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Citizen Science (CS) represents a powerful approach in biodiversity monitoring, facilitating the collection of
large-scale datasets through the involvement of non-professional volunteers, while providing significant impacts at
both societal and individual levels. This paper explores the core characteristics, strengths, and weaknesses of CS,
providing a brief overview of the Italian strategy. Subsequently, the study focuses on protected saproxylic beetles,
primarily utilizing data collected through two national initiatives: the Life MIPP Project and InNat. These platforms
were specifically designed to monitor species listed in the Habitats Directive, with a particular emphasis on five
protected saproxylic beetles (Lucanus cervus, Cerambyx cerdo, Morimus asper, Rosalia alpina, and Osmoderma
eremita). By integrating contributory and collaborative CS models, these initiatives have successfully gathered
thousands of validated opportunistic records, significantly expanding the known distribution of these species in
Italy. Furthermore, the resulting data proved essential for deriving high-resolution insights and developing Species
Distribution Models to identify habitat suitability hotspots and conservation gaps. From a bio-ecological perspec-
tive, the analysis of data collected by the European Stag Beetle Monitoring Network is also discussed. The pre-
sented results demonstrate that, when supported by expert validation and institutional frameworks, CS represents a
robust tool for environmental reporting and the strategic planning of national conservation networks.

Kty Worbs: Species monitoring, occurrence data, volunteering, saproxylic beetles, protected species

INTRODUCTION

“Citizen science” (CS) is a common name for a wide
range of activities and practices. For this reason, several
definitions exist, at least 34 options according to Hak-
LAY et al. (2021). Broadly, CS can be defined as the in-
volvement of non-professional volunteers in a scientific
research activity and, accordingly to the level of partic-
ipant engagement, different categories can be outlined.
A commonly used framework distinguishes three main
models (SHIRK et al., 2012): contributory, collaborative,
and co-created projects, which also reflect the rate of re-
sponsibility of participants in respect to professionals into
the research process. In contributory projects, scientists
design the research protocol and volunteers primarily
contribute by collecting or submitting data. Many large-
scale biodiversity monitoring initiatives fall within this
category. In collaborative projects, participants contribute
not only to data collection but also to aspects such as data
interpretation, dissemination of results, or refinement of
research protocols. Finally, co-created projects involve
participants in all phases of the research process, from
defining research questions to interpreting results. In gen-
eral, a CS initiative can be considered as such if it follows
the 10 fundamental principles provided by the European
Citizen Science Association (ECSA, 2015). These aspects
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should be carefully considered in determining if given re-
search fits or not with CS initiatives,

Even at the basal and most common level of in-
volvement, applying citizen science might require a
change in working habits, operational processes, and in
hierarchies and CS should not be confused with generic
forms of public participation.

Considering different fields of science, the ambit
of research can embrace, potentially, all the scientific
disciplines, e.g., astronomy, natural science, ecology,
public health, as well as in the humanities (KULLENBERG
and Kasperowski, 2016; FraisL et al., 2026). Never-
theless, environmental monitoring and biodiversity
research is an ideal field of application for CS, being
conservation, biodiversity and climate change the most
common keyword in CS studies (KULLENBERG and Kas-
PEROWSKI, 2016.). In this context an increasing number
of CS projects have been developed, such as those for
monitoring atmospheric and water quality (JOLLYMORE
et al., 2017; Lu et al., 2022), cataloguing species dis-
tributions (FELDMAN et al., 2021; MATUTINI et al., 2021),
monitoring population of species of conservation in-
terests (CHANDLER ef al., 2017; JOLLYMORE ef al., 2017,
SoroYE et al., 2018), mapping non-native invasive or-
ganisms (CrALL et al., 2015; ENCARNAGAO ef al., 2021,
Howarbp et al., 2022).
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Fig. 1 - Number of journal articles indexed in the Scopus database that include the terms “citizen science” and “insect”

in the title, abstract, and/or keywords.

In this respect, insects, a taxonomically diverse and
ecologically crucial component of global biodiversi-
ty, have been rather addressed in CS initiatives and
publications (see Fig. 1), mainly with a focusing those
charismatic groups easily detectable and identifiable
also by non-experts, such as pollinators (vaN Swaay
et al., 2008; DENNIS et al., 2017; BARAHONA-SEGOVIA
et al., 2023).

Citizen science is also closely linked to the broad-
er concept of “open science”. Open science promotes
transparency, accessibility and collaboration in re-
search, encouraging the sharing of knowledge, open
access to scientific outputs and the development of
digital platforms that facilitate cooperation between
researchers and the public (Commission Recommen-
dation (EU) 2018/790 of 25 April 2018 on access to
and preservation of scientific information).

Benefits of CS are clearly related to the amount
of data achieved, in terms of space (large coverage)
and time (rapid data collection) (Pocock et al., 2018),
also providing ecological insights that are often unat-
tainable by professional scientists alone (WALKER and
TayLor, 2017; ALFEUS et al., 2025). In addition to the
scientific perspective CS can generate other benefits.
At the political and environmental level, data collect-
ed through citizen science projects can support biodi-
versity conservation and environmental management
(McKINLEY et al., 2017). These datasets can inform de-
cision-making processes and contribute to monitoring
the status and trends of species and ecosystems (HorNs
et al., 2018; vaN Swaay et al., 2025). CS also plays
an important role in strengthening the relationship
between science and society (BonNEY ef al., 2016).
By involving citizens directly in scientific activities,
participatory projects help bridge the gap between re-

searchers and the public, fostering mutual trust and
improving understanding of the scientific process
(STRASSER et al., 2019). Finally, citizen science initi-
atives often have significant educational impacts. Par-
ticipants can increase their scientific literacy, acquire
new skills and develop a greater awareness of environ-
mental issues. In many cases, involvement in citizen
science projects can lead to changes in attitudes and
behaviours toward nature conservation, also empow-
ering citizens in decision-making processes and sup-
porting conservation actions (SCHADE et al., 2021).

PITFALLS OF CITIZEN SCIENCE

Despite its many advantages, CS also presents
several methodological and organisational challenges
that must be addressed when designing participatory
research projects (FrIGERIO ef al., 2018).

Communication is a vital component of any CS
project for recruiting and engaging citizen scientists,
increasing the visibility of your research project and
informing about the project’s results and outcomes
(RUFENACHT et al., 2021). This aspects need to encom-
pass issues related to the driver and barriers for volun-
teer participation, necessity to clearly state the benefits
for participating in a CS initiative and the necessity to
find proper tools and tactics for ensuring a continued
participation (retention) (RICHTER ef al., 2018).

Sampling protocol should be designed for ensuring
scientific reliability but should be easy enough to al-
low participants to collect data independently. In many
cases, it is advisable to adopt existing methodologies
and data standards rather than developing entirely new
protocols.

Data quality is considered the main obstacle and
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source of criticism for CS (JoHNSTON et al., 2023) a. How-
ever, several mechanisms can be implemented to improve
the reliability of the collected information. These include
pilot testing of sampling protocols, training activities for
volunteers and the development of validation and verifi-
cation procedures. Another factor that helps at this level
is the large number of observations typically generated
by citizen science initiatives. Large datasets and repeat-
ed observations can compensate for individual errors and
increase the overall robustness of the data.

