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SUMMARY

Islands represent living laboratories for investigating biodiversity and animal colonization patterns. Despite this,
many insect groups remain poorly investigated in these systems, particularly within the Mediterranean Basin.
Fireflies (Coleoptera, Lampyridae), besides their ecological, cultural, and conservation relevance, are no
exception. Here, we present the first comprehensive synthesis of firefly occurrence across major and minor Italian
islands, integrating standardised nocturnal surveys conducted within the L.U.C.E. (“Lighting up the understudied
charismatic fireflies of Europe”) project with validated citizen-science records derived from the iNaturalist
platform. This integrative approach enabled a complete assessment of species occurrence, spatial patterns, and the
complementary value of structured fieldwork and citizen-generated records. Surveys were conducted in Italy
between 2023 and 2025 across two major islands (Sardinia and Sicily) and thirteen small islands. Occurrence data
were analysed to quantify taxonomic richness, island occupancy, and the relative contributions of each data source
across islands. Overall, we recorded 10 taxa (including species and subspecies) on Italian islands, representing
50% of the firefly species currently recognised at the national level. Species richness and record abundance were
significantly higher on larger islands. In contrast, small islands generally hosted one or two taxa, reflecting classic
island biogeography patterns and limited dispersal abilities linked to firefly life-history traits. Comparison between
data sources revealed a strong complementarity. Citizen-science records provided broad spatial coverage,
particularly on easily accessible and frequently visited islands, but often lacked fine taxonomic resolution.
Conversely, targeted surveys yielded fewer records overall but were essential for detecting poorly known
populations, achieving accurate species-level identification, and documenting rare or previously unrecorded taxa.
Notably, the detection of Lampyris pallida on Linosa, confirmed through DNA barcoding, represents the first
record of this species for Italy.

INTRODUCTION

Islands are dynamic ecological systems, in which
biodiversity is shaped by geographic isolation, anthropogenic pressures (Gillespie and Roderick,
limited spatial extent, and ongoing processes of 2002; Fattorini et al., 2018). In particular, small
colonisation and extinction (Whittaker et al., 2017, islands and archipelagos often host strongly
Thomas et al., 2022; Mori et al., 2025a). These differentiated biological communities compared with

conditions are particularly important for wildlife and nearby mainland areas, making them both

research, while, at the same time, exhibiting high
vulnerability to environmental changes and

especially for insects, whose distribution, dispersal,
and diversification patterns can differ markedly from
those observed in continental environments,
sometimes promoting the emergence of localised
endemisms (e.g., Massa and Fontana, 2020;
Lhoumeau and Borges, 2023; Ramirez et al., 2024).
Consequently, insular faunas have long represented a
major focus of entomological and biogeographical
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scientifically valuable and ecologically fragile
systems (Tojo et al., 2017; Calado et al., 2024, 2025).

The Mediterranean Basin is recognised as
one of the most important global biodiversity
hotspots (Medail and Quezel, 1999; de Jong et al.,
2014), characterised by high endemicity rates and a
long, complex history of interactions among
climatic, geological, and anthropogenic factors.
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Within this context, Mediterranean islands, which
vary widely in size, geological age, degree of
isolation, and intensity of human colonisation,
constitute a mosaic of ecosystems which promote
both speciation processes and the persistence of relict
taxa (Gippoliti and Amori, 2004; Gentile and
Argano, 2005; Kondraskov et al., 2015). Larger
islands, such as Sicily and Sardinia, feature
considerable environmental heterogeneity, including
diverse geological substrates and broad elevation and
bioclimatic gradients (Salvi et al., 2009; Bonardi et
al., 2022). At the same time, smaller islands and
satellite islets, often overlooked in biodiversity
surveys, play a crucial role as ecological refuges and
as privileged settings for investigating evolutionary
processes at fine spatial scales (Foggi et al., 2015;
Hand et al., 2017; Muscarella and Baragona, 2017;
Gallozzi et al., 2023; Faraone et al., 2025). Despite
this remarkable complexity, insect communities on
Mediterranean  islands remain  incompletely
documented, and their current distribution patterns
are increasingly  influenced by  habitat
transformation, local extinctions, and shifts in
species composition (e.g., Mavridis, 2003; Palombo,
2018).

