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Background: Citizen science has been proven to be a valuable approach to collect data at large scales and can be of particular interest especially if it meets the requirements of the Habitats Directive, a key piece of European Union environmental legislation that orients policies of member states about conservation actions and protected species and habitats monitoring. In Italy, only few citizen science projects are dedicated to the collection of data on insect species, and rarer are those focusing on protected insect species. A long-term initiative focused on protected species and habitats started in 2012 as the “LIFE MIPP” project and continued afterwards as the “InNat” project up until 2024. The above-mentioned initiative focused on 40 protected targets, including insects, crustaceans, plants and habitats.Results: A total of 6,130 records, collected by more than 1,400 volunteers between 2014 and 2021, were analyzed focusing on the increase of the distributional knowledge of nine insect species. On average, 83% of records were considered valid in terms of correct species identification, with more than 60% of records collected outside protected areas. Analyses revealed a clear statistically significant increase in the number of records and in distributional data coverage over the years (i.e., number of occupied UTM cells and variation of shape/density of data distribution), though most of the considered species did not reach ‘saturation’ yet.Conclusion: Our project significantly contributed to increase knowledge on the distribution of protected insect species thus stressing the importance of similar long-term initiatives, also fostering a more conscious management and design of protected areas.Keywords: volunteering, Habitats Directive, beetles, butterflies, distribution data
BACKGROUND
According to the European Citizen Science Association (ECSA)1, citizen science (CS) can be defined as the participation of the general public in scientific processes through an open and inclusive approach. In this context, CS projects actively involve citizens, better defined as volunteers, in scientific endeavors that generate new knowledge or understanding in several fields of science (ECSA, 2015). However, CS has been identified in many ways, and it implies a plethora of definitions (Haklay et al., 2021; Heigl et al., 2019; Shanley et al., 2025) as well as, sometimes, terms referring to the same concepts, reflecting its broad context of application (Eitzel et al., 2017).
In general, CS provides remarkable values to scientific activities, concerning society and volunteers’ personal growth, such as generating knowledge, creating learning opportunities, improving awareness about biodiversity and nature conservation, enabling civic participation (Turrini et al., 2018; Vohland et al., 2021). It has been demonstrated to represent a valid complementary approach with respect to traditional science or even as the more convenient approach for addressing some scientific questions, as CS allows gathering data faster and on a wider scale (Gardiner et al., 2012; Losey et al., 2012; Dennis et al., 2017; Soroye et al., 2018). However, the involvement of non-professional volunteers in data collection is not without problems, especially regarding data quality. In this regard, Tulloch et al. (2013) reviewed recent applications of citizen science programs to the monitoring of animal species, also addressing the data validation issue: when data are collected by non-expert volunteers, such as in iNaturalist or other similar projects, there is a risk of inaccuracy due to variations in survey effort, survey inconsistencies over time, detection biases and errors in records (Di Cecco et al., 2021; Dimson and Gillespie, 2023). For this reason, some CS projects focused on single or few species and/or on reduced geographic scale also provide a mandatory expert validation phase which reduces errors (Campanaro et al., 2017; Flaminio et al., 2021; Callaghan et al., 2019).
CS finds its main field of application in natural science research focusing on conservation, biodiversity and climate change, as demonstrated in the scientometric analysis conducted by Kullenberg and Kasperowski (2016). Within this field, a CS approach has been used worldwide in different contexts: Theobald et al. (2015) provided one of the most comprehensive assessments on biodiversity-focused CS projects, demonstrating the impact of these initiatives for the research on global change. Chandler et al. (2017) analyzed CS and community-based monitoring programmes highlighting their substantial contribution towards global biodiversity monitoring and essential biodiversity variables assessment. The EU Citizen Science database2 gathers a comprehensive overview of ongoing projects in Europe. Despite some emerging challenges, the European Environmental Protection Agencies have recently recognized the potential of CS, which could be considered an important complement for the activities they are in charge of (Rubio-Iglesias et al., 2020), such as biodiversity assessments and species monitoring. Similar suggestions come from Young et al. (2019) who highlighted the intrinsic value of CS data as a fundamental source of information, especially in regulatory activities of Natural Heritage programmes. Furthermore, Olen (2023) explored the increasing evidence of the role of citizens in assuming the responsibility for environmental monitoring and also explored the necessity of building a “complementary knowledge” with authorities.
In this context, most CS projects aimed at species monitoring mainly focus on ‘charismatic’ species (Davis and Dyer, 2015; van Tongeren et al., 2023) that often are not of conservation concern. Thus, less charismatic (Barbato et al., 2021) and neglected species protected under the Habitats Directive (HD)3 have so far not been widely targeted for CS projects in Europe (e.g., Great Stag Hunt, https://ptes.org/wp-content/uploads/2014/06/GSH-final-report.pdf; European Stag Beetle Monitoring Network) (Thomaes et al., 2021). Nevertheless, they represent a potentially worthwhile target for CS projects taking into account that: i) each country hosts a limited number of these species; ii) their distribution can be rather patchy but most territories host at least a few of these species; iii) species listed in the Annexes II and IV of HD are often flagship species, therefore easily detectable by non-professionals. Moreover, according to Art. 17 of the HD, monitoring of these protected species is mandatory for EU member states. Their distributions and conservation status are crucial for determining conservation policies as well as for conservation actions and for guiding future management decisions (Mason et al., 2015).
