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ABSTRACT

We publish a dataset on planktic and benthic diatom occurrence in Lake Maggiore, the second Italian lake for depth and surface.
Despite their extensive use in water quality biomonitoring, and their relevance among phytoplankton groups, research on benthic diatoms
in Lake Maggiore are scarce. Diatoms have been collected from surface sediments, littoral stones, macrophytes and water column, in
different times and with different purposes during the last 40 years of the trophic history of the lake. Dataset includes 4124 occurrences
relating to 293 taxa, 269 of which were identified at species level, 16 at subspecies level and 8 at the genus level. All occurrences are

georeferenced.

INTRODUCTION

Diatoms are an abundant, diverse, and important com-
ponent of algal assemblages in freshwater lakes. Because
of their fast-growing season and sensitivity to changes in
nutrient concentrations and ratios, they can respond rap-
idly to environmental variations like eutrophication and
recovery (Smol and Stoermer, 2010). Within phytoben-
thos, diatoms are the most representative component, they
are reliable indicators of the trophic and ecological status
of lakes and together with macrophytes are commonly
used for the evaluation of the ecological status of both
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lotic and lentic waterbodies (King et al., 2006), in order
to achieve a “good ecological status” as established by the
Water Framework Directive (WFD) (European Union,
2000; Foster et al., 2001). Diatoms are arguably the most
important group of algae also for paleolimnological stud-
ies. Their paleoecology has been extensively studied,
mainly because of the excellent preservation and abun-
dance of their frustules as fossil. The fact that many
species have highly predictable distribution patterns re-
lated to water chemistry characteristics (for example nu-
trient concentration or pH) makes them extremely useful
as paleoenvironmental indicators.

Lake Maggiore is part of the Long-Term Ecological
Research Network (https://deims.org/f30007c4-8a6e-
4f11-ab87-569db54638fe). It is the second largest (212.5
km?) and deepest (370 m) subalpine lake in Italy, located
at 194 m asl; it is oligotrophic by nature as shown by pa-
leolimnogical studies (Marchetto et al., 2004) but in the
late 60s nutrient concentration, mainly phosphorus, began
to rise followed by an increase in phytoplankton abun-
dance, biovolume, and primary production. After reaching
a eutrophic state in the late 1970s-early 1980s (TP con-
centration piked up to 35 pg L~! in 1977), the lake gradu-
ally recovered to a stable oligotrophic status by the end
of the 1990s (TP concentrations in the water column
around 10 ug L), thanks to the reduction of catchment P
loads and the sewage treatment plants establishment
(Morabito et al., 2012). However, both reactive and total
phosphorus have slightly increased, in the deep layers,
since 2010, leading to a shift in the lake trophic state to-
wards mesotrophy (Rogora et al., 2021). This pattern was
due to a steadily decline of mixing depth and mixed vol-
ume of water at spring overturn in Lake Maggiore, due to
the increase in thermal stability of the water column re-
sulting from the climate change.

Lake Maggiore, due to its siliceous basin, is a ‘diatom
lake’: considering biomass, diatoms are the dominant
phytoplankton group for most of the year and a valuable
long record of diatom succession is available, thanks to
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the lake’s monitoring programme, started at the end of the
1970’s. Diatoms are known to be sensitive to environmen-
tal changes and shifts in diatom assemblage composition
are frequently the first indication of ecological perturba-
tions. Despite their extensive use in biomonitoring of river
(Potapova and Charles, 2007; Rimet and Bouchez, 2012)
and, in less proportion, of lakes (Bennion ef al., 2014;
Poikane et al., 2016) water quality, available data on di-
atoms in Lake Maggiore are scarce and focused on the dy-
namics of contemporary plankton (Morabito ef al., 2012;
Caroni et al., 2012) or on palacoecological studies (Mar-
chetto and Musazzi, 2001; Marchetto et al., 2004). Only
in 2021 a pilot study attempted to evaluate the biodiver-
sity of phytobenthos (Boggero et al., 2022).

