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ABSTRACT
The AQEM Project aims to develop a Europe-wide system for monitoring the ecological quality of rivers using macroinverte-

brates, to satisfy the requirements of the EU Water Framework Directive. Three main types of anthropogenic perturbation are being
investigated: morphological degradation, water (organic) pollution and acidification (the last is not under investigation in Italy). The
selection of reference and impaired study sites is discussed. Particular attention is paid to the problems encountered when defining
reference conditions. The initial stages of the project highlighted the lack of a Europe-wide definition of river types. The future de-
velopment of such a typology from the AQEM database is discussed. The standard AQEM data gathering methods are presented,
from background information about sites to the microhabitat-based macroinvertebrate sampling method. The extended fieldwork
methods used in Italy are described. These included the separate analysis of the invertebrate assemblages from each replicate, the
recording of additional microhabitat variables for each replicate and the completion of large-scale survey techniques for each site
(including RHS). The extended method was designed to enhance the important ecological information available from the dataset,
particularly relevant in Italy where significant gaps exist in the taxonomic and ecological knowledge of many macroinvertebrate
taxa. Preliminary and expected findings are presented, including examples of the range and habitat selection of two species of
Ephemeroptera endemic to Italy, as well as data relating to the number of taxa found at a site with increasing numbers of micro-
habitat replicates taken. The importance of the AQEM Project not only for biomonitoring, but also for ecology, taxonomy and con-
servation, in Italy and for the south of Europe in general, is emphasised.
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1. INTRODUCTION

The AQEM Project, otherwise known as "The De-
velopment and Testing of an Integrated Assessment
System for the Ecological Quality of Streams and Riv-
ers throughout Europe using Benthic Macroinverte-
brates" is an ambitious Europe-wide project (involving
8 European countries) designed to put the EU Water
Framework Directive (EU 2000) into practice. The pri-
mary aim of the project, as the title states, is to develop
a method capable of functioning Europe-wide, which
will describe the condition of our rivers as measured
through their biology. The AQEM methodology uses
the idea of the reference condition, that is (more or less)
unimpaired sites, and compares these with sites suffer-

ing from the main perceived degradation types present
in Europe: acidification, water (organic) pollution and
morphological alteration. The final output will be in the
form of a computer program, which will allow the user
to obtain an overall site quality score as well as the de-
gree to which a site is impacted by acidification and/or
pollution and/or morphological degradation. The neces-
sary input variables are expected to be: general site lo-
cation data and stream type; a list of the macroinverte-
brate taxa and number of individuals (from multi-habitat
sampling) and selected parameters from the AQEM site
protocol (depending on the kinds of impairments
found).

Why is AQEM needed? The Water Framework Di-
rective (WFD; EU 2000) legislates at a Europe-wide
level but currently no Europe-wide assessment system
exists. While many of the member countries individu-
ally have well established and informative monitoring
programs, there is a need for an overall system. The
AQEM method is not designed to replace or negate the
work currently carried out by the individual states, but
will instead be incorporated, for instance, as an addi-

*) EU AQEM Project, The Development and Testing of an
Integrated Assessment System for the Ecological Quality of
Streams and Rivers throughout Europe using Benthic Macro-
invertebrates - Putting the EU Water Framework Directive
into Practise. Funded by the European Commission Contract
number EVK1CT-1999-00027
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tional module. In Italy, recent laws (D.L. 152/99 and
those succeeding it), developed on the basis of and in
some ways anticipating the EU WFD, require local En-
vironment Agencies to monitor and classify surface
waters. Two Italian Regional Agencies are directly in-
volved in the development of the AQEM methodology
(ARPA Piedmont and APPA Bolzano), and are likely to
adopt it for a number of purposes as soon as it becomes
formally available. Other agencies are planning to col-
laborate on testing the AQEM results for new sites on
the investigated river types. The addition of a few pa-
rameters (e.g., COD and Escherichia coli) is necessary
to support the direct use of the AQEM assessment sys-
tem to classify river sites according to Italian and EU
legislation. The same procedure will be examined to
adapt the AQEM outputs to local classification and
monitoring needs in other European areas (e.g., newly
developed stream typologies and saprobic systems in
Germany and Austria). In addition to those used for
classifying river sites, extra AQEM outputs will be de-
veloped, giving information on, for example, rare spe-
cies, diversity and habitat preferences. These can be
used together with the original results of the calcula-
tions, where necessary, to allow users a more precise
evaluation of the data.

AQEM clearly has strong links with existing sys-
tems for benthic data analysis and database manage-
ment. Where possible, the archives of ecological traits,
habitat information and taxa lists are being combined
with important European databases and reviews (e.g.,
Moog 1995; Schmedtje & Colling 1996). The AQEM
database structure derives partly from the database used
by the Austrian assessment software ECOPROF and
will apply some data analysis procedures already tested
within the EKOO assessment system (Verdonschot &
Nijboer 2000). This enhances further the possibilities
for the AQEM system to successfully combine with cur-
rent European bioassessment strategies.