Given this background, the first ever European LIFE CS project targeting protected insect species started in 2012, the Project “Monitoring of insects with public participation” (LIFE11 NAT/IT/000252, from now on MIPP). It developed a web-app and an app for smartphone for collecting distributional data in 2014 and it ended in 2017 (Mason et al., 2015; Campanaro et al., 2017; Carpaneto et al., 2017). LIFE MIPP was continued and implemented by InNat project which started in 2017 under fundings from an agreement named START2000 and ended in 2024: the data gathered in both projects converged in the same database (“MIPP/InNat project” from now on). List of subsequent projects under which CS data have been gathered and which contributed to the same database as well as details on time periods and funding sources are provided in Appendix 1. The project MIPP initially focused on nine species of insects protected under the HD, but the number of targets grew to 40 during the years, including both protected animal and plant species as well as protected habitats. MIPP/InNat project engaged citizens in collecting distribution data of protected species and habitats by uploading photographs of the encountered target either on a dedicated website4 or using an app for smartphones (“MIPP” then “InNat”). Each record was checked and validated by expert naturalists of the project staff and the data were stored in the project database; then, validated records were shared on the project website. Dissemination aiming at reaching and involving new volunteers, was a key element for all projects. The projects used different approaches to reach the public. MIPP and the first years of InNat (2017–2019) mainly relied on the organization of public events (either in State Nature Reserves or in schools) which are known to produce long-term benefits for the project and for conservation (Jue and Daniels, 2015), as well as on the involvement of Protected Area staff (e.g., personnel of Carabinieri Biodiversity and Park Departments, Regional Forestry Corps, Regional Parks). From 2020 InNat mostly employed social media for dissemination, with a limited number of public events, in order to involve a wider range of audiences of different ages.
The present paper aims at presenting the state of the art of the MIPP/InNat project by analyzing the general results collected in eight years, considering all project targets. In this context, focusing on data of the nine insect species recorded since 2014, a specific objective is to compare the distribution of records from the first two years, partly already presented in Zapponi et al. (2017), with the six following years. The underlying hypothesis is that data coverage continuously increased during the last six years of the project and our predictions are the following.
1. The knowledge on species distribution (calculated as the number of occupied cells of the UTM 10 × 10 km grid) increased;
2. Data for new cells in species-specific annual incremental curves of the occupied area are continuously being added and a plateau has not been reached yet;
3. Species occurrence obtained by our records is subject to variation also according to α-hull range estimate.
Analyses are carried out to reveal the trends of collected records and the improvement in knowledge on the distribution of the project target species in respect to Zapponi et al. (2017) and these data will supply important information on the importance of long-term CS projects.
METHODS
Data description
For the present analysis, the dataset updated to 14th January 2022, which comprises the validated records from 1 January 2014 to 31 December 2021, has been used. Analyses employ the same dataset for 2014 and 2015 as well as the same methods used in Zapponi et al. (2017) to guarantee comparable results. General results (e.g., number of records and correct identification rate) of the projects have been calculated. The validated records collected during the entire MIPP/InNat project duration (i.e., records from 2014 to 2024) are visible and downloadable on the platform GBIF5 (Campanaro et al., 2024) and on the official Italian repository of biodiversity data (National Biodiversity Network6).
Although the complete dataset would include 40 targets (Table 1), analyses were performed considering only the records of the nine insect species included in the project from the beginning and falling inside Italian National territory. The geographic location of records is expressed using the ETRS89 datum and the EPSG 4258 reference system. In order to compare the advances in data coverage, the dataset was divided in two blocks: data block 1 (n = 1,113) partially overlaps the dataset from Zapponi et al. (2017) and comprises the data recorded from 1st January 2014 to 31st December 2015, corresponding to part of the MIPP project, whereas data block 2 (n = 5,017) includes the data recorded from 1st January 2016 to 31st December 2021, corresponding to the second part of MIPP and the InNat project. These two data blocks were analyzed using R 4.1.1 (R Core Team, 2021), and species distributions were assessed following the methods of Zapponi et al. (2017). Geographical information was used to assess how many species records were collected in protected areas (i.e., Natura 2000 sites and protected areas listed in “Elenco Ufficiale delle Aree Protette VI” - EUAP VI (EUAP, 2023) (published in Gazzetta Ufficiale n. 125 del 31.05.20107). Geospatial vector data downloadable at http://www.pcn.minambiente.it/viewer/index.php?services=progetto_natura).
TABLE 1 | List of the target species/habitats of the MIPP/InNat citizen science initiative.
