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Abstract:

The study of freshwater invertebrates composing macrobenthos communities of stream habitats can be of
great importance for both ecological and conservational purposes. In this paper we analyse the distribution of the triclad Polycelis felina in western Pyrenees along the Aezkoa Mountains where forests and
pastures prevail. We found a relatively wide distribution of the species that was affected mainly by stream
biotic characteristics, in particular by fish occurrence and gammarid abundance. These factors in a poorly
urbanised area can reflect the importance of the well-structured community for the presence of P. felina
and its role as a bioindicator.
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Introduction
The study of freshwater invertebrates inhabiting
streams and watercourses can be of particular importance for ecological and conservational purposes
(Paillex et al. 2013). Generally, macrobenthos communities are recognised as important biological indicators of water quality and aquatic ecosystem structure (Borisova et al. 2013). They are often included
in studies assessing the ecological requirements of
aquatic or semiaquatic vertebrates (Koperski 2011)
and used to reveal the impact of human activities on
the water system. Planarians are typical members of
macrobenthos communities in both lotic and lentic
aquatic systems. They are small, free-living flatworms that can colonise various types of freshwater
biotopes, from springs and streams to ponds, lakes
and rivers. Planarians are generally zoophagous organisms feeding mainly on small living invertebrates
and decaying organisms occurring in their ecosystem. In particular, they can eat small crustaceans, annelids, insect larvae, crustaceans, leeches, snails and
other small herbivores or detritivores. Moreover,
they can feed also on bacteria and fungi decomposing leaves and on other submerged organic matter of

vegetal origin. Most of species that live in streams
are particularly sensible to organic pollution and
water quality as in the case of the genera Polycelis
Kenk, 1930 or Crenobia Kenk, 1930 (see Alonso,
Camargo 2011, Wu et al. 2012). Conversely, there
are also species more resistant to water pollution
and alterations. Polycelis felina (Dalyell, 1814) is
sensible to different pollutants and typically inhabits lowly-polluted streams, brooks, slow creeks, and
various types of springs (Manenti 2010, Alonso,
Camargo 2011, Stubbington et al. 2011). This species has been extensively used for ecotoxicological
studies in order to assess its low tolerance to many
chemical substances or different experimental conditions involving habitat peculiarities (Kalafatic,
Taborsak 1998, Franjevic et al. 2000, Horvat et al.
2005, Lau et al. 2007). These studies demonstrated
the important role of P. felina as a biological indicator
and its high potential for the assessment of freshwater habitat characteristics. However, the field studies
on the ecology of P. felina remain scarce. In the past,
it was studied in freshwater habitats of North Wales
and in springs of central Pyrenees (Wright 1974,
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Roca et al. 1992). Both studies confirmed its occurrence in unpolluted and well preserved slow running
freshwater habitats. Recently, an ecological survey
of the species in a highly urbanised area of North
Italy (Manenti 2010) revealed that P. felina is more
versatile than indicated by its biotic score (Ghetti
1997), with some records in conditions of pollution
and within non-optimal macrobenthic communities,
even if the great percentage of sites inhabited by this
triclad species remain in unpolluted waters. The species is associated with streams with higher shelter
availability and higher microhabitat occurrence surrounded by woody landscapes (Manenti 2010).
The aim of this study is to increase the knowledge on the ecology of Polycelis felina. We assess
the factors affecting its distribution in a mountain
area with low density of the human population and
characterised by both traditional pastures and old
forests.

Material and Methods
Study area
The study area is situated in western Pyrenees between the southern Spanish side (Navarra) and the
northern French side (Pyrenneés – Atlantique) in
the north Aezkoa Mountain chain (42°59’.39”N,
1°8’48.78”E). The Aezkoa Mountain chain is composed of 14 mountain ridges divided in three ranges.
We studied streams in the north range between the
mountains Urkulu (1419 m a.s.l.), Mendizar (1323
m a.s.l.), Mendilatz (1337 m a.s.l.), Mozoloak (1255
m a.s.l.), and Lizardoia (1197 m a.s.l.) (Fig. 1). The
study area is situated at the western limit of the Irati
Forest, an old and protected native beech forest that
extends on 17 300 hectares, mainly in the Spanish

