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ABSTRACT 
In this paper, we propose a methodology to develop a benthic quality index useful for Italian lakes. The existing data about 

benthic macroinvertebrates of the Italian lakes were collected over a period of 50 years, but only a few lakes such as the Maggiore 
and the Mergozzo have been intensely studied. Some large lakes such as Lake Como are still almost uninvestigated. In total, 570 
benthic macroinvertebrate taxa were identified; of which 373 belong to Chironomidae and 85 to Oligochaeta. With the aim of 
relating environmental variables with macrobenthos assemblages, we carried out a canonical correlation analysis (CANON) using a 
database that included 1060 sampling points. Both environmental (13 variables describing morphometry and hydrochemistry) and 
biological data (57 taxa) were available, but only taxa present in at least 10 samples were selected for data analysis. Three 
canonical variates were ecologically significant. The first one was correlated with conductivity, pH and alkalinity and accounted for 
20% of the total variation. The second one was positively correlated with total phosphorus and N-NH4, and inversely with dissolved 
oxygen, and accounted for 18% of the total variation. The third one showed a direct correlation with maximum lake depth and 
volume and an inverse correlation with water temperature, and accounted for 17% of the total variation. A Trophic Status Index 
(TSI), based on the table 11 of the Italian Law 152/99 (without including chlorophyll), was calculated by ranking percent oxygen 
saturation, transparency and total phosphorus. TSI was used to test a Benthic Quality Index for Italian Lakes (BQIL) which is 
proposed in the present paper. The algorithm considered three steps. First, the means of three variables were calculated: percent 
oxygen saturation, transparency and total phosphorus weighted by the taxa abundances. These values are interpreted as optimum for 
each taxon and used to assign an indicator weight (BQIW). Second, the mean of these three variables was calculated for each taxon  
(mean BQIW). Third, the mean BQIW was multiplied by taxa abundance and divided by the total number of specimens present at 
each site for which the BQIL was obtained. Using a regression between BQIL and TSI values, lake sites were assigned to 5 quality 
classes as required by the Italian Law 152/99 and the WFD 2000/60/CE. This assignment must be considered as tentative, because 
different lake types should be considered separately to develop an index. At present the lack of information from different lake 
typologies hinders the development of a more sophisticated index such as the French Lake Biotic Index (LBI). 
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1. INTRODUCTION 

1.1. State of knowledge on the study sites 

Northern sub-alpine and Central volcanic lakes con-
stitute two of the largest Italian lake districts and 
include more than 90% of the entire Italian freshwater 
volume. They have high ecological and environmental 
value and are valuable resources of water within densely 
populated areas. These characteristics explain the high 
interest that researchers have had in lowland lakes. The 
management and conservation of the quality character-
istics and the maintenance of biodiversity currently 
represents a topic of major importance because of the 
need for technical support and scientific data for plan-
ning necessary interventions. 

The papers included in the present database (Tab. 1) 
only represent a part of the studies carried out on the 
macrofauna of Italian lakes; thus, this is not a complete 
review of the knowledge about this theme. For example, 
the volcanic lakes sampled in Central Italy (Seminara et 

al. 1990; Bazzanti et al. 1998) were not considered, be-
cause the detailed data were not available. The samples 
selected for the present analysis included quantitative 
benthic macroinvertebrate counts, water chemical 
analyses and environmental variables. 

The macrobenthos of some Italian lakes was investi-
gated in the past, but there are many gaps in knowledge. 
Many contributions are in Memorie dell'Istituto Italiano 
di Idrobiologia (now Journal of Limnology) concerning 
the macrozoobenthos of Italian lakes since the '50s. 
Macrozoobenthos was analyzed in littoral, sublittoral 
and profundal zones with different sampling strategies 
and time schedules (Tab. 1).  

It must be emphasized that, in general, the investi-
gations were limited to large taxonomic groups without 
detailed taxonomic information, or they were restricted 
to a single group (e.g. chironomids, Mietto et al. 2000). 
Moreover, the data available are from a very small pro-
portion of lakes such as the ones reported in "Catasto 
dei laghi Italiani" (Gaggino & Cappelletti 1984) and 
most investigations refer to '60s and '70s. 