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For each species, records were plotted on the UTM 10 × 10 km grid and the yearly number of cells with presence data was calculated using QGIS 3.16.11 (QGIS Development Team, 2022). A Chi Square test (degree of freedom = 1) was employed to assess statistical differences between the number of cells with presence data for the two data blocks, without taking into account records shared between the two data blocks.
UTM curves
The annual increment in species presence was analyzed by plotting the number of UTM cells occupied by records of the nine target species against time expressed as years from 2014 (start of MIPP project) to 2021. Linear regression models, estimating the trend of the record (i.e., UTM cells) over time, were separately fitted to each species using “lm” function in R 4.1.1. For each species, the slopes of the two linear models calculated for the two data blocks (i.e., 2014–2015 and 2016–2021), indicating the rate of accumulation of UTM cells over time, were compared employing a Chi Square test (degree of freedom = 1) to assess the differences in the rate of data increment between the first two years and the complete eight years of data collection. Species-specific results were analyzed to estimate the distance from their asymptote, intended as a plateau, using this parameter as a proxy for ‘project saturation’ (i.e., the calculated maximum number of cells reachable with CS). This plateau was thus calculated on the basis of the increment of the records per year. Specifically, each species-specific result was fitted to an asymptotic model, using the SelfStart function “SSasympOrig” implemented in the function “nls” in the R 4.1.1 package “stats” ver. 3.6.2 (R Core Team, 2021), forcing each curve to start from the origin. The number of UTM cells expected at the asymptote was estimated and a Chi Square test (degree of freedom = 1) was applied to compare this number with the number of actually recorded cells.
α-hulls
To assess changes in the geographic range of the nine target species recorded in the years 2016–2021, α-hulls were calculated for data block 1 (2014–2015) as well as for data block 2 (2016–2021), following Zapponi et al. (2017). α hulls were chosen compared to traditional convex hulls, because they provide an explicit mean for excluding discontinuities within a species range, allowing more robust estimates (Burgman and Fox, 2003). For each species, all duplicate coordinates were removed from the dataset using the “distinct” function in the R 4.1.1 package “dplyr”. The high density of records as well as their proximity prevented the calculation of the α-hull area for L. cervus: thus, only in this case, the distribution of the records was simplified using the “gridify” function in the MMQGIS plugin ver. 2021.9.10 in QGIS 3.16.11 (QGIS Development Team, 2022). Records were ordered on a regular grid of 0.01 latitudinal degrees and the redundant points were removed. Species-specific areas, expressed as km2, were calculated using R 4.1.1 package “alphahull” (Pateiro-López and Rodríguez-Casal, 2010). As in Zapponi et al. (2017) and also suggested by the IUCN Standards and Petitions Subcommittee (IUCN Standards and Subcommittee, 2014), we set parameter α = 2, and a Chi Square test (degree of freedom = 1) was employed to assess statistical differences between the α hulls results from the two blocks.
RESULTS
Data description
Considering all the 40 project targets (Table 1), from 2014 until the end of 2021, 6,130 records were collected in Italy, and a large proportion of these (ca. 65%) was recorded in the northern regions. Records were provided by a total of 1,439 citizen scientists. On average, 83% of the records collected each year have been considered correctly identified by volunteers after expert validation (resulting in a total of 5,152 records) (Figure 1). Focusing only on insect species, with 2,026 correct records, the coleopteran Lucanus cervus (Linnaeus, 1758) resulted the most recorded target species whereas the least recorded were the lepidopterans Phengaris teleius (Bergsträsser, 1779) and Papilio hospiton (Géné, 1839), with a single correct record each. The lepidopterans Euphydryas maturna (Linnaeus, 1758) and the odonate Leucorrhinia pectoralis (Charpentier, 1825) were also the species with most erroneous records, as well as the lepidopterans Argynnis (Fabriciana) elisa (Godart, 1823) and Papilio alexanor (Esper, 1800), with 1, 1, 15 and 18 incorrect records respectively.
[image: Figure 1]FIGURE 1 | Number of records collected by volunteers for target species with more than ten records. Histogram showing the species included in MIPP/InNat initiative with the respective number of records from 2014 to 2021, in descending order. In light green records validated by experts of the projects staff (i.e., the reported species was correctly identified by the citizens), in dark green reports not confirmed and rejected. Only species with minimum 10 data have been included. The nine species analysed in the present study are reported in bold.
More than 60% of the records did not fall within Natura 2000 sites and protected areas according to the 6th official list of protected areas in Italy (EUAP VI).
UTM grid
The spatial increment of occupied cells of the UTM 10 × 10 km grid for each of the nine target species are reported in Figure 2 and corresponding results from the Chi Square test are reported in Table 2. Differences between the number of records from the two data blocks are statistically significant for all target species (p value <0.018) except for Saga pedo (p value = 0.593).
[image: Figure 2]FIGURE 2 | Maps showing the distribution of 10 × 10 km UTM cells occupied by the nine investigated species. Grey cells: records from data block 1 (2014–2015); blue cells: records from data block 2 (2016–2021); orange: cells shared in the two data blocks.
TABLE 2 | Analysis of the differences in the distribution of the nine investigated species between the two data blocks: 2014–2015 vs. 2016–2021.
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Species-specific annual incremental curves of the occupied area are reported in Figure 3. Slopes, as well as the results of the Chi Square tests, are reported in Table 3. According to these analyses, despite the visible drop of the slope from the first two years versus the complete eight years of data collection for some species, this difference is not statistically significant for almost all the evaluated species (p value >0.1). The only significant difference (p value = 0.016) is represented by L. cervus. However, for all species did the slope decrease and thus the rate of increment of occupied cells decreased over the years.