In this context, fireflies (Coleoptera,
Lampyridae) represent an ecologically and culturally
important group of beetles, despite including a low
number of species with respect to other beetle
groups. Globally, the family Lampyridae includes
over 2,600 described species, across 12 subfamilies
(Martin et al., 2017, 2019; Ferreira et al., 2020;
Bocakova et al., 2022; Keller at al, 2024
[https://lampyridae.world/#/, accessed on
04/Feb/2026]). Bioluminescence, used as a
reproductive display by many species of fireflies
(Zhu et al., 2024), makes glowing adults easily
detectable during nighttime surveys in spring and
summer, especially in temperate regions (Picchi et
al., 2013; Branchini et al., 2014). In recent times,
Eurasian populations of several species have
declined significantly, possibly due to habitat loss,
light pollution, and pesticide use (Chow et al., 2014;
Lewis et al, 2020). Potential competition with
recently introduced alien firefly species has also been
cited as a further cause for concern (Gil-Tapetado et
al., 2024).

Italy represents a biodiversity hotspot in
Europe, hosting one of the richest firefly faunas on

the continent, with at least nineteen species currently
reported (Fanti, 2022). Despite this, fireflies, like
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many other invertebrate groups, have been largely
neglected in global conservation frameworks and
initiatives (Lewis et al., 2020). Moreover, a lack of
integrative taxonomic revisions has contributed to a
historical nomenclatural confusion, with multiple
authors assigning different names to the same species
(see www.iucnredlist.org, www.lampyridae.it, both
accessed on 10.01.2026; Fanti, 2022). As a result,
robust and reliable data on population trends for
Italian fireflies are still lacking (but see Picchi et al.,
2013). Knowledge on their spatial distribution also
remains highly uneven, particularly in insular
environments, where historical data are fragmented
and systematic surveys are still limited.

In this study, we analysed firefly occurrence
on talian islands, by integrating data from structured
field sampling conducted within the L.U.C.E. project
(www.iret.cnr.it/progetto/luce/ Accessed on
10.01.2026), a national initiative digitising historical
and newly collected firefly specimens financed by
TETTRIs in the framework of the Horizon Europe
Programme (Www. tettris.eu accessed on
10.01.2026), and citizen-science records uploaded to
iNaturalist ~(www.inaturalist.org accessed on
09.01.2026). Specifically, we aimed to assess the
specific and complementary contributions of these
two types of data sources in describing the presence
and distribution patterns of insular Lampyridae,
providing a more comprehensive and up-to-date
overview of firefly occurrence on Italian islands.

MATERIALS AND METHODS
Firefly collection

Fireflies were surveyed on Italian major and on most
minor islands (Fig. 1) through targeted field
sampling conducted in May-October 2023 and 2025.

Sampling sites were selected by actively
searching for areas matching the main ecological
requirements of fireflies, and on the current
knowledge on their documented distribution (Fanti,
2022 and references therein), including the absence
or low presence of artificial lighting, low levels of
disturbance and pollution, and the presence of humid
habitats with natural or semi-natural vegetation (e.g.,
Picchi et al., 2013; Camerini, 2022).

At each selected site, fireflies were recorded
between May and October 2023-2025, using
standardised visual transect surveys, or (for Luciola
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100  200km

Figure 1. Location of the studied Italian sampling sites. 1: Tuscan Archipelago; 2: Pontine Islands (southern coast of Lazio);
3: Campanian archipelago, 4: Aegadian (Egadi) Islands; 5: Pantelleria and Pelagian Islands (Sicily); 6: Tremiti Islands
(Puglia), 7: Asinara Island (Sardinia), 8: Sardinia region, 9: Sicily region. The inset shows the position of Italy within the
Mediterranean basin. Islands mentioned in the manuscript are labeled in the figure.

spp.) by inspecting locations with the presence of
flashing adults. Surveys were conducted after the
sunset, between 21:00 and 00:00 (local solar hour),
under favourable weather conditions (i.e., calm
winds and no precipitation).

Linear transects (100 m in length) were
opportunistically established within suitable habitats
to maximise the detectability of adult individuals at
night, particularly for the genus Luciola Laporte,
1833, which shows very evident and bright males
(Camerini, 2025). Females producing and non-
producing light were searched for on vegetation and
along ground surfaces within the same transects
(Camerini, 2025). During these nocturnal surveys,
also pre-imaginal stages were recorded when
detected on the surface or by turning over stones and
leaf litter along the same transects. For species
belonging to the genus Lampyris Geoffroy, 1762,
adult male detection was facilitated using two red
LED lights (Kiveld et al., 2023), which proved
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effective in attracting individuals (Dreisig, 1978; Tisi
etal.,2014). Adult female Lampyris are wingless and
were sampled at night by slow visual searches for
their stationary bioluminescent glow close to the
ground, followed by hand collection.