The AQEM Project will establish a framework for
assessing streams and rivers in different European
countries in the future. However, it is clear that there
will be gaps, which will need to be filled afterwards.
The chosen calculation methods will be validated with
additional data, and research is necessary on the many
stream types not covered by the project. This should be
a focus for future research. The AQEM Project will
achieve far more than the basic aims and intentions
stated above. For southern Europe the application of
biotic indication systems is strongly limited by the lack
of taxonomic knowledge. The project is therefore of
great importance in certain areas, where it will be the
first time data of this type and detail have been col-
lected. Not only, therefore, will it be useful to have a
new assessment tool, but there will also be a gain in es-
sential knowledge, for example, regarding the identity
and distribution of taxa, as well in terms of general
ecology. Within AQEM, upgraded aquatic invertebrate

taxa lists for Greece, Italy and Portugal are being com-
piled. This is necessary to allow the assessment method
to be adapted to regional conditions, in order to allow
comparable application in all EU member states. These
taxa lists represent one of the intermediate tasks of the
project and they will have a high intrinsic value in
themselves. In many European countries (e.g., U.K.,
Germany, Austria, The Netherlands, Czech Republic,
etc), regional and country-wide macroinvertebrate spe-
cies lists can be easily compiled for many of the most
important taxonomic groups. Non-specialist researchers
and trained technical staff - using appropriate identifi-
cation keys - can identify species and define the overall
taxa richness of streams and rivers for monitoring or
conservation purposes. This is not the case in much of
southern Europe, where new species remain to be found
and the distributions of many described species are
poorly understood.

What we aim to do with this paper is to explore the
wider possibilities of the AQEM Project and to empha-
sise its importance for the (relatively under-studied)
south of Europe. We present our preliminary findings
(including problems encountered), concerning two out
of the four areas investigated in Italy. A further aim of
the paper is to briefly illustrate the additional sampling
and assessment options adopted in Italy, to reduce the
gaps in ecological knowledge related to the use of
aquatic invertebrates and to increase their suitability for
ecological quality assessment in this European area.

2. METHODS

2.1. Selection of river type, reference conditions and
investigated sites

It was not possible, even within this large project, to
include all the typologies of rivers in Europe. The situa-
tion is further complicated by the fact that no compre-
hensive description of river types in Europe exists. The
response to these problems was to use a simple “top-
down” approach, employing for the most part the same
variables as the EU Water Framework Directive (Sys-
tem A): ecoregions (according to Illies 1978); size
classes (based on catchment area); geology of the
catchment; altitude classes. The river types studied were
chosen to be representative of the main river types and
impact factors (acidification, organic pollution, hydrau-
lic and morphological damage) in Europe and are shown
in table 1.

Regarding reference sites, they should obviously be
as little modified from pristine conditions as possible.
The following is a summary of the guidelines given for
the selection of reference sites for the AQEM Project
(see Hering et al. in press, also Hughes 1994; Wieder-
holm & Johnson 1997).
- The reference conditions should genuinely reflect

the unimpaired state of the rivers they represent
(they should be of the same type).
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- There should be as little urbanisation, agriculture
and silviculture as possible within the catchment
area and, especially, floodplain. Natural climax
vegetation or unmanaged forest should be present.

- Coarse woody debris should not be removed.
- No bed or bank fixation should be present, nor

should overbank flow be prevented or controlled.
- The hydrograph and sediment transport system

should not be altered (no or minor impoundments,
reservoirs, weirs, water diversion, abstraction or
pulse releases).

- There should be no point source or diffuse pollution
(organic, nutrient, acidification, liming, thermal,
other chemical or salinity).

- The biology of the site should not be impaired (alien
species, changes in community composition of na-
tive species or impact of migration barriers).

Two out of the 4 river types in Italy were located in
the northern and southern Apennines (mountainous
areas). For the selection of study sites, local knowledge
of the areas (presence of reference conditions and im-
pact types) was used in consultation with the Po river
authority (in the case of the northern Apennines,
Piacenza and Parma) and with the Cilento park authority
(for the southern Apennines, Salerno). In each case, the
study rivers were selected first according to the likely
presence of sites which would meet the strict require-
ments of the reference conditions (see Hering et al.
2001). This in itself was problematic (see re-
sults/discussion). The degraded sites, selected for mor-
phological impact in the north and water quality in the
south, were chosen using local information, e.g. pres-
ence of quarries, dams or significant sewage outfalls,
backed up with field inspection of the chosen rivers. A

Tab. 1. Overview of stream types investigated in AQEM. Columns "Ecoregion": number according to Illies (1978). Column
"geology class": cal = calcareous, sil = silicious, org = organic. Total number of sites investigated for each WFD river category
(System A) are reported, together with the overall total.
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full list of the investigated sites with a general descrip-
tion is reported in Hering et al. (2001) and on the web
site http://www.aqem.de.

2.2. Sampling procedure and site protocol
The data collected during the application of the

AQEM methodology comes from both maps and field-
work. There is an extensive set of background informa-
tion about the site and catchment, gathered one time
only, which is predominantly map based, but augmented
with recording in the field. This includes data related to
the catchment of the site, for example, stream order,
catchment area, catchment density, geology, catchment
land use, distance to source, presence of significant
natural lakes. In addition, data are gathered upstream
and downstream of each site (a total stretch of 20 km for
a mid-sized river), for example, presence of dams, other
structures, straightening and culverting. Data are also
collected for the site itself (defined as a stretch of 1 km
for a mid-sized river) including floodplain width, flood-
plain land use, altitude, slope, valley form, as well as
details about trees (extent, shading, woody debris),
physical modifications (bank/bed fixation, impound-
ments, channelling) and pollution.