[image: Figure 3]FIGURE 3 | Annual incremental curves calculated on the 10 × 10 km UTM cells collected each year for the nine selected species. Light blue represents data block 1 (2014–2015), dark blue represents data block 2 (2016–2021).
TABLE 3 | Analysis of the differences in the slopes of the incremental curves of the nine investigated species between the two data blocks: 2014–2015 vs 2016–2021.
[image: Table 3]Moreover, almost all species show a statistical difference between the actual number of recorded 10 × 10 km UTM cells and their given mathematical plateau (p value <0.05) (Table 4). This suggests that almost all of the species investigated in our project are still far from reaching ‘saturation’ in distribution knowledge, intended as the maximum number of possible grid cells with records. The only two exceptions concern Osmoderma eremita complex (p value = 0.137) and Rosalia alpina (Linnaeus, 1758) (p value = 0.055) which do not result statically significant. This suggests that these are closer to reaching ‘saturation’ in distribution knowledge.
TABLE 4 | Differences between the mathematically calculated asymptote and the number of cells recorded for the nine investigated species until December 2021.
[image: Table 4]α-hulls
Results from the α-hulls analyses are reported in Figure 4. These α-hulls reveal that the area covered by CS records (expressed in as km2) has sharply increased from data block 1 (2014–2015) to data block 2 (2016–2021) for all target species, with S. pedo (Pallas, 1771) as the only exception. However, this is an artefact created by the parameters imposed; when data points are too far apart they are not joined. For Cerambyx cerdo Linnaeus, 1758, Morimus asper/funereus, O. eremita complex, R. alpina, Lopinga achine (Scopoli, 1763) and Zerynthia cassandra/polyxena, the increase in the area covered by the records results in a change of the relative shape of the area. In contrast for L. cervus and Parnassius apollo (Linnaeus, 1758), the increase in the area covered by the records results in an increased density within the same outline. Saga pedo is the only species not showing an increase in the area covered by the records: this can be explained with the disjunct distribution of its records, also due to setting the parameter α = 2, as reported in Zapponi et al. (2017) and by the IUCN Standards and Petitions Subcommittee (IUCN Standards and Subcommittee, 2014). This resulted in a low threshold for the inclusion of distant data points in the α-hull.
[image: Figure 4]FIGURE 4 | Graphic outputs of α-hulls analyses. Distributiuons of the two data blocks (2014-2015, 2016-2021) are compared for the nine selected species.
Chi Square test highlighted that all differences result highly statistically significant (p value <0.0001) (Table 5). Differences in the area covered by records of S. pedo were statistically significant but they have not been considered in the following discussion due to the above-mentioned limits of the α-hulls analysis for this sparse distributional data.
TABLE 5 | Results from the Chi Square tests assessing statistical differences among species-specific α-hulls from the two data blocks: 2014–2015 vs 2016–2021.
[image: Table 5]DISCUSSION
Our results highlight that a CS project, which investigates the presence of protected insect species, benefits from collecting data for a long time as data coverage continuously increased during eight years of the project and none of the investigated species has already reached a plateau of grid cells covered. Similarly, Méndez and Cortés-Fossati (2021) showed that 15 years of citizen science were unable to yield a complete view of the distribution of the stag beetle in Spain. Thus, the time necessary to complete information about coverage is important and should be considered in similar future CS projects.
Results on the most and least recorded species are rather easy to interpret: the coleopteran L. cervus is widely distributed in Central and Northern Italy and easily detectable during its summer flights (Bardiani et al., 2017). In contrast, the lepidopterans P. teleius and P. hospiton have a very limited distribution in Italy (Stock and Genovesi, 2016) and detectability of these butterflies is presumably much lower (e.g., difficulty in observing the target closely and long enough for identification, need for specific entomological skills, dedicated photographic equipment, etc.). Similarly, results on the most mis-recorded species can be justified by the distribution of these targets; in fact, A. (Fabriciana) elisa, E. maturna, L. pectoralis and P. alexanor share a very limited distribution (Stock and Genovesi, 2016) and can easily be confused with similar species.
The high number of records provided by volunteers in Northern Italy, as also highlighted in Redolfi de Zan et al. (2023), suggests that this area played a leading role in our project. This may be explained by two main reasons: a greater involvement of the public in our CS project and a different attitude to this kind of initiatives. Moreover, it must also be stressed that among the northern regions in Italy, Lombardy alone accounts for approximately one-sixth of the whole Italian population, leading to a strong bias towards northern regions in the results of any volunteer-based research over national territory.