Citizen-science data

Citizen science has become an increasingly
widespread and valuable tool in the study of
entomofauna (e.g., Viviano et al., 2024; Lagrotteria
et al., 2025; Roccatello et al., 2025; Sogliani, 2026).
Among insects, fireflies are suitable to be studied
through citizen science projects as being attractive
and charismatic insects (Viri¢ Gaspari¢ et al., 2022).
To complement field-collected data and allow
comparison with citizen-science records, all firefly
records available for the Italian peninsula were
downloaded from the online platform iNaturalist
using the search keyword “Lampyridae” (accessed
on 15 November 2025).

Lagrotteria et al., 2026



To ensure the reliability of species
identifications derived from iNaturalist, we restricted
our dataset to observations that had achieved
“Research Grade” status. Within the iNaturalist
framework, observations are classified as Research
Grade when they meet specific quality criteria,
including the presence of a verifiable date,
geographic coordinates, photographic evidence, and,
critically, a community-supported taxonomic
identification below the family level, typically
reached through agreement among multiple users.
While this community-based validation process has
been shown to provide generally reliable
identifications, we acknowledge that its accuracy
ultimately depends on the availability of diagnostic
features in the submitted media and on the taxonomic
expertise of contributors. In particular, taxa with mild
morphological differences or requiring specific
viewing angles may be more prone to
misidentification. For this reason, we further
screened observations by evaluating the visibility of
key diagnostic characters and excluding records that
were deemed ambiguous or insufficiently

documented. We also recognize that, for some
groups (e.g., species within the genus Luciola),
recent taxonomic and molecular evidence suggests a
higher level of cryptic diversity than previously
assumed, potentially complicating identification
based solely on photographic records (Mori et al.,
2023). To mitigate this issue, we adopted a
conservative approach, retaining only those records
for which diagnostic features were clearly
discernible, and treating uncertain cases with caution
(e.g., exclusion or assignment at a higher taxonomic
level where appropriate). Furthermore, all citizen
science records were verified and furtherly
confirmed at the species level by firefly experts on
the platform, using currently known diagnostic traits,
wherever possible. When identification at the species
level was not possible, individuals were only
classified as “Lampyridae” and excluded from our
dataset. From this dataset, only occurrences referring
to Italian major and minor islands were extracted and
retained for subsequent analyses. These data were
then compared with specimens and observations
collected during field surveys (Fig. 2).

Figure 2. Maps of Italy showing the spatial distribution of firefly (Lampyridae) observations. Violet dots represent citizen-
science records downloaded from the iNaturalist platform, whereas yellow dots indicate firefly occurrences collected during
the targeted field sampling campaign conducted in 20242025 in the framework of the L.U.C.E. project.

Lagrotteria et al., 2026
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Species determination

To provide an overview of the species recorded
across major and minor Italian islands, and to assess
the relative contribution of citizen-science and
scientific data to the overall species checklist, species
occurrence data were summarised and compared
between island groups and data sources.

Species  were  identified  following
morphological diagnostic features on sampled adults,
following Fanti (2022) and De Cock (2007).
Whenever necessary (e.g., in the case of larvae),
genetic features such as DNA barcoding were
employed to confirm species identification (Baratti et
al., 2025; Mori et al., 2025b). In particular, DNA
barcoding was based on sequencing a 638-bp
fragment of the mitochondrial COI gene, using
standard protocols and generic primers, HCO 2198
(5’-TAAACTTCAGGGTGACCAAAAAATCA-3’)
and LCO 1490 (5°-
GGTCAACAAATCATAAAGATATTGG-3")
(Folmer et al., 1994). Given the recent nomenclatural
uncertainties upon this taxonomic group, we
cautiously decided to use names currently adopted in
widely used conservation resources, e.g. the [UCN
Red List, which had not yet incorporated the updated
nomenclature at the time of our analysis
(www.iucnredlist.org Accessed on 10.01.2026).
Therefore, we called Lampyris plurihomonyma
Fanti, 2022 (as proposed by Fanti, 2022, and
accepted by the International Commission on
Zoological Nomenclature: www.iczn.org Accessed
on 02.04.2026) as Lampyris lareynii maculata
Geisthardt, 1987, and Lampyris somnambula Costa,
1874 (as proposed by Fanti, 2022, and accepted by
the International Commission on Zoological
Nomenclature) as Lampyris vesuvius Geisthardt,
2007. Moreover, we considered Nyctophila J. E.
Olivier, 1884 as a subgenus of Lampyris, following
Fanti (2022).