When appropriately designed and managed, CS
can provide high-quality data - similar to more con-
ventional methods (KosmaLA et al., 2016).

THE ITALIAN STRATEGY

The development of citizen science in Italy has
largely followed a bottom-up approach driven by indi-
vidual researchers that started to cooperate becoming
an informal group.

An important milestone was the first Italian Citizen
Science Conference held in 2017. This event was fol-
lowed by a series of roundtables and workshops aimed at
developing a shared national strategy for citizen science.
In 2019 a policy brief was published (DITOs cONSORTI-
uM, 2019) and, in subsequent initiatives, the network of
researchers and practitioners constantly grew. In 2021,
a national meeting further strengthened collaboration
among institutions and researchers involved in citizen
science initiatives and give the direction for the estab-
lishment of the Italian Citizen Science Association in
February 2023. The association aims to promote the de-
velopment of citizen science in Italy and represent the
Italian community at national and international levels. It
represents the coordinated national framework that sup-
ports the development of CS in Italy. In addition, two
National conferences have been organized by CSI: Pisa,
24-26 November 2023 (https://www.citizenscience.it/
en/convegno23/), Bologna, 9-12 April 2025 (https://doi.
org/10.5281/zenodo.15370521).

Notable is the participation of CSI to the activi-
ties of the SPOKE 3 “Assessing and monitoring ter-
restrial and freshwater biodiversity and its evolution:
from taxonomy to genomics and citizen science” of
“National Biodiversity Future Center — NBFC” pro-
ject adopted by the Italian Ministry of University and
Research. Within such a framework, the first Citizen
science course dedicated to the researchers involved
into this project was held in Siena.

CITIZEN SCIENCE FOR BIODIVERSITY STUDY

The development of digital technologies and on-
line platforms has greatly expanded the opportunities
for citizen participation in biodiversity monitoring.
Mobile applications and online databases allow volun-
teers to easily record observations and share them with
the scientific community in a short period (HogNoGr et
al., 2023; RoprRiGUEZ-LOINAZ et al., 2024).

Two type od approaches are generally carried out
when CS is used to survey the biodiversity. The first
one is represented by opportunistic monitoring pro-
grams (cross-sectional surveying) in which spontane-
ous observations are submitted by participants: volun-
teers independently decide when and where to record
observations and which species to report. The second
one can be defined as longitudinal surveying and con-
sists in coordinated monitoring programs in which
there is a clear coordination by research institutions
and predefined sampling protocols are used. Training
activities and clearly defined sampling locations and
survey periods are also defined a priori.

Although opportunistic datasets may present biases
related to uneven sampling effort, they can generate
extremely large datasets and provide extensive ge-
ographic coverage (Pocock et al., 2018). In contrast
the coordinated programmes generally produce da-
tasets that are more standardised and less influenced
by observer behaviour, focus on a specific objective,
area or focus grops. In many cases, the combination of
structured monitoring programmes and opportunistic
observations can provide complementary information.

CITIZEN SCIENCE FOR SAPROXYLIC BEETLES

An important starting point for the study of pro-
tected species of insects in Italy, with special regards
to saproxylic beetles, is represented by the LIFE pro-
ject MIPP (LIFE11 NAT/IT/000252), “Monitoring of
insects with public participation,” and the subsequent
InNat “Promozione della Rete Natura 2000 e il Moni-
toraggio a scala nazionale di specie di insetti protetti”
inititative, in which, from 2014 to 2024, approximate-
ly 1,200 volunteers produced more than 6,000 occur-
rence records for 31 insect species (LEnzi ef al., 2025;
, CAMPANARO ef al., 2025, Fig. 2).
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Fig. 2 - Spatial distribution of occurrence records of
protected insect species in Italy derived from the GBIF
dataset “Occurrences of protected species of insects in
Italy”, based on citizen science observations validated
by experts. Source: CAMPANARO et al. (2025), https://doi.
org/10.15468/m5sfc6
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The data significantly increased the knowledge on
the distributional ranges of certain species (i.e., Lu-
canus cervus Linnaeus, 1758, Morimus asper (Sulzer,
1776), Rosalia alpina Linnaeus, 1758) as analysed by
Zarpont et al. (2017) for the period 2014 — 2015 demon-
strating how this approach should be complementary
to the canonical researches performed by professional
entomologists. For instance, by comparing citizen sci-
ence data with national inventories and calculating the
number of occupied 10 x 10 km grid cells, the authors
demonstrated an average range expansion of 30% and
a 11% overlap in shared cells across the three species.

The same data deriving from the MIPP and InNat
initiatives have proven to be particularly useful for de-
riving information relevant to conservation planning,
as outlined by RepoLF1 DE ZaN et al. (2023). The inte-
gration of CS data has, in fact, enabled the application
of Species Distribution Models (SDMs) to predict the
current range of the main protected saproxylic beetles
in Italy. By analyzing validated presence data along-
side bioclimatic and environmental variables, habitat
suitability (HS) maps were generated for the ‘Big Five’
(i.e., Cerambyx cerdo Linnaeus, 1758, L. cervus, M.
asper, Osmoderma eremita (Scopoli, 1763) and R. al-
pina), exploring their specific ecological niches. A gap
analysis further revealed that approximately 50% of
the optimal habitat falls within the existing Italian pro-
tected areas network, identifying crucial hotspots along
the Apennines and in the North-East. These suitability
maps not only support the identification of ecological
corridors and the planning of targeted monitoring in
previously unsurveyed areas but also serve as a vital
tool for national authorities in assessing extinction
risks and guiding the strategic expansion of the conser-
vation network.

Moreover, the multitude of images generated within
the two initiatives were used to develop a new work-
flow and technical protocol aimed at characterising and
investigating elytral pattern of the longhorn beetle R.
alpina. The method was presented as a poster during
the 83° Italian Union Zoological Congress (11th — 14th
September 2024, Pisa).

Moving to the European scale, The European Stag
Beetle (Lucanus cervus) Monitoring Network (https://
www.stagbeetlemonitoring.org/) every year collect
standardized data (according to the protocol of Cam-
PANARO et al., 2016) in several countries. THOMAES et
al. (2021) demonstrated that the biology and ecology of
the species significantly differ across Europe, charac-
teristics that directly affects monitoring protocols. For
instances, their study, involving 656 volunteers across
13 countries and 195 transects, showed that the peak
timing of observations relative to sunset varies among
the three studied macro-regions (North, Southeast, and
Southwest).

Focusing on collaborative CS, it should be men-
tioned the effort conducted by the LIFE17 ESC/IT/001
“360 volunteers for monitoring forest biodiversity
in the Italian Natura 2000 Network” (LIFE ESC360)

(BARDIANI ef al., 2022), in which the surveillance of in-
sect species according to the Habitats Directive articles
11, 16 has been carried out by volunteers into Italian
State reserves. Participants have been trained and were
constantly tutored by experts, producing the continua-
tion of existing data series on insect population and pro-
viding new discoveries, as the first record of the hermit
beetle, O. eremita in Circeo Forest (LEnzI et al., 2022).