Another important result concerns the high percentage (ca. 61%) of records that were collected outside protected areas indicating that many of the populations of these species are currently inhabiting also outside of these dedicated areas. This result is particularly meaningful considering that many of the target species (e.g., L. cervus, R. alpina, C. cerdo, O. eremita) are listed in Annex II of the Habitats Directive and therefore require the designation of special areas of conservation. It would be interesting to better understand the relationship between citizen scientists and protected areas and the reasons why the majority of records of MIPP/InNat project fall outside protected areas. Among the possible explanations for this, it could be that volunteers do not commonly frequent protected areas and that they might collect data on the target species during routine activities (e.g., traveling from home to work route, walking the dog, etc.). Information aimed at profiling the volunteers involved in our project have been collected through a sociological survey and will be the target in an upcoming paper. Indeed, it must be noted that the protected target species of our project can be found outside protected areas. These results stress the ecological importance of the areas between the Natura 2000 network areas in the context of biodiversity, species conservation and ecological connectivity (D’Amen et al., 2013).
From a European point of view, results from the MIPP/InNat project tend to be comparable with other similar European CS projects. For example, the Vadonleso project (https://xn--vadonles-8sb.hu/) (Bagolyné Geng et al., 2018), a Hungarian CS project targeting species protected under the Habitats Directive, shares L. cervus with MIPP/InNat, and the data from 2021 are comparable. In fact, L. cervus reached 156 records in 2021 in the Vadonleso project and this species was the most recorded insect target. In our project, in 2021, 214 records of L. cervus were collected thus this species resulted the most represented in our project as well. Moreover, in 2021, also the percentage of validated (hence correct) records are comparable in the two projects: 95% and 89% for Vadonleso and InNat projects respectively.
UTM grid
Differences in the number of records from the two analyzed data blocks (2014–15 vs 2016–21) resulted statistically significant for all target species except for S. pedo. This means that our project contributed to improving the knowledge on the distribution of our targets. Similarly, a number of other studies have found that knowledge on the distribution of insects has been greatly improved thanks to CS (Smyth et al., 2013; Zapponi et al., 2017; Méndez and Cortés-Fossati, 2021). The fact that the differences between the number of records from the two data blocks were not statistically significant for S. pedo was most probably caused by the paucity of the data available for the analysis (i.e., 22 validated records and 13 UTM cells for S. pedo compared to an average of 500 validated records and 142 UTM cells for the other species, respectively). However, even if the number of occupied cells increased also for S. pedo (Table 2), we cannot base our evaluation of the effectiveness of the project with regard to this species.
UTM curves
Concerning the annual incremental curves of the occupied areas for our target species, a drop of the slope from the first two years versus the complete eight years of data collection for some species was observed, possibly due to natural accustomization to the project. In particular, the slowdown is remarkable – and statistically significant - for L. cervus with a higher recording rate in the first two years in respect to the following ones. This could be explained by the charisma of the species, used as a flagship for the project promotion, especially in the first years. On the other hand, this slowdown in the accumulation curve is not statistically significant for all the other the evaluated species (p value >0.1): in fact, data for new cells is continuously being added for all target species.
The increase of the occupied areas found with CS data underlies the high effort needed over many years in order to map the distribution of the target species. These findings highlight the need of long-term initiatives at country level, thus encouraging the continuation of similar projects, to completely map the areas occupied by the species.
None of the evaluated species approached the estimated asymptote and this means that eight years of recording are not sufficient to map the distribution of the target species within our CS project and according to Méndez and Cortés-Fossati, (2021) even 15 years of citizen science were not sufficient to complete the distribution of the stag beetle in Spain. Only O. eremita complex and R. alpina seem to be approaching the mathematically calculated asymptote. Even though these results could reflect the paucity of the data available for these analyses, there could be some ecological factors affecting the results, especially considering that the plateau is mathematically calculated on the basis of yearly data collection rate. On one hand, O. eremita in Italy suffers from detectability issues: in fact, it can usually be found at very low densities, possibly due to the reduced number and volume of tree hollows in our national territory, thus occasional observations are quite rare. For monitoring, the use of attractive traps is recommended (Maurizi et al., 2017). Therefore, in the case of O. eremita, it seems likely that the species is present in other suitable areas and might be detected only with appropriate monitoring techniques (e.g., as in Lenzi et al. (2022)). On the other hand, R. alpina is characterized by a patchy distribution due to its close association with an extremely specific microhabitat (i.e., mature, dead or moribund and sun-exposed trees of Fagus spp.), where the species is highly visible. This often results in the multiple records being collected by citizen scientists from the same grid cells which limits the increase in additional cells. These different issues influence the calculation of the mathematical plateaus for the two species and the calculated increase of the distribution was more modest for these targets. However, for these very reasons, any newly discovered grid cell for the two above-mentioned species is highly relevant at national level. Again, as for the other analyses, results for S. pedo should be interpreted with caution due to the low number of records collected.
The annual increment of the occupied UTM cells highlights how our project increased the knowledge on our target species distribution, but our knowledge on the true distribution of these species is still far from complete. It is obvious that time is an important factor for such projects and thus this kind of initiatives should be set up as long-term monitoring programmes since an increase in their duration results in an increase in useful data recording. Additionally, climate change is a key driver of insect distributional changes which results in directional range shifts (Hassal, 2015; Engelhardt et al., 2022). Thus, our current knowledge on the distributional ranges of protected species needs to be investigated continuously.
