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SUMMARY 
Macroinvertebrates play a key role in freshwater food webs, acting as major links between organic 
matter resources, primary consumers (such as bacteria), and secondary consumers (e.g.fish, 
amphibians, birds, and reptiles). In this paper we present a data set encompassing all geographic and 
historical data available on macroinvertebrates of the Italian mountain lakes from 1902 to 2016. The 
data set, divided per Italian mountain range (Alps and Apennines) and administrative region, covers 
more than a century of studies of many foreign and Italian scientists. The data set includes 2372 
records and shows macroinvertebrate occurrence data in 176 Alpine and in 13 Apennine lakes, of 
which 178 of natural origin, 5 reservoirs, and 6 artificially extended. The data set lists 605 taxa, 
updated on the basis of their current taxonomic position. Only 353 taxa are identified at species 
level, highlighting the still poorly investigated biodiversity of Italian mountain lake 
macroinvertebrates. Since they function as key elements to characterize lake ecological status, our 
data set emphasizes the huge taxonomic effort that still has to be undertaken to fully characterize 
these ecosystems. The data set is available in csv (comma-separated values) format. 
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INTRODUCTION 

Mountain lakes (and their fauna) are peculiar and 
vulnerable elements scattered across the high 
altitude landscapes. They are mainly affected by 
direct and indirect human impacts, like global 
climatic change, eutrophication, acidification, 
nitrification, tourism, hydro-power generation, 
water abstraction, fish-stocking, and grazing 
(Catalan et al. 2006, Marnezy 2008, Martinez-Sanz 
et al. 2012, Rogora et al. 2013). Generally, the 
severe environmental conditions characterizing 
these water bodies limit the presence of 
macroinvertebrates, simplifying their biological 
assemblages, which remain more complex and 
diverse along the littorals. Aside from their 
biodiversity, they are still the least investigated 
surface water ecosystems in Italy, mainly because of 
the complexity of sampling procedures and the 
troublesome taxonomic identification of species. 
Furthermore, due to their small dimensions, they are 
not included under the monitoring programs of the 
Water Framework Directive (EU 2000). 

Macroinvertebrates play an important role 
in the monitoring of environmental evolution of 
mountain lakes due to their reliability and utility in 
long-term studies (Biggs et al. 2005, Oertli et al. 
2008), but their taxonomic knowledge is still 
fragmented and limited. Macroinvertebrates include 
immature and adult stages of many different types 
of invertebrates, such as aquatic insects, 
crustaceans, mollusks, annelids, flatworms, and 
cnidarians. They are considered good indicators of 
ecological status (Allan and Castillo 2007), and thus 
they are broadly used as warning sentinels of 
environmental changes. Therefore, to promote 
targeted conservation and restoration strategies on 
mountain lakes, we need firstly a sound knowledge 
on the presence and distribution of species there 
inhabiting. 

Although several data sets on freshwater 
macroinvertebrates are already available at Italian 
level (e.g. Freshwater Biodiversity Data Portal, 
National Network of Biodiversity - 
http://data.freshwaterbiodiversity.eu/metadb/metaD
Bfts/index.php, Nature 2000 - 
http://www.minambiente.it/pagina/rete-natura-2000, 
Checklist of the Italian Fauna - 
http://www.faunaitalia.it/checklist/, LifeWatch Italy 
-  
http://www.servicecentrelifewatch.eu/web/lifewatch
-italia/catalogue-of-resources, etc.), data and 
metadata reported on mountain lakes are scattered 

and incomplete. In particular, data on high altitude 
or mountain lakes fauna over time do not exist at 
present. The aims of this work are therefore i) to 
provide the first checklist of macroinvertebrates 
occurring in Italian mountain lakes, including data 
on their geographic distribution, and ii) to update 
their taxonomy with currently accepted names 
following Fauna Europaea (https://fauna-eu.org) 
useful for taxonomists, students, researchers, and 
water managers. 

 
RESULTS 
This data set includes 605 taxa of 
macroinvertebrates, distributed among five phyla 
(Annelida, Arthropoda, Cnidaria, Mollusca, and 
Platyhelminthes) (Table 1), ten classes (Arachnida, 
Bivalvia, Gastropoda, Hirudinea, Hydracarina, 
Insecta, Leptolida, Malacostraca, Oligochaeta, 
“Turbellaria”), 28 orders, 104 families, 257 genera, 
and 353 species occurring across ten Italian 
administrative regions, in 176 Alpine and 13 
Apennines lakes (Table 2). 
 

Table 1. Number of records 
reported for each phylum. 

 

Phylum Records 

Annelida 320 
Arthropoda 1812 
Cnidaria 2 
Mollusca 209 
Platyhelminthes 29 

 
Summary statistics 
The data set consists of 29 columns (Table 3) per 
2372 records. The first column reports the ID Code 
of each record. The successive 8 columns are a 
rank-based taxonomical classification including the 
categories of Kingdom, Phylum, Class, Superorder, 
Order, Family, Subfamily, Tribe, when known and 
available. Then, eight columns report the Accepted 
genus name, Accepted species epithet, Accepted 
taxon name, Author/s and date of 1st description of 
the species, Level of classification (updated), 
Original cited genus, Original cited species epithet, 
Original cited species name. The remaining twelve 
columns refer to: Frequency data format (presented 
by each paper and expressed as presence, absolute 
abundance, density, relative abundance, or a 
combination of these), Year of publication, Record 
reference, Mountain range, Administrative region, 
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Lake name, Alternative lake name (e.g. it can be the 
translation of the first lake name into the second 
most used language of the administrative region, or 
another name by which the lake is known), Type of 

lake (either natural, reservoir, or artificially 
extended), Latitude N, Longitude E (as WGS 84 
datum), Altitude (as m a.s.l.), Maximum depth (in 
meters). 