In 1998, 14 short sediment cores (9-84 cm) were taken
from 12 sites (Fig. 1) in Lake Maggiore (Marchetto et al.,
2001), using a gravity corer 63.5 mm in diameter. Each
core was cut lengthways, sliced into 1-cm sections, and
dated using either *’Cs or 2!°Pb. Diatoms were cleaned
following Battarbee et al. (2001), and mounted with
Naphrax. For each sample, at least 500 valves were iden-
tified and enumerated. This study focused on environmen-
tal reconstruction, and the use of diatom assemblages to
reflect nutrients pressures and establishing “reference
conditions”, assuming that samples, collected in profundal
sediments, contain diatoms representative of all habitats
within the lake and provide an integrated flora, both in
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Fig. 1. Location of the sampling sites distributed along the N-S
axis and differentiated by habitat.

time and space (King ef al., 2006). In this paper we pres-
ent data related to the surface sediment samples.

In 2021, within the project “Search and innovation on
Lake Maggiore: water quality bio-indicators along the
pelagic-lake shore benthic communities continuum”,
aimed to monitoring contemporary phytobenthos, samples
of benthic diatoms were taken by scraping five stones
(usually cobbles and small boulders) and macrophytes fol-
lowing a European wide standardized sampling protocol
(Manuals ICP WATERS, 2010). Samples were taken from
the littoral zone, in 8 stations identified along the perime-
ter of the lake (Fig. 1) as reported in Boggero et al. (2022).
Samples were also collected in the Bolle di Magadino
wetland, which is in direct hydraulic connection with the
lake. For each sample, at least 400 valves were identified
and enumerated. This work represents the first floristic
study of littoral phytobenthos in Lake Maggiore.

Benthic and sedimentary diatoms were analysed using
a light microscope at 1000x magnification (Zeiss Axiolab)
and identified to the lowest taxonomic level (mainly
species). In 1998 Diatom taxonomy followed Krammer
and Lange-Bertalot (1986-1991), integrated in 2021 with
Lange-Bertalot (2001), Krammer (2000, 2002, 2003),
Lange-Bertalot ef al. (2011), Cantonati ef al. (2017) and
with the papers by Potapova and Hamilton (2007) and Van
de Vijver et al. (2022) concerning the Achnanthidium
minutissimum species complex and Fragilaria rumpens
complex respectively. Results were expressed as relative
abundances.

Phytoplankton data were collected in the framework
of Lake Maggiore limnological monitoring programs by
the International Commission for the Protection of Swiss-
Italian Waters (CIPAIS) started at the end of the 1970°s
and still ongoing. Annual reports are available and pub-
lished at the address: https://www.cipais.org/. Samples for
phytoplankton analysis were collected at the station of
Ghiffa corresponding to the point of lake's maximum
depth (370 m). A bottle designed to take an integrated
sample in the 0-20 m water layer was used. Water samples
for phytoplankton analysis were collected fortnightly
from March until October, and monthly during January,
February, November, and December. Diatom determina-
tions were carried out on subsamples of integrated sample
(0-20 m) preserved in acetic Lugol's solution. Algal cells
were counted on a Zeiss Axiovert 10 microscope at 400X,
according to CEN (2004) and Lund et al. (1958), until 400
cells for the most important species were counted. Bio-
mass was estimated from density data and original meas-
urements of cell volume (Smayda, 1978 and Hillebrand
et al., 1999). Species were identified using the series
Stipwasserflora von Mitteleuropa and Das Phytoplankton
des Siifwassers.

The aim of this data paper is to gather all the available
data on diatom community in Lake Maggiore in a formal
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dataset to make it available for further water body studies
and management guidelines.

