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In applied river ecology it is implicitly assumed that community structure is a surrogate for functional properties. To test this hypothesis, 26 sites were sampled for macroinvertebrates in a Central Italian stream system impacted by 13 trout farms (1 upstream and 1 downstream site per facility). We used a fuzzy-coding approach of biological traits combined with species distribution analysis. Trout farm locally impacted the structure of macroinvertebrate communities, but seriai disturbances at the stream system scale did not affect the overall regional diversity pattern.

Impacted sites had species with large body size, which fed upon microorganisms and fine detritus, and which showed asexual reproduction. Least impact sites hosted small-sized invertebrates showing sexual reproduction, and feeding upon plant material and/or algae.

Introduction

Anthropogenic disturbances strongly influence biodiversity in freshwater ecosystems [START_REF] Jenkins | Prospects for biodiversity[END_REF], leading to spatial discontinuities of predictable gradients and lasses of taxa [START_REF] Brittain | A review of the effect of river regulation on Mayflies (Ephemeroptera)[END_REF]. In river ecology, biological assessment tools of water policies such as the European Water Framework Directive 2000/60 rely on structural properties of communities (species richness or composition), although the ultimate goal is to preserve and/or restore the functioning of freshwater ecosystems.

However, one may expect functional shifts when species with particular traits are eliminated or replaced by others under the influence of any disturbance type [START_REF] Loreau | Biodiversity and ecosystem functioning: current knowledge and future challenges[END_REF]. Indeed, assuming that the biological assemblages of a river ecosystem integrate the spatial and temporal variability of aquatic habitats (TOWNSEND and HILDREW, 1994), invertebrate species with certain combinations of adaptations are believed to be selected by the local habitat conditions (TOWNSEND et al., 1997; HANQUET et al., 2004).

In freshwater ecosystems, macroinvertebrates constitute an important part of animal production, and are tightly integrated into the structure and function of their habitats ( organic matter processing, nutrient retention, food resource for vertebrates (ÜERTLI, 1993)). Thus, the diversity and functional structure of macroinvertebrate communities are expected to vary consistently in relation to disturbance patterns.

Fish farming represents one of the many economie activities that may have adverse consequences upon freshwater biodiversity. Specifically, fish farming may severely impact water quality downstream the facilities (BERGHEIM and SELMER-ÜLSEN, 1978;[START_REF] Carr | Fish-farm effluents in rivers. II. Effects on inorganic nutrients, algae and the macrophyte Ranunculus penicillatus[END_REF][START_REF] Gowen | Environmental impact of aquaculture activities[END_REF]. The extent of disturbance in the receiving rivers depends on the amount of water which is drained upstream from the farm, and on the effectiveness of the water treatment before the outlet [START_REF] Boaventura | Trout farm effluents: characterization and impact on the receiving streams[END_REF][START_REF] Boyd | Guidelines for aquaculture effluents management at the farm-level[END_REF]. Over the last 30 years, this type of activity has been intensified in Umbria (centralltaly) where 13 trout production units are located, with a production of about 23500 quintals per year, which corresponds to approximately 6% of the national production [START_REF] Goretti | Studio sull'acquacoltura nel territorio della Regione Umbria[END_REF]. These settings provide context to assess longitudinal changes in structural and functional attributes of biological communities in relation to seriai disturbances.

The Seriai Discontinuity Concept [START_REF] Ward | The intermediate-disturbance hypothesis: an explanation for biotic diversity patterns in lotie ecosystems[END_REF] describes the longitudinal modifications in abiotic and/or biotic parameters due to alterations of the river habitat. In the affected river section, the discontinuity can be "negative" (modifications towards upstream conditions) or "positive" (modifications towards downstream conditions). Sorne ecological studies evidenced discontinuities in the longitudinal distribution of the benthic fauna (e.g., [START_REF] Saltveit | E:ffect of a changed temperature regime on the benthos of a Norwegian regulated river[END_REF]CÉRÉGHINO and LAVANDIER, 1998 a, b;[START_REF] Céréghino | Influence of intermittent hydropeaking on the longitudinal zonation patterns of benthic invertebrates in a mountain stream[END_REF]; however, these works relied on the structural properties (species composition and/or species richness) of the studied communities only. Here, we predicted that changes in invertebrate diversity in relation to physical and chemical alterations would affect the biological trait combinations of those benthic communities [START_REF] Usseglio-Polatera | Longitudinal changes in macroinvertebrate assemblages in the meuse river: anthropogenic effects versus natural change[END_REF].