As last example, the potential of CS was further ex-
plored through a multidimensional study on L. cervus,
focusing on population dynamics, habitat requirements,
and allometric variations (GIANNETTI ef al., 2023). By
involving volunteers in daily 500-meter transect walks,
the study estimated significant population sizes using
Capture-Mark-Recapture (CMR) methods. The re-
search highlighted a critical ecological link between
beetle presence and the availability of large deadwood
components, such as trunks and branches exceeding 20
cm in diameter. Furthermore, while allometric analysis
confirmed a strong correlation between mandible and
elytron length, the observed absence of large-sized ‘ex-
aggerated’ morphs suggested potential limitations in the
quality or quantity of larval food sources in the study ar-
eas. Finally, the study demonstrated that environmental
factors, particularly air temperature, significantly influ-
ence capture probability, with a more pronounced effect
on the activity levels of females than males.

CONCLUSIONS

In conclusion, CS is more than a simple data collec-
tion tool; it is a strategic asset for national biodiversity
conservation. The transition from contributory to col-
laborative models allows to retrieving a baseline set of
data at regional, national or European level for a wide
range of biological and ecological studies. An improved
societal awareness on environmental issues is a parallel
fundamental outcome.

In the case of saproxylic beetles, the integration of
validated opportunistic records into institutional frame-
works has proven essential for the surveillance of pro-
tected species, updating national distribution maps,
refining Species Distribution Models, and identifying
critical conservation gaps that traditional surveys might
overlook.

However, the long-term success of these initiatives
relies on the continuous synergy between professional
researchers and a volunteer network and requires the sus-
tainability of institutional support.
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Butterflies are charismatic insect, often easy to detect and recognize at species level. They are among the very
few invertebrates to generate positive reactions rather than disgust. and for these reasons are the only one inver-
tebrate group monitored at EU level. Butterfly monitoring is increasingly popular in Europe, mainly supported by
Butterfly Conservation Europe (BCE) and its partners. Butterfly Monitoring Schemes are present in an increasing
number of countries and new ones are being established in many regions, although long-term data are currently
available for only a limited number of countries.

All standardized butterfly counts are recorded along fixed transect routes that are repeated in time (since 1976
in the UK) and the results are collected in the European Butterfly Monitoring Scheme (eBMS) database. Volunteers
and professionals have recorded nearly 60.6 million butterflies identified at the species level in the eBMS database.

Thanks to these data the Red List of European Butterflies was update and shows that almost one-third (30.9%)
of extant butterflies are now threatened or Near Threatened in the EU27 countries (van Swaay et al. 2025).

Italy joined the network late in 2019. Nevertheless, the Italian network is growing fast and in 2025 more that
200 permanents transect are established and 180 volunteers involved.

KEey worps: Butterflies; Pollard transect; Semiquantitative data; Structured citizen science; Grassland Butterfly
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INTRODUCTION

Monitoring butterflies is an important activity since
they are good indicators of biodiversity, and they quick-
ly react to environmental change. These insects are fre-
quently used by biologist as model organisms to study
the impact of habitat loss, fragmentation and climate
change. Areas rich in butterflies typically have a wide
range of other invertebrates, so they are indicators of a
healthy environment and well-functioning ecosystems.
Butterflies also pollinate a large range of flowering plants
including vegetables, giving them economic importance.

For all these reasons, butterflies are one of the best
monitored insect groups in Europe. The first Butterfly
Monitoring Scheme began in the United Kingdom in
1976 (UKBMS), using the same standardised survey
method (the transect) designed by Ernie Pollard and
since then, this methodology has been adopted in many
other European countries to monitor butterflies.

The Butterfly Monitoring Scheme it is a counting
of butterfly species using a method share with all Eu-
rope. The project aims to evaluate butterfly population
abundances, in order to establish a proper conservation
strategy thanks to the efforts of many volunteers. Since
1990, many countries have joined the scheme and they
now submit data to the European Butterfly Monitoring
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Scheme (eBMS) database. The eBMS is a good exam-
ple of project based on Citizen Science as all the data
are gathered by volunteers who have been trained (or are
self-taught) to recognise and identify species and follow
the protocols of monitoring along butterfly transects.

All schemes apply the method initially developed
for the UK Butterfly Monitoring Scheme: the counts are
conducted along fixed transects of 0.5 to 1 kilometer in
length, divided into smaller sections for recording. But-
terfly counts are conducted between February-October,
depending on the region. Visits are only conducted when
weather conditions meet specific criteria.

ITALIAN BUTTERFLY MONITORING SCHEME

The Italian Butterfly Monitoring Scheme (ITBMS)
is part of the European Butterfly Monitoring Scheme
(eBMS), contributing valuable data and expertise to
assess the status of European butterflies. Established in
2019 through the collaboration of expert lepidopterists
and the European project ABLE (Assessing Butterflies
in Europe), the ITBMS continues its vital pollinator
monitoring work under the coordination of the SPRING
project (Strengthening Pollinator Recovery through Indi-
cators and Monitoring). The diversity of habitats in Italy
is also reflected in its diversity of butterfly species. After
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Turkey, Italy hosts the second highest butterfly species
richness in Europe (293 species; BALLETTO et al., 2021),
of which 17 (6.0%) are endemics and 20 sub-endemics
(7.1%) with very restricted ranges. The country’s ex-
tensive latitudinal span and its considerable altitudinal
range (from sea level to 4,810 m a.s.l. at Mont Blanc)
result in pronounced climatic and environmental varia-
bility. Moreover, Italy’s central position within the Med-
iterranean basin promotes the coexistence of species
originating from different zoogeographic subregions. At
the national scale, butterfly diversity is highest in north-
ern Italy, where the Alpine regions host a wide range of
habitats. Consequently, butterfly richness is not uniform
across the Italian territory and varies among different
transects. As part of the project, several workshops were
organised to train volunteers on butterfly identification
and transect design. Workshops often took place in Na-
tional and Regional Parks, or protected areas, to strength-
en relationships with these institutions and involve park
rangers in monitoring. Furthermore, a system for eval-
uating species identifications was established. Through
an iNaturalist project, the ITBMS involved expert tax-
onomists from the Italian Lepidopterological Association
(ALI) identifications to validate the made by volunteers.
Collaboration stakeholders, among including different
institutions, associations, and NGOs, has been essential
to the success of the ITBMS. Broad public participation
and Italy’s extraordinary biodiversity form the two pillars
of the project and are the main reasons behind its impres-
sive achievements in such a short time. The keys to its
success lie in strong regional coordination and a continu-
ally growing network of dedicated volunteers.