To assess differences in the number of
records obtained through fieldwork and citizen-
science observations, we applied chi-square tests of
independence for each species to determine whether
significant differences occurred between the two
sampling methods (Sokal and Rohlf, 2012). For each
taxon, observed frequencies of records derived from
the two data sources were compared using a 2x2
contingency table. Tests were conducted with one
degree of freedom (df=1). Statistical significance
was evaluated at 0=0.05. All analyses were
performed using R version 4.2.2 (R Core Team,
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2022). We used the ggplot2 package for R
(Wickham, 2016).

For each island, species, and data source, the
number of records was quantified as the total count
of records. Islands were then categorised into major
islands (Sicily and Sardinia) and minor islands,
allowing for separate visualisation strategies adapted
to differences in data density and species richness.

Species occurrence patterns on major islands
were visualised using bar plots showing the number
of records per species, with data source indicated by
colour and islands displayed in separate facets. For
minor islands, where occurrences were generally
sparser,  species—island  relationships  were
represented using bubble plots, in which point size
reflected the number of records and colour denoted
the data source.

Species—Area Relationship (SAR)

To further support the general biogeographical
context, we measured the species—area relationship
(SAR), i.e. the increase in species number with area
expected by the Theory of Island Biogeography
(MacArthur and Wilson, 1967; see also Fattorini et
al., 2017), by relating the number of firefly species
recorded on each island-to-island area (km?).
Observed species richness was calculated as the total
number of species detected per island, regardless of
the number of records. A log-log linear model was
applied for graphical and descriptive purposes only,
in order to visualise large-scale patterns and it was
not intended to be strictly inferential. We also tested
whether species number in each island was related to
the shortest distance from the peninsula, also
expected by the Theory of Island Biogeography
(MacArthur and Wilson, 1967).

RESULTS

We collected 412 firefly occurrences from 15 islands
(Sardinia and Sicily, and 13 minor islands; Table 1,
Fig. 2, Table S1 and Fig. SI in Supplementary
Material 1). 75% of records (N=307) were derived
from iNaturalist, and 25% (N=105) from targeted
field searching in the framework of the L.U.C.E.
project. Despite targeted field-work, we were not
able to find fireflies on 8 other small islands and
archipelagos: La Maddalena Archipelago (Sardinia),
Montecristo (Tuscany), Pianosa (Tuscany), Capraia
(Tuscany), Giannutri (Tuscany), Aeolian Islands
(Sicily), Pantelleria (Sicily), and Lampedusa (Sicily).

Lagrotteria et al., 2026



Table 1. Geographic location of sample collection (coordinates, decimal WGS84), area, maximum elevation, perimeter,
and distance to the closest mainland of major and selected small Italian islands.

Area Max Perimeter LLREIEHED
Archipelago Island Latitude N  Longitude E (km?) elevation (km) mainland
(m a.s.l.) (km)
Major islands
Sardinia 37.55° 9.04° 24090.0 1834 1897 188
Sicily 37.44° 13.41° 25832.4 3403 1637 3
Small islands
Aegadian Favignana 37.55° 12.19° 19.7 302 33 6
Aegadian Marettimo 37.58° 12.03° 12.1 686 18 30
Campane Capri 40.33° 14.14° 10.4 585 17 5
Campane Ischia 40.43° 13.54° 46.3 789 34 9
Pelagian Linosa 35.51° 12.52° 53 195 11 162
Pontine Ponza 40.54° 12.57° 7.5 280 21 33
Pontine Ventotene 40.47° 13.25° 1.4 139 7 46
Pontine Zannone 40.58° 13.03° 1.1 194 5 27
Tremiti San 42.06° 15.29° 0.4 75 3.7 23
Nicola
Tuscany Elba 42.46° 10.16° 2235 1019 147 9
Tuscany Gorgona 43.25° 9.53° 2.2 255 5 36
Tuscany Giglio 42.21° 10.54° 21.2 498 28 26
Circum-Sardinian Asinara 41.04° 8.18° 52.0 408 110 27
200 193
e
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Figure 3. Firefly records from Italian islands from two sources: citizen-science data from iNaturalist (shown in violet) and
L.U.C.E. project data (mostly specimens collected, shown in yellow). Bars indicate the total number of records per island,
with islands ordered by major islands first (Sicily and Sardinia), followed by minor islands.
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Comparison of firefly records through different
methods

The qualitative comparison between records
collected through the L.U.C.E. project and citizen-
science records from iNaturalist revealed a strong
complementarity between the two data sources
across Italian islands (Fig. 2). Chi-square tests
comparing the number of records obtained with the
two sampling methods (df=1) showed significant
differences only for Lampyris ambigena Jacquelin
Du Val, 1860 (¥*>=10.9, p=0.001), Lampyris
sardiniae Geisthardt, 1987 (¥*>=8.6, p=0.003), and
La. lareynii maculata (¥*=7.9, p=0.005). The first
two species were recorded significantly more
frequently through citizen science, whereas La. I
maculata, which has a more restricted geographic
range, was mainly detected through targeted
scientific fieldwork.