To test this hypothesis, 26 sampling sites were sampled for macroinvertebrates ( 1 upstream and 1 downstream site per fish farm), and for physical and chemical measurements. We used a fuzzy-coding approach of biological traits ( [START_REF] Usseglio-Polatera | Biological and ecological traits of benthic freshwater macroinvertebrates: relationships and definition of groups with similar traits[END_REF] combined with species distribution analysis, to bring out functional shifts in river communities in relation to community structure and habitat alteration. The results are discussed with reference to local-and watershed-scale changes within biological communities.

Methods

Study Area

Trout farming in Umbria is essentially concentrated on the Nera River basin. The Nera has its source in the upper Valnerina Valley (Marche, Italy, elevation 850 rn a.s.l.), and its totallength is 125 km. This karstic river slopes from the north east to the south west, where it flows into the Tevere River (elevation 48 rn a.s.l.). The River Nera stream system drains an area of 4200 km 2 (MEARELLI et al., 1996).

We selected twelve trout farms, along the Nera River and its five tributaries (Campiano, Sordo, Coma, Vigi, Casana), plus one farm located in the Clitunno River, in the catch basin of the Chiascio River. Bath the Nera and the Chiascio rivers are tributaries of the Tevere River (Fig. 1).

Depending on the trout farm, fish production is more or less intensive (150 to 15000 q yr-1 ). Ali trout farms have decantation basins, but only trout farm 9 has mechanical filters to treat the water released to the receiving stream. Their main characteristics are given in Table 1.

Field Data

We investigated 26 sampling sites (spring 2005 (sites 1-12) and spring 2008 (site 13)), i.e., one upstream and one downstream site per trout farm (about 100 rn above and below the facility). The sampling for bath sites of each trout farm was carried out during the same day. At each site, benthic invertebrates were sampled according to the mE protocol. The mE ("Indice Biotico Esteso") is the standardized bio1ogical index used by Italian administrations in charge of environmental surveys (Italian DL152/06); it was adapted by GHETTI (1997) from the "Trent Biotic Index" principle (WoooiWiss, 1964), which was originally designed for Great Britain. Semi-quantitative sampies of macroinvertebrates were taken at each site by intensive sweeping of a dipnet (mesh size 335 J.Lm) through the various microhabitats along a river transect. The total sampling time was 10 minutes for each site as a whole. In the laboratory, macroinvertebrates were sorted, preserved in 70% ethanol, keyed to genus or family, and finally enumerated [START_REF] Campaioli | Manuale peril riconoscimento dei macroinvertebrati delle acque dolci italiane[END_REF][START_REF] Campaioli | Manuale peril riconoscimento dei macroinvertebrati delle acque dolci italiane[END_REF][START_REF] Tachet | Invertébrés d'eau douce. Systématique, biologie, écologie[END_REF].

Samp1ing sites were then characterized using six physical and seven chemical variables. The physical variables were elevation a.s.l. (rn), stream order, distance from the source (km), stream width (rn), mean depth (rn), mean annual discharge (L sec-1 ) for each site (MEARELLI et al., 1996; LoRENZONI et al., 2003). The chemical variables were water temperature (DC), conductivity (IlS cm-1 ), pH, Oxygen (% saturation and mg L-1 ), Total Volatile Solids (TVS mg L-1 ) in the water and TVS% in the sediments for the assessment of organic matter. Temperature, conductivity, pH, and oxygen were measured with field instruments (OXI 320, LF 320 and pH 720 (WTW) probes) at the same time of the macroinvertebrates samplings. Additionally, water (20 litres) and sediment samples (500 grams) were collected to evaluate Total Volatile Solids (TVS) in laboratory. 