The field-based data collected on every sampling
occasion will be summarised briefly here. For a more
extensive description see Hering et al. (2001). The
method used for the macroinvertebrates is to sample the
microhabitats found, in proportion to their % presence.
This is a type of "multi habitat sampling" procedure
(e.g., Barbour et al. 1999). The area sampled is chosen
to include both a "riffle" and a "pool" area (loosely de-
fined). The first step of this procedure is to estimate the
cover of each habitat, by first considering two layers: a
lower mineral layer (rocks, boulders, gravel etc.) the
total of which must add up to 100%, and an upper or-
ganic layer (CPOM, macrophytes etc.) the total of
which is likely to be less that 100%. To distribute the 20
sample replicates according to percentage presence, the
two layers are considered as one and a sketch map
drawn of the microhabitats and positions of replicates.
Water depth and current velocity are measured for every
replicate. Samples from the riffle area are pooled, as are
samples from the pool area. The replicates are not nec-
essarily divided equally (10/10) between riffle and pool,
instead the numbers are weighted to match presence.
The results section includes an actual example of a
sketch map and position of replicates.

In addition, for each sampling period, water samples
are taken for each site and subjected to extensive
chemical and microbial analysis (for details see Hering
et al. 2001).

2.3. Sampling strategy addenda adopted in Italy
In Italy, the method was extended, to enhance the

"information potential" of the data and to allow greater
comparability between the current study and related
studies (past, in Italy and U.K., as well as future).

The standard AQEM method states that all the repli-
cates taken from pools should be combined, as should
all the replicates taken from riffles. In Italy, the repli-
cates were kept as separate samples. This means that
when the data are analysed, not only do we have infor-
mation about which taxa were found in which sites, but
also which taxa were found in which habitats. With this
end in mind, extra information was gathered to describe
the habitat of each of the samples. The prevalent "func-
tional habitat" (sensu Harper et al. 1992), according to
those identified in a number of other Italian rivers (e.g.,
Crosa & Buffagni 1996; Buffagni et al. 2000; Buffagni
2001; Buffagni & Crosa, unpublished) was recorded.
These were "margin with macrophytes", "margin with-
out macrophytes", "macrophytes in current", "run-riffle"
and "backwater" for lowland stretches and "riffle",
"transition", "pool" and "bedrock" for upland segments.

In addition, for each sampling occasion, for each
site, a River Habitat Survey (Raven et al. 1998a, 1998b;
Buffagni et al., in preparation) was carried out. This
survey assesses the physical habitat quality, including
flow type information (which was also recorded for
every invertebrate replicate taken), and physical modifi-
cations over a 500 m stretch, therefore gathering infor-
mation at a scale larger than the AQEM invertebrate
sampling methodology, which is based on one riffle-
pool unit. The application of River Habitat Survey (to-
gether with information gathered from pages 1-3 of the
AQEM site form) complies with the Water Framework
Directive requirement for the hydromorphological as-
sessment of rivers, to collect data that will yield a better
understanding of biological and chemical data. One oc-
casion for each site, two riparian indices were applied,
the Buffer Strip Index and the Wild State Index (Braioni
& Penna 1998) along with the Index of Fluvial Func-
tioning (I.F.F.), designed to assess the overall quality of
the riverine environment (Siligardi et al. 2000).

A count of Escherichia coli was included as part of
the water analysis, to bring this analysis into line with
Italian law. The general AQEM methodology assumes
that two sampling dates are sufficient to characterise the
benthic community and overall seasonality. For Italy, a
third sampling date was adopted to better discriminate
the overall seasonal trends (which presumably are of
greater magnitude in southern than in northern Europe).
In addition, the sampling of macroinvertebrate data
three times per year is closer to the requirements of
Italian legislation (D.L. 152/99), which prescribes four
dates, but accepts three.

3. RESULTS AND DISCUSSION

3.1. Problems with the definition of reference
conditions and the impact factors investigated

Regarding the two Italian Apennine areas, sites
which simultaneously included all the characteristics re-
quired for reference conditions (see above and Hering et
al. 2001) were not found. For example, for the northern
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Apennines, it is difficult to meet the criteria for hydro-
logic conditions and regulation, relating to impound-
ments, pulse releases and retention of sediment. Of the
three reference sites, only one has no significant im-
pounding structure in the upstream continuum, but this
site, on the Taro River, is not fully satisfactory either, as
the site has a more mountainous character, compared to
the river’s morphologically impacted downstream sites.
In fact, for every river the reference sites are those lo-
cated furthest upstream, meaning that they tend to be of
steeper slope and smaller size. These variables in them-
selves shape the macroinvertebrate community, inde-
pendent of other perturbations. The simultaneous study
of reference sites present in three different subcatch-
ments per area partly overcomes this problem (e.g. the
reference site on the Trebbia River is at a much lower
altitude than the impacted sites on the Taro). For the
southern Apennines, even what appears initially to be
the best reference site (along the Tanagro River, for-
mally named Calore Lucano), with no upstream human
habitation or cultivation, is not wholly natural. Large,
fixed, stone weirs (to slow the dangerous run-off of
flood-water) are present in the upstream continuum and
water is abstracted, mainly for drinking, close to the
source. Though this does not dry up the river, it can
sometimes severely reduce its volume of water. “Lack
of water” is a problem frequently encountered in this
area of Southern Italy and many streams are naturally
episodic. One potential reference site was abandoned as
it was known to flow only underground during dry peri-
ods. Lack of water was also a problem in the northern
Apennines: between the first and second sampling peri-
ods one reference site was abandoned for a site further
downstream, as the original reference site had low-flow
conditions (Ceno River).