On the major islands (Sicily and Sardinia),
iNaturalist provided the highest number of records,
whereas L.U.C.E. contributed a smaller but still
substantial number of records. In contrast, on Elba
Island, L.U.C.E. served as the primary source of data,
with a significantly higher number of records
compared to iNaturalist. On minor islands, several
cases clearly emerged in which one of the two
sources constituted the only available evidence of
firefly presence. In particular, some islands lacked
iNaturalist records and were represented exclusively
by fieldwork related to the L.U.C.E. project (i.c.,
Asinara, Linosa, and Marettimo), highlighting the
key role of structured sampling in filling information
gaps in areas poorly covered by citizen-science data.
Conversely, on other islands, firefly records were
present only on iNaturalist or were more numerous
than those collected by L.U.C.E., as in the case of
Ventotene and Capri, emphasising the importance of
citizen-science records in frequently visited areas

(Fig. 3).

Species occurrence among islands

Bar plots showing the number of records per species
in major islands are shown in Figure 4a, whereas
bubble plots, where point size reflects the number of
records on minor islands, are represented in Figure
4b.

Overall, by combining the two data sources,
nine firefly species were recorded on Italian islands.
On the major islands (Sardinia and Sicily), the
species composition of fireflies and the relative
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contribution of the two data sources (L.U.C.E. and
iNaturalist) show distinct patterns in terms of both
taxonomic richness and numbers of records.
Lampyris sardiniae in Sardinia and La. ambigena in
Sicily were the most represented species, with the
highest total numbers of records. Other taxa were
recorded exclusively through citizen-science data,
highlighting that iNaturalist records often do not
reach species-level identification and are limited to
genus-level assignments in over 20% of occurrences.
In contrast, L.U.C.E. data provided more accurate
taxonomic identification. In this context, Luciola
pedemontana Curtis, 1843 was recorded exclusively
through L.U.C.E. data on both islands, and Lampyris
(Nyctophila) bonvouloirii Jacquelin du Val, 1860
only in Sicily, where it appears widespread and
sympatric with La. ambigena (Fig. 5).

On the minor Italian islands, firefly records
were generally sparse and heterogeneous, with most
species recorded on only one or a few islands and a
limited number of records per species. Overall, data
from iNaturalist provided the majority of records
across islands, whereas data collected within the
L.U.C.E. project contributed fewer samples, but with
higher taxonomic resolution (Fig. 4).

Several species were recorded exclusively on
a single island, highlighting the fragmented and
localised nature of firefly distributions in small
insular systems. For instance, La. bonvouloirii was
detected only on Favignana (besides Sicily main
island), Lampyris brunnea Geisthardt, 1987 only on
Asinara (northern Sardinia), and Lampyris pallida
Geisthardt, 1987 only on Linosa (Fig. 5). In
particular, two larvae of this last species were
detected in Linosa island, and their ID was confirmed
through molecular barcoding (Baratti et al., 2025:
COI GenBank accession number: PV988323, 100%
identity with samples of the same species from
Malta, GenBank accession numbers: MT909026 and
MHS510746), representing the first record of the
species for Italy.

Additionally, some species were
documented exclusively through either citizen-
science records or targeted surveys conducted by the
L.U.C.E. project. For instance, Lampyris vesuvius
was detected on the Pontine (Ventotene and Ponza)
and the Campanian Islands (Ischia and Capri) based
only on citizen-science data, whereas Lu.
pedemontana was recorded only through L.U.C.E.
data and on a larger number of islands.
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Figure 5. Distribution of firefly species records in Sicily and the surrounding islands, based on a combination of iNaturalist
and L.U.C.E. data.

41 1og(S)= 0.13+0.09-l0g(A) o
R2=0.44
—~ 3 7
Q
©
(@)
(73]
()]
o
0
G 2
()
o
[72]
>
=
2
=
=2
1l o o 0o o @ °

10 100 1000 10000
Island area (km?, log scale)

=

Figure 6. Species—area relationship (SAR) of fireflies on Italian islands. The log plot shows how species richness increases
with island area.
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While the major islands (Sardinia and Sicily)
host relatively widespread and well-documented
firefly species, the minor islands are characterised by
sparse and highly localised occurrences. A positive
species-area relationship was detected, with larger
islands hosting a higher number of species than
smaller ones (Fig. 6). However, the low scaling
exponent suggests that island area alone only
partially accounts for the observed patterns, with
localized distributions and island-specific factors
likely contributing substantially. Distance from the
peninsula was not related to the number of firefly
species found on islands (R?=0.12).