Statistical Analyses

A Principal Component Analysis (PCA) was performed for the 13 physical -chemical variables recorded at the 26 sites. The aim of the PCA was to set up a first typology of sites based on environmental variables only, and to detect potentia1 discontinuities that could be related to the impact of fish farms. The coordinates of the sites on the most significant axes of the PCA were then used to classify sites into clusters using Ward's algorithm. Sites from each cluster were thus expected to define distinct areas with similar environmental characteristics.

Correspondence analysis (CA) was used to ordinate the sampling sites according to invertebrate abundances [START_REF] Jongman | Data analysis in community and landscape ecology[END_REF], thus summarizing the variability of the data, and providing insights for the discussion of the subsequent traits analysis. The significance of the axes was determined at P < 0.05 by testing the eigenvalues of the inertia matrix. Plots of the first two ordination axes usually capture most of the variance and consequent! y contain most of the information that is likely to be interpretable [START_REF] Aite | Comparing strengths of geographie and nongeographic classifications of stream benthic macroinvertebrates in the Mid-Atlantic Highlands[END_REF]. Samples which were neighbours in the scatterplots were expected to define habitats with similar species assemblages. Conversely, samples having a large distance to each other were expected to be distant in the feature space, according to macroinvertebrate assemblages. Categories for each biological trait were ordinal or nominal (Table 2). The species traits are: maximal potential size, life cycle duration, potential number of cycles per year, aquatic stages, reproduction, dispersal mode, resistance forms, respiration, locomotion, food, feeding habits, substrate (preferendum), current velocity (preferendum), trophic status (preferendum), temperature (preferendum), and saprobity (see Table 2 for an overview). Species traits information (available in [START_REF] Tachet | Invertébrés d'eau douce. Systématique, biologie, écologie[END_REF] was then structured using a fuzzy-coding technique [START_REF] Chevenet | A fuzzy coding approach for the analysis of long-term ecological data[END_REF]: scores ranged from '0', indicating 'no affinity' to '3' or '5', indicating 'high affmity' for a given species traits category. This matrix was studied by a 'Fuzzy Correspondence Analysis' (FCA) [START_REF] Chevenet | A fuzzy coding approach for the analysis of long-term ecological data[END_REF].

Finally, a simultaneous analysis of the two matrices ( species distributions and species traits matrices) was performed using co-inertia analysis (CoA) [START_REF] Dolédec | Co-inertia analysis: an alternative method for studing speciesenvironment relationships[END_REF]. This analysis studies co-structure by maximizing covariance between faunistic and biological traits ordination scores in the first two analyses [START_REF] Dray | Co-inertia analysis and the linking of ecological data tables[END_REF]. A Permutation test was used to check the significance of the resulting correlation between the two sets of data resulting from the two kind of analyses (CA and FCA) [START_REF] Dolédec | Co-inertia analysis: an alternative method for studing speciesenvironment relationships[END_REF].We carried out 100 co-inertia analyses of the taxonomie and biological traits data sets after random permutation oftheir rows. The RVvalues were calculated and the frequency distribution of the 100 random RV values for co-inertia between the two tables were elaborated. The test was significant when the observed value was in a class containing only few random values among the 100 possible. The objective is to determine the common structure between the two sets of data, and then to interpret differences in sampling sites in terms of combinations of biological traits of their communities [START_REF] Charvet | Biomonitoring through biological traits of benthic macroinvertebrates: perspectives for a general tool in stream management[END_REF]. All analyses were performed with R software [START_REF] Chessel | The ade4 package-!: One-table methods[END_REF]DRAY and DUFOUR, 2007;DRAY et al., 2007).