In contrast, a third study area in Italy, involving
small lowland streams (Novara Province, northern
Italy), had problems deriving from too much water.
These spring-fed streams (known as fontanili) belong to
a peculiar, unique ecosystem where water chemistry,
relatively constant water temperature and a characteris-
tically stable hydrograph lead to a distinctive inverte-
brate community (e.g. Buffagni 1994; Buffagni &
Gomba 1996). During exceptional flood events in the
autumn of 2000 the nearby, large, River Ticino over-
flowed into the fontanili, washing away animals and
leaving large sand deposits.

The choice of sites affected by the anthropogenic
factors under investigation is as important as the choice
of reference sites. It is obviously easier to detect the ef-
fect of an impact if it is the only variable which varies
between sites; however, field ecology operates in the
real world and such control over variables does not
exist. Nevertheless, in the Northern Apennines, a single,
main impact type, morphological degradation was
found, while water quality remained high or fairly high
at all sites (see Hering et al. 2001). The situation was

more complicated for the Southern Apennines, where
streams were affected by differing degrees of water
pollution and/or morphological degradation. While this
situation is not scientifically desirable, it reflects the re-
ality of the rivers in this area and therefore offers the
opportunity to describe more exhaustively the impact
typology of the region.

3.2. A river typology for Europe
An area where AQEM has the potential to be very

useful is in the development of a river typology for
Europe. The choice of river types to be studied for
AQEM has been made, through necessity, according to
a simple top-down method (see methods). This work,
however, has laid bare the fact that no comprehensive
description of river types exists, neither for Europe as a
whole, nor for many of the individual countries in-
volved. Within Italy, a river typology has never been
described (see Sandin et al. 2000).

The method employed for AQEM, however, was
less than ideal. One factor is that it employed the ecore-
gions according to Illies (1978), which are developed at
a scale which is likely not to be detailed enough for
rivers. Italy is divided into two broad ecoregions, which,
considering its complex biogeographical history, are
unlikely to adequately represent the true situation. In
contrast, Austria, a relatively small country, belongs to
6 European ecoregions (Moog et al. 2001; Schmidt-
Kloiber et al. 2001). We envisage that the AQEM da-
taset, which gathers together a wide range of data types
(biological, hydrological, geological) will contain the
information necessary to make a more successful at-
tempt at a river typology for Europe. In the U.K., with
an extensive River Habitat Survey (Raven et al. 1998a)
database, including thousands of sites, initial attempts to
develop a nation-wide river typology involved dividing
rivers into named categories. This was eventually re-
jected, as it inadequately represented the reality, which
was a continuum of river types (Naura 1998). Multi-
variate methods (PCA) have been used to produce an
ordination of all the sites, whose principal components
are related to map-based variables, such as altitude,
slope, distance to source and height of source (Jeffers
1998). This non-categorical approach is proving useful
to compare habitat features and quality between sites
(e.g. Raven et al. 1998b) and has also been used to link
the River Habitat Survey with the distribution of the na-
tive white-clawed crayfish Austropotamobius pallipes
(Naura & Robinson 1998). The same approach is being
considered to predict the regional distribution of en-
demic, uncommon species of invertebrates (e.g. Elec-
trogena lunaris, see below).

3.3. Advantages of applying the expanded sampling
strategy along with large scale survey

The overall advantages and outputs deriving from
the AQEM approach have been illustrated in Hering et
al. (2001). In the present paper, emphasis is directed to
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the extra information gained by the addenda to the
AQEM standard site protocol, such as the keeping of
each replicate separate and the concurrent application of
river habitat assessment methodologies.

Keeping the replicates separate for a site and re-
cording microhabitat variables (see methods) dramati-
cally expand the information content of the data, com-
pared to taking one or two (riffle and pool) overall sam-
ples. One example is described below (3.4.); the simple
but informative data given in figure 1 is obviously de-
pendant on this method. The collection of this type of
habitat-level data also makes it possible to answer ques-
tions about "best field practice".

Figure 2 shows, for a reference site, an intermediate
site and a polluted site, the cumulative numbers of taxo-
nomic units found, with increasing numbers of repli-
cates. From these, decisions can be made about how
many replicates need to be taken to adequately sample
the fauna. The number of replicates can be based on the
saturation curve of a rich site, such as in the Sammaro
(Fig. 2, top). Also, the definition of such taxa saturation
curves potentially gives information to support the re-
duction of the field effort required to apply the AQEM
methodology for routine monitoring. In some southern
European areas, invertebrate densities can be seasonally

very high. In such cases, the standard method is rela-
tively time-consuming and may result in a high degree
of redundancy. A potential solution to this problem
could be to further reduce the size of the river bed sam-
pled for each replicate (at the moment between 1/20 and
1/16 m2). We feel, however, that this may increase the
influence of chance effects on the invertebrate assem-
blages of each replicate, thereby making comparisons
between replicates of the same and different habitat type
less robust.

