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Abstract

The lack of detailed geographical distribution knowledge prevents defining reliable distribution ranges for many insects. Combining data
from entomological collections, literature, citizen science and social media can frequently address this problem, but analysing the con-
tribution of each information source is rarely applied. Oryctes nasicornis grypus is widely distributed across the Iberian Peninsula, but
records from the Atlantic Arch, especially Galicia, are scarce. By reviewing literature, entomological collections, citizen science projects
and social media, we delineated a more accurate distribution range for this species in Galicia, gathering 103 records and identifying 17
new grid cells. Additionally, we analysed the relative contribution of each information source for mapping this species. Social media
contributed the most new grid cells (41.18%), followed by citizen science (29.41%) and entomological collections (23.53%). Further-
more, this work highlights the importance of public involvement in improving insect distribution knowledge and establishes a baseline
for filling distribution gaps of O. nasicornis grypus in the northwestern Iberia.
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Introduction

Fully understanding insect biodiversity requires formal
description and cataloguing of all species worldwide and
precise mapping of their geographic distribution (Hortal
et al. 2015; Lomolino & Heaney 2004). Unfortunately,
achieving this goal remains utopian, due to deficiencies in
taxonomic knowledge (i.e. the Linnean shortfall) and gaps
in distribution data (i.e. the Wallacean shortfall) across
many taxa, including insects (Marshall et al. 2024). Ad-
dressing the Wallacean shortfall involves compiling data
from different information sources, such as entomologi-
cal collections, entomological journals, checklists, citizen
science projects or social media (Chowdhury et al. 2022;
Meéndez & Cortés-Fossati 2021). Unfortunately, despite
the frequent combined use of these sources to map spe-
cies distribution, analysing the contribution of each in-
formation source is not a common practice (Feldman et
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al. 2021), particularly for insects. Only a few works have
addressed a similar attempt. For example, Méndez &
Cortés-Fossati (2021) highlighted citizen science’s role in
mapping Lucanus cervus Linnaeus, 1758 (Coleoptera: Lu-
canidae) in Spain, and proposed guidelines for integrating
citizen science projects, museum data and entomological
publications.

Entomological collections are among the oldest biodi-
versity repositories, providing invaluable natural history
information, but are often constrained by biased sampling
influenced by funding and regional priorities (Pyke & Ehr-
lich 2010; Suarez & Tsutsui 2004). Citizen science pro-
jects have become invaluable for biodiversity research,
involving the general public in data collection across large
areas, demystifying science, and enhancing public knowl-
edge about biodiversity and conservation (Pocock et al.
2018; Silvertown et al. 2013). Social media platforms, like
Facebook, can also contribute to biodiversity research by
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facilitating discussion and knowledge sharing; however,
they are less efficient in systematically storing biodiversi-
ty observations, and retrieving metadata like names, loca-
tions and dates (Pocock et al. 2018).

The genus Oryctes llliger, 1798 (Coleoptera: Scarabaei-
dae, Dynastinae), includes two species in the European part
of the Palearctic region: O. nasicornis (Linnaeus, 1758),
and the Canary Islands endemic O. prolixus Wollaston,
1864 (Lopez-Colon 2003, 1996). Oryctes nasicornis is
widely distributed throughout Europe with O. nasicornis
grypus (Illiger, 1803) restricted to the Iberian Peninsula
(including the Balearic Islands), France, Italy and Sicily
(Lopez-Colon 2003). In the Iberian Peninsula, O. nasicor-
nis grypus is widely distributed in central and southern
regions but sparsely distributed in the Atlantic Arch, es-
pecially in Galicia, where comprehensive data are lacking
(Chapman & Champion 1907; Lopez-Colon 2003; Novoa
etal. 2014; Pino Pérez & Pino Pérez 2016; Valcarcel 2010).

In this context, the geographical range of O. nasicornis
grypus needs to be improved by combining data from cit-
izen science, social media, and entomological collections,
filling in the gaps for future chorological studies and show-
ing a more reliable species distribution. Therefore, the ob-
jectives of this paper are twofold: (1) to assess the relative
contribution of each different sources of information, such
as citizen science, social media, entomological collections
and literature to delineate the distribution of O. nasicor-
nis grypus in Galicia; and (2) to update the distribution
of this species in the north-western corner of the Iberian
Peninsula.