Results

Environmental Variables

The first two axes of the PCA carried out on environmental variable explained 58.35% of the overall variance (Fig. 2). Ward's algorithm helped to derive three clear clusters of sites (Fig. 2a), which were distributed along the upstream to downstream gradient, according to 
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li. three types of streams: i) headwaters near the source of the River Clitunno ( cluster A, sites 13U and 13D), ii) small streams (lower stream order within the stream system) (cluster B, sites llU, llD, lU, lD, 2U, 2D, 3U, 3D, 4U, 4D, 5U, 5D, 6U, 6D, 8U, 8D), and iii) large rivers resulting of the junction ofthese streams (cluster C, sites 7U, 7D, 9U, 9D, lOU, lOD, 12U, 12D). Sites in cluster A (headwaters) were characterised by higher pH and conductivity values and higher mean depth. Sites in cluster B (streams) were located at higher elevations and had higher TVS concentrations. Sites in cluster C (ri vers) corresponded to the downstream sections of the system (higher distance from the source and stream order, larger river bed). -+ --+ ---
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Taxa 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 ----+ + ----+ + + + + + + + + + ---+ --

Dinocras cephalotes

----+ -------+ + + + + + + + --+ + -- Isoperla sp.

--+ -+ -+ -+ -+ + + + -+ + -----+ ---Leuctra sp.

---+ ------+ ----------+ ---- Nemoura sp.

-

+ + + + + -+ + + ----+ + ---------- Perla marginata ------------------- - - - + + -- Protonemura sp.
--+ + -+ --+ -----+ -----------Siphonoperla sp.

--+ -----------------------

Heteroptera

Nepa sp.

------------------+ -------

Coleoptera

Elmis sp.

----+ --+ --+ + + + + + + + + + + -+ + -- Esolus sp.

------------+ -----------+ -Gyrinus sp.

-

------------------ - - - - + --
Hydrophilus sp.

--------+ -----------------Limnius sp.

+ + + -+ + + -+ -+ + + + + -+ + + + --+ + --

Me gal optera

Sialis sp.

+ --------------------+ ---- Diptera Atherix sp.

---+ + + -----+ + + + + + + + + --+ + -- Ceratopogonidae undet.

------+ + + + + + -+ + + + + + + + ---+ + Chironomini undet.

+ + --+ + + + + + + + + + + + -+ -+ + + + + -+ Diamesinae undet.

+ -------------------------Dixa sp.

----+ ---------------------Dolichopodidae undet.

+ -------------------------Hexatomini undet.

--------+ ---+ -----+ -----+ -Limoniini undet.

-+ -------------+ + + -+ --+ + -- Orthocladiinae undet.

+ + -+ -+ + + + + ---+ + + ---+ -+ -+ -+ Pediciini undet.

-+ --+ + --+ -----+ + ---+ + -+ + --Ptychopteridae undet.

-+ ------------------------Simuliini undet.

-+ + + + + --+ + + ---+ -+ + + + --+ + -- Stratiomyiidae undet.

--+ -+ -----+ ---------------Tabanidae undet.

--------------------+ ----- Tanypodinae undet.

-+ ----+ -+ + + + + + + + + + ---+ --+ - Tanytarsini undet.

-+ -+ --+ --+ + + --+ + ---+ -+ + --+ Tipulidae undet.

+ + + ---+ -----+ -+ ----------- 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 .•"'ë)'"""" ......... .. The environmental parameters indicating water quality are positively related to the first axis ( oxygen) and negatively related to the second axis (TVS). The first axis (34.04%) was positively correlated with the above-mentioned river types. Because the autodepurative power of the water course limits the pollution load from the facilities, downstream (impacted) sites remained located within the cluster which delineated the corresponding riverine typology. Within a given cluster, the site located downstream from each trout farm is placed, normally, on the left side of the corresponding upstream site. However, the second axis (24.31%) pointed out the worsening of water quality downstream each trout farm generally placing (with the exception of the particular site 13) downstream sites D down to their corresponding upstream sites U in the scatterplot.
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Species Distribution