BUTTERFLY COUNTING TRANSECTS

The transect method for counting butterflies is
the main sampling tool used by Butterfly Monitoring
Schemes (BMSs). It is a standardised method, devel-
oped by Ernie Pollard in the United Kingdom in 1974
(PoLLArD and Yartes, 1993), which consists of counting
butterflies along fixed routes (transects), with frequent
visits (ideally weekly) in good weather conditions. Tran-
sects are typically 500 - 1 km long and are divided into
sections representing different habitats or simply sepa-
rate components of the same site. During the walk along
the established route, only individuals sighted within
an imaginary cube of 5 m width, 5 m height, and 5 m
distance in front of the observer are counted. The peri-
od during which monitoring is performed varies between
different European regions based on regional variability
in the butterfly flight period (i.e., the length of the lo-
cal flight season). If weekly monitoring is not possible,
it is recommended to visit transects every ten or fifteen
days. If monitoring cannot be carried out during the en-
tire flight period, summer should be at least covered as
butterfly abundance is at its maximum. Butterfly obser-
vation can be recorded on field directly through the But-
terflyCount app for Apple devices (iPhone, iPad) or on
a field sheet and entered in the eBMS website. The app

has been launched by Butterfly Conservation Europe and
the UK Centre for Ecology &Hydrology as part of the
ABLE project, it offers many features to users. A new
method for butterfly monitoring: the 15-minute count is
also available as integration of the data collected along
fixed transects. This option is equipped with a timer and
GPS tracking system that automatically records the route
during the monitoring period. Furthermore, the eBMS
also contributes to assessing the conservation status of
other insect groups. In the updated version of the But-
terflyCount app, it is also possible to select from moths,
bumblebees, and dragonflies.

THE ITALIAN NETWORK

The Italian Butterfly Monitoring Scheme (ITBMS)
is coordinated by Simona Bonelli (DBIOS-University of
Turin), Leonardo Dapporto (Zenlab-University of Flor-
ence), and Stefano Scalercio (CREA) and is supported
by the Italian Lepidopterological Association (ALI -
www.lepidoptera.life). The Italian Butterfly Monitoring
Scheme currently has 173 volunteers belonging from
NGOs, Universities, Natural Parks, farmlands, munici-
palities, Botanic gardens, Zoos, Museums. By now more
than 200 transects across the country, with numbers in-
creasing daily. 165 species are already monitored at least
once by the transect network of which 6 protected species
(Parnassius apollo, Parnassius mnemosynae, Lycaena
dispar, Zerynthia cassandra, Z. polixena and Phengaris
arion). These data have been already integrated in the V
reporting of the art. 17 Habitats Directive.

In the last five years coordinators invested a lot of ef-
fort in promoting the project and build up the network. 15
national workshops to engage and train volunteers where
organized and produced 5 dedicated field guides particu-
larly appreciated by volunteers.

As feedback to policy makers, coordinators regularly
publish annual report of activities both in Italian and in
English. All materials are available for free download on
the website, which also includes instructions for joining
the network, monitoring manuals, video tutorials for up-
loading data to the portal, and species identification keys.

GRASSLAND BUTTERFLY INDICATOR

The EU Grassland Butterfly Indicator (GBI) is the
trend of the combined index calculated for the 17-grass-
land species across the 27 EU Member States. We then
aggregate these annual multi-scheme index for the 17
grassland butterfly species by computing the geometric
mean across all species, assigning equal weight to each
species, and setting the first year to 100. The resulting
time series of the annual multi-species geometric mean
(grassland butterfly index) is then used to calculate the
trend and the annual indices for the EU Grassland Butter-
fly Indicator. Butterfly Monitoring Schemes are present
in an increasing number of countries and new ones are
being established in many regions, although long-term
data are currently available for only a limited number of



countries. The EU Grassland Butterfly Indicator (GBI)
uses data up to and including the 2024 field season from
all 27 Member States of the European Union Since 2023,
it has been possible to calculate the Grassland Butterfly
Indicator for Italy. This indicator tracks the population
trends of butterflies typical of grassland habitats. At
the European level, the Grassland Butterfly Indicator
is based on 17 species and reflects population chang-
es either across Europe as a whole or within the 27 EU
Member States. Trends for each species are calculated
using a weighted combination of all available data, with
1990 as the baseline year, and data collected through the
European Butterfly Monitoring Scheme (eBMS). The in-
dicator is important for assessing the health of butterfly
populations and guiding conservation policies for both
butterflies and their habitats. Across Europe, the Grass-
land Butterfly Indicator has declined by 36% since 1990,
and by 32% within the EU27 over the same period. The
17 species used for the European indicator include seven
generalists Ochlodes sylvanus, Anthocharis cardamines,
Lycaena phlaeas, Polyommatus icarus, Lasiommata
megera, Coenonympha pamphilus, and Maniola jurtina;
and ten specialists including Erynnis tages, Thymelicus
acteon, Spialia sertorius, Cupido minimus, Phengaris
arion, Phengaris nausithous, Polyommatus bellargus,
Cyaniris semiargus, Polyommatus coridon, and Euphy-
dryas aurinia (VAN SwaAy et al., 2026). EU Grassland
Butterfly Indicator is now on of the tree indicators listed
in art. 11 of the European Restoration Regulation (NRR).

Butterflies are continuously declining (WARREN et
al., 2021) and the number of species that are threatened
of extinction is increasing according to the last Red List
(VAN SwAAY et al., 2025).
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Assessing local extinctions and population trends in insects is often hindered by the lack of standardized
long-term monitoring schemes, especially in Mediterranean regions. In such contexts, time series of occurrence
data derived from heterogeneous sources represent a valuable alternative, although they are typically incomplete,
unevenly distributed in time, and affected by sampling bias. Here, we present a synthetic framework based on the
integration of literature data, field sampling, and citizen science records, and we discuss the application of the
Potential Extinction upon Time Series (PETS) index. This index provides a quantitative estimate of the likelihood
of past extinction events based on the temporal distribution of species records. Using butterfly communities as a
model system, we highlight the importance of integrating multiple data sources, describe the PETS index and its
rationale, and illustrate its application through Mediterranean case studies. Our results demonstrate that integrating
heterogeneous datasets, with particular reference to citizen science data, substantially reduces the apparent rate of
local extinctions and provides a more reliable and realistic picture of community persistence and dynamics.

KEey worbps: Butterflies; occurrence data; extinction; PETS index; citizen science; Mediterranean biodiversity

INTRODUCTION

Understanding extinction processes is a central goal
of modern biodiversity research. At global scales, ex-
tinction rates are commonly estimated by comparing
the number of species lost over a given time interval
relative to the total number of years in which species
have been observed, providing a discrete measure of
biodiversity erosion (PimMwm ef al., 2014). This approach
relies on binary information, where species are consid-
ered either present or extinct within a defined temporal
window. However, such a framework becomes difficult
to apply at local scales, especially for taxa characterized
by incomplete knowledge and irregular sampling, such
as most insect groups.

At regional and local scales, extinction is rarely ob-
served as a sudden event. Instead, it is typically preced-
ed by a gradual decline in population size and detect-
ability, leading to increasing temporal gaps between
successive observations. In this context, the absence of
recent records does not necessarily imply extinction, but
may reflect insufficient sampling effort, observer bias,
or low detectability of species. This issue is particularly
relevant in Mediterranean biodiversity hotspots, where
long-term standardized monitoring schemes are often
lacking and historical data are fragmentary.

To overcome these limitations, it is necessary to
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move from a discrete view of extinction toward a
more continuous representation of species persistence
through time. The Potential Extinction upon Time Se-
ries (PETS) index was developed within this conceptual
framework as a continuous analogue of classical extinc-
tion rate metrics (LABADESsSA et al., 2021). Instead of
relying on a binary classification of species as extinct
or extant, PETS quantifies the fraction of time elapsed
since the last observation relative to the total temporal
span since the first record. In this way, extinction is not
treated as an abrupt event, but as a probabilistic process
reflected by increasing absence periods in species time
series.