The AQEM methodology requires the use of a stan-
dardised list of microhabitats to allow objective sam-
pling. This is the only credible approach for rivers
where the invertebrate assemblages of "biologically
relevant" microhabitats are not known in detail. How-
ever, we envisage that analysis of the separate AQEM
microhabitats will identify a list of biologically-defined
habitats for each river type studied. This is the "func-
tional habitat" concept (habitats with a real ecological
meaning, sensu Harper et al. 1992). Analysis of the spe-
cies assemblages in each type of microhabitat can an-
swer questions about the ecological uniqueness, impor-
tance or variability of the microhabitat. Microhabitat
definitions could be merged or split further, depending
on the findings, and this information can be used to de-

Macrolithal (35 % = 7 replicates)

Mesolithal (35 % = 7 replicates)

Megalithal (10 % = 2 replicates)

CPOM (5 % = 1 replicate)

Living parts of terrestrial plants (5 % = 1
replicate)
replicate

Psammal (10 % = 2 replicates)

Pool area

Riffle area

Electrogena lunaris

Habroleptoides pauliana

Fig. 1. Sketch map of a river stretch at a Northern Appennini site (Ceno reference, May 2000, Italy) illustrating the microhabitat
distribution and positioning of single replicates. The boundary between the faster "riffle" area and the slower "pool" area is indicated.
The local positioning of two mayfly species' nymphs (E. lunaris and H. pauliana) is reported.
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sign future field campaigns of standard monitoring (e.g.
Buffagni et al. 2000).

Furthermore, the taxa assemblage data from the
separate microhabitats can be further exploited, to ask
questions about the effect of different impact types at a
range of different scales. To give an example, not only
can the question "What is the effect of organic pollution
on the taxa present at the site?" be answered, but also,
"What is the effect of organic pollution on the species
assemblage of cobbles?" as well as "What is the effect
of organic pollution on the number and equitability of

microhabitats found at a site?" and the related "How do
the microhabitats present at a site influence the taxa
found at that site?". Such information is invaluable to
develop impact-specific assessment tools. Habitat and
impact specific metrics can be developed using biologi-
cal indicators defined according to the level of taxo-
nomic resolution necessary. For example, perhaps to
detect organic pollution the identification of certain
families of benthic invertebrates may be enough, but to
detect morphological degradation indicator species can
be found. In fact, it is known that invertebrate assem-

Fig. 2. Example of the cumulative number of taxa with increasing numbers of replicates at Southern Appennini sites (May 2000,
Italy) with different organic pollution intensity (reference, slightly impacted, heavily impacted). River Sammaro: top; River Ripiti:
middle; River Calore: bottom. bl: rocks > 40 cm (Megalithal); pg: cobbles >20 cm (Macrolithal); pf: cobbles >6 cm (Mesolithal); co:
coarse gravel >2 cm (Microlithal); gh: gravel >0.2 cm (Akal); sa: sand >6 µm (Psammal); ph: Phytal; al: algae; tp: terrestrial plants.
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blages from the same habitat at different sites can be
more similar than those from different habitats within a
site (e.g. Parsons & Norris 1996); furthermore, different
impacts can have selective effects on benthic taxa and
metrics (e.g. Metcalfe-Smith 1994; Rawer-Jost et al.
2000; Sandin & Johnson 2000).

The information-potential of the data is further en-
hanced, when macroinvertebrate sampling is carried out
concurrently with larger scale surveys, such as River
Habitat Survey. Then questions can be asked across
three different scales: the microhabitat, the riffle-pool
unit and the section (500 m for RHS). Thus, the impact
of morphological degradation or the frequency of flow
types, assessed over hundreds of meters, can be
compared with the taxa of a site, the taxa of a single mi-
crohabitat or the presence or absence of the microhabi-
tats themselves.

3.4. Preliminary findings and expected gains in
ecological and taxonomic information

Figure 1 shows an example of a sketch map, in-
cluding microhabitat types and the position of repli-
cates. Also shown are the microhabitat distributions of
two Ephemeroptera species which are endemic to Italy.
One, Electrogena lunaris, was found only in one habitat
("mesolithal", cobbles 6-20 cm). The other, Habrolep-
toides pauliana was more of a generalist, occurring in a
wide range of habitats. This type of information for
these species is completely new - H. pauliana has not
been formally described in its larval stage yet and pre-
viously E. lunaris was only known from one river (in
the Central Apennines) (see also the following para-
graph), therefore no ecological information was avail-
able for the two species. In fact, in Italy part of the
AQEM Project funding will be invested to investigate to
the species level some of the invertebrate groups, to
highlight taxonomic lacks as well as to define ecological
preferences of a number of taxa, for which ecological
traits are still to be defined (e.g., endemic species or
taxa adapted to local conditions). In an intermediate
step, AQEM will lead to the compilation of dedicated
ecological databases concerning, for instance, data on
feeding types and microhabitat preferences. Whilst this
will not represent a totally new task for central and
north European countries and taxa, it is likely to result
in the first joined and systematic database exercise for
south Europe.