When a CA was carried out on the species matrix (abundance of 88 taxa (31,166 specimens) belonging to the 26 sites, see Table 3) the frrst two axes contributed 19.46% and 13.68% to the overall variance, respectively (Fig. 3). The scatterplot of the sampling sites (Fig. 3) using the first two axes of the CA had an "arch" shape. Such a pattern (also called Guttman effect) occurs when variables progressively change along an ecological gradient [START_REF] Legendre | Numerical Ecology[END_REF]. Scatterplot of the first two ordination axes indicated that sampling sites were primarily distributed according to their location within the stream system [START_REF] Finn | Variability and convergence in benthic communities along the longitudinal gradients of four physically similar Rocky Mountain streams[END_REF]. Those sites located on the main course (River Nera, pairs of sites 9, 10, 12) and on its main tributary (River Corno, 7U), with a mean discharge ranging from 4 to 5 m 3 s-1 , were grouped in the right-top area of the plot. Sites which were located nearby the river sources were grouped in the left-top area (11, 13), while the remaining sites, which belonged to the Nera tributaries (River Corno 7D, Sordo, Vigi, Campiano), formed an intermediate cluster (Fig. 3a). It should be noted that the impacted site 7D (Corno River), which receives the outlet from the largest trout farm, is included in the intermediate cluster. At this site, the autodepurative power of Corno River is partially impaired even though its flow (5.5 m 3 s-1 ca) is higher than that detected for Nera River below the facilities (Fig. 1). In fact, in this sector of Nera River, the flow value (3.9 m 3 s-1 ca) reflects the water uptake for hydroelectric power.

Finally, the CA showed downstream changes in the longitudinal zonation ofbenthic invertebrate taxa (see Fig. 3b, from right to left), with a typical transition from lotie (Hydrobiidae, Dinocras, Perla, Lepidostoma, Micrasema, Serratella, Epeorus [right]) to lentic taxa (e.g., Physa, Tubificidae, Helobdella, Lymnaea, Sialis [left]) in the stream system.

Spatial Patterns of Macroinvertebrate Traits

A permutation test indicated that the co-inertia between the species distributions and species traits matrices was highly significant (RV = 0.54; P < 0.001). The frrst two axes of the CoA explained 43.14 and 17.71% to the overall variance, respectively. The co-inertia analysis (Fig. 4) of taxa distributions and their biological traits made it possible to derive sorne spatial patterns of species traits combinations within the stream system (UssEGLIO- [START_REF] Usseglio-Polatera | Longitudinal changes in macroinvertebrate assemblages in the meuse river: anthropogenic effects versus natural change[END_REF]. Sorne traits did not appear as clearly structuring (e.g., life cycle duration, dispersal, temperature). However, other traits did well in structuring the scatterplot.

At the right bottom corner of the scatterplot, biological traits cl earl y separated the upstream (5U) and downstream sites (5D) located in the upper Sordo River. These sites, together with pair of sites 4 and site 7D, were chiefly characterized by species, with large bodies (a6, a7), deposit feeders (k2) and absorbers (k1) consuming microorganism G1) and small detritus (a)

... (< 1 mm) (j2), asexual reproduction (e8) and the ability to form cocoons as resistance forms (g2), respiration through tegument (hl), and interstitial microhabitats (i6).

In the right upper corner, pairs of sites 11 and 13 were characterized by parasites (k:8) feeding upon large prey items (j9), mainly attached organisms (i8), ovoviviparity (el), eggs laid as clutches or free ( e5) and preference for substrate with microphytes (16).

Lastly, at the left of the scatterplot, pairs of sites 9, 10, 12 and 7U, showed invertebrates mainly characterised by a body size ranging from 0.25 to 1 cm (a2, a3), < 1 generation per year (cl), respiration with plastrons (h3) and spiracles (h4), herbivorous food habits (k:4), and a preference for medium-high current velocities (>25 cms-1 ), eggs and statoblasts as resistance forms (gl), mainly flier organisms (il), preference for substrate ranging from flags to pebbles (11), habitats low input organic (nl, pl).