The application of this approach requires the inte-
gration of heterogeneous occurrence data, which repre-
sent the only available source of temporal information
in many regions. Biodiversity data are typically derived
from multiple sources, including faunistic literature,
museum collections, targeted field sampling, and, more
recently, citizen science platforms. Each of these sourc-
es has specific strengths and limitations: literature pro-
vides historical depth but is often sparse and uneven;
field sampling ensures accuracy but is temporally limit-
ed; citizen science offers large quantities of recent data
but may be affected by spatial and taxonomic biases.

In this context, the present contribution aims to
summarize the main results obtained so far through the
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application of the PETS framework to butterfly commu-
nities in Mediterranean and temperate regions. By com-
paring multiple case studies characterized by different
sampling intensity, spatial scale, and data availability,
we highlight how the integration of heterogeneous data-
sets influences the perception of extinction risk and al-
lows distinguishing between true faunistic erosion and
artefacts driven by incomplete observations.

In the following section, four cases studies apply-
ing the PETS algorithm are summarised to show the po-
tential of this index to easily integrate data from differ-
ent sources and to expose incompleteness of time series
in the final aim to identify signal for local extinctions
and functional correlates.

CASE STUDIES

ALTA MURGIA NATIONAL PARK

The Alta Murgia National Park represents a paradig-
matic example of how the integration of heterogenecous
data sources can strongly affect the interpretation of ex-
tinction patterns. In this area, butterfly occurrence data
were reconstructed by combining historical literature re-
cords, unpublished observations, and a large amount of
recent data derived from both targeted sampling and cit-
izen science platforms. This approach allowed the com-
pilation of a long-term time series spanning several dec-
ades for more than 80 species (LABADESsA et al., 2021).

The application of the PETS index to this dataset
revealed a relatively low overall extinction signal at
the community level. A large proportion of species his-
torically recorded in the area were confirmed in recent
years, and the fraction of the time series characterized
by absence periods was limited. In particular, the ma-
jority of species were observed within the last decade,
indicating a high degree of persistence of the butterfly
community.

Importantly, several species that appeared to be
missing when considering only historical data were
subsequently confirmed through recent observations,
especially thanks to the contribution of citizen science.
This result highlights a key aspect of PETS interpreta-
tion: in poorly sampled systems, the absence of records
is often driven by data deficiency rather than real ex-
tinction. Nevertheless, a small subset of species showed
longer absence periods and contributed disproportion-
ately to the overall PETS value, often corresponding
to taxa with specific ecological requirements or limited
regional distribution.

MonNTE PEGLIA RESERVE

The Monte Peglia UNESCO Biosphere Reserve pro-
vides a contrasting case study, characterized by higher
sampling intensity and a more structured monitoring
design. In this system, occurrence data were collected
through intensive field surveys (about 80 transects re-
peated twice a month from April to November), com-
bined with historical literature and citizen science re-
cords (BruscHiNI et al., 2023).

The application of the PETS index revealed a higher
proportion of species not confirmed in recent surveys
compared to the Alta Murgia case, suggesting a moder-
ate level of faunistic erosion. However, this result must
be interpreted in light of the increased sampling effort:
intensive surveys improve detection probability, and
therefore the absence of records becomes a more reli-
able indicator of real population decline. On this area,
characterised by a low mountain systems (<1000 m) the
effect of climatic changes could have actually produced
a significant erosion of a fraction of mesophylous spe-
cies (BruscHINI et al., 2023). Indeed, many of the spe-
cies not confirmed in recent years were associated with
specific ecological conditions, such as higher altitude
habitats or particular vegetation types, suggesting that
environmental changes may have selectively affected
certain ecological groups.

Ao0STA VALLEY

The alpine system of the Aosta Valley represents
a further case study, characterized by a long temporal
span of occurrence data and a strong environmental
gradient. In this region, butterfly records were collected
over more than a century from a combination of liter-
ature, collections, structured sampling, and citizen sci-
ence (ALBERTI ef al., 2025).

The application of the PETS framework revealed
a generally low extinction signal at the regional scale,
with most species being confirmed in recent years.
However, a small group of species not recorded in re-
cent decades contributes disproportionately to the ex-
tinction signal.

These species tend to share specific ecological traits,
such as restricted altitudinal ranges, specialized habitat
requirements, or low detectability. This suggests that
even when the overall extinction signal is low, the loss
or decline of a limited number of species may reflect
significant ecological changes.

ROLE OF cITIZEN SCIENCE (ITALIAN NATIONAL PARKS)

Large-scale analyses conducted across Italian Na-
tional Parks have shown that the inclusion of citizen
science data significantly reduces PETS values (van
TONGEREN et al., 2023). When extinction probability is
estimated using literature data alone, many parks show
high PETS values, often indicating that a substantial
fraction of species has not been recorded for long peri-
ods. In several cases, more than half of the time series
appears to be characterized by absence periods, sug-
gesting widespread potential local extinctions.

However, the integration of citizen science data pro-
duces a consistent and marked decrease in PETS values
across parks. On average, the inclusion of iNaturalist
records reduces the estimated extinction signal by a
substantial margin, in some cases shifting parks from
high to moderate or low extinction probability. This
reduction reflects the confirmation of many species in
recent years, effectively filling the temporal gaps that
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inflated PETS values when only historical data were
considered.

The magnitude of this effect varies among parks
and is strongly related to the intensity of recent citizen
science activity. Parks that have been historically well
studied but poorly sampled in recent decades show the
largest decrease in PETS, as many species are rediscov-
ered through recent observations. Conversely, in parks
with already high recent sampling effort, the contribu-
tion of citizen science is still relevant but more limited,
as most species had already been recently confirmed.

An important aspect emerging from these analyses
concerns the role of species detectability and observer
behaviour. The probability that a species is recorded
is not uniform, but depends on intrinsic traits such as
body size, phenology, and distribution, which influence
its visibility and ease of identification. In this context,
citizen science data are shaped by user preferences and
experience. Less experienced or less active users tend
to record more conspicuous and widespread species,
while rarer or less detectable taxa remain underrepre-
sented.

Conversely, users characterized by a higher level of
commitment, measured as the number of observations
contributed, show a greater ability to detect a broader
fraction of community diversity. These more engaged
observers are less biased toward large or conspicuous
species and are more likely to document rare or less de-
tectable taxa. As a result, their contributions have a dis-
proportionately strong effect in reducing PETS values,
because they are more effective in confirming species
that would otherwise remain unrecorded.

These results demonstrate that a large fraction of the
apparent extinction signal is driven by gaps in recent
observations rather than true population loss. In other
words, PETS values derived from incomplete datasets
tend to overestimate extinction probability, and this bias
can be substantially reduced by incorporating continu-
ously updated data sources such as citizen science.

