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ABSTRACT

Citizen participation in tracking the spread of newly introduced or invasive species is an effective tool in nature
conservation. Recently arrived species that pose threats to humans, animals, or plants—especially those widely
covered in the media—are particularly suitable for citizen-led monitoring.

In this study, we selected the Nosferatu spider (Zoropsis spinimana), a species spreading from the Mediterra-
nean to northern Europe, to investigate whether its media coverage motivates citizens to report observations.
Additionally, we aimed to gather insights into the spider’s dispersal ecology through citizen science data. We
utilized Google News and Google Videos as indicators of media presence, Google Trends as a proxy for public
awareness, and citizen science observation data to assess the spider’s distribution and ecology. Our analysis of
3,017 citizen science observations from different sources revealed a north-eastern spread of Z. spinimana. We
found a temporal correlation between media presence, Google search activity, and the number of citizen-
reported observations. Additionally, there was a strong spatial correlation between federal states with the
highest media presence and the highest number of citizen reports. Most observations were recorded between
August and October, with the majority occurring inside human dwellings. Hence, the current dispersion dy-
namics and extensive media coverage of Z. spinimana appear to be significant factors driving increased public

awareness, as evidenced by higher search interest and a greater number of citizen observations.

Introduction

Climate change, characterized by rising temperatures, increased
exposure to extreme events, changes in water availability, and shifting
weather patterns, significantly impacts ecosystems worldwide (Calvin
et al., 2023). Many terrestrial and aquatic animals are highly sensitive to
these changes in their environment, including alterations in temperature
and precipitation (Fogarty et al., 2017; Kellermann & Van Heerwaarden,
2019; Medina et al., 2020; Srivastava et al., 2020; Zhu et al., 2014). Asa
result, they exhibit dynamic behaviours and ecological responses, often
leading to dispersal towards the poles or higher altitudes (Blois et al.,
2013; Engelhardt et al., 2022; Hickling et al., 2006; Montoya & Raffaelli,
2010; Thomas, 2010; Wilson & Fox, 2021). Besides climate warming,
several other drivers may influence the northward expansion of a species
in Europe. Intensive trade and travel via waterways, motorways or train
routes facilitate and accelerate natural expansion and the overcoming of
geographical barriers, particularly for less mobile species (Nedved et al.,
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2011). When establishing populations, anthropogenically induced land
use changes, such as urbanization, and ecosystem disturbances can
present an opportunity for introduced or expanding species
(Gil-Tapetado et al., 2024). Expansion might also be driven by rapid
evolutionary adaptations, such as broadening ecological niches caused
by mutations, existing genetic variation or genetic mixing of former
isolated populations (Krehenwinkel & Tautz, 2013).

The consequences of such range shifts are manifold. New species may
move into areas that were previously unsuitable for them, leading to
modifications in ecosystem structure and changes in biotic interactions,
such as predator-prey or plant-pollinator relationships (Gretta et al.,
2017). Furthermore, dispersing species may become pests in their new
home ranges, affecting food quality within ecosystems, as well as human
health and economies (Fogarty et al., 2017; Madin et al., 2012; Roy
et al., 2024; Wilson & Fox, 2021). To address these challenges, it is
crucial to detect range shifts early and ensure timely implementation of
suitable management strategies (Brown et al., 2008; Fogarty et al.,
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2017).