 
Table 2. Number of records distributed among mountain range, administrative region, altitudinal range, and 

number of lakes for the Alps and the Apennines. 
 

Mountain range Administrative 
region Altitudinal range Lakes Records 

Alps Liguria 1050 1 3 
 Lombardia 1732-2964 47 221 
 Piemonte 1742-2501 37 587 
 Trentino Alto Adige 1008-2579 58 850 
 Valle d'Aosta 1806-3538 17 88 
 Veneto 1299-2266 16 249 
Apennines Abruzzo 1300-1818 7 212 
 Emilia Romagna 1307-1507 4 146 
 Lazio 1788 1 11 
 Marche 1940 1 5 
 

 

 
 

Figure 1. Location of the mountain lakes considered in the present work distributed in Northern and 
Central Italy. Δ Alpine lakes, ○ Apennine lakes. 
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Table 3. Full information linked to the data set with variables, definitions, units and type of storage. 
 

Variables Description Units Storage type 

ID code Unique identifier for the record within 
the data set 

 Integer 

Kingdom Full scientific name of the kingdom in 
which the taxon is currently classified 
(2016) 

 String 

Phylum Full scientific name of the phylum in 
which the taxon is currently classified 
(2016) 

 String 

Class Full scientific name of the class in 
which the taxon is currently classified 
(2016) 

 String 

Superorder Full scientific name of the superorder 
in which the taxon is currently 
classified (2016) 

 String 

Order Full scientific name of the order in 
which the taxon is currently classified 
(2016) 

 String 

Family Full scientific name of the family in 
which the taxon is currently classified 
(2016) 

 String 

Subfamily Full scientific name of the subfamily in 
which the taxon is currently classified 
(2016) 

 String 

Tribe Full scientific name of the tribe in 
which the taxon is currently classified 
(2016) 

 String 

Accepted genus name Full scientific name of the genus in 
which the taxon  is currently classified 
(2016) 

 String 

Accepted species epithet Epithet of the species in which the 
taxon is currently classified (2016) 

 String 

Accepted taxon name Full binomial name of the species, 
according to its current classification 
(2016) 

 String 

Author/s and date of 1st 
description 

Authorship information and four-digit 
year of the first description of the 
accepted taxon name 

 String 

Level of classification 
(updated) 

Maximum level of biological 
classification by which the taxon is 
classified 

 String 

Original cited genus Full scientific name of the genus as 
provided in the original paper 

 String 

Original cited species 
epithet 

Epithet of the species as provided in 
the original paper 

 String 

Original cited species 
name 

Full binomial name of the species as 
provided in the original paper 

 String 

Frequency data format One or more data format in which the 
frequency of occurrence is provided in 
the original paper 

 String 

Year of publication Four-digit year of the paper providing 
original species record 

 Integer 

Record reference Full information on the scientific paper  String 



Boggero et al., 2017 Biogeographia 32: 77–87  81 

providing original species record 
Mountain range Major Italian mountain range in which 

the species was sampled 
 String 

Administrative region First-level administrative division to 
which the sampled lakes belong 

 String 

Lake name Name of the sampled lake  String 
Alternative lake name Second name of the sampled lake  String 
Type of lake Water-body type  String 
Latitude N Geographic latitude (in decimal 

degrees, using the spatial reference 
system given in geodetic Datum) of the 
geographic center of a location 

Decimal degrees 
(projection 
EPSG:4326 WGS84) 

Numeric 

Longitude E Geographic longitude (in decimal 
degrees, using the spatial reference 
system given in geodetic Datum) of the 
geographic center of a location 

Decimal degrees 
(projection 
EPSG:4326 WGS84) 

Numeric 

Altitude Explicit elevation above sea level of 
the sampled lake 

meters Numeric 

Maximum depth Maximum water depth of the sampled 
lake 

meters Numeric 

 
 
Data set 
Object name: Macroinvertebrates from Italian 
mountain lakes 
Data set citation: Mountain lake 
Macroinvertebrates_2017 
Character encoding: UTF-8 
Format name: csv, comma-separated values 
Format version: 1.0 
Distribution (permanent link): 
http://www.ise.cnr.it/products/datasets 
Date of creation: 6 November 2017 
Date of last revision: 24 November 2017 
Date of publication: 8 November 2017 
Update policy: LifeWatch policy rules 
Language: English 
License of use: if used by researchers, 
administrators, managers, teachers, amateurs, 
general public, and others, the access is free and the 
use is based upon request. Details are defined in the 
intellectual property information. The data set 
authors would appreciate users providing a link to 
the original data set, when possible, or when 
researchers use the data to cite the present paper 
and/or to consider the data set authors for co-
authorship. 
Metadata language: English 
Metadata managers: Angela Boggero 
(a.boggero@ise.cnr.it) 
 
Management details 
Project title: A searching trip to the discovery of 
mountain lakes macroinvertebrates 

Database managers: Angela Boggero 
Temporal coverage: the present data set refers to 
more than a century of published works (1902-
2016). 
Record basis: Literature records. 
Sampling methods: The data set was created by 
collating different data sets included in several 
published scientific or educational papers. 
Funding grants: Data of the original publications 
screened were obtained within the framework of 
several European and national projects. 
 