side. The forest is surrounded by pastures. All the
pasture territories are situated between 500 and
2300 m a.s.l. Our research focused mainly around
the Irabia Lake on the central and western side of
the Irati Forest as well as westwards, where other
patches of beech forest occurred and were surrounded by extended pasture landscapes. The altitude of
the streams surveyed ranged between 700 and 1200
m a.s.l. All woodlands within the study area were
broadleaved, dominated by beech (Fig. 1).
Surveys and habitat characterisation
We used diurnal samplings to evaluate the presence/ absence of P. felina. To maximise the homogeneity of sampling among streams and pools, the
same observer performed all surveys. During each
survey, we conducted a linear transect (150 m) along
streams. In some cases, we considered multiple sampling localities in the same stream, if environmental conditions (e.g. landscape, stream morphology)
markedly changed along the stream course; the average distance between the sampling localities of the
same stream was 2140 m.
The streams were described on the basis of rapid bioassessment protocols (Barbour et al. 1999).
We recorded four characteristics that described
stream morphology, water quality and ecosystem
functioning and could be hypothetically important for the occurrence of P. feline: i) We measured
substrate heterogeneity on the basis of the percentage of alternation of substrate elements, i.e. sand,
gravel, stones, and sunken branches (see Petersen
1992). Each site was classified using the following
rank scale: 1, absence of diversity, only a single substrate element covering almost 100% of the site; 2,
poorly diverse, only 2 substrate elements covering
>90% of the transect; 3, quite diverse, at least three

Fig. 1. Study area. The non-inhabited sites are in black, the inhabited sites – in white. The map layout has been obtained
from Google Earth
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elements present in at least 10% of the transect; 4,
highly diverse, >90% of the transect presenting an
alternation of at least three elements. ii) Three parameters describing streams morphology: maximum
width, minimum width and average width. iii) Four
parameters describing the biotic features of sites:
fish presence/ absence, richness of amphibians and
abundance of gammarids.
We used a fine mesh net to collect P. felina and
gammarids occurring along a linear transect. For 7
minutes, we turned over the sites substrate collecting the macrobenthos into the net. We estimated the
abundance of gammarids (Gammarus spp.) considering a three ranking scale: 1 = poorly abundant (1-9
individuals per transect), 2 = discretely abundant (1020 individuals per transect), and 3 = highly abundant
(more than 20 individuals per transect), considering
both adults and juvenile specimens.
We also measured, in addition to the site altitude, two variables representing the landscape surrounding each stream: distance from forest and the
percentage of wood cover within 100 m from each
sampling site (Ficetola et al. 2009). The landscape
variables were measured from the 1:25000 SITNA
vector map of Navarra (Geoportal de Navarra: http://
sitna.navarra.es/geoportal). To measure the woodcover percentage within 100 m, we used ArcView
GIS 3.2 (Esri 1999).
Statistical analyses
We used multiple logistic regression to evaluate the
relative role of stream and landscape features on the
distribution of P. felina. Using stepwise method, we
first built a blank model of the occurrence of P. felina as a response variable and detected the values
of Akaike Information Criterion (AIC) for all the
variables considered in our study. Starting from the
variables with the lowest AIC, we built models adding one variable for time till the last added was not
significant. By removing the latter, we obtained the
best available model explaining the distribution of
P. felina. We then analysed the fit of our best model
calculating D2 value. We performed all statistical
analyses in the R 2.14 environment (R Development
Core Team 2012).

Results
We surveyed 30 sites from 21 watercourses, mainly
belonging to the catchment basin of the upper Irati
River (Fig 1). We found P. felina at 12 sites (Fig 1).
The elevation of positive sites ranged between 790
and 905 m a.s.l., with a good surrounding wood cover
(average 75% of the surface within 100 m from the

Table 1. Characteristics of streams inhabited and noninhabited by Polycelis felina (mean ± standard deviation)
Characteristics

Inhabited

Non-inhabited

Altitude (m a.s.l.)

857±15.87

882±14.49

Substrate heterogeneity

4.66±0.14

3.66±0.22

Maximum width (m)

7.8±1.58

2.7±0.35

Minimum width (m)

2.3±o.47

0.95±0.14

Average width (m)

3.8±0.70

1.69±2.02

Amphibian species richness

2.08±0.35

2.11±0.34

Gammarid abundance

2.08±0.37

0.33±0.18

Distance to forest (m)

38.75±33.09

67.94±30.06

75±11.10

67.9±10.01

Wood cover (%)

Table 2. Statistical characteristics of the variables examined with a view to explaining factors that influence
the distribution of Polycelis felina in streams in Aezkoa
Mountains
Variable

