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Figure 3a. COI plot of species; first and second axis.

Figure 3b. COI plot of species; first and third axis. 
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result by standard error of mean). The central t distribution 
is cut by the cutoff line to separate its 20 % area (in green), 
the power of classification is the area under the non central t 
distribution at the right of the cutoff line (yellow area). In figure 
5 the 100% of the non central t distribution is on the right of the 
cutoff, so the power of test is 100%, in Figure 6 a small area is 
on the left, reducing the power of a small quantity.

dISCuSSION

The use of benthos in lake monitoring has a long history 
(Johnson et al., 1993) as outlined in Introduction, unfortunately 
the use of benthos to assess water quality of lakes, even if 
expressly required in WFD, has been somewhat overlooked 
by member states, and no official method is actually proposed 
to assess eutrophication using benthos, and emphasis is on 
the littoral zone (http://www.alpine-space.org/uploads/media/
Alplakes_Ecological_indicator_of_Lake_status.pdf) or on 
other communities as phytoplankton (Wolfram et al. 2009). 

Among the three biotic indexes here suggested, the BQIES 
is the one more related with TSI index, so it is the best candidate 
to be proposed as a WFD compliant index. The BQIES index is 
not yet WFD compliant because it is not expressed as ecological 
quality ratio (EQR), that is as a ratio between the observed 
value and the value of a reference site. At present the Austrian 
reference sites are only tentatively proposed as reference, so 
they were not used as denominators in the calculation of EQR. 

It is unlikely that bio-geographical factors played an 
important role in the determining the composition and 
abundance of species. Previous work has found no evidence 
of a different species distribution in lakes belonging to the 
Northern and Southern side of the Alps bound to geographical 
factors (Reiss 1968, Lencioni et al 2011). Differences in the 
species composition of benthic macroinvertebrates in the soft 
substrate of the investigated lakes were therefore likely to be 
determined largely by physical and chemical variables alone. 
Depth, conductivity, dissolved oxygen and trophic factors were 
found to be the environmental factors more responsible for 
influencing benthic macroinvertebrate composition in lakes in 
previous investigations (Free et al. 2009, Rossaro et al. 2006; 
Rossaro et al. 2007); coinertia analysis carried out on the 12 
lakes confirmed that trophic and morphometric variables were 
the most important ones in modeling species composition.

To avoid the influence of different lake typologies on 
species composition and to focus on the effect of anthropogenic 
disturbance (eutrophication in the present case) lakes belonging 
to the same GIG lake type (L_AL-3) were selected, even if they 
belonged to different Italian lake types (AL-3, AL-6, AL-9, AL-
10, Buraschi et al. 2005), but previous investigations emphasized 
that membership of one of these different lake types was not an 
important source of variance for macroinvertebrates (Rossaro et 
al 2007, Rossaro et al. 2011).

The calculation of the optimum response to trophic factors 

Figure 4. BQIES values plotted against TSI values; horizontal bar in 
rectangles: median, rectangles: 25° 75° percentile, whiskers: about 
3 standard deviations, cross: outliers.

Figure 5. Power test of Grundlsee; abscissa: difference between the 
observed mean (m) BQIES index and the boundary L immediately 
lower than the observed value, the difference is rescaled by divid-
ing it by the standard error of mean (s/√n), where n is the number 
of samples and s the standard deviation of the measures; ordinate: 
probability density under the null and alternative hypothesis; L: 
boundary between high and good classes, cutoff: value on the 
abscissa separating 20 % of the area of the null hypothesis H0; δ: 
non centrality parameter, α: risk of type I error, β: risk of type II 
error.

Figure �. Power test of Viverone lake; see Figure 5 for explanation.
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was the first step of the present investigation allowing the 
calculation of the sensitivity values for all the 177 species 
collected. The values were in agreement with the COI analysis 
results and with the species’ presence – absence in reference 
and non-reference lakes; only two Chironomid species 
(Paratrichocladius rufuventris and Paratanytarsus lauterborni) 
and one undetermined Trichoptera species (Limnephilidae sp.) 
were absent in reference sites despite their high BQIW (> 0.6). 
With the exception of these 3 species all the other species 
exclusive to reference sites had a high BQIW value (> 0.5), 
whereas all the species exclusive to non-reference sites had a 
low BQIW (< 0.5).

These results support the good performance of the indices 
proposed, with emphasis on the following points: the observed 
benthic macroinvertebrate fauna allowed to assign all the 
reference Austrian lakes to the class “high”, but the non-
reference Anterselva and Braies lake could also be assigned 
to the class “high”. Among the non reference lakes Como and 
Monate were assigned to the class moderate, Iseo, Levico 
and Viverone to the class “poor”; this classification was in 
agreement with TSI values, but the Monate lake gave a BQIES 
lower than expected by its TSI value. Anterselva was assigned 
to high class, but with an uncertainty greater than 20% (or with 
a power less than 80% ); further investigation is needed to 
reduce uncertainty. 
Future needs are the addition of new lakes to better understand 
the response of species to other impacts, such as hydro-
morphological alteration (Solimini et al. 2006) and the response 
to toxic substances. 

Even if data were available about the response of single 
taxa to heavy metal concentration in lakes (Rizzo et al. 2011) 
, their influence on community composition is very poorly 
known; often the information is based on studies with larger 
taxonomic resolution carried out in rivers (Masson et al 2010), 
little information is available about species response in lakes.

There is much debate whether species identification is 
really needed in comparison with a coarse taxonomic resolution 
(Greffard et al. 2011); our results confirm that uncertainties in 
taxonomic resolution may be critical in the assignment of a 
lake to a well- defined quality class; this is supported by two 
examples derived from the present dataset. The presence of an 
undetermined species (Limnephilidae sp.) in Anterselva and 
Braies lakes should be critical if an identified species of the 
same family would be found in other lakes; if so it should be 
impossible to know if the identified and the unidentified species 
are the same taxon. The second example is the presence of four 
taxa of Leptoceridae in the 5 Austrian lakes: Leptoceridae 
sp., Athripsodes sp., A. aterrimus and A. cinereus (see Table 
3); the 4 taxa were identified at a different taxonomic level 
(family, genus, species); in the present case the slight different 
sensitivity value assigned to the four taxa would not be critical 
in assigning the lakes to the high class, but it is evident that 
it may not be true in other situations, so the finest taxonomic 
resolution is recommended. It must be emphasized that there 

is a greater chance to assign a lower sensitivity value to less 
resolved taxonomic groups, with this risk of misclassification: 
lower taxonomic resolution is associated with a larger risk to 
assign a poorer status to a water body!
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