α-hulls
α-hulls reveal that the area covered by CS records (expressed in as km2) has sharply increased from data block 1 (2014–2015) to data block 2 (2016–2021) for all target species, with S. pedo (Pallas, 1771) as the only exception. Therefore, two main species categories are identified by our analysis: easily detectable and relatively well-known species (i.e., L. cervus and P. apollo) and the less easily detectable and relatively neglected species (i.e., C. cerdo, M. asper/funereus, O. eremita complex, R. alpina, L. achine and Z. cassandra/polyxena). The first category did not experience a change in the shape of the α-hulls and differences among the two analyzed data blocks can be found mainly in a greater density of data within the same α-hull shapes. In contrast, for the less easily detectable target species we found a drastic change in the shape of their α-hulls. Interestingly, both species categories did not show changes in the position of their α-hull core over the years. This result might mean that the very first two years of data recording already defined the core of the species’ distribution and the last six years dramatically impacted the α-hulls shapes with the collection of records from the edges of the distributional area. Thus, for most of our species CS records greatly enlarged the known distribution and similar results have been found by Zapponi et al. (2017) and Méndez and Cortés-Fossati (2021) (Bardiani et al., 2017) and thus CS records can provide records vital for the identification of new areas of importance for the conservation of protected species.
CONCLUSION
The present paper analyses data from a CS project targeting species protected under the Habitats Directive. Comparison between the two data blocks, first two years of the project (2014–2015) vs last six (2016–2021), revealed a significant and encouraging increase in distributional data coverage. Moreover, it is interesting to highlight the differences with previous analyses performed by Zapponi et al. (2017), which, in turn, compared cells records exclusively provided by citizens with the ones provided by professional scientists involved in CKMap, i.e., Stoch (2005).
The MIPP/InNat project significantly contributed to increasing knowledge on the distribution of species protected under the Habitats Directive. These data not only prove to be essential information for the scientific community, but they are also of paramount importance in meeting the demands of the European Commission (i.e., Article 11 and 17 of the Habitats Directive (92/43/EEC)) and in fostering a more conscious management and design of protected areas. In light of these results on species distribution, CS projects therefore prove to be extremely beneficial for their impacts on protected areas managers, conservation executives and policymakers (Redolfi de Zan et al, 2023).
New opportunities for the MIPP/InNat project concern increasing project targets. Up to date, for the newly added targets, records do not reach the same numbers of the previously included ones (i.e., from MIPP on). This result is important in highlighting the limits of CS approach with insect species that are not easy to identify and to detect due to their size and or habitat preferences (e.g., Cucujus cinnaberinus, Rhysodes sulcatus). In fact, good data and statistically robust trends require a serious investment of time and money and the chosen methods need to be scientifically sound (Schmidt and Van der Sluis, 2021). CS has a great potential, also for recording distributional data of protected insects, as shown above. However, it is also important to recognize the limits and biases of this approach (e.g., Kallimanis et al. 2016; Deacon et al. 2023) and to identify the targets that are best investigated by professionals. For example, targeted monitoring of specific species with the aim of getting population trends are usually carried out by professionals (Schmidt and Van der Sluis 2021). Thus, methods can be validly selected from volunteer-based and professional-based solutions and these choices depend also on the culture of a specific country as well as on the availability of resources (Schmidt and Van der Sluis 2021).
Eventually, two of the major challenges related to all CS projects concerns project promotion and attractiveness towards non-professional volunteers (i.e., not biologists/naturalists or similar) so that the largest possible part of the public can be involved in the proposed activities. Analysis of InNat volunteer profiling will be reported in an upcoming paper which, as mentioned above, will be based on a sociological survey submitted to all our volunteers.
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ABBREVIATIONS
CS, Citizen Science; HD, Habitats Directive, Council Directive 92/43/EEC; MIPP, Project “Monitoring of insects with public participation” (LIFE11 NAT/IT/000252); InNat, Project “Promozione della Rete Natura 2000 e il Monitoraggio a scala nazionale di specie di insetti protetti”; START 2000, Project “Sviluppo di strumenti di coordinamento finalizzati all’attuazione degli obiettivi e delle misure di conservazione nei siti Natura 2000 compresi nelle riserve ed altre aree demaniali gestiti dall'Arma dei Carabinieri”.
FOOTNOTES
1https://ecsa.citizen-science.net/about-us
2https://eu-citizen.science/
3The Habitats Directive (Council Directive 92/43/EEC) was adopted in 1992, and aims at ensuring biodiversity in the European Union by conserving natural habitats and wild fauna and flora species. Specifically it requires all Member States to establish a strict protection regime for species listed in Annex IV, both inside and outside Natura 2000 sites.
4www.lifemipp.eu
5https://cloud.gbif.org/eca/resource?r=protected_insects_of_italy&v=1.5
6https://www.nnb.isprambiente.it/
7geospatial vector data downloadable at http://www.pcn.minambiente.it/viewer/index.php?services=progetto_natura.
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Species/Habitat Order