DISCUSSION

We here provide the first comprehensive synthesis of
firefly occurrence on Italian islands by integrating
targeted scientific fieldwork and citizen-science data.
By combining standardised surveys conducted
within the L.U.C.E. project with records from
iNaturalist, we substantially improved knowledge on
the distribution and taxonomic composition of
insular firefly populations across a wide range of
Mediterranean island systems. Our results highlight
both the ecological uniqueness of island firefly
assemblages and the strong complementarity
between structured and citizen-science data, while
also spatial and taxonomic gaps which may have
important  implications for guiding future
conservation and monitoring efforts.

Only eight out of the 20 firefly species
mentioned for Italy (Fanti, 2022) were recorded
across Italian islands, confirming that insular
Lampyridae  assemblages are taxonomically
depauperate compared to the mainland fauna. With
respect to previous literature (Fanti, 2022), we
reported for the first time Lampyris pallida for Italy
(Linosa island), and we detected first records of
Lampyris fuscata Geisthardt, 1987 in Gorgona island
(possibly as a result of an introduction, as occurring
on the Italian mainland at the same latitude), of La.
bonvouloirii and La. ambigena in Favignana, and of
La. vesuvius in Ventotene.

Luciola pedemontana was confirmed to
occur also in Sardinia (Liberti, 1995; Day, 2009; De
Cock et al., 2010) and Sicily (Bologna et al., 2021;
Fanti, 2022), as also confirmed by our genetic
analyses on samples collected in those islands. In
support of this hypothesis, Corsican and Sardinian
populations of Luciola pedemontana are genetically
strikingly similar to that of Central Po River Valley,
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in the north of Italy — a pattern otherwise difficult to
explain if not by recent unintended human-mediated
colonization.

In Sicily, Lu. pedemontana was observed
near Messina (Fig. 5), in close geographical
proximity to the Calabrian populations; previous
records from Sicily lacked precise locality
information and were reported only at the regional
level (“Sicily”), making the GPS-referenced records
presented here particularly valuable. Previous
anecdotal reports of Lu. pedemontana dating back
approximately 10—15 years suggested the presence of
this species in the Parco Jalari area (Barcellona Pozzo
di Gotto, Messina) and near a lake in the Palermo
area (possibly Lake Poma or Lake Piana degli
Albanesi), but these lacked specimen-based
confirmation (Raphael De Cock, personal
communication, 2026). Therefore, a late Pleistocene
colonization via land bridges should be considered in
future studies, as it occurs in other species
(Canestrelli and Nascetti 2008, Stock et al., 2008,
Colomba et al., 2022). Luciola pedemontana was
also found in several small islands, including Elba
and Giglio (see Fanti, 2022). Additional records from
Ischia, Ponza, Ventotene, and Zannone, which were
not reported by Fanti (2022), are presented here as
well. Luciola pedemontana was also recorded from
Gorgona Island by Fanti (2022) based on a specimen
preserved at the Natural History Museum of Firenze
“La Specola”.

In addition to the occurrences reported here,
Fanti (2022) reported La. sardiniae from four
circum-Sardinian islands (La Maddalena, San Pietro,
Isola La Vacca, and Sant’Antioco), based on
specimens collected in the 1980s-1990s; La. lareynii
maculata (under the name “La. plurihomonyma”)
from Pianosa island (Natural History Museum of
Pisa in Calci collection), and La. vesuvius (under the
name “La. somnambula”) from Zannone and
Palmarola (collected in 1950). However, they could
not be confirmed in our survey.

This pattern is consistent with classic
predictions of island biogeography theory
(MacArthur and Wilson, 1967), whereby species
richness is constrained by isolation and habitat
availability, as well as by dispersal limitations and
extinction dynamics (Shaw et al., 2010; Gillespie and
Will, 2018). Fireflies, in particular, show traits which
limit their colonisation ability, including short adult
lifespans, habitat specificity, and, in all species in
Italy, flightless females (South et al., 2011; Fanti,
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2022; Lewis et al.,, 2020; Lewis, 2024). These
characteristics have most likely contributed to the
fragmented and localised distribution patterns
recorded on minor islands, where most species were
recorded on only one or a few islands and often with
very low numbers of records.