Discussion

Scientific studies and regional surveys of stream ecosystems o:ften provide large volumes of site-specifie data [START_REF] Bailey | Bioassessment of freshwater ecosystems using the reference condition approach[END_REF], from which local and regional spatial patterns of biological communities can be derived [START_REF] Hawkins | Development and use of predictive models for assessing the biological integrity of streams[END_REF]. Because of geographie differences in biotic and abiotic characteristics of streams, classification has become an integral part of efforts to study, monitor and manage stream ecosystems at watershed scale [START_REF] Omernik | Ecoregions of the contreminous United States. Map (scale 1 : 7,500,000[END_REF][START_REF] Tate | The ordination of benthic invertebrate communities in the South Platte River Basin in relation to environmental factors[END_REF][START_REF] Sandin | Ecoregions and benthic macroinvertebrate assemblages of Swedish streams[END_REF]. The identification of river sites with similar biological and environmental characteristics may help in selecting reference sites for impact assessments (i.e., fish farm), or to provide results to extrapolate at regionallevel [START_REF] Rohm | Evaluation of an aquatic ecoregion classification of streams in Arkansas[END_REF][START_REF] Finn | Variability and convergence in benthic communities along the longitudinal gradients of four physically similar Rocky Mountain streams[END_REF]. During the last decades, there have been many attempts to produce stream classifications based on features of aquatic communities [START_REF] Céréghino | Predicting the species richness of aquatic insects in streams using a limited number of environmental variables[END_REF]. Freshwater invertebrates were o:ften studied in this context, because understanding the patterns of geographie variation in the structure of benthic assemblages is of crucial importance to develop a comprehensive assessment of ecosystem conditions (BAILEY et al., 2003).

Our multivariate analyses (PCA and CA) described the upstream to downstream gradient of physical characteristics of streams from headwaters to plain, and the resulting community responses. Despite the presence of fish farms in the study stream systems, and regardless to the size of the facilities, the amount of water treated and the impacts upon the physical and chemical environment (in particular, a general increasing of organic matter and decreasing of oxygen in the reaches downstream of the facilities ), our classification of sampling sites based on environmental variables portrayed the downstream gradients in typological conditions, from headwaters to plain areas. Within this framework, the spatial patterns of invertebrate assemblages in our study system fitted with ILLIES (1961) and ILLIES and BoTOSANEANU's well-known zonations [START_REF] Illies | Problèmes et méthodes de classification et de la zonation écologique des eaux courantes, considérées surtout du point de vue faunistique[END_REF] for western Europe. The gradient analysis we performed through a CA subsequently portrayed the graduai downstream changes in the taxonomie structure ( observed during the spring sampling) of invertebrate communities, with respect to the longitudinal gradient in stream characteristics. The distribution of invertebrate taxa commonly tends to partition streams into clear downstream sections, such as springs (or "eucrenon") to fluvial zones (or "potamon") at most downstream sections.

Therefore, even if trout farm locally impacted the structure of macroinvertebrate communities (downstream each trout farm, biological quality of waters (I.B.E.) pointed out a worsening trend (FABRIZI et al., 2005)), these seriai disturbances at the stream system scale did not affect the taxonomie composition of assemblages, suggesting that the benthic fauna recovered from one trout farm to the immediate downstream one.

Nevertheless, the organic load produced by trout farms in Valnerina contributes significantly to generate an elevated eutrophie level of the Piediluco Lake, which is a reservoir whose the Nera River is tributary through a derivation channel (F ABRIZI et al., 2007).

The extent of the observed faunal changes (F ABRIZI et al., 2005) depended both on the local habitat conditions ( downstream section) and on the technical characteristics of the facilities (size, fish production, water treatment), but community diversity was usually affected by the detriment of the pollution sensivite taxa, while pollution tolerant invertebrates increased in density (see also [START_REF] Selong | Impacts of trout culture eftluent on water quality and biotic communities in Virginia headwater streams[END_REF]).