Geographic coverage 
Study area: lakes are distributed along the Italian 
peninsula (Fig. 1) covering mostly the Alps (6 
administrative regions) and partly (4 administrative 
regions) the Apennines. In the present paper, the 
definition adopted for mountain lake is: surface 
standing waters showing areas greater than 1 ha 
(0.01 km2) and maximum depths, at mean water 
level, greater than 1 m (British Standards Institution 
2011), placed in proximity of or above the tree line. 
The latter is a non-linear wavy line between the 
subalpine and the alpine areas, drawn on the basis of 
tree-growth limiting factors (Körner 1998). 
Bounding box: 
- Alps: min Longitude: 6.79 - max Longitude: 
12.49, min Latitude: 44.41 - max Latitude: 46.75, 
min Altitude: 1008 - max Altitude: 3538 
- Apennines: min Longitude 10.00 - max Longitude: 
13.98, min Latitude: 41.81 - max Latitude: 44.40, 
min Altitude: 1300 - max Altitude: 1940 
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Sampling design: The data set was created including 
all the available records and publications on the 
considered lakes, to the best of our knowledge. 
Habitat type: Natural lakes (i.e. lakes without 
anthropic infrastructures), reservoirs (i.e. dams), and 
artificially extended lakes (i.e. lakes partially 
modified by anthropic infrastructures) were 
considered. 
Biogeographic region: Alpine, Continental and 
Mediterranean (EEA 2002) 
Country: Italy 
Quality control for geographic data: Quality control 
was performed using: 
i) Google maps identification of lakes, altitude, 
latitude and longitude coordinates provided by the 
scientific papers and transformed and standardized 
to WGS84 DD; 
ii) the lake cadaster of the regions or provinces, 
when available: 
•http://109.205.109.121:2725/pmapper/database_cor
pi_idrici/laghi_parametri_list.php; 
•http://www.bagolino.net/territorio.htm; 
•http://trentinoxp.it/home; 
•http://www.comune.brescia.it/servizi/arteculturaetu
rismo/museoscienze/Documents/1987_24_75-
76_Berruti.pdf 
iii) Geographic coordinates format, coordinates 
within country/provincial boundaries, absence of 
ASCII anomalous characters in the data set were 
additionally controlled. 
 
Literature search 
General description: A first search for papers was 
conducted in the archives and online library of the 
CNR-ISE. Other scientific papers were searched at 
academic or museum libraries. Lastly, internet 
(Scholar) provided information on bibliography, 
titles, and sources of the recent authors. 
Literature search methods: A total of 76 published 
papers were obtained for the period 1902-2016, 
comprising grey literature (i.e. materials and 
research produced by organizations outside of the 
traditional commercial or academic publishing and 
distribution channels), educational, and Italian and 
international papers. 
Literature list: The following papers were obtained 
as a result of the search: Ansaloni et al. (2015), 
Ansaloni et al. (2016), Baldi (1941), Barbato 
(1984), Bazzanti et al. (1988), Bichteler et al. 
(1998), Blesio (1985), Boggero & Nocentini (1994), 
Boggero & Lencioni (2006), Boggero et al. (1996), 
Boggero et al. (2012), Boggero et al. (2005), Boni et 

al. (1983), Buffa (1902), Cantonati et al. (2014), 
Cappelletti et al. (2004), Casellato & Zanfei (1988), 
Cianficconi & Moretti (1992), Dal Cortivo et al. 
(2009), Decet (2007a), Decet (2007b), Decet 
(2007c), Decet & Fossa (2001), Dell'Uomo et al. 
(1980), Di Giorgio & Zuppa (1996), Di Sabatino et 
al. (2004), Dumnicka & Boggero (2007), 
Evangelista (2009), Facchini & Badino (1998), 
Ferrarese (2002), Ferrarese & Lencioni (2003), 
Ferrari & Bellavere (1976), Filippi et al. (2005a), 
Filippi et al. (2005b), Fjellheim et al. (2009), 
Forasacco (1998-1999), Franceschini & Lencioni 
(2002), Gambetta (1932), Garibaldi et al. (1987), 
Gianotti & Di Giovanni (1971), Guilizzoni et al. 
(1996), Heiri et al. (2005), Iannilli et al. (2004), 
Lami et al. (2011), Largaiolli (1907), Lazzara et al. 
(2006), Lencioni & Lazzara (2004), Marchesoni & 
Moretti (1954), Marchetto et al. (2004), Marcuzzi 
(1956), Marcuzzi (1988), Mascagni & Terzani 
(1983), Mastrantuono (1987), Miccoli et al. (2005), 
Monti (1936), Morabito et al. (2007-2008), Moretti 
(1942), Moretti & Corallini Sorcetti (1991), Mosello 
et al. (1993), Nardi (2005), Nardi (2014), Nardi & 
Castagnolo (2009), Naviglio (1984), Novelli et al. 
(1997), Osella & Pannunzio (2013), Paganelli 
(1992), Rossaro et al. (2012), Ruffo (1951), 
Ruggiero et al. (2004), Ruggiero et al. (2001), 
Seminara & Bazzanti (1988), Sommani (1952), 
Terzani (1977), Terzani & Mascagni (2005), Tonolli 
(1949), Tortonese & Rossi (1954). 
Quality control for literature data: The authors of 
the present publication do not take responsibility for 
the taxonomic accuracy and reliability of data 
provided by the scientific publication listed in the 
data set. The data set is intended as a taxonomic 
collection and as an update of species names listed 
in the references. The published data were checked 
for spelling errors, synonymies, nomenclatorial 
consistency, and updated for their taxonomy, to 
ensure data standardization. 
 