In several south European areas, new species have
probably still to be recorded for the first time or de-
scribed (e.g., Belfiore & Buffagni unpublished data;
Pinto & Puig pers. comm.; Rossaro pers. comm.; Valle
pers. comm.). This is expected for some major macroin-
vertebrate groups (e.g., Ephemeroptera, Trichoptera and
Diptera). For instance, with regard to the mayflies in
Italy, a number of studies revealed that comprehensive
data on the taxonomy, distribution and ecology of most
species are not available (e.g., Buffagni & Belfiore

1994). In recent years, endemic species have been de-
scribed (e.g., Belfiore 1995; Belfiore et al. 1997) and
many others have been reported for the first time (e.g.,
Belfiore & Buffagni 1994; Belfiore & Desio 1995; Buf-
fagni 1997; 1998; Buffagni & Desio 1999), but infor-
mation is still restricted to specialist journals and identi-
fication keys are not up-to-date. Large funding re-
sources have been diverted to other ecological fields
while taxonomic, faunistic and autoecological investi-
gations, essential as a basis for any applied ecological
study, have been almost entirely abandoned. Research is
needed now on benthic macroinvertebrate taxonomy
and distribution to improve bioassessment as a water re-
source management tool. Many of the biological metrics
needed to develop an assessment system require infor-
mation on the sensitivity of benthic macroinvertebrate
species to organic enrichment, chemical contamination,
sedimentation and habitat degradation. Although reli-
able relationships have been developed in recent years
for many invertebrates in central and northern Europe,
research is needed to do the same for the species of
southern Europe. The AQEM Project has begun to ad-
dress this knowledge deficit for this area of Europe. For
some taxonomic groups (e.g., mayflies), use of the spe-
cific identification of taxa is being extended for bio-
monitoring purposes, and a comparison of results with
more traditional indices and assessment techniques (i.e.
to the genus or family level) will be conducted.

The sampling, conducted with many replicates and
taken from all the microhabitats present at a station, has
already highlighted elements which are also important
from the taxonomic point of view, above all for species
whose rarity or sporadic occurrence has not until now
allowed profound analysis. For example, Electrogena
lunaris, whose previously known world distribution was
restricted to a single site in the central Apennines (Bel-
fiore et al. 1997), has now been found in many locations
in the northern Apennines. This has helped to better de-
fine the diagnostic features for the species, as well as to
describe the inter-population variability. Some species,
up until now considered to have a wide distribution,
showed noteworthy morphological differences between
individuals collected in different areas (for example,
Baetis gr. alpinus, the entire genus Procloeon). This
calls into question their taxonomic status. Some other
species, such as Siphlonurus lacustris, exhibited dra-
matic differences in habitat preference, suggesting that
morphologically similar but distinct taxa may be present
in Italy. Regarding the genus Habroleptoides, some of
the species present in Italy are endemic and their
nymphs have not been adequately described. A similar
situation exists for much of Europe. The collection of
large numbers of nymphs of cohabiting species poten-
tially allows the definition of new taxonomic features
useful for identification within this problematic genus.
For other species, it has become evident that their de-
scriptions are inadequate for Italy, having mainly been
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based on finds from other European areas (e.g. Baetis
vernus). The need for profound revision is now obvious.
The gains in knowledge of species distributions result-
ing from such an in-depth sampling program are of
great value. For example, significantly more is now
known about the ranges of Torleya major, the meridi-
onal form of Baetis vernus, Rhithrogena siciliana,
Rhithrogena adrianae and Habroleptoides pauliana.

The promotion of conservation, of species as well as
habitats, is among the indirect outcomes of the AQEM
Project in Italy. The identification of reference condi-
tions and sites, as required by the Water Framework Di-
rective, together with their conservation (e.g. HABITAT
Directive, EU 1992), has the potential to alter manage-
ment practices on the ground. Because, for AQEM, sci-
entists are required search for, identify, describe and
justify sites representing good or particularly interesting
ecological conditions in their country, the value of these
areas can be better appreciated by governments, local
authorities and planning institutions. For example, for
the Southern Apennines, where many of the study sites
are within the Cilento National Park, the information
gathered by the AQEM Project can be used directly by
the Cilento Park Authority to identify high protection
areas, as well as areas where ecological quality is not
good, where remedial work could be targeted.

ACKNOWLEDGMENTS

We thank Raffaella Balestrini (CNR-IRSA), Ro-
mano Pagnotta (CNR-IRSA), Marcello Cazzola (CNR-
IRSA). We are grateful to all the other participants in
the AQEM Project from the different European coun-
tries who participated in the development of the project
framework. AQEM is funded by the European Commis-
sion, 5th Framework Program, Energy, Environment and
Sustainable Development, Key Action Water, Contract
no. EVK1-CT1999-00027.

REFERENCES
Barbour, M.T., J. Gerritsen, B.D. Snyder & J.B. Stribling.

1999. Rapid Bioassessment Protocols for Use in Streams
and Wadeable Rivers: Periphyton, Benthic Macroinverte-
brates and Fish. Second Edition. EPA 841-B-99-002. U.S.
Environment Protection Agency; Office of Water; Wash-
ington, D.C.