Insects

Rhysodes sulcatus (Fabricius, 1787) Coleoptera Carabidae

Cerambyx cerdo Linnacus, 1758 Coleoptera | Cerambycidae LIV
Morimus asper/funereus* Coleoptera Cerambycidae I
Rosalia alpina (Linnaeus, 1758) Coleoptera Cerambycidae LIV
Cucujus cinnaberinus (Scopoli, 1763) Coleoptera Cucujidae L1V
Lucanus cervus (Linnaeus, 1758) Coleoptera Lucanidae i
Osmoderma eremita complex** Coleoptera Scarabacidae L1V
Euplagia quadripunctaria (Poda, 1761) Lepidoptera Erebidae I
Lycaena dispar (Haworth, 1802) Lepidoptera Lycaenidae LIV
Phengaris arion (Linnaeus, 1758) Lepidoptera Lycaenidae v
Phengaris teleius (Bergstrisser, 1779) Lepidoptera Lycaenidae LIV
Argynnis (Fabriciana) elisa (Godart, 1823) Lepidoptera Nymphalidae v
Coenonympha oedippus (Fabricius, 1787) Lepidoptera Nymphalidae LIV

Euphydryas aurinia (Rottemburg, 1775)
E. glaciegenita (Verity, 1928) Lepidoptera Nymphalidae 1
E. provincialis (Boisduval, 1828)

Euphydryas maturna (Linnaeus, 1758) Lepidoptera Nymphalidae LIV
Lopinga achine (Scopoli, 1763) Lepidoptera Nymphalidae v
Melanargia arge (Sulzer, 1776) Lepidoptera Nymphalidae v
Papilio alexanor Esper, 1800 Lepidoptera Papilionidae v
Papilio hospiton (Géné, 1839) Lepidoptera Papilionidac v
Parnassius apollo (Linnacus, 1758) I Lepidoptera I Papilionidae v
Parnassius mnemosyne (Linnaeus, 1758) Lepidoptera Papilionidae v
Zerynthia polyxena (Denis & Schiffermiiller, 1775); Z. cassandra (Geyer, 1828) Lepidoptera Papilionidae v
Hyles hippophaes (Esper, 1789) Lepidoptera Sphingidae v
Proserpinus proserpina (Palla, 1772) Lepidoptera Sphingidae v
VCaewagnkm mercuriale (Charpentier, 1840) | Odonata VCo:nagrionidae i
Cordulegaster trinacriae (Waterstone, 1976) Odonata Cordulegastridae LIV
Oxygastra curtisii (Dale, 1834) Odonata Corduliidae LIV
Gomphus flavipes (Charpentier, 1825) Odonata Gomphidae v
Lindenia tetraphylla (Vander Linden, 1825) Odonata Gomphidae 1L, Iv
Ophiogomphus cecilia (Fourcroy, 1785) Odonata Gomphidae LIV
Sympecma paedisca (Braer, 1877) Odonata Lestidae v
Leucorrhinia pectoralis (Charpentier, 1825) Odonata Libellulidae v
Brachytrupes megacephalus (Lefévre, 1827) Orthoptera Gryllidae LIV
Saga pedo (Pallas, 1771) Orthoptera Tettigoniidae v
Crustaceans ‘
Austropotamobius pallipes (Lereboullet, 1858) Decapoda Astacidae LV