Only a few biological traits, mostly related to body size and feeding habits, accounted for local disturbance. Fish farming primarily impacts the receiving streams through the input of suspended organic matters. The nutrient inputs corresponding to 30 tons of trout (ca. 1/80 of the annual production in Umbria) are equivalent to those from 93 persans for phosphorus, 263 persans for orthophosphates, and 1039 (ammonia)-16443 for nitrogen (nitrite+ nitrate) [START_REF] Tarazona | Pollution generated by fish farms. A systems dynamics model[END_REF]. These chemical alterations, combined with decreased oxygen concentrations, contribute to generate eutrophie environments. Taxa with large body size, which fed upon microorganisms and fine detritus, and which had asexual reproduction characterized the impacted downstream sites. Those populations are believed to be selected by unstable habitats or by habitats fluctuating in an unpredictable way, and probably ensured space occupancy by channelling much energy into multiplication. Conversely, upstream and least impact sites hosted small-sized invertebrates showing sexual reproduction, and feeding upon, plant material and/or algae. These traits suggest that habitat occupancy and the partitioning of food resource were favoured by small size and by a higher diversity of feeding groups at the least impacted sites. Those populations are believed to be selected by more predictable and structured habitat features allowing interspecific competition and/ or resource partitioning through the spatial segregations of species (BEGON et al., 1996). During the last decade, many studies have evaluated the relationships between freshwater species traits and environmental conditions (e.g., [START_REF] Statzner | Reproductive traits, habitat use and templet theory: a synthesis of world-wide data on aquatic insects[END_REF][START_REF] Townsend | Species traits in relation to temporal and spatial heterogeneity in streams: a test of habitat templet theory[END_REF]. These studies indirectly support the habitat templet concept of stream ecosystems, which relates trends in species traits to habitat variability (TOWNSEND and HILDREW, 1994) as a theoretical framework for assessing and predicting the functional organisation of stream communities (e.g., [START_REF] Schlosser | A conceptual framework for fish communities in small warmwater streams[END_REF][START_REF] Poff | Landscape filters and species traits: towards mechanistic understanding and prediction in stream ecology[END_REF]. From our study, it appeared that species traits did wellin revealing functional changes within communities subjected to disturbance (here trout farming), because species with certain traits were eliminated and/or replaced by others below the facilities. However, although disturbance was regularly repeated from headwaters to plain areas, there was no additive effect upon the species trait composition of the overall regional species pool. In fact, species traits showed seriai discontinuities according to changes in community structure.

Our ability to properly interpret patterns of variation of communities in the context of biomonitoring obviously depends on the spatial scale of observation, because patterns are produced by processes that act at multiple scales, often at scales different from those at which the patterns are observed [START_REF] Boyero | Multiscale patterns of spatial variation of stream macroinvertebrate communities[END_REF]. At the watershed scale, integrated surveys should certainly benefit from considering macroinvertebrate communities through biological and ecological attributes (rather than only in terms of species assemblage sensu stricto), because this is likely to fit with a broader approach since the resulting patterns are not expected to be region-specifie (OBERDORFF et al., 2002; STATZNER et al., 2004) and will implicitly consider adaptations to environmental characteristics, i.e., historical patterns. Conversely, any madel referring only to a region-specifie fauna (i.e., a species list) would be more prone to have local acceptance.

Figure 1 .

 1 Figure 1. Map of the study area and location of the 13 pairs of sampling sites, upstream (U) and downstream (D) of each trout farm.
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  Figures 2. Principal Component Analysis (PCA) carried out on the 26 sites located upstream (U) and downstream (D) of each trout farm, and on 13 environmental parameters for each site. Sampling sites (a) and environmental parameters (b) are plotted on the fust two PCA axes. Clusters of sites (a) are derived from Ward's algorithm. TVS =Total Volatile Solids (see text).

Figure 3 .

 3 Figure 3. Correspondence analysis carried out on the taxa abundance matrix. (a) Ordination of the 26 sites on the first two CA axes (lU, lD, etc. are sites, U = upstream, D = Downstream of each trout farm); (b) distribution of the taxa in the study system.

Figure 4 .

 4 Figure 4. Co-Inertia analysis of taxa distributions and biological traits matrices (the first two CoA axes). (a) Ordination of the 26 sites, upstream (U) and downstream (D) of each trout farm; (b) distribution of species traits categories.Only structuring traits are illustrated, and the categories are positioned according to the weighted average of their species.

Table 1 .