Taxonomic coverage 
General description: The data set includes records 
of aquatic macroinvertebrates. The list of taxa 
contains information updated until December 2016 
following the Fauna Europaea rules. The checklist 
presents taxa arranged according to the Fauna 
Europaea classification (2004), where subgenera 
and species are listed alphabetically within each 
genus (de Jong et al. 2014). Nomenclature includes 
terms such as “sp” (abbreviation of species) and 
“indet” (abbreviation of indetermined), when 
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necessary, without a dot to avoid problems in 
database searches. 
Taxonomic ranks: macroinvertebrates are a 
heterogeneous group of aquatic organisms visible to 
the naked eye without employing optical 
instruments, living in contact with sediments on the 
bottom of lotic and lentic ecosystems. 
Macroinvertebrates include immature and adult 
stages of many different types of invertebrates, such 
as aquatic insects, crustaceans, mollusks, annelids, 
flatworms, and cnidarians. 
Taxonomic methods: These methods include the 
revision of names, synonyms, the delimitation of 
genera and higher taxa, following Fauna Europaea 
(https://fauna-eu.org/) as a reference. 
Taxon specialist: The first author is responsible for 
the data management and for the taxonomic update 
of the entire set of species included in the data set. 
The authors are not responsible for the 
identifications carried out by other researchers. 
Quality control for taxonomic data: Record 
validation and cleaning using Fauna Europaea were 

based on several steps and divided into: a) data 
check for spelling errors, b) data standardization 
(check of nomenclatural changes or synonyms), and 
c) data cleaning and validation for taxonomic 
reliability and taxonomic consistency. 
 
CONCLUSIONS 
Despite the amount of data on Italian 
macroinvertebrates and the increased interest in the 
study of this group, slow progresses has been 
undertaken in defining and refining the taxonomy 
and systematics of this extensive and widespread 
group. The checklist presented herein aims to give 
an updated account of taxonomically accepted 
species names recorded in the lakes of the mountain 
Italian regions by different researchers and 
naturalists in the last century, and to provide 
information on the geographic distribution of these 
species by mountain range and administrative 
region. 

 
 
AUTHORS CONTRIBUTION 
 
Angela Boggero: responsible and coordinator for activities on macroinvertebrates at CNR-ISE, planned the 
work, contacts with data providers. 
Laura Garzoli: co-structured the data set, contributed in manuscript preparation. 
Gianfranco Varini: collected, controlled, and standardised morphological and geographic lake data. 
 
 
REFERENCES 
 
Allan, J.D. & Castillo, M.M. (2007) Stream ecology: structure and function of running waters. Springer, Netherlands. ISBN 

978-1-4020-5583-6 (e-book) 
Ansaloni, I., Benassi, A., Manzieri, A.M., Ruocco, M., Sala, L. & Tintorri, A. (2015) Il Lago della Ninfa (Appennino 

modenese): comunità macrozoobentonica, fauna vertebrata e considerazioni ecologiche. Atti della Società dei 
Naturalisti e Matematici di Modena, 146, 249–262. 

Ansaloni, I., Prevedelli, D., Ruocco, M. & Simonini, R. (2016) Checklist of benthic macroinvertebrates of the Lago 
Pratignano (Northern Apennines, Italy): an extremely rich ecosystem. Check List, 12, 1821. 
DOI:10.15560/12.1.1821 

Baldi E. (1941) Ricerche idrobiologiche al Lago di Tovel. Memorie del Museo di Storia Naturale della Venezia Tridentina, 
6, 297 pp. 

Barbato G. (1984) Indagine su 27 laghi delle Alpi e Prealpi bresciane. Monografie di Natura Bresciana, 6, 122 pp. 
Bazzanti, M., Seminara, M. & Tamorri, C. (1988) Macrobenthos profondo del Lago artificiale di Campotosto (Abruzzo, 

Italia Centrale). Rivista di Idrobiologia, 27, 161–175. 
Bichteler, A., Lencioni, V., Nespoli, L. & Tessari P. (1998) Limnology of a subalpine lake: Lake Tovel. Zoobenthos. 

