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2l figure 3a. COI plot of species; first and second axis.

Figure 3b. COI plot of species; first and third axis.
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Figure 4. BOIES values plotted against TSI values; horizontal bar in

rectangles: median, rectangles: 25° 75° percentile, whiskers: about
3 standard deviations, cross: outliers.
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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 ($/\n), where n is the number
of samples and § 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 H; o:
non centrality parameter, a: risk of type I error, p: risk of type II
error.
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Figure 6. Power test of Viverone lake; see Figure 5 for explanation.
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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 ef 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
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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 BOIW (> 0.6).
With the exception of these 3 species all the other species
exclusive to reference sites had a high BOIW value (> 0.5),
whereas all the species exclusive to non-reference sites had a
low BOIW (< 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 BOIES
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
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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!

ACKNOWLEDGMENTS

This work was performed with the contribution of ISE
CNR Pallanza which furnished historical data and LIMNO
database, IRSA CNR Brugherio which contributed to LIMNO
database, ARPA Lombardia (provinces Brescia, Lecco, Varese)
contributing to sampling and examining recent material and to
Austrian Lebenministerium, who furnished data from Austrian
lakes.

REFERENCES

Aagaard K. 1986. The chironomid fauna of north Norwegian lakes,
with a discussion on methods of community classification.
Holarct. Ecol. 9: 1-12.

Brinkhurst RO. 1974. The benthos of lakes. — The Macmillan
Press, London Basingtoke, 190 pp.

Brundin L. 1949. Chironomiden und andere Bodentiere der
siidschwedischen Urgebirgseen. Ein Beitrag zur Kenntnis der
bodenfaunistischen Charakterziige schwedischer oligotropher
Seen. Institute of freshwater research, Drottningholm, 30: 1-
915.

Brundin L. 1974. Fifty years’ limnic zoogeography. Mitteilungen
Internationale Vereinigung fiir theoretische und angewandte
Limnologie. 20: 287-300.

Buraschi A, Salerno F, Monguzzi C, Barbiero G, Tartari G. 2005.
Characterization of the Italian lake-types and identification
of their reference sites using anthropogenic pressure factors.
Journal of Limnology, 64: 75-84.

Carstensen J. 2007. Statistical principles for ecological status
classification of Water Framework Directive monitoring data.
Marine Pollution Bulletin, 55: 3-15.

Dolédec S, Chessel D. 1994. Co-inertia analysis: an alternative
method for studying species-environment relationships.
Freshwater Biology 31: 277-94.

Dray S, Chessel D, Thioulouse J. 2003. Coinertia analysis and the
linking of ecological data tables. Ecology 84: 3078-3089.

Free G, Solimini A, Rossaro B, Marziali L, Giacchini R,
Paracchini B, Ghiani M, Vaccaro S, Gawlik B, Fresner R,
Santner G, Schénhuber M, Cardoso AC. 2009. Modelling lake
macroinvertebrate species in the shallow sublittoral: relative
roles of habitat, lake morphology, aquatic chemistry and
sediment composition. Hydrobiologia, 633: 123-136.

Greffard MH, Saulnier-Talbot E, Gregory-Eaves 1. 2011. A
comparative analysis of fine versus coarse taxonomic resolution
in benthic chironomid community analyses. Ecological
Indicators 11: 1541-1551

Johnson RK, Wiederholm T, Rosenberg M. 1993. Freshwater
biomonitoring using individual organisms, populations
and species assemblages of benthic macroinvertebrates. In:



Rosenberg, DM, Resh VH. (eds.). Freshwater biomonitoring
and benthic macroinvertebrates. Chapman & Hall, New York,
London.

Kansanen PH, Aho J, Paasivirta L. 1984. Testing the benthic lake
type concept based on chironomid associations in some Finnish
lakes using multivariate statistical methods. Annales Zoologici
Fennici, 21: 55-76.

Lang C. 1990. Quantitative relationships between oligochaete
communities and phosphorus concentrations in lakes. Freshwater
Biology, 24: 327-334.

Lencioni V, Marziali L, Rossaro B. 2011. Diversity and distribution
of chironomids (Diptera, Chironomidae) in pristine Alpine and
pre-Alpine springs (Northern Italy) Journal of Limnology, 2011:
70 (Suppl. 1): 106-121.

Lenz F. 1925. Chironomiden und Seetypenlehre.
Naturwissenschaften, 13: 5-10.

Leonardsson K., Blomqvist M., Rosenberg R. 2009. Theoretical
and practical aspects on benthic quality assessment according
to the EU-Water Framework Directive — examples from Swedish
waters. Marine Pollution Bulletin, 58: 1286-1296.