Plant species ‘

Cypripedium calceolus Linnaeus Asparagales Orchidaceae 1L IV
Galanthus nivalis Linnaeus Asparagales Amaryllidaceac v
Himantoglossum adriaticum H. Baumann Asparagales Orchidaceae 1,1V
Habitats ‘
Habitat 91E0 - - 1
Habitat 91F0 - - 1

List of protected species and habitats targeted in MIPP/InNat initiative. Taxonomic arrangements (Species, Order and Family), annexes of the HD, in which these species are listed. Species
investigated in the present study are reported in bold.

“Habitats Directive lsts only Morinius funereus (Mulsant, 1862), presentin Italy only in a narrow part of the North-East (Carso Triestino e Goriziano within Carnic Alps). Accordingto several
authors, of. Hardersen etal. (2017), M. furereus should be considered a subspecies of M. asper (Sulzer, 1776). For this reason, both MIPP, and InNat projects take in account records from the two
taxa as if they came from a single species (Morimus asper/funereus) even if only populations of the Carso Triestino e Goriziano are officially protected by Habitats Directive.
Osmoderma eremita complex comprises O. eremita eremita (Scopoli, 1763), O. eremita italicum Sparacio, 2000 and O. cristinae Sparacio, 1994,
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Species Data block 1 Data block 2 p-value Statistical

(2014-2015) (2016-2021) significance

Cerambyx cerdo 36 70 1 10906 <2.2e-16
Lucanus cervus 135 299 78 61972 <2216
Morimus asper/funereus 143 356 74 90920 <2216
Osmoderma eremita 7 19 2 5.538 0018 -
complex

Rosalia alpina 39 8 2 15281 <2.2e-16
Lopinga achine [ 14 | 41 10 13255 <2.2e-16
Parnassius apollo 43 9% 20 202090 <2216
Zerynthia cassandra/ 31 80 9 21631 <2216
polyxena

Saga pedo 6 8 1 0285 0593 NS

Results from the Chi Square tests assessing statistcal differences among the UTM cells o the involved species over the two given time periods (data block 1 and data block 2). In particular, the
Chi Square value () and the p-value are reported, as well as the statistical significance level (*** = high statistical significance, ** = medium statistical significance, NS = non-significant). The
number of shared cells n for full reporting, but it was not included in the analyses of the present work.
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Species Data block 1(2014-2015) Data block 2 (2016-2021) p-value Statistical

(km?) (km?) significance

Cerambyx cerdo 123501300 233725.400 34010000 <22¢-16 e
Lucanus cerviss 123222000 129938.900 B0 | <2216
 Morimus asperfunereus | 182511000 | 276333.400 om0 | <2016 | e
Osmoderma eremita complex 2330.455 63091300 seim00 | <2216
*Rosalia apina 97233700 I 134982300 en6a0 | <a2e16
*Lopinga achine 2456.260 9403.167 | a0e300 | <22e16
Parnassius apollo 93131150 103391.900 535730 | <2216 e
Zerynthia cassandral 45660960 137290100 45892000 <22e-16
polysena

Saga pedo 4026352 1682.898 961910 | <2216 e

The Chi Square value (x®) and the p-value are reported, as well as the statistical significance level (*** = high statistical significance).
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Results from the Chi Square tests assessing statistical differences among the species-specific slopes of the linear models ftted for years 2014-2015 versus years 2014-2021. In particular, the Chi
Square value (33) and the p-value are reported, as well as the statistical significance level (** = medium statistical significance, NS = non-significant).
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Species-specific mathematical plateaus (.., maximum number of UTM cells possibly covered by each species). The relative results from the Chi Square tests assess staistical differences among
the asymptote and the number of cells recorded until December 2021. In particular, the Chi Square value (x2) and the p-value are reported, s well as the statstical significance level (*** = high
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