At the same time, the analyses also reveal that not
all species are equally affected by this data-driven ef-
fect. While many taxa are rapidly “recovered” once
recent observations are included, a smaller subset of
species consistently shows long absence periods even
after integrating all available data sources. These
species are likely to represent functionally distinct
groups, often characterized by specific ecological re-
quirements, limited distributions, or lower detectabil-
ity. As such, they may be genuinely more sensitive to
environmental changes induced by human activities,
including habitat loss, land-use intensification, and
climate change.

Taken together, these findings highlight a dual role
of citizen science in extinction assessment: on one hand,
it reduces uncertainty by improving temporal complete-
ness of occurrence data; on the other, it helps to isolate
the subset of species for which the signal of decline or
disappearance is more robust and less dependent on
sampling artefacts.

CONCLUSIONS

The application of the PETS framework to butterfly
communities highlights several important methodolog-
ical and ecological aspects relevant for the assessment
of local extinction processes.

First, the PETS approach demonstrates that extend-
ed and informative time series can be reconstructed
starting from a minimal set of data, namely the occur-
rence of a species within a defined area and the year
of observation. This minimal requirement, which does
not depend on standardized sampling protocols or abun-
dance estimates, allows the inclusion of a wide range of
data sources and greatly expands the temporal depth of
biodiversity analyses.

Second, this basic information is commonly shared
across different types of datasets, including historical
literature, museum collections, targeted field sampling,
and citizen science observations. As a consequence,
heterogeneous data sources can be effectively integrat-
ed into a unified analytical framework, overcoming one
of the main limitations of traditional approaches based
on strictly standardized monitoring schemes.

Third, the inclusion of citizen science data emerg-
es as a particularly powerful component in this con-
text. The continuous growth of observations provided
by platforms such as iNaturalist, combined with their
near real-time availability, substantially increases the
number of recent records in time series. This leads to
a marked reduction in the perceived probability of lo-
cal extinction, as many species previously considered
unconfirmed are instead documented by recent obser-
vations.

Overall, these results indicate that a large fraction
of the extinction signal inferred from occurrence data
is strongly influenced by data availability and tempo-
ral completeness. By integrating multiple sources and
adopting a continuous perspective on species persis-
tence, the PETS framework provides a robust tool to
disentangle true extinction processes from artefacts
driven by incomplete sampling.
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Citizen science is increasingly recognized as a valuable approach in entomological research because it enables
the collection of large datasets while also promoting public awareness of insect diversity and conservation. How-
ever, participatory research also presents important challenges, including data quality, sampling bias, volunteer
recruitment, and long-term engagement. This contribution draws on two case studies coordinated by the University
of Parma: the School of Ants Project (SoA) and the Behavioural Observation on Beetles Project (BOB) on the stag
beetle Lucanus cervus. The SoA Project shows how standardized protocols, data validation, and collaborations with
institutions such as the Museo delle Scienze di Trento (MUSE) can improve the scientific value and geographic
reach of volunteer-generated data. The BOB Project demonstrates that citizen science records can also be reused
for behavioural analyses, providing information on seasonal trends, substrate preferences, and behavioural patterns.
Together, these two experiences illustrate both the strengths and the limitations of participatory science in entomol-
ogy and highlight the importance of rigorous protocols, effective communication, and digital tools.
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INTRODUCTION

Citizen science, broadly defined as the active involve-
ment of non-professionals in scientific research, has ex-
perienced remarkable growth over the last two decades.
By engaging volunteers, researchers can access large
quantities of information collected over extensive geo-
graphic areas and long periods of time. At the same time,
citizen science offers educational and social benefits.
Participants can increase their knowledge of biodiversity,
develop a stronger connection with nature, and become
more aware of ecological issues affecting insect popu-
lations. Schools, local associations, nature parks, and
amateur naturalists can all contribute to the generation
of scientific knowledge while also benefiting from the
experience (ECSA, 2015; Hakray et al., 2020). Despite
these advantages, participatory approaches also involve
important limitations. Data quality may vary depending
on the expertise of volunteers, sampling effort is often
geographically biased, and long-term participation may
be difficult to maintain. Consequently, successful citizen
science projects require careful planning, standardized
methods, and effective communication strategies. This
contribution discusses the main opportunities and pitfalls
of citizen science in insect research, with particular ref-
erence to experiences developed in Italy through projects
focused on ants and stag beetles. During the round table,
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I presented two case studies in which I have been direct-
ly involved as researcher and coordinator: the School of
Ants Project (SoA) and the Behavioural Observation on
Beetles Project (BOB). Both projects are coordinated by
the University of Parma and provide concrete examples
of both the strengths and the limitations of citizen science
in insect research.

THE ScHoOoL oF ANTS PROJECT

The SoA Project originated as a participatory initi-
ative designed to involve students and teachers in the
study of ant diversity. Inspired by similar international
experiences, the project aimed to combine scientific re-
search with educational activities, encouraging students
to collect ant samples according to a simple and stand-
ardized protocol.

The pilot phase of the project, conducted between
2012 and 2014 in the Parma area, involved five schools,
seven teachers, ten classes, and 337 students. Sampling
activities lasted approximately nine months and allowed
us to test the feasibility of involving schools in the col-
lection of reliable entomological data. One of the main
challenges encountered during the pilot phase concerned
data quality. Volunteers often lack specific taxonomic ex-
pertise and may make mistakes in species identification,
in the recording of geographical coordinates, or in the
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compilation of field forms. For this reason, the project
relied on a simple but standardized protocol. Partici-
pants received detailed instructions and a sampling kit
including simple tools such as vials, biscuits, and a data
collection form. The protocol specified where and when
samples had to be collected, how long sampling should
last, and how specimens and metadata should be stored
and recorded. In addition, all data underwent a validation
process that included the digitization and standardization
of collection forms, specimen identification by research-
ers, and the development of a curated database. These
procedures significantly improved the reliability of the
collected information and demonstrated that, when prop-
erly guided, students can contribute valuable scientific
data (Lucky et al., 2014).

Following the success of the pilot phase, the SoA
Project expanded from a local initiative to a national
programme. Since 2016, the project has involved ap-
proximately 3,800 students and 91 teachers across 44
provinces and 14 Italian regions. However, this broader
participation also revealed the existence of a marked ge-
ographical bias. Most of the sampling effort was concen-
trated in areas where researchers had direct contacts with
teachers or where dissemination activities were more
intense. Recruitment initially relied heavily on word of
mouth, local networks, and teacher mailing lists. A key
role in the national scaling up of the project was played
by the Museo delle Scienze di Trento (MUSE), whose
educational networks and mailing lists allowed us to
disseminate the initiative across the country and involve
schools from different Italian regions.

This experience highlighted the importance of re-
cruitment strategies in citizen science. To ensure more
balanced geographic coverage, it is necessary to diver-
sify communication channels, involve schools from un-
derrepresented regions, and establish partnerships with
institutions such as museums, protected areas, and local
authorities. An example of this approach was the “Bio-
blitz Lombardia 2018 initiative, organized in collab-
oration with 12 parks in the Lombardy region. During
two sampling days in May 2018, more than 200 vol-
unteers used 71 kits and collected 30 ant species. This
initiative not only increased the quantity of available
data, but also demonstrated the effectiveness of collab-
orative events in attracting participants and raising pub-
lic awareness (CASTRACANI et al., 2020).