Dataset description

Metadata: This data set includes diatom information or-

dered in the following 2 csv sheets, with each row con-

taining a record of a diatom taxon from a sample from

Lake Maggiore. The columns report the updated taxon

name, additional taxonomic information together with ori-

gin of the data, and habitat:

i. Sedimentary and benthic diatoms, containing 26
columns headered using DwC term name
(http://rs.tdwg.org/dwc/terms/): occurrencelD, organ-
ismID, basisOfRecord, scientificName, Kingdom,
Phylum, Subphylum, Class, Subclass, Order, Family,
Genus, specificEpithet, infraspecificEpithet, taxon-
Rank, eventID, eventDate, samplingProtocol, deci-
malLatitude, decimalLongitude, geodeticDatum,
countryCode, locality, references, organismQuantity,
organismQuantity Type.

ii. Planktic diatoms, containing 26 columns headered
using DwC term name (http://rs.tdwg.org/dwc/terms/):
occurrencelD, organismID, basisOfRecord, scientific-
Name, Kingdom, Phylum, Subphylum, Class, Sub-
class, Order, Family, Genus, specificEpithet,
infraspecificEpithet, taxonRank, eventID, eventDate,
samplingProtocol, decimalLatitude, decimalLongi-
tude, geodeticDatum, countryCode, locality, refer-
ences, sampleSizeValue, sampleSizeUnit.

Licence data: Creative Commons Attribution (CC-BY)

4.0 License

Object name: Diatom occurrence in Lake Maggiore

Data set citation: Diatom occurrence Lake Maggiore

Format name: csv

Date of creation: 15 September 2022.

Date of last revision: 15 October 2022.

Date of publication: 14 November 2022.

Metadata language: English

Distribution (permanent link): GBIF, https://doi.org/10.

15468/w25yy5

Licence of use: both access and use are free to any user.

The authors would appreciate users providing a link to the

original dataset (GBIF) and a citation the present paper,

or to be included as co-author in a new paper. Stakehold-
ers interested in additional information can contact au-
thors via the contact information provided in the metadata.

Management details

Title: A georeferenced dataset of living and sedimentary
diatoms in Lake Maggiore.

Resource  (=data)  contacts: Simona  Musazzi
(simona.musazzi@cnr.it), Martina Austoni (martina.aus-
toni@cnr.it)

Resource creators: Simona Musazzi, Martina Austoni,
Aldo Marchetto (aldo.marchetto@cnr.it).

Metadata provider: Simona Musazzi, Martina Austoni.
Metadata manager: Simona Musazzi, Martina Austoni,
Lyudmila Kamburska (lyudmila.kamburska@irsa.cnr.it).

Geographic coverage

Study area: the sampling sites for sediment cores are dis-
tributed along the N-S axis, the sites for benthic diatoms
are located along the shore perimeter, samples for the
planktic diatoms were taken at the deepest point (Fig. 1).
Data are georeferenced according to WGS 84 datum.
Bounding box: min longitude: 8.45 — max longitude: 8.95
— min latitude: 45.66 — max latitude: 46.27.

Sampling design: The general strategy was to gather all
the available published data on diatom community in
Lake Maggiore in a formal dataset covering different eco-
logical niches.

Habitat type: sediment, stones, macrophytes and water
column.

Biogeographic region: Continental (EEA, 2017).
Country: Ttaly

Taxonomic coverage

General description: the data set covers organisms of the
Phylum Bacillariophyta.

Taxonomic ranks: Data from subspecies to species, genus,
family, order, and class rank were included in the dataset.
Taxonomic methods: Given the continuous changes in bi-
ological nomenclature, all scientific names published
were checked and updated to the currently accepted
nomenclature, following the Algaebase: Listing of
World’s Algae (Guiry and Guiry, 2021).

Taxon specialists: Simona Musazzi, Martina Austoni,
Aldo Marchetto.

Temporal coverage: 23/01/1984 - 10/11/2021

Sedimentary diatoms: one sampling activity during spring
1998.