The remarkable differences in the number of
firefly occurrences between major and minor islands
further support the role of island area and
environmental heterogeneity in shaping assemblages
(Simberloff, 1976). Sicily and Sardinia, the two
largest Mediterranean islands, included the highest
number of records and the greatest taxonomic
diversity, including both widespread (i.e., Lu.
pedemontana) and island-associated (i.e., La.
ambigena, La. bonvouloirii, and La. sardiniae) taxa.
In contrast, smaller islands generally supported only
one or two species, often represented by a handful of
records. Besides the low sample size, the positive
Species—Area Relationship (SAR) observed across
the investigated islands seems to support the
hypothesis that island size constrains firefly
community diversity. This pattern is consistent with
the limited dispersal ability and the marked habitat
specificity reported for several firefly species (Lewis
et al., 2024; Fallon et al., 2021), which may reduce
colonization rates and increase local extinction
probabilities on smaller islands. The relatively low
slope of the relationship (z=0.09) suggests that island
area alone is not sufficient to explain variation in
insular firefly diversity. Given that isolation from the
Peninsula was also not a significant predictor of
richness, additional factors such as habitat
availability and heterogeneity, as well as island-
specific historical processes are likely to play an
important role in shaping species richness patterns.
This pattern mirrors findings from other insect
groups in Mediterranean islands, where reduced
habitat diversity and increased stochasticity may
strongly limit species persistence on islands
(Sfenthourakis and Triantis, 2009; Tscharntke et al.,
2002). However, the occurrence of distinct taxa on
individual minor islands also suggests that isolation
may promote long-term persistence of localized
lineages, especially where suitable habitats have
remained relatively undisturbed (e.g., La. sardiniae
in Sardinia: De Cock, 2007; La. pallida in Malta: De
Cock, 2024; Lampyris lareynii Jacquelin du Val,
1859 in Corsica: De Cock and Henriques, 2024).

Several species showed highly restricted
insular distributions, reinforcing the idea that
Mediterranean islands can function as ecological
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refugia for some firefly populations (Alvarez et al.,
2011; De Cock, 2007, 2024; De Cock and Henriques,
2024). For instance, La. brunnea only occurs in
Asinara, and La. pallida is endemic to the Maltese
Archipelago and Linosa.

The Asinara has been geologically separated
from Sardinia for millions of years as a result of
tectonic movements and long-term sea-level changes
(Carmignani et al., 2016), supporting the occurrence
of two distinct Lampyris species, one on each island
(Sardinia and Asinara), which may explain the
presence of the Sardinian species up to the Sardinian
coast facing Asinara.

The record of La. pallida larvae on Linosa,
confirmed by DNA barcoding (Baratti et al., 2025),
represents the first documented occurrence of this
species in Italy and highlights the potential for
islands to harbour overlooked or previously
unknown components of national biodiversity.

Among the missing species from our dataset,
Lamprohiza foliacea (Baudi, 1871) is a mysterious
and possibly currently extinct firefly species endemic
to central Sardinia, which was collected only once in
the late 19™ century, with a single male specimen
now preserved at the Museo Regionale di Scienze
Naturali in Turin (Baudi, 1872; Fanti, 2022); despite
several field campaigns organized on Sardinia in
2020 (R. De Cock, personal communication), and
2025 (by five authors, FM, FPF, LFLDS, LV and
GM) to search for it, it has never been found again.
As such, more targeted efforts may be needed to
clarify the existence of this latter species.

Our findings are particularly relevant in light
of the ongoing decline of firefly populations across
Europe (e.g, Picchi et al., 2013; Lewis et al., 2020).
In general, animal populations on islands, despite
often being small and vulnerable, may represent
important reservoirs of genetic diversity and
evolutionary distinctiveness (Losos and Ricklefs,
2009; Dapporto et al., 2017; Vecchioni et al., 2019;
Ancillotto et al., 2026). At the same time, their
isolation and limited extent make them particularly
sensitive to habitat degradation and demographic
stochasticity (Hager, 1998; Fordham and Brook,
2010; Symeonakis et al., 2016). The absence of
fireflies from many islands where they were searched
in spring-summer 2025 (e.g., La Maddalena,
Pantelleria, Lampedusa, Aeolian islands and part of
the Tuscan Archipelago) may reflect either their
actual local absence (most Italian species are
distributed only in northernmost or Apennine
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regions: Fanti, 2022), insufficient sampling effort, or
island-specific phenologies, underscoring the need
for continued monitoring. Moreover, several small
Italian islands (e.g., the circum-Sardinian islands,
Sant’Andrea Island in Apulia, and islands of the
Venice lagoon) were not sampled for fireflies during
the L.U.C.E. project, and no information on local
firefly occurrence is available either in the literature
or on citizen science platforms. To fill this
knowledge gap, a targeted survey campaign could be
implemented, combining systematic field sampling
with structured public questionnaires disseminated
through social media, press, radio, and television.
Historical observations reported by older human
residents may provide valuable information on
former firefly populations and regions where
lampyrid abundance has declined.