Material and Methods

Data compilation and curation

To update the distribution information of O. nasicornis
grypus in Galicia, we conducted a systematic search, com-
piling scarce and fragmented records from the published
literature (hereafter “literature”) in Chapman & Champi-
on (1907), Loépez-Coldén (2003), Novoa et al. (2014), Pino
Pérez & Pino Pérez (2016) and Valcarcel (2010). Recog-
nizing that these bibliographic records were not fully rep-
resentative of the real species distribution in this region,
we expanded our search to include unpublished records
from the entomological collection of Arthropods of Centro
de Investigacion Forestal de Lourizan (CIF) (LOU-Arth)
and, records from authors (hereafter “entomological col-
lections”). Simultaneously, we incorporated data from
various citizen science projects (hereafter “citizen science
projects”), such as Biodiversidade.eu (https://biodiversi-
dade.eu/), Biodiversidad Virtual (http://www.biodiversi-
dadvirtual.org/), Observation.es (https://spain.observation.
org/), iNaturalist (https://www.inaturalist.org/), as well as
a specific social media group, “Fauna e Flora Salvaxe
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de Galicia” on Facebook (https://www.facebook.com/
groups/1072317522807135) (hereafter “social media”).
Despite criticisms about the reliability of citizen data
identification from photographs (Gardiner et al. 2012),
the distinctive morphology of O. nasicornis grypus in-
stils confident identification based on images. However,
due to the difficulty in identifying the larval stages from
photographs, larval records were excluded from this study.
Moreover, records without location were also excluded,
and 10x10km Universal Transverse Mercator (UTM) co-
ordinates were interpreted from decimal geographic coor-
dinates or with Military Grid Reference System (MGRS)
data. Geographical coordinates were interpreted from the
locations cited on published data or in the original posts on
social media and converted to 10x10km UTM grid. Only
records from 1907 to 2023 were included in this work.

Data analysis

The compiled records of O. nasicornis grypus from the
various sources were included in 10x10 km UTM grid dis-
tribution maps produced using QGIS programming. Two
maps were created: one showing the distribution and unique/
shared grid cells contributed by each information source, and
another displaying the accumulated number of records by
each grid cell. The first map provides information about the
distribution, and the uniqueness or redundancy of each infor-
mation source’s contribution, while the second provides the
relative sampling effort in each grid cell. Additionally, two
plots were created to describe the yearly and monthly dis-
tribution of O. nasicornis grypus in Galicia, sorted by year
and month, using the ggplot2 package (Wickham, 2016) in R
v.4.3.1. (R Development Core Team, 2023).

Results

Overall, the following 103 records of O. nasicornis grypus
from 1907 to 2023 are included in this work (literature:
33, citizen science projects: 13, social media: 15, and en-
tomological collections: 42) (Supplementary Material S1).
These records are distributed across 29 UTM grid
cells, each measuring 10x10 km. Additionally, more than
half of the records included in this work are unpublished
(67.96%), contributing 17 new grid cells where O. na-
sicornis grypus had not been previously recorded. A sig-
nificant proportion of records (96.12%) and grid cells
(86.21%) are predominantly scattered across the southern
region of Galicia (Fig. 1). Specifically, Ourense and Ponte-
vedra contain the highest number of records (53.40% and
42.72% respectively) and grid cells (41.38% and 48.27%,
respectively). Although O. nasicornis grypus is widely
distributed throughout southern Galicia, the number of
records per grid cell is generally low (<5 occurrences).
notably, only four grid cells showed a higher quantity of
records, ranging from 5 to 26 individuals (Fig. 1 b).
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Fig. 1 — UTM map (10 x 10 km grid) with (a) the known distribution of Oryctes nasicornis grypus in Galicia (northwest of the Iberian Peninsula), and
(b) the number of records per cell. Literature-derived records are marked with black stripes, while records from citizen science projects, social media, and
entomological collections are represented by red, blue, and grey cells, respectively. Cells in violet indicate co-occurrences from citizen science projects
and social media, while overlaid black striped cells indicate co-occurrences of literature sources with other sources.
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Moreover, regarding the contribution weight of each in-
formation source, entomological collections and literature
were the information sources with the highest contribution
(40.78% and 32.03% respectively); while social media
and citizen science projects contributed less (14.56% and
12.62% respectively). However, when considering only
the 17 novel grid cells, the importance of each information
source varied from the general pattern. While social media
were the most contributing source with 41.18%, followed

by citizen science projects (29.41%) and entomological
collections (23.53%), only a 5.88% of the novel grids were
derived from multiple sources (Fig. 1 a).