 1 Main characteristics of trout farms in Umbria Region (Central Italy).

	Trout farm	Stream	Trout farm (flow L s-1 )	Trout species	Production (q yr-1)	Facility type
	(site)					
	1	Nera	95	O. mykiss, S. trutta	130	trout hatcheries, trout force-fed
	2	Campiano	95	O. mykiss, S. trutta	1500	trout hatcheries
	3	Campiano	400	O. mykiss, S. trutta	1000	trout force-fed
	4	Campiano	1000	O. mykiss, S. trutta	2000	trout force-fed
	5	Sordo	200	O. mykiss	50	trout hatcheries
	6	Sordo	550	O. mykiss, S. trutta	30	small trout force-fed
	7	Como	3000	O. mykiss	12000	trout force-fed
	8	Vigi	222	O. mykiss	500	trout hatcheries, trout force-fed
	9	Nera	95	S. trutta	170	trout hatcheries, trout force-fed
	10	Nera	3000	O. mykiss, S. trutta	4500	trout force-fed
	11	Cas ana	350	O. mykiss, S. trutta	200	game fishing
	12	Nera	1100	O. mykiss, S. trutta	-*	trout hatcheries, trout force-fed
	13	Clitunno	600	O. mykiss	1400	trout force-fed
	Source: POSATI et al., 2002 (ARPA Umbria) modified		
	* datum unknown (small facility)			

Table 2 .

 2 Biological and ecological traits and modalities (=categories) of aquatic macroinvertebrates defined in this study.

	Traits	Modalities	Code
	Maximal potential size	>0.25-0.5 cm	a2
		>0.5-1 cm	a3
		>1-2 cm	a4
		>2-4cm	a5
		>4-8 cm	a6
		>8cm	a7
	Life cycle duration	:::::;1 year	bl
		>1 year	b2
	Potential number of cycles per year	<1	cl
		1	c2
		>1	c3
	Aquatic stages	egg	dl
		larva	d2
		nymph	d3
		adult	d4
	Reproduction	ovoviviparity	el
		isolated eggs, free	e2
		isolated eggs, cemented	e3
		clutches, cemented or fixed	e4
		clutches, free	e5
		clutches, in vegetation	e6
		clutches, terrestrial	e7
		asexual reproduction	e8
	Dispersal	aquatic passive	f1
		aquatic active	f2
		aerial passive	f3
		aerial active	f4
	Resistance forms	eggs, statoblasts	gl
		coco ons	g2
		housings against desiccation	g3
		diapause or dormancy	g4
		none	g5
	Respiration	tegument	hl
		gill	h2
		plastron	h3
		spiracle	h4
	Locomotion and substrate relation	flier	il
		surface swimmer	i2
		full water swimmer	i3
		crawler	i4
		burrower	i5
		interstitial	i6
		temporarily attached	i7
		permanently attached	i8
	Food	microorganisms	jl
		detritus(< 1 mm)	j2
		dead plant (2: 1 mm)	j3
		living microphytes	j4
		living macrophytes	j5
		dead animal (2: 1 mm)	j6
		living microinvertebrates	j7
		living macroinvertebrates	j8
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Table 3 .

 3 Benthic community (88 taxa) ofthe 26 sites sampled in a stream system ofCentralltaly impacted by 13 trout farms (1 upstream (U) and 1 downstream site (D) per facility).

		Taxa	1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 13
			UDUDUDUDUDUDUDUDUD U DU DU DU D
	Nematoda	Mermithidae undet.
	Nematomorpha	Gordiidae undet.
	Turbellaria	Dendrocoelum sp.
		Dugesia sp.
		Polycelis sp.
	Gastropoda	Ancy/us fluviatilis
		Hydrobiidae undet.
		Lymnaea sp.
		Physa sp.
	Bi val via	Pisidium sp.
	Oligochaeta	Branchiura sowerbyi
		Eiseniella tetraedra
		Haplotaxis gordioides
		Lumbriculidae undet.
		Tubificidae (with capillary setae) undet.
		Tubificidae (without capillary setae) undet.
	Hirudinea	Dina lineata
		Glossiphonia sp.
		Haemopis sanguisuga
		Helobdella stagnalis
	Crustacea	Asellus aquaticus
		Echinogammarus sp.
	Ephemeroptera	Baetis sp.
		Caenis sp.
		Ecdyonurus sp.
		Epeorus sp.
		Ephemera sp.
		Serratella ignita
		Habroleptoides sp.
		Rhithrogena sp.
	Odonata	Calopteryx sp.
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