Overall, the national School of Ants Project has so
far recorded 20 ant genera, with particularly high diver-
sity in genera Lasius, Temnothorax, and Formica. Im-
portantly, the data collected through the project are now
available in open access through the Global Biodiversity
Information Facility (GBIF), increasing their visibility
and allowing their reuse for further ecological and bio-
geographical studies. Among the most abundant taxa, the
Tetramorium caespitum complex represented more than
60% of all collected specimens, followed by Monomo-
rium monomorium, Pheidole pallidula, Messor structor
complex, and Crematogaster scutellaris (BiSaNTI et al.,
2026; CASTRACANI et al., 2026).

THE BEHAVIOURAL OBSERVATION ON BEETLES PROJECT

A second case study presented during the round ta-
ble concerned the stag beetle, Lucanus cervus. This work,
developed within the project “Behavioural Observation
on Beetles” (BOB), builds on photographs collected
within InNat, a long-term Italian citizen science initiative
originally developed to monitor protected insect species
and their distribution. In our contribution, the point was
not to present a new monitoring project on L. cervus it-
self, but rather to show how an existing citizen science
dataset can be reused for a secondary aim, namely the
study of behaviour.

The study analysed 2,090 photographic records
of L. cervus collected by 418 volunteers in Italy. After
a filtering process excluding images showing only body
parts, dead individuals, or specimens manipulated by
observers, 821 records were considered eligible for eth-
ological analyses. Most valid photographs portrayed sin-
gle individuals, with males more than twice as frequent
as females, while among two-specimen records the most
common pair was male—female. The analyses showed
that citizen science images can provide useful behav-
ioural information when they are carefully validated and
reinterpreted. For single individuals, the most frequently
observed behaviour was standing/walking in both sex-
es, whereas for pairs the most common category was
reproductive behaviour. Seasonal and substrate-related
patterns also emerged: single individuals were recorded
mainly in July, couples especially in June, males were
associated more often with natural wood, and females
more often with bare ground and stone. At the same time,
the study also highlighted important limitations, above
all the lack of detailed environmental context in many
volunteer records, which restricted behavioural interpre-
tation (Gisonbi et al., 2025).

These results are especially relevant to the broad-
er discussion on citizen science because they show that
participatory datasets may have a value extending well
beyond species occurrence records. However, they also
indicate that this potential can only be fully realized if
projects incorporate clearer protocols on observation,
non-disturbance, contextual description, and standard-
ized data entry. In this sense, the L. cervus case study
was used during the round table as an example of both
the promise and the methodological pitfalls of citizen sci-
ence in insect research.

MAIN PITFALLS OF CITIZEN SCIENCE IN ENTOMOLOGY

Although citizen science offers many opportunities,
its limitations should not be underestimated. First, data
quality remains a central issue. Even when protocols are
standardized, participants may produce incomplete or
inaccurate records. Continuous training, clear instruc-
tions, and validation procedures are therefore essential.
Second, geographic and social biases may strongly affect
the representativeness of datasets. Volunteers are often
concentrated in urban areas, near research institutions,



or in places with greater access to educational opportu-
nities. As a result, some regions or habitats remain un-
der-sampled. Third, maintaining long-term participation
can be difficult. Many volunteers initially join projects
enthusiastically, but their engagement may decrease over
time. Citizen science initiatives therefore need to provide
feedback, acknowledge participants’ contributions, and
create a sense of community. Finally, ethical and organ-
izational aspects should also be considered. Researchers
must ensure that volunteers clearly understand the ob-
jectives of the project, the use of collected data, and the
importance of following protocols accurately.

FUTURE PERSPECTIVES

The future of citizen science in insect research will
likely depend on the integration of traditional sampling
approaches with digital technologies. Mobile applica-
tions, online platforms, and automated validation tools
may improve both the quantity and quality of collected
data. In the case of L. cervus, the development of a ded-
icated web application may facilitate data submission,
improve record standardization, and allow volunteers
to receive immediate feedback. Similarly, digital tools
can help reduce identification errors by providing visual
guides, automatic georeferencing, and real-time quali-
ty checks. More broadly, future citizen science projects
should aim not only to collect data, but also to promote
environmental education, scientific literacy, and public
engagement with insect conservation.

CONCLUSIONS

Citizen science represents a powerful tool for ento-
mological research, capable of generating large datasets
while also strengthening the relationship between science
and society. Experiences developed through the SoA and
BOB Projects show that volunteers can contribute mean-
ingfully to insect research when they are provided with
standardized protocols, adequate training, and appropri-
ate feedback. At the same time, the scientific value of cit-
izen science depends on researchers’ ability to recognize
and address its limitations, including data quality issues,
sampling biases, and uneven participant engagement.
By combining rigorous scientific methods with effective
communication and digital innovation, citizen science
can continue to play a central role in the study and con-
servation of insects.
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Invasive alien species are a major driver of global biodiversity loss, altering ecological interactions and reduc-
ing ecosystem services. Alien invasive insects are particularly impactful due to their high reproductive rates and
ease of dispersal. Effective management relies on early detection and rapid response, yet large-scale monitoring by
professionals alone is often logistically and economically unfeasible. Citizen science offers a promising comple-
mentary approach by increasing observational coverage across space and time. In this talk I report a preliminary
evaluation of the Italian citizen science project StopVelutina, launched in 2015 to detect and monitor the invasive
hornet Vespa velutina. The project was assessed over its first four years using four key criteria: spatial coverage,
temporal coverage, temporal continuity, and data reliability. Reports were received from all Italian regions, indicat-
ing extensive spatial coverage, although higher reporting rates were associated with already invaded and densely
populated areas. Temporal coverage spanned the entire year, with peaks in summer, demonstrating sustained cit-
izen alertness throughout the species’ activity period. Participation remained stable over time, suggesting strong
temporal continuity. Although the rate of incorrect reports was relatively high, data reliability improved over time,
highlighting the importance of targeted communication and training. Overall, Stop Velutina demonstrates that low-
cost, long-term citizen science initiatives can effectively support IAS early warning systems, providing a scalable

model for coordinated European monitoring efforts.

Kty Worbs: biological invasions, invasive alien species, Vespidae, honeybees

SYNTHESIS OF THE LECTURE

Invasive alien species are one of the leading causes
of global biodiversity loss (PEICHAR ef al., 2010; PySEx
et al., 2020, BACHER et al., 2023). Through direct and/
or indirect competition, they contribute to species ex-
tinction as well as to the loss or alteration of ecosystem
interactions, with the consequent reduction of ecosys-
tem services representing one of the first tangible and
concerning impacts (PEREZ ef al., 2022). The impacts of
invasive alien species (IAS) are widely recognized, and
insects play a predominant role in this process, given
their extraordinary species richness, small body size,
high reproductive rates, and other biological traits that
facilitate their transport worldwide and subsequent in-
troduction (HiLL ef al., 2016; BERTELSMEIER et al., 2025;
ForTUNA ef al., 2022).