Report. 
Biggs, J., Williams, P., Whitfield, P., Nicolet, P. & Weatherby, A. (2005) 15 years of pond assessment in Britain: results 

and lessons learned from the work of Pond Conservation. Aquatic Conservation: Marine and Freshwater Ecosystems, 
15, 693–714. DOI:10.1002/aqc.745 

Blesio P. (1985) Appunti di idrobiologia animale, In: Laghi alpini del bresciano. (ed. by G. Berruti, P. Biagi, P. Blesio, A. 
Crescini, C. De Carli, F. Rapuzzi and O. Valetti), pp. 104–106. Editoriale Ramperto, Brescia. 



  Biogeographia 32: 77–87  Boggero et al., 2017 84 

Boggero, A. & Lencioni, V. (2006) Macroinvertebrates assemblages of high altitude lakes, inlets and outlets in the southern 
Alps. Archiv für Hydrobiologie, 165, 37–61. DOI:10.1127/0003-9136/2006/0165-0037 

Boggero, A. & Nocentini, A.M. (1994) Macrozoobentos di un lago alpino d'alta quota (Lago Paione Superiore, Val 
Bognanco). Atti X Congresso AIOL, 4-6 Novembre 1992, Alassio: 177–187. 

Boggero, A., Marchetto, A., Manca, M., Mosello, R. & Tartari, G.A. (2005) Studies on small mountain lakes in the Val 
Grande National Park (Central Alps, Italy). Studi Trentini di Scienze Naturali, Acta Biologica, 82, 43–54. 

Boggero, A., Nocentini, A.M., Nobili, M. & Gianatti, M. (1996) Ricerche sulla fauna macrobentonica litorale in laghi d’alta 
quota nel bacino imbrifero del Lago Maggiore. Atti XVII Congresso Nazionale S.It.E., 11-14 Settembre 1996, 
Napoli: 83–86. 

Boggero, A., Rogora, M., Musazzi, S. & Lami, A. (2012) Attività di campagna e di laboratorio 2012. WP 2 risorsa acqua: 
Caratteristiche di qualità e quantità. Share-Stelvio un parco-osservatorio per lo studio dei cambiamenti climatici in 
alta quota. pp. 18. 

Boni, C., Bresolin, R., Casellato, S.S. & Lunelli, F. (1983) Le comunità zooplanctonica e zoobentonica del Lago di Tovel, 
espressioni della sua oligotrofia. Studi Trentini di Scienze Naturali, 60, 25–53. 

British Standards Institution (2011) Water quality - Guidance standard on assessing the hydromorphological features of 
lakes. BS EN 16039:2011. London: BSI. 

Buffa P. (1902) Sulle condizioni fisiche e biologiche di taluni laghi alpini del Trentino. Atti della Società veneto-trentina di 
Scienze Naturali, 3E, 1–52. 

Cantonati, M., Guella, G., Spitale, D., Angeli, N., Borsato, A., Lencioni, V. & Filippi, M.L. (2014) The contribution of lake 
benthic algae to the sediment record in a carbonate mountain lake influenced by marked natural water-level 
fluctuations. Freshwater Science, 33, 499–512. DOI:10.1086/676471 

Cappelletti, C., Ciutti, F. & Gramegna, C. (2004) Evoluzione del popolamento dei Tricotteri del Lago di Tovel. Studi 
Trentini di Scienze Naturali, Acta Biologica, 81, 379–382. 

Casellato, S. & Zanfei, M. (1988) Primo quadro limnologico generale del Lago di Lavarone (Trento, Italia). Studi Trentini 
di Scienze Naturali, 64, 135–156. 

Catalan, J., Camarero, L., Felip, M., et al. (2006) High mountain lakes: extreme habitats and witnesses of environmental 
changes. Limnetica, 25, 551–584. 

Cianficconi, F. & Moretti, G. (1992) Catalogo dei Tricotteri delle Alpi occidentali. Considerazioni zoogeografiche. 
Biogeographia, 16, 257–295. 

Dal Cortivo, M., Decet, F., Fossa, I. & Gatti, E. (2009) Checklist degli Odonati della Provincia di Belluno (Alpi Orientali, 
Italia). Lavori della Società Veneta di Scienze Naturali, 34, 5–19. 

de Jong, Y., Verbeek, M., Michelsen, V., et al. (2014) Fauna Europaea - all European animal species on the web. 
Biodiversity Data Journal, 2, e4034. DOI:10.3897/BDJ.2.e4034 

Decet, F. (2007a) Capitolo VIII. Le Libellule (Odonati). In: Studio della qualità delle acque dei piccoli laghi alpini (ed. by 
Regione Veneto and ARPAV), pp. 225–233. 

Decet, F. (2007b) Capitolo IX. I Molluschi. In: Studio della qualità delle acque dei piccoli laghi alpini (ed. by Regione 
Veneto and ARPAV), pp. 235–243. 

Decet, F. (2007c) Capitolo X. Anfibi e Macroinvertebrati. In: Studio della qualità delle acque dei piccoli laghi alpini (ed. by 
Regione Veneto and ARPAV), pp. 245–250. 

Decet, F. & Fossa, I. (2001) Catalogo dei molluschi terrestri e d'acqua dolce del Bellunese. Bollettino del Museo Civico di 
Storia Naturale di Venezia, 51, 39–117. 

