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a  b  s  t  r  a  c  t

Pollution  of rivers  is an  increasing  problem  that affects  biological  diversity  and  structure  of natural  ecosys-
tem.  The  present  study  reported  the  results  of the preliminary  analysis  of  diatom  and  macroinvertebrate
communities  of river  Picentino  (Italy,  Campania)  in respect  of the  WFD/60/2000/EC.  Because  of  the sensi-
tive  to  a variety  of  environmental  factors  the two  categories  of  organism  are  used  as  excellent  indicators
of  changes  taking  place  in water  ecosystems,  especially  eutrophication.  Sampling  of  benthic  diatoms  and
macroinvertebrates  has  been  carried  out in  five  stations  along  the river  during  April–May  2014  in  order  to
apply  the  ICMi  and  the  STAR  ICMi  and  assess  river  quality.  The  data  showed  a diversification  in  diatomic
and  macroinvertebrate  communities  in  relation  to  environmental  stresses  and  level of pollution,  with
the  disappearance  of species  higher  sensitive  to  eutrophication  and  organic  load  in the  upper  course  of
the river.  River  water  quality  was  found  to deteriorate  from  the upperstream  to the  downstream  because
of the  increasing  of human  impact  and  the  intensive  agriculture  activity  along  the  river.

We  conclude  that  the  monitoring  of  diatomic  and  macroinvertebrate  communities  could  give detailed
information  about  the  ecological  status  of rivers.  However  it is  necessary  to increase  the  achieved  data
by monitoring  other  biological  communities  in  order  to define  adequated  strategies  to  save  and  preserve
the  rivers  habitat.

© 2015  Elsevier  Ltd. All  rights  reserved.

1. Introduction

A great number of human activities, such as agriculture, indus-
tries and urbanization affect the integrity of hydrographical basins.
The most evident effects of human pressure on rivers are pollution
by organic residues and heavy metals, acidification and alterations
of hydrology and morphology, modification of chemical parameters
and variation in biological communities (Malmqvist and Rundle,
2002; Salomoni et al., 2006). In recent decades the direct study
of the effects of pollution on biota is of great interest because of
the correlation between pollutants and alteration of biota. In this
context the European Union’s Water Framework Directive (WFD,
60/2000) adopted in Italy with Legislative Decree 152/2006 and
Ministerial Decree 260/2010, provides an opportunity to plan and
accomplish a better water environment through river basin man-
agement planning, focusing on ecology. The Directive wants to
prevent a further deterioration of the aquatic ecosystems, to protect
and improve their status, to reduce the effects of anthropic impacts
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on the ecosystems, to ease a sustainable water use based on the
long-term protection of the sustainable water resources. Accord-
ing to the Directive, Member States are obliged to achieve a good
ecological status of the surface waters and to keep the high sta-
tus where it already exists (WFD, 60/2000; Mancini and Sollazzo,
2009). The Directive aims to establish the protection of all cat-
egories of waters (rivers, lakes, transitional waters, and coastal
waters) to assess ecological water quality, using two  different
approaches. Physical and chemical methods (such as oxygen dis-
solved, salinity, pH, nutrient availability, temperature) are used for
instantaneous measurements, allowing only short-term analysis, in
order to control water conditions present at the time of sampling
and analysis. Biological methods are used to monitor long-term
environmental variation of water quality in order to complete the
information given by physical and chemical analysis (De Pauw et al.,
1992; WFD, 60/2000; Lobo et al., 2004).

The biological quality elements or BQE (i.e. phytoplankton,
macroalgae, phytobenthos, macroinvertebrates and fish) were
used to assess the ecological status of a water bodies and to
detect the effects of general pollution in the community (Mancini,
2005; Hering et al., 2006). Macroinvertebrates were widely used
in monitoring rivers because of their sensitive to pollution and
rapid response to external disturbance (Sharma and Rawat, 2009;

http://dx.doi.org/10.1016/j.ecolind.2015.12.001
1470-160X/© 2015 Elsevier Ltd. All rights reserved.

dx.doi.org/10.1016/j.ecolind.2015.12.001
http://www.sciencedirect.com/science/journal/1470160X
http://www.elsevier.com/locate/ecolind
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecolind.2015.12.001&domain=pdf
mailto:antonella.giorgio@unina.it
mailto:salvatore.unhbox voidb@x {special {ps:3 TD$DIFF}}debonis@unina.it
mailto:marco.unhbox voidb@x {special {ps:5 TD$DIFF}}guida@unina.it
dx.doi.org/10.1016/j.ecolind.2015.12.001