A crucial step in reducing the impact of biological
invasions is to understand when and where they occur,
namely, to promptly detect new incursions and monitor
their spread in order to implement timely and effective
control measures. Therefore, there is an urgent need
for large-scale, long-term, sustainable, and reliable ear-
ly-warning and monitoring protocols to rapidly detect the
arrival of TAS (REASER et al., 2020; Noar et al., 2021).

— Pubblicato maggio 2026

Unfortunately, early warning and rapid response proto-
cols based solely on the efforts of researchers and pro-
fessionals are seldom feasible from a logistical and eco-
nomic perspective, as they require substantial resources
even for a single species, particularly when monitoring
must be conducted over very large territories, often at the
national scale. As a consequence, invasive species often
remain undetected for years after their arrival (GELLER et
al., 1997), when eradication is no longer feasible or be-
comes extremely difficult (Bax et al., 2003; SIMBERLOFF et
al., 2013). The involvement of citizens in early warning—
citizen science (EW-CS) projects represents a potential
solution to this challenge and can help supplement lim-
ited resources (Pocock et al., 2024; GONZALEZ-MORENO
et al., 2025). Citizen science can be defined as the inten-
tional involvement of members of the public in scientific
research, with participants potentially contributing to any
stage of the scientific process, from research design to
data collection and analysis (SHIRK et al., 2012). Citizen
science approaches have provided substantial benefits in
the detection of invasive species (Pocock et al., 2024).
Among the various possible forms of public engagement,
the most immediate contribution to early detection and
rapid response systems lies in increasing the number of
observers distributed across the territory.
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Implementing a successful EW-CS project, however,
is far from straightforward. Several key aspects influence
its effectiveness. First, the spatial and temporal coverage
of citizen participation are critical, that is, the extent of
territory effectively “covered” by citizen observers (spa-
tial coverage) and whether participation spans the full
phenology of the species (temporal coverage), thus al-
lowing detection at any stage of its life cycle. Second,
citizen participation should be sustained over time and
not be limited to the initial launch period. This is particu-
larly relevant for invasive species, as public attention is
often initially raised by media coverage but may decline
as media interest shifts elsewhere. Finally, a longstanding
issue in citizen science concerns data quality and relia-
bility. The costs associated with project implementation
(organization, dissemination, communication) and data
validation should remain lower than the benefits derived
from the increased likelihood of detecting the target spe-
cies. In the context of alien species detection, a single
confirmed report of a new occurrence in an unexpected
location may outweigh numerous false reports. However,
this trade-off strongly depends on several factors, among
which the rate of false reports is particularly critical. Data
reliability should therefore be continuously assessed and,
where possible, maximized.

In this talk, I report the effectiveness of the Italian
EW-CS project StopVelutina (https://www.stopvelutina.
it/), implemented in 2015 in order to establish an early
warning system for the detection and monitoring of the
invasive hornet Vespa velutina Lepeletier, 1836. Spe-
cifically, I evaluate the project according to four main
criteria: spatial coverage, temporal coverage, temporal
continuity, and data reliability, with the aim of highlight-
ing both its strengths and its limitations as a relatively
simple, low-cost, long-term initiative.

Vespa velutina (hereafter Vv) is an invasive hornet
species (Hymenoptera, Vespidae) native to Southeast
Asia (Monceau et al., 2014). Its presence in Europe
was first recorded in southern France in 2004 (HAXAIRE
et al., 2006). Since then, the species has rapidly spread
across much of Europe (RoMmE ef al., 2009; VILLEMANT et
al., 2006; VILLEMANT ef al., 2011a; ROBINET ef al., 2016),
achieving a broad distribution. Although several Europe-
an countries are not yet invaded, many remain at high
risk. Notably, the species has demonstrated the ability
to establish new populations far from the main invasion
front, including on islands and in distant regions. Vv has
significant ecological, economic, and public health im-
pacts and has therefore been included among the invasive
alien species of Union concern (Commission Implement-
ing Regulation (EU) 2016/1141). It is a voracious pred-
ator of insects, particularly pollinators, and a specialized
predator of honeybees (TaN et al., 2007; MoNCEAU et al.,
2014). Moreover, due to niche overlap, it may threaten
the native European hornet Vespa crabro, which is pro-
tected in some European countries (e.g., Germany) (CinI
et al., 2018).

The StopVelutina project started in 2015 with the aim
of monitoring the spread of Vv throughout Italy by en-

gaging citizens nationwide, with particular emphasis on
detecting new colonization events beyond the two most
heavily invaded regions (Liguria and Piemonte), where
professional monitoring systems were already in place
(LIFE project). In this talk I report the results of the as-
sessment of the extent to which the project met the four
aforementioned criteria during its first four years.

SPATIAL COVERAGE

An EW-CS project is meaningful only if implement-
ed over a wide territory. If the monitored area is limited
or restricted to regions where the species is already ex-
pected, professional monitoring may be more effective.
Large spatial coverage is therefore a key prerequisite for
success, especially in cases of human-mediated disper-
sal, where new points of occurrence may arise unpredict-
ably. This is particularly relevant for Vv, which, although
expanding mainly along invasion fronts, has also exhib-
ited long-distance dispersal events. Our results show that
reports arrived from all Italian regions and most of the
Italian provinces, thus suggesting that the project reached
the entire country. Most reports occurred in regions with
Vv presence and/or those regions with greater number of
inhabitants.

TEMPORAL COVERAGE

An effective early warning system must enable rap-
id intervention. In the case of Vv, nest destruction must
occur before the production of reproductive individuals.
After males and females leave the nest and mate, lo-
cating mated queens becomes extremely difficult, and
spring trapping of foundresses is not considered an ef-
fective management strategy. Colonies must therefore
be destroyed before the production of reproductives,
typically between nest foundation and late summer.
However, nests are often concealed in vegetation and
detected only after leaf fall in autumn or winter, when
intervention is no longer necessary as nests are not
reused. Consequently, citizen alertness must be main-
tained throughout the entire active period of the spe-
cies (approximately March—November; MONCEAU et
al., 2014). Our results show that the temporal coverage
expand to the whole year, with most reports occurring
in July-august. This confirms that citizen alertness is
maintained across all seasons.

TEMPORAL CONTINUITY

For long-term sustainability, participation should
not decline after the initial phase of interest but should
remain stable or increase over time. I assessed this by
comparing the number of participants and reports across
the first 3-4 years of the project. The results show that,
contrary to what often happens with invasive alien spe-
cies, the number of reports did not decrease over time,
suggesting a good adherence to the project.
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DATA RELIABILITY

I quantified the rate of incorrect reports (i.e., reports
of Vv that were not confirmed as Vv) and evaluated
whether this rate changed over time. While the overall
rate of incorrect reports was rather high, we highlighted
an improvement in the ration of correct reports over time.
The identification of the most common sources of misi-
dentification will allow to improve communication and
outreach strategies.

In conclusion, the information gathered are instru-
mental in improving the project in the coming years
and in providing an evidence-based foundation for the
adoption of similar initiatives in other countries currently
invaded or at risk. Ultimately, the goal is to contribute
to the development of a harmonized, integrated, cost-ef-
fective, and long-term sustainable European-wide ear-
ly warning system for this species of high concern, for
which the analysis of existing national EW-CS projects
represents a crucial step.
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