the order of the streams, were the environmental attributes driving 
oligochaete community distribution in these pristine environments. 
The results of this work provide an important base for the development 
of biomonitoring tools for these kinds of environment. Understanding 
the occurrence and distribution of aquatic oligochaetes in the streams 
of the FLONA Saracá-Taquera, in which impacts are generally the 
result of changes in land use, structural modifications due to mineral 
exploitation and siltation, and not by organic contamination, can add 
substantial value to the development of tools to evaluate environmental 
impacts in this region.
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