Belfiore, C. 1995. Description of Electrogena calabra n. sp., a
new species from southern Italy (Ephemeroptera, Hepta-
geniidae). Annls Limnol., 31: 29-34

Belfiore, C. & A. Buffagni. 1994. Revision of the Italian spe-
cies of the Ecdyonurus helveticus-group: taxonomy of the
nymphs (Ephemeroptera, Heptageniidae). Mitt. Schweitz.
Ent. Ges., 67: 143-149.

Belfiore, C. & F. Desio. 1995. Taxonomy and distribution of
Electrogena ujhelyii (Sowa, 1981) (Insecta: Ephemerop-
tera: Heptageniidae). Ann. Naturhist. Mus. Wien, 97: 151-
154.

Belfiore, C., G. Scillitani, O. Picariello & A. Cataudo. 1997.
Morphological and Electrophoretic Evidence for a New
Species of Electrogena from Central Italy: Description of
E. lunaris sp. n. (Ephemeroptera: Heptageniidae). Aquatic
Insects, 19: 129-140.

Braioni, M.G. & G. Penna. 1998. I nuovi indici ambientali
sintetici di valutazione della qualità delle rive e delle aree
riparie: Wild State Index, Buffer Strip Index, Environ-
mental Landscape Indices: il metodo. Biologia Ambien-
tale, 6 (1998): 3-38.

Buffagni, A. 1994. La comunità degli Efemerotteri (Ephemer-
optera) nei fontanili lombardi. Boll. Soc. ent. ital., Genova,
126(1): 40-50.

Buffagni, A. 1997. Taxonomic and faunistic notes on the
Caenis pseudorivulorum-group (Ephemeroptera). In:
Landolt P. & Sartori M. (Eds), Ephemeroptera & Plecop-
tera: Biology-Ecology-Systematics. MTL, Fribourg: 434-
438 pp.

Buffagni, A. 1998. Heptagenia longicauda, nuova per l'Italia,
nel Fiume Po (Ephemeroptera Heptageniidae). Boll. Soc.
ent. ital., Genova, 130: 13-16.

Buffagni, A. 2001. The use of benthic invertebrate production
for definition of Ecologically Acceptable Flows in
mountain rivers. In: Hydro-ecology: Linking Hydrology
and Aquatic Ecology. Proceedings of Workshop HW2,
Birmingham, UK, July 1999. IAHS Publ. No. 266, 2001:
31-41.

Buffagni, A. & C. Belfiore. 1994. Recenti sviluppi delle ricer-
che tassonomiche e faunistiche sugli efemerotteri italiani
(Ephemeroptera). Atti XVII Congr. naz. ital. Entomol.,
Udine, 1994: 175-178.

Buffagni A. & T. Gomba. 1996. Larval development and
ecology of Baetis liebenauae Keffermüller (Ephemerop-
tera: Baetidae) in a north Italian lowland spring. Annls
Limnol., 32(4): 221-228.

Buffagni, A. & F. Desio. 1998. Ephemera zettana Kimmins,
1937 (Insecta: Ephemeroptera: Ephemeridae) in Italia
Nord-Orientale. Gortania, 20: 167-171.

Buffagni A., Crosa G., Harper D.M. & J. Kemp. 2000. Using
macroinvertebrate species assemblages to identify river
channel habitat units: an application of the functional
habitats concept to a large, unpolluted Italian river (River
Ticino, Northern Italy). Hydrobiologia, 435: 213-225.

Crosa, G. & A. Buffagni. 1996. L'habitat idraulico quale ele-
mento per la gestione degli ambienti fluviali. S.It.E. Atti,
17: 581-583.

Decreto Legislativo 11 maggio 1999, n. 152: "Disposizioni
sulla tutela delle acque dall'inquinamento e recepimento
della direttiva 91/271/CEE concernente il trattamento delle
acque reflue urbane e della direttiva 91/676/CEE relativa
alla protezione delle acque dall'inquinamento provocato
dai nitrati provenienti da fonti agricole". Supplemento Or-
dinario n. 101/L alla Gazzetta Ufficiale 29 maggio 1999,
n. 124.

EU. 1992. Council Directive on the conservation of natural
habitats and of wild fauna and flora. 92/43/EEC, 21 May
1992.

EU. 2000. Directive 2000/60/EC of the European Parliament
and of the Council of 23 October 2000 establishing a
framework for Community action in the field of water
policy. Official Journal of the European Communities L
327, 22.12.2000: 1-72.

Harper, D.M., C.D. Smith & P.J. Barham. 1992. Habitat as the
building blocks for river conservation assessment. In: P.J.
Boon, P. Calow & G.E. Petts (Eds), River Conservation
and Management. John Wiley & Sons Ltd, Chichester:
311-319.

Hering D., A. Schmidt-Kloiber, A. Buffagni, A. Lorenz, O.
Moog, S. Pauls, M. Polaschegg, M. Sommerhäuser, J.
Strackbein & R. Vogl. 2001. Reference biocoenoses and
deviations: structure and tools for description. AQEM
Project (Contract No: EVK1-CT1999-00027), 2nd deliver-
able (28/2/01): 77 pp.

Hering D., A. Buffagni, O. Moog, L. Sandin., M. Som-
merhäuser, I. Stubauer, C. Feld, R. Johnson, P. Pinto, N.
Skoulikidis, P. Verdonschot & S. Zarádková. (2001). The



A. Buffagni et al.48

development of a system to assess the ecological quality
of streams based on macroinvertebrates – design of the
sampling programme within the AQEM Project. Int. Rev.
Hydrobiol.: (in press).