Dell’Uomo, A., Pedrotti, F., Di Giovanni, M.V., Taticchi, M.I. & Tiberi, O. (1980) Studio idrobiologico del Lago Bianco 
(Parco Nazionale dello Stelvio). Quaderni del Parco Nazionale dello Stelvio, 2, 67–95. 

Di Giorgio, M. & Zuppa, A.M. (1996) Macrobenthos dei laghetti di quota del Gran Sasso e del tratto sorgentizio del torrente 
Nora. Appennino abruzzese, nota preliminare. In: Monitoraggio biologico del Gran Sasso. Consorzio di ricerca 
"Gran Sasso" (ed. by B. Cicolani), pp. 284–289. 

Di Sabatino, A., Boggero, A., Cicolani, B. & Miccoli F.P. (2004) Diversity, distribution and ecology of water mites (Acari: 
Hydrachnidia and Halacaridae) in high Alpine lakes (central Alps, Italy). Experimental and Applied Acarology, 34, 
199–210. 

Dumnicka, E. & Boggero, A. (2007) Freshwater Oligochaeta in two mountain ranges in Europe: the Tatra Mountains 
(Poland) and the Alps (Italy). Archiv für Hydrobiologie, 168, 231–242. DOI:10.1127/1863-9135/2007/0168-0231 

EEA (European Environment Agency) (2002) Europe’s biodiversity – biogeographical regions and seas. EEA Report No 
1/2002. 

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. 

Evangelista, M. (2009) Contributo alla conoscenza dei molluschi del Parco Naturale del Monte Avic (Valle d'Aosta, Italia 
NW). Revue Valdôtaine d’Histoire Naturelle, 63, 99–124. 



Boggero et al., 2017 Biogeographia 32: 77–87  85 

Facchini, R. & Badino, G. (1998) I macroinvertebrati come bioindicatori di biodiversità delle zone umide del Parco 
Naturale del Monte Avic. Revue Valdôtaine d’Histoire Naturelle, 52, 49–77. 

Ferrarese, U. (2002) Chironomidi (Diptera: Chironomidae) di alcuni torrenti, laghi e zone umide del Trentino, con 
segnalazione di specie nuove per l'Italia. Studi Trentini di Scienze Naturali, Acta Biologica, 79, 203–211. 

Ferrarese, U. & Lencioni, V. (2003) Acamptocladius reissi Cranston & Saether, 1982 (Diptera Chironomidae): the first 
Italian records. Lavori della Società Veneziana di Scienze Naturali, 28, 77–78. 

Ferrari, I. & Bellavere, C. (1976) Ricerche ecologiche su zooplancton e macrozoobenton del Lago Santo Parmense. Rivista 
di Idrobiologia, 151, 3–45. 

Filippi, M.L., Heiri, O., Arpenti, E., Angeli, N., Bortolotti, M., Lotter, A.F. & van der Borg, K. (2005a) Evoluzione 
paleoambientale dal Tardoglaciale a oggi ricostruita attraverso lo studio dei sedimenti del Lago di Lavarone 
(Altopiano di Folgaria e Lavarone, Trentino). Studi Trentini di Scienze Naturali, Acta Geologica, 82, 279–298. 

Filippi, M.L., Heiri, O., Arpenti, E., Angeli, N., Bortolotti, M., Lotter, A.F. & van der Borg, K. (2005b) Studio 
paleolimnologico del Lago Nero di Cornisello (Parco Naturale Adamello-Brenta, Trentino). Studi Trentini di Scienze 
Naturali, Acta Geologica, 82, 261–278. 

Fjellheim, A., Raddum, G.G., Vandvik, V., et al. (2009.) Diversity and distribution patterns of benthic invertebrates along 
alpine gradients. A study of remote European freshwater lakes. Advances in Limnology, 62, 167–190. DOI:1612-
166X/09/0062-0167 

Forasacco, E. (1998-1999) Morfologia ed ecologia di alcune aree proglaciali dell'Alta Valtellina. Tesi di Laurea, Università 
degli Studi di Milano: 134 pp. 

Franceschini, A. & Lencioni, V. (2002) Lo zoobenthos (Capitolo 6). In: I laghi del Parco Adamello–Brenta. Ricerche 
limnologiche su laghi d’alta quota del settore siliceo del Parco (ed. by M. Cantonati, M. Tolotti and M. Lazzara). 
Documenti del Parco, 14, 245–266. 

Gambetta, L. (1932) Molluschi. In: Il Parco Nazionale del Gran Paradiso (ed. by E. Festa), pp. 139–144. 
Garibaldi, L., Mosello, R., Rossaro, B. & Setti, F. (1987) Caratteristiche chimiche e biologiche di due laghi d'alta quota 

suscettibili ad acidificazione. In: Deposizioni acide: un problema per Acque e Foreste (ed. by R. Mosello and B. De 
Margaritis). Documenta dell'Istituto Italiano di Idrobiologia, 14, 165–180. 

Gianotti, F.S. & Di Giovanni, M.V. (1971) Prime note biogeografiche sui laghi Pantaniello e Vivo (Appennino Abruzzese). 
Società Italiana di Biogeografia, II, 575–581. 