Lods-Crozet B, Reymond O. 2005. Ten years trends in the
oligochaete and chironomid fauna of Lake Neuchatel
(Switzerland). Revue Suisse Zoologie, 112: 543-558.

Lundbeck 1936. Untersuchungen iiber die Bodenbesiedlung der
Alpenrandseen. Arch. Hydrobiol. 10: 207-358

Magurran AE. 1988. Ecological diversity and its measurement.
Croom Helm, London.

Masson S, Desrosiers M, Pinel-Alloul B, Martel L. 2010. Relating
macroinvertebrate community structure to environmental
characteristics and sediment contamination at the scale of the
St. Lawrence River. Hydrobiologia 647: 35-50

Naumann E. 1921. Einige Grundlinien der regionalen Limnologie.
Lunds Univ. Arsskr. N. F. (2) 17, 8: 1-21.

Reiss F. 1968. Verbreitung lakustrischer Chironomiden (Diptera)
des Alpengebietes. - Ann. zool. fenn. 5: 119-125.

Rizzo A, Arcagni M, Arribere MA, Bubach D, Ribeiro Guevara
S. 2011. Mercury in the biotic compartments of Northwest
Patagonia lakes, Argentina. Chemosphere 84 : 70-79

Rosenberg R, Blomqvist M, Nilsson HC, Cederwall H, Dimming
A. 2004. Marine quality assessment by use of benthic species-
abundance distributions: a proposed new protocol within the
European Union Water Framework Directive. Marine Pollution
Bulletin, 49: 728-739.

Rossaro B, Boggero A, Lods-Crozet B, Free G, Lencioni V,
Marziali L. 2011. A comparison of different biotic indices
based on benthic macro-invertebrates in italian lakes Journal of
Limnology., 70(1): 109-122.

Rossaro B, Boggero A, Lencioni V, Marziali L, Solimini A.
2006. A Benthic Quality Index for Italian Lakes. Journal of
Limnology, 65: 41-51.

Rossaro B, Marziali L, Cardoso AC, Solimini A, Free G, Giacchini
R. 2007. A biotic index using benthic macroinvertebrates for
Italian lakes. Ecological Indicators, 7: 412-429.

Rossaro B, Mietto S, Lencioni V. 2000. The Chironomid species
of the Italian lakes: a review. In: Offrichter O. (ed.), Late 20°
Century Research on Chironomidae. An Anthology from the
XII° Int. Symp. Chironomidae. Shaker Verlag (Germany),
Freiburg 5-9 September 1997: 549-564.

Rossaro B, Lencioni V, Casalegno C. 2001. Relazioni tra specie di

Die

Fauna norvegica 31: 95-107. 2012

Ditteri Chironomidi e fattori ambientali esaminate con un data
base relazionale. Atti Congresso Gadio 5-7 maggio 2001. Studi
Trentini di Scienze Naturali Acta Biologica, 78: 201-206.

Smther OA. 1979. Chironomid communities as water quality
indicators. Holarctic Ecology, 2: 65-74.

Solimini A, Free G, Donohue I, Irvine K, Pusch M, Rossaro B,
Sandin L, Cardoso AC. 2006. Using benthic macroinvertebrates
to assess ecological status of lakes current knowledge and
way forward to support WFD Implementation. Technical
Report EUR 22347, European Commission, J.R.C., Ispra:
48 pp.

Tartari G, Buraschi E, Legnani E, Previtali L, Pagnotta R,
Marchetto A. 2006. Tipizzazione dei laghi italiani secondo il
Sistema B della Direttiva 2000/60/CE. CNR: 1-20.

Thienemann A. 1953. Chironomus Leben Verbreitung
und  wirtschaftliche Bedeutung der Chironomiden.
Die Binnengewidsser, Bd. 20, Schweizerbart’sche

Verlagsbuchhandlung, Stuttgart, 834 pp.

Wiederholm T. 1980. Use of benthos in lake monitoring. Journal of
the Water Pollution Control Federation, 52: 537-547.

Winer BJ. 1962. Statistical principles in experimental design.
McGraw-Hill Co., New York: 907 pp.

Wolfram G, Argillier C, Bortoli J de, Buzzi F, Dalmiglio A,
Dokulil MT, Hoehn E, Marchetto A, Martinez PJ, Morabito
G, Reichmann M, Remec-Rekar S, Riedmiiller U, Rioury C,
Schaumburg J, Schulz L, Urbanic G. 2009. Reference conditions
and WFD compliant class boundaries for phytoplankton biomass
and chlorophyll-a in Alpine lakes. Hydrobiologia 633:45-58

107