Hughes, R.M. 1994. Defining acceptable biological status by
comparing with reference conditions. In: Davies, W.S. &
T.P. Simon (Eds), Biological assessment and criteria.
Tools for water resource planning and decision making.
Lewis Publishers, Boca Raton, Florida: 31-48.

Illies, J. 1978. Limnofauna Europaea. Gustav Fischer Verlag,
Stuttgart.

Jeffers, J.N.R. 1998. The statistical basis of sampling strate-
gies for rivers: an example using River Habitat Survey.
Aquat. Cons.: Mar. Freshw. Ecosyst., 8: 447-454.

Metcalfe-Smith J.L. 1994. Biological water quality assessment
of rivers: use of macroinvertebrate communities. In:
Calow & Petts (Eds), The Rivers Handbook. Blackwell
Sci. Pub., London. Vol. II : 144-170.

Moog, O. (Ed.). 1995. Fauna Aquatica Austriaca – A compre-
hensive species inventory of Austrian aquatic organisms
with ecological notes. 1. Edition. Wasserwirtschaftskatas-
ter, Bundesministerium für Land- und Forstwirtschaft,
Wien.

Moog, O., H. Nesemann & T. Ofenböck. (2001). Österreichs
Anteil an den österreichischen Ökoregionen gemäß EU-
Wasserrahmenrichtlinie – eine deduktive Analyse land-
schaftsprägender Milieufaktoren.- Österr. Wasser- und
Abfallwirtschaft 52, Heft 7/8, Wien (in press).

Naura, M. (1998). River Typology and River Habitat Survey
(RHS) in the UK. CEN TC230/WG2/TG5: N12 (unpub-
lished).

Naura, M. & M. Robinson. 1998. Principles of using River
Habitat Survey to predict the distribution of aquatic spe-
cies: an example applied to the native white-clawed cray-
fish Austropotamobius pallipes. Aquat. Conserv.: Mar.
Freshw. Ecosyst., 8: 515-527.

Parsons, M. & R.H. Norris. 1996. The effect of habitat spe-
cific sampling on biological assessment of water quality
using a predictive model. Freshwat. Biol., 36: 419-434.

Raven, P.J., T.H. Holmes, F.H. Dawson, P.J.A. Fox, M. Ever-
ard, I.R. Fozzard & K.J. Rouen. 1998a. River Habitat Sur-
vey, the physical character of rivers and streams in the

UK and Isle of Man. River Habitat Survey Report No. 2,
May 1998. The Environment Agency, Bristol: 86 pp.

Raven, P.J., T.H. Holmes, F.H. Dawson & M. Everard. 1998b.
Quality assessment using River Habitat Survey data.
Aquatic Conserv: Mar. Freshw. Ecosyst., 8: 477-499.

Rawer-Jost, C., J. Böhmer, J. Blank & H. Rahmann. 2000.
Macroinvertebrate functional feeding group methods in
ecological assessment. Hydrobiologia, 422/423: 225-232.

Sandin, L., M. Sommerhäuser, I. Stauber, D. Hering, R.K.
Johnson. 2000. Stream assessment methods, stream typol-
ogy approaches and outlines of a European stream typol-
ogy. AQEM Project (Contract No: EVK1-CT1999-
00027), 1st deliverable (31/8/00): 43 pp.

Sandin, L. & R.K. Johnson. 2000. The statistical power of se-
lected indicator metrics using macroinvertebrates for as-
sessing acidification and eutrophication of running waters.
Hydrobiologia, 422/423: 233-243.

Schmedtje, U. & P. Colling. 1996. Ökologische Typisierung
der aquatischen Makrofauna. Informationsberichte des
Bayerischen Landesamtes für Wasserwirtschaft, 4/96: 1-
543.

Schmidt-Kloiber, A., O. Moog & J. Gerritsen. (2001). Die
aquatischen Ökoregionen Österreichs – Ergebnisse multi-
variater Analysen von Makrozoobenthos-Zönosen. Öster-
reichs Fischerei, 54: (in press).

Siligardi, M., S. Bernabei, C. Cappelletti, E. Chierici, F.
Ciutti, F. Egaddi, A. Franceschini, B. Maiolini, L. Man-
cini, M.R. Minciardi, C. Monauni, G.L. Rossi, G. Sansoni,
R. Spaggiari & M. Zanetti. 2000. I.F.F. Indice di fun-
zionalità fluviale. Manuale ANPA/2000.

Verdonschot, P.F. & R.C. Nijboer. 2000. Typology of macro-
faunal assemblages applied to water and nature manage-
ment: a Dutch approach. In: J.F. Wright, D.W. Sutcliffe &
M.T. Furse (Eds). Assessing the biological quality of fresh
waters. RIVPACS and other techniques. Freshwater Bio-
logical Association: 241-262.

Wiederholm, T. & R.K. Johnson. 1997. Monitoring and as-
sessment of lakes and watercourses in Sweden. In: Moni-
toring Tailor-made II. Information Strategies in Water
Management. Proceedings from an international work-
shop, September 1996, Nunspeet, The Netherlands.