A key result of our study is the further
confirmation of the complementary roles played by
citizen-science data and structured scientific surveys,
particularly when involving charismatic species
(Viri¢ Gaspari¢ et al., 2022; Di Febbraro et al., 2023).
iNaturalist provided the majority of records on large
and the most frequently visited islands, such as
Sicily, Sardinia, and Capri, reflecting higher human
presence and accessibility (Canale and De Siano,
2021; Ruggieri and Calo, 2022; Acierno and Pistone,
2024). These data confirmed the occurrence of
widespread species and identified areas of recurrent
firefly activity. However, citizen-science records
related to uncollected specimens were sometimes
limited in taxonomic resolution, frequently stopping
at the genus level (mostly for Sicily, where two
Lampyris species occur), and were unevenly
distributed across islands. Thus, there is an urgent
need for simple, easily observable field characters to
distinguish these species (La. ambigena and La.
bonvouloirii) in females, larvae, and males, including
features usable for photographic identification on
platforms, e.g. iNaturalist. A dedicated website
providing comparative images and practical
identification guidance for non-specialists would
facilitate accurate data collection and citizen science
contributions.

The L.U.C.E. project contributed fewer
records overall but proved essential for filling
geographic and taxonomic gaps. Targeted surveys
were the only source of data for several islands,
including Asinara, Linosa, and Marettimo, which are
poorly represented in citizen-science platforms due
to restricted access or low tourist pressure (e.g.,
Corbau et al., 2019; Agius and Briguglio, 2021;
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Romagnoli et al., 2021). Moreover, L.U.C.E. data
allowed for precise species identification, including
the detection of rare, cryptic, or morphologically
challenging taxa and the application of molecular
tools when necessary. The exclusive detections of
Lu. pedemontana through structured surveys in
Sicily, of La. fuscata in Gorgona, and of La. pallida
in Linosa further clarify the importance of active
field-work and the need for integrative taxonomic
methods to identify species which may be
underreported or overlooked by non-specialists.
Therefore, our results support the growing consensus
that citizen science and professional research should
not be viewed as alternative approaches but rather as
synergistic components of modern biodiversity
assessment (Di Febbraro et al., 2023). Citizen-
science validated data are particularly effective for
broad-scale detection and temporal coverage,
whereas standardised surveys are pivotal for
taxonomic accuracy, detection of rare species, and
sampling in low-visibility areas.

Our study also highlights several
methodological challenges inherent to firefly
research in insular environments. Detectability varies
strongly among genera and species, influenced by
differences in signalling behaviour, phenology, and
habitat use (Fanti, 2022). Abundant species with
conspicuous bioluminescent displays and flying
males are more likely to be detected through citizen-
science, whereas taxa with weak signals, short
activity periods, or ground-dwelling larvae require
targeted search effort. The integration of larval
surveys and the use of red light to minimise
disturbance proved particularly effective for
improving detection during standardised transects.

From a conservation perspective, our
findings highlighted the diversity of insular firefly
populations and the urgency of integrating them into
broader biodiversity monitoring and management
frameworks. Accordingly, many of the islands where
fireflies were recorded are subject to increasing
touristic pressure (Canale and De Siano, 2021;
Ruggieri and Calo, 2022; Acierno and Pistone,
2024), habitat fragmentation, and artificial nighttime
lighting, all of which are known threats to
Lampyridae (Lewis et al., 2024), calling for national
and regional red lists of threatened species of
fireflies. Future research should prioritise long-term
monitoring on islands where fireflies are known to
occur, as well as targeted surveys on islands where
they are currently undetected, but potentially present.
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Strengthening training and funding for
integrative taxonomy would help evaluate the
identity of the sampled individuals, elucidate the
evolutionary  relationships among insular
populations, and refine their conservation
assessment. In this regard, citizen science projects
would benefit from including training aimed at
collecting samples suitable for genetic analyses.
Finally, strengthening collaborations between
researchers, protected area managers, and citizen
scientists will be essential to ensure that these
charismatic yet overlooked insects persist with viable
populations on islands. Applied to fireflies, the
integrative approach combining citizen-science and
scientific fieldwork reveals a complex mosaic of
distribution patterns shaped by island biogeography,
ecological specialization and sampling effort,
offering a solid baseline for future ecological and
conservation-oriented investigations.
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