Guilizzoni, P., Marchetto, A., Lami, A., Cameron, N.G., Appleby, P.G., Rose, N.L., Schnell, Ø.A., Belis, C.A., Giorgis, A. 
& Guzzi L. (1996) The environmental history of a mountain lake (Lago Paione Superiore, Central Alps, Italy) for the 
last c. 100 yrs: a multidisciplinary, palaeolimnological study. Journal of Paleolimnology, 15, 245–264. 

Heiri, O., Filippi, M.L. & Lotter, A.F. (2005) Late glacial summer temperature in the Trentino area (Northern Italy) as 
reconstructed by fossil chironomid assemblages in Lago di Lavarone (1100 m a.s.l.). Studi Trentini di Scienze 
Naturali, Acta Geologica, 82, 299–308. 

Iannilli, V., De Matthaeis, E. & Vigna Taglianti, A. (2004) Gammarus lacustris (Amphipoda, Gammaridae) nella fauna 
italiana. Studi Trentini di Scienze Naturali, Acta Biologica, 81, 149–156. 

Körner, C. (1998) A re-assessment of high elevation treeline positions and their explanation. Oecologia, 115, 445–459. 
DOI:10.1007/s004420050540 

Lami, A., Rogora, M., Boggero, A., Musazzi, S. & Tornimbeni, O. (2011) WP 2 Idrosfera. Campagna estiva 2011 per la 
caratterizzazione delle acque interne del Parco dello Stelvio. 

Largaiolli, V. (1907) Ricerche biolimnologiche sui laghi trentini. 1. Il Lago di Tovel. Rivista Mensile di Pesca, (1-2-3), 1–6. 
Lazzara, M., Lencioni, V. & Maiolini, B. (2006) I macroinvertebrati (Capitolo 6). In: I laghi di alta montagna del bacino del 

Fiume Avisio (Trentino orientale) (ed. by M. Cantonati and M. Lazzara). Monografie del Museo tridentino di 
Scienze Naturali, 3, 185–207. 

Lencioni, V. & Lazzara, M. (2004) I chironomidi subfossili (Diptera, Chironomidae) del Lago di Tovel (Trentino, Alpi 
centro-orientali): uno sguardo agli ultimi 400 anni. Studi Trentini di Scienze Naturali, Acta Biologica, 81, 155–165. 

Marchesoni, V. & Moretti, G. (1954) Appunti idrobiologici sul Lago di Pilato (q. m 1940) nei Monti Sibillini. Bollettino 
della Società Eustachiana, Anno XLVII, III, 131–144. 

Marchetto, A., Mosello, R., Rogora, M., et al. (2004) The chemical and biological response of two remote mountain lakes in 
the Southern Central Alps (Italy) to twenty years of changing physical and chemical climate. Journal of Limnology, 
63, 77–89. DOI:10.4081/jlimnol.2004.77 

Marcuzzi, G. (1956) Fauna delle Dolomiti. Memorie dell'Istituto Veneto di Scienze e Lettere. Arti, XXXI. 
Marcuzzi, G. (1988) La fauna delle Alpi. Manfrini, Trento. 
Marnezy, A. (2008) Les barrages alpins. De l’énergie hydraulique à la neige de culture. Revue de Géographie Alpine, 96, 

92–102. 



  Biogeographia 32: 77–87  Boggero et al., 2017 86 

Martinez-Sanz, C., Fernandez-Alaez, C. & Garcia-Criado, F. (2012) Richness of littoral macroinvertebrate communities in 
mountain ponds from NW Spain: what factors does it depend on? Journal of Limnology, 71, 154–163. 
DOI:10.4081/jlimnol.2012.e16 

Mascagni, A. & Terzani, F. (1983) Raccolte di Odonati in Trentino-Alto Adige (Insecta: Odonata). Studi Trentini di Scienze 
Naturali, Acta Biologica, 60, 55–65. 

Mastrantuono, L. (1987) Invertebrate community in the littoral regulated area of a hydroelectric lake-reservoir (Lake 
Campotosto, Central Italy). Rivista di Idrobiologia, 26, 17–32. 

Miccoli, F.P., Cicolani, B., Giustini, M., Vignini, P. & Di Sabatino, A. (2005) Nuovi dati sulla distribuzione ed ecologia 
degli Acari acquatici (Acari: Hydrachnidia e Halacaridae) in Piemonte, con una checklist aggiornata delle specie. 
Studi Trentini di Scienze Naturali, Acta Biologica, 82, 29–41. 

Monti, R. (1936) Il Lago di Valparola. Stamperia Moderna, Roma. 
Morabito, G., Boggero, A., Rogora, A., Tartari, G.A., Tornimbeni, O., Mosello, R., Bozelli, R.L. & Manca, M. (2007-2008) 

Limnologia d’alta quota in Val d’Aosta: il Lago Combal. Revue Valdotaine Histoire Naturelle, 61-62, 307–322. 
Moretti, G. (1942) Partecipazione dei tricotteri alle biocenosi costiere del L. di Tovel. Memorie dell’Istituto italiano di 

Idrobiologia, 50, 295–306. 
Moretti, G.P. & Corallini Sorcetti, C. (1991) Mise à jour des populations Trichopterologiques du Lac de Tovel. Proceedings 

VI International Symposium on Trichoptera, Poland, pp. 39–44. 
Mosello, R., Lami, A., Guilizzoni, P., et al. (1993) Limnological studies on two acid sensitive lakes in the Central Alps 

(lakes Paione Superiore and Paione Inferiore, Italy). Memorie dell’Istituto italiano di Idrobiologia, 51, 127–146. 
Nardi, G. (2005) Le "vongole" dei laghi alpini. L'Aviolo, 25, 124–127. 
Nardi, G. (2014) Il genere Pisidium Lamarck, 1818 (Bivalvia, Sphaeriidae) nei laghi alpini della provincia di Brescia. 