Benthic diatoms: one sampling activity during autum
2021.

Planktic diatoms: monthly and fortnightly collecting ac-
tivity since 1984-2007 during spring season.

Key words: Occurrence, checklist, metadata

Associated parties: CNR-IRSA (https://registry.gbif.org/
institution/9443e624-7071-4d54-b05d-a69c268bfel5)
Project data

Title: GBIF dataset of freshwater diatom occurrence in
Lake Maggiore (Italy).


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15468/w25yy5
https://doi.org/10.15468/w25yy5
https://doi.org/10.15468/w25yy5
mailto:simona.musazzi@cnr.it
mailto:lyudmila.kamburska@irsa.cnr.it
https://registry.gbif.org/institution/9443e624-7071-4d54-b05d-a69c268bfe15
https://registry.gbif.org/institution/9443e624-7071-4d54-b05d-a69c268bfe15
https://registry.gbif.org/institution/9443e624-7071-4d54-b05d-a69c268bfe15

S. Musazzi et al.

Identifier: 2022 Diatom of Lake Maggiore.

Description funding: All these investigations have been
gathered in the frame of the research program funded by
the International Commission for the Protection of Swiss-
Italian Waters (CIPAIS). https://www.cipais.org/

Study area description: Lake Maggiore is a large (212.5
km?), deep (370 m), oligotrophic, subalpine lake, located
in northern Italy at an altitude of 194 m asl.

Design description: Since 1974, CIPAIS has been promot-
ing and contributing to the funding of research on the
ecosystem evolution of Lakes Maggiore and Lugano, in
relation to the environmental and climatic change. This
activity carried out since 1978 in the face of five-year (or
three-year from 2013) research programs ensured the sys-
tematicity for the acquisition of hydrological, meteoro-
logical and limnological data relating to lakes, their
tributaries and hydrographic basins.

Project personnel: Simona Musazzi, Martina Austoni,
Aldo Marchetto.

Sampling methods

Study extent: the dataset contains information on 4124
occurrences for 293 taxa. The occurrences were recorded
during the years 1984-2021 The study area is 212.5 km?.
Sampling description: Sediment cores were taken using
a gravity corer 63.5 mm in diameter. Each core was cut
lengthways, sliced into 1-cm sections, and dated using
either 137Cs or 210Pb. Diatoms were cleaned following
Battarbee ef al. (2001) and mounted with Naphrax. For
each sample, at least 500 valves were identified and enu-
merated. Benthic diatoms were taken by scraping five
stones (usually cobbles and small boulders) and macro-
phytes following a European wide standardized sam-
pling protocol (Manuals ICP WATERS, 2010). Samples
were taken from the littoral zone, in 8 stations identified
along the perimeter of the lake and in the Bolle di Mag-
adino wetland, an area which is in direct hydraulic con-
nection with the lake as reported in Boggero et al.
(2022). Digestion followed standard procedures. For
each sample, at least 400 valves were identified and enu-
merated. Samples for phytoplankton were all collected
at a central sampling site, corresponding to the point of
lake’s maximum depth (370 m). Samples were always
collected with an integrating bottle in the 0-20-m water
layer, corresponding to the euphotic layer in Lake Mag-
giore. Counting followed CEN (2004) and Lund et al.
(1958).

Quality control: Quality control for geographic data: co-
ordinates were collected by GPS during sampling and ver-
ified on topographic maps.

Quality control for taxonomic data: before publication of
the data set, algal taxon spelling and authorship were ver-
ified and updated using Algaebase: Listing of World’s
Algae (Guiry and Guiry, 2021).

CONCLUSIONS

The present dataset offers a holistic perspective about
the distribution of diatom taxa in Lake Maggiore. We
agree to publish the present form in order to share knowl-
edge acquired, for a better understanding of ecology and
population dynamics of this algal group related to the en-
vironmental and climatic changes.
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