However, acquiring robust and comprehensive data on species’
range expansions is often hindered by data limitations. One promising
approach to overcome this obstacle is citizen science, for example by
engaging citizens in data collection efforts. Citizens have been involved
in biodiversity monitoring for many years. However, in the past two
decades, citizen engagement has significantly increased as user-friendly
mobile applications (apps) and web-based interfaces to document nature
observations have emerged and digital photography has become more
prevalent and affordable (Bonney et al., 2016; Molls, 2021; Newman
et al., 2012; Pernat et al., 2022; Vohland et al., 2021). This digitization
not only led to data-driven, citizen science projects with unstructured,
opportunistic sampling but also intensified communication between
scientists and citizen scientists, facilitating the bidirectional use of
media to provide and obtain information about the programs. As a
result, millions of observations are being shared on international plat-
forms such as iNaturalist and Observation.org, as well as in
species-specific programs, in a short amount of time. Observation met-
adata, including location, date, and user-contributed annotations, as
well as hidden information in multimedia files (Pernat et al., 2024),
enriches the dataset. iNaturalist and Observation.org data have signifi-
cantly contributed to biodiversity research, aiding in understanding
single and multi-species distribution (Beninde et al., 2023; Serniak et al.,
2023), community ecology (Leong & Trautwein, 2019), pathogen
tracking (Saavedra et al., 2023) and the discovery of new species or
interactions (Rosa et al., 2022).

Involving citizens in monitoring the dispersion or impact of invasive
species has proven successful for respective projects (Encarnacao et al.,
2021; Palmer et al., 2017), as research objectives can usually be clearly
communicated to the media and the public. Depending on the media,
however, reports may not be scientifically objective: One strategy to
gain attention from the public, for example, is to present the introduced
species as a threat to native flora and fauna or to human health (Jaric
et al., 2020). Such narratives have the potential to amplify public fear
and potentially worsen societal attitudes toward certain groups of or-
ganisms, not only for introduced, but also for native or naturally
expanding animals. This communication strategy is for example
exploited for the oil beetle species Meloe proscarabaeus due to its toxicity
or the spider Zoropsis spinimana for its large body size and its painful
bites. Zoropsis spinimana (Dufour, 1820) is a thermophilic Mediterranean
species, which has increased its range towards the North for >20 years,
apparently enabled by climate warming. The spider belongs to the
family Zoropsidae and has a distinctive appearance with a robust body
and long legs. It is characterized by its dark brown or reddish-brown
coloration, which helps it blend seamlessly with its surroundings. One
of the notable features of the spider are markings on the cephalothorax
evoking the vampire of the 1922 German silent film Nosferatu, which
led to the German common name of the spider, Nosferatu spider. Zor-
opsis spinimana was first recorded north of the alps near Basel,
Switzerland, (Hanggi, 2003) in 1994 and in 1997 near Innsbruck,
Austria (Thaler & Knoflach, 1998). First German records occurred in
2005 and 2006 in a human housing in Freiburg (Hanggi & Bolzern,
2006).

Z. spinimana is a nocturnal predator hunting primarily arthropods. It
is one of the few spiders in Europe which can penetrate the human skin
resulting in a painful bite with local symptoms as swelling and redness
(Gloor et al., 2010). Z. spinimana is native to the Mediterranean region,
particularly found in countries like Spain, Italy, Greece, and France in
various habitats including gardens, forests, and urban areas. For roughly
30 years, this species has been rapidly expanding its range toward
northern Europe likely facilitated by global warming, while its initial
dispersal is attributed to human-mediated factors, such as the transport
of goods (Hanggi & Bolzern, 2006). In middle Europe Z. spinimana seems
to be synanthropic, it is mainly recorded in houses or close to buildings
(Hanggi & Bolzern, 2006; Hanggi & Ziircher, 2013; Nentwig et al.,
2013). There are only few records of the species found in forest nest
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boxes or below field stones in the open countryside of central Europe
(Hanggi et al., 2020; Kriegs, 2023). In spring, Z. spinimana females build
a cocoon in a well-protected hiding place. After approximately 30 days,
20 to 100 young hatch. The young remain close to the mother for a
further moulting stage, after which they spread out (Foelix et al., 2015).

Although the species was first observed in Germany almost 20 years
ago, it has only been reported frequently in the media for the last two
years, probably facilitated by Tik-Tok videos that went viral showing
Z. spinimana in domestic environments. But did the latest increase in
media presence lead to higher public awareness for this non-native
spider species, which would in turn help