Secondo contributo: il bacino idrografico del fiume Caffaro. Bollettino Malacologico, 50, 33–53. 
Nardi, G. & Castagnolo, L. (2009) Il genere Pisidium Lamarck 1818 (Mollusca, Bivalvia, Sphaeriidae) nei laghi alpini della 

provincia di Brescia. Primo contributo: il bacino idrografico del Fiume Oglio. Natura Bresciana, Annali del Museo 
Civico di Scienze Naturali, 36, 5–57. 

Naviglio, L. (1984) Un laghetto glaciale nell'Appennino abruzzese. Aspetti naturalistici del Lago Pantaniello. Natura e 
Montagna, 31(3), 49–57. 

Novelli, M., Meregalli, M. & Della Beffa, G. (1997) Dytiscidae ed Helophoridae (Insecta, Coleoptera) del Parco Naturale 
del Mont Avic (Valle d’Aosta, Italia). Revue Valdôtaine d’Histoire Naturelle, 51, 39–58. 

Oertli, B., Indermuehle, N., Angélibert, S., Hinden, H. & Stoll, A. (2008) Macroinvertebrate assemblages in 25 high alpine 
ponds of the Swiss National Park (Cirque of Macun) and relation to environmental variables. Hydrobiologia, 597, 
29–41. DOI: 10.1007/s10750-007-9218-7 

Osella, G. & Pannunzio, G. (2013) Macrobenthos dei laghetti del Gran Sasso d'Italia. Quaderni del Museo di Storia 
Naturale di Ferrara, 1, 57–67. 

Paganelli, A. (1992) Lake Tovel (Trentino): limnological and hydrobiological aspects. Memorie dell’Istituto italiano di 
Idrobiologia, 50, 225–257. 

Rogora, M., Colombo, L., Lepori, F., Marchetto, A., Steingruber, S.M. & Tornimbeni, O. (2013) Thirty years of chemical 
changes in alpine acid-sensitive lakes in the Alps. Water Air Soil Pollution, 224, 1746. DOI:10.1007/s11270-013-
1746-3 

Rossaro, B., Boggero, A., Buzzi, F., Agostinelli, C. & Nastasi, F. (2012) Description of the larva of Protanypus sp. A 
(Diptera, Chironomidae) from the Italian Alps. Journal of Entomological and Acarological Research, 44, 28–31. 
DOI:10.4081/jear.2012.e6 

Ruffo, S. (1951) Sulla presenza di Gammarus (Rivulogammarus) lacustris G.O. Sars nell’Appennino Ligure e nuovi reperti 
della specie per laghi alpini. Doriana, 1, 1–8. 

Ruggiero, A., Solimini, A.G. & Carchini, G. (2004) Limnological aspects of an Apennine shallow lake. Annales de 
Limnologie, International Journal of Limnology, 40, 89–99. 

Ruggiero, A., Solimini, A.G., Mutschlechner, A., Anello, M. & Carchini, G. (2001) Aspetti limnologici del Lago Racollo 
(1568 m s.l.m.), Campo Imperatore (AQ). Studi Trentini di Scienze Naturali, Acta Biologica, 78, 173–180. 

Seminara, M. & Bazzanti, M. (1988) Trophic level assessment of profundal sediments of the artificial lake Campotosto 
(central Italy), using midge larval community (Diptera: Chironomidae). Hydrobiological Bullettin, 22, 183–193. 

Sommani, E. (1952) Limnologia dei laghi artificiali. II. Il lago di Campotosto. Bollettino di Pesca, Piscicoltura e 
Idrobiologia, 7, 93–111. 

Terzani, F. (1977) Una popolazione di Aeschna juncea L., 1758 al laghetto del Passo di Lavazè (Trento). Rivista 
Entomologica, 2, 18–19. 

Terzani, F. & Mascagni, A. (2005) Odonati del Trentino-Alto Adige e del Cadore (Italia settentrionale). Onychium, 3, 1–10. 
Tonolli, V. (1949) Gli alti laghi della Val Bognanco. Parte II. Memorie dell’Istituto italiano di Idrobiologia, 5, 41–93. 



Boggero et al., 2017 Biogeographia 32: 77–87  87 

Tortonese, E. & Rossi, L. (1954) Contributo allo studio biologico del Parco Nazionale del Gran Paradiso (Alpi Piemontesi). 
Gran Piano di Noasca e dintorni. Atti della Società Italiana di Scienze Naturali, 93, 437–488. 

 

Submitted: 3 October 2017 

First decision: 13 November 2017 

Accepted: 12 December 2017 

Edited by Diego Fontaneto 

 

 