On the other hand, our data revealed the relevant roles
of entomological collections and literature as sources of
information in the late 20™ century, with a substantial por-
tion of the total records registered in 1997 (25.24%) (Fig.
2 a). It was only since the beginning of the 21* century that
social media and citizen science projects have begun con-
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Fig. 2 — Yearly (a) and monthly (b) distribution of Oryctes nasicornis grypus records in Galicia (northwest of the Iberian Peninsula) gathered from

different information sources.
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tributing to an increase in records of O. nasicornis grypus.
Furthermore, although records were sparse throughout the
first half of the year, 93% of them were gathered during
summer, from June to August (Fig. 2 b). Additionally,
citizen science projects and social media contributed the
majority of records during early summer in June and July,
whereas literature and entomological collections showed
higher abundance in late summer (i.e. August).

Finally, regardless of the information source, records
of males outnumbered records of females (66.02%) from
the total records, with an average of 2.19 males per female.
This ratio reflects a higher number of males than females
per grid cell on average (mean+tsd) (2.34+4.38 for males
and 1.07+2.40 for females respectively).

Discussion

We highlighted the importance of integrating data from
traditional information sources such as entomological
collections and scientific literature, with citizens derived
data, including social media and citizen science projects,
for mapping insects. Moreover, we increased the records
of O. nasicornis grypus, and filled gaps in its known ge-
ographical distribution across the southern part of Galicia
from inland areas to the Atlantic coast.

Several factors may explain how each information
source contributes to mapping O. nasicornis grypus (i.e.
abundance and distribution). One key factor is the sam-
pling effort. Citizen scientists with lower sampling effort,
can gather data over wider areas and longer periods than
entomologists, improving the accuracy of mapping O. na-
sicornis grypus distribution (Dickinson et al. 2012; Poco-
ck et al. 2018). Nevertheless, this temporal limitation of
data from entomologists can be compensated by citizens
data derived records, thereby enhancing the accuracy and
precision of species phenology (Fitzpatrick et al. 2021).

The charisma and size of O. nasicornis grypus play a
crucial role in mapping its distribution (Steger et al. 2017).
Citizen science can greatly enhance this mapping process
(Méndez and Cortés-Fossati, 2021). This species is one of
the largest beetles in Europe which could occasionally be
confused with Copris spp. (Scarabaeidae) by non-expert
naturalists; however, its size, the absence of well-marked
elytra striae, and its distinctive robust clypeal horn of
males makes it unmistakable from any other beetle spe-
cies. This distinctiveness makes it easily spotted and more
appealing for citizens to report sightings of this species.

Many records of O. nasicornis grypus, mainly gath-
ered from entomological collections, were from habitats
dominated by Quercus spp., consistent with trophic pref-
erences previously described (Lopez-Colon 2003). Addi-
tionally, the majority of records from citizen derived data
and entomological collections came from in peri-urban
and agricultural areas, often near forest patches (Martinez
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Garcia 2012). This can be explained by the synanthropic
behaviour of O. nasicornis grypus and its high adaptability
to other habitats. For example, Pino Pérez & Pino Pérez
(2016) recorded this species in habitats highly disturbed
and degraded by vineyards and urbanization. This high
adaptability is probably due to the ability of the saproxy-
lophagous larvae to complete their life cycle using diverse
substrates such as decomposed organic matter and compost
(Martinez Garcia 2012). Additionally, the nocturnal and
photophilic behavior of O. nasicornis grypus may explain
the urban and peri-urban records, as adults are attracted
to artificial lights from the surrounding of forest patches
or other natural habitats (Martinez Garcia 2012). Further-
more, although the phenological patterns described in this
work are based on a limited number of observations, the
phenology of O. nasicornis grypus in Galicia appears to
align with the summer occurrence previously reported for
this species (Lopez-Colon 2003; Martinez Garcia 2012).

Conclusions

This work goes beyond a mere study case by establishing
a comprehensive baseline review of the distribution of O.
nasicornis grypus in the north-western Iberian Peninsula.
It fills gaps in the known distribution of this species by
compiling data from various sources, providing novel and
significant records. Notably, this update expands the known
geographical range of the species to the west Atlantic coast,
including, for the first time, the islands of the Atlantic Is-
lands of Galicia Maritime-Terrestrial National Park, as well
as the eastern hinterland of Galicia. Thus, the distribution
of O. nasicornis grypus depicted in this work should be
considered as a proxy to a distribution closer to reality than
a real distribution. However, it is important to note that the
absence of records in northern Galicia reflects a lack of sur-
veying rather than a true absence of this species.
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