Df

Deviance

AIC

Fish occurrence

1

23.410

27.410

Gammarid abundance

1

24.895

28.895

Maximum width

1

28.296

32.296

Average width

1

30.107

34.107

Substrate heterogeneity

1

30.213

34.213

Minimum width

1

31.351

35.351

Wood cover

1

40.130

44.130

Forest distance

1

40.304

44.304

Amphibian richness

1

40.378

44.378

sampling point) and highly diversified watercourses
(Table 1).
The distribution of P. felina was mainly affected
by stream biotic features and in particular the variables with the lowest AIC value were the fish occurrence (P=0.012) and the abundance of gammarids
(P=0.017) (Table 2). These were the only variables
included in the best model obtained through the multiple logistic regression. D2 value of this model was
0.62, showing that the model had a high fit and explained more than 60% of variance.

Discussion
P. felina showed an extensive distribution over the
study area occurring in most of the main basins of
the Northern Aezkoa. This species occurred in highly diversified streams surrounded by woody areas.
Our analysis showed that biotic features of streams
were the major determinants of the distribution of P.
felina. In particular, we found that the abundance of
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gammarids positively affected the distribution of this
species. Gammarids are the most common and effective shredders in temperate streams and they can
be associated with both oligotrophic waters of little streams and springs and sites with higher organic
content and pollution levels (Kupisch et al. 2012).
Gammarids can play important role in the in-stream
litter decomposition (Kupisch et al. 2012), in spite
of the fact that young specimens may be collectors
with preference to smaller-size food particles, while
the larger individuals may exhibit cannibalism and
predation (Kupisch et al. 2012). Some classical field
studies have shown that Gammarus spp. populations
are highly resource-dependant and their abundance
increases or decreases depending on the leaf availability indicating that leaf litter is their highly preferred food resource (Friberg, Jacobsen 1994). They
can be suitable prey for P. felina and represent an
important trophic source for it. The positive role of
fish occurrence can be considered a biotic factor indicating the existence of a well structured aquatic
ecosystem. Fish can play an important role and have
an impact in the ecosystem of streams in which they
occur, with some species being indicators of high
microhabitats occurrence and the largest predators
of macrobenthos invertebrates including planarians (Dubey et al. 2012, Pekarik et al. 2012). The
fish recorded were essentially young or adult trout
that are considered at the top of the trophic chain
in watercourses and that may be regarded as important bioindicators (Wilhelm et al. 1999, Triebskorn
et al. 2003), often occurring in habitats with higher
macrobenthos richness (Encina, Rodriguez-Ruiz
2003). Fish are also associated with the stable traits
of watercourses and their co-occurrence with planarians can be linked to that. Also amphibians can be
important predictors of stream features and can affect macrobenthos communities (Ficetola et al.
2004, Ficetola et al. 2009, Manenti et al. 2009);
moreover, planarians have been recently pointed out
as possible important food resources for some salamanders (Gillespie 2013). However, we did not de-

tect any significant influence of amphibian richness
on P. felina occurrence. Studies on the same triclad
in areas characterised by high urbanisation showed
that the landscape structure (except the richness of
microhabitats in the watercourses) play a major role
for the species distribution (Manenti 2010). In such
a landscape, human impact can affect both stream
morphology and surrounding landscape composition, with only residual areas that show natural wood
cover and stream diversification that remain the most
suitable for this triclad species. The current study
area is characterized by a few urbanised areas and
extended old forests alternated with traditional grazing pastures. Pastures can be a possible threat for the
quality of watercourses because of the high organic
content that may represent an important source of
pollution (Rosenthal et al. 2012). Therefore, the occurrence of gammarids and fish can also reflect the
low general impact of pastures on those streams.
Macrobenthos is often used as a measure of
water quality since the polluted streams have poor
macrobenthos communities (Maitland 1990, Moss
1998). Planarians are generally important elements
of macrobenthos communities, with various species
that have an important role as bioindicators (Mirjana
et al. 2003, Harrath et al. 2012). Being mainly zoophagous, they occupy the relatively high levels in
the trophic web of the macrobenthic species occurring in streams. Therefore, the study of planarians
may improve the knowledge of features that affect
the ecosystem functioning in certain lotic habitats.
The results of this study increase the knowledge
about the distribution of the triclad P. felina in an
important area of the Pyrenees. They also reveal the
importance of the biotic requirements of this taxon
to the habitats and their role in the maintenance of
freshwater biodiversity.
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