86 A. Giorgio et al. / Ecological Indicators 64 (2016) 85–91

Narangarvuu et al., 2014). Furthermore disappearance or loss of
biodiversity in macroinvertebrate communities, could be easily
assigned to anthropogenic pressure (Johnson et al., 1993; Torrisi
et al., 2010; Bertoli et al., 2014). On the other hand due to its
reduced mobility and short generation times, phytobenthos has
shown a rapid response to environmental changes and can inte-
grate environmental conditions better than other bioindicators,
being commonly used in the assessment of the ecological status
and monitoring of anthropogenic impacts (McCormick and Cairns,
1994; Della Bella et al., 2007; Kelly et al., 2009). Diatoms are the
main component of phytobenthos, being one of the most impor-
tant algae groups used for ecological assessment. Their ubiquity,
their direct and sensitive response to physicochemical changes,
and their preservation in sediments for a long time makes them
good water quality indicators for the evaluation of phenomena
such as eutrophication, acidification and to integrate the impact
of organic pollution and the trophic level (Round, 1991; Delgado
et al., 2012). Relatively to the macrobenthic community the existing
National law provides the use of MacrOper classification system,
based on the index STAR ICMi. The index is based on the analy-
sis of the benthonic macroinvertebrate community structure for
the evaluation of the river ecological status and the definition
of the quality class (Buffagni and Erba, 2007a, 2008). In order to
express numerically the flowing waters quality using diatoms Italy
has proposed a representative method for the national situation,
the Intercalibration Common Metrix Index (ICMI) that comprises
the diatomic community identification on species level. A sensi-
tivity value for pollution and a reliability value as indicator are
attributed to each of diatomic communities. According to the clas-
sification and the intercalibration guidance, the quality judgement
is expressed through the relationship between the observed value
and the one detected in the reference sites (Ecological Quality Ratio,
EQR) in which the anthropic impact is absent (Simboura et al.,
2005).

This work proposes a case study in which the Star ICMi and the
ICMi Indices (Intercalibration Common Metrix Index), were applied
to assess the ecological status of River Picentino (Campania, Italy)
that flows through agriculturally and urban used areas. The goal
of the ecological monitoring is to programme possible measures
mitigating the anthropic damages and to assess suitable protective
strategies respecting the objectives of the applicable legislation.

2. Material and methods

2.1. Study area

The river Picentino originates Mount Polveracchio in the Picen-
tini mountains of the Apennine chain (Region Campania), at an
elevation above 1.500 m and flow independently 20 km north of the
River Sele. The Picentini mountains encompass four large mountain
groups: Terminio/Tuoro, Cervialto, Polveracchio/Raione and Accel-
lica/Licinici/Mai and consist of limestones, dolomitic limestones
and dolomites from the Upper Trias to the Upper Cretaceous. Car-
bonate sediments are covered by flysch-facies terrains consisting of
interbedded sandstone, calcareous sandstone, marl and clay. These
deposits crop out widely at the foot of the Picentini Mountains along
the northern border and between the Cervialto Mountain and the
Terminio-Tuoro group (Corniello et al., 2010).

The Picentino river, which lies uphill on a mountainous carbon-
atic substrate and then on alluvial and pyroclastic sediments, has
an overall length of 28 km and a catchment area of 52 km2 (Budillon
et al., 2012).

The most important perturbations of Picentino river are overir-
rigation, overexploitation of the fish stock, point and non-point

Fig. 1. Location and distribution of sites sampled.

sources of pollution from surrounding agricultural areas, cattle
wastes, urban and industrial untreated wastes.

The hydrographic basin of the river Picentino is comprised in
the hydroecoregions 18 and classified in the river type M4,  within
the small and medium rivers (10–1000 km2) of the Mediterranean
area (Mancini and Sollazzo, 2009).

The five sampling sites were chosen upstream and downstream
of the principal anthropogenic pressure and most populated areas
considering also the possibility to apply both indices (Fig. 1).
The first station named P.1 was  located very closed to the Parco
Regionale dei Monti Picentini (40◦44′55.30′′ N 14◦57′31.99′′ E);
the second one named P.2 was located further downstream
(40◦42′28.91′′ N 14◦56′41.91′′ E). The third and fourth station,
named P.3 and P.4 were chosen in the central part of the river
(40◦41′10.63′′ N 14◦53′39.58′′ E; 40◦39′24.22′′ N 14◦52′22.77′′ E);
the last one was  located very closed to the mouth of river Picentino
(40◦37′36.42′′ N 14◦50′27.12′′ E). Samples were collected between
April and May  2014 (early summer). Physical parameters included
dissolved oxygen, pH, conductivity and temperature were mea-
sured in the field during sampling (APHA, 1998).

2.2. Macroinvertebrate sampling and laboratories analyses

Sampling method used for analysis of macroinvertebrates com-
munities was  based on a multihabitat approach, which required the
proportional allocation of sampling units in relation to the occur-
rence of microhabitats in the river and the collection of quantitative
samples (Buffagni and Erba, 2007b; Buffagni et al., 2007). The sam-
ples were collected using Surber net (size 0.5 m × 0.5 m, mesh size
900 �m)  and considering a sampling area of 0.5 m2. According to
the protocol the sampled area has been divided into ten differ-
ent units (0.05 m2). Macroinvertebrates were collected by sampling
habitats in proportion to their occurrence in order to obtain a sam-
ple more representative of the organisms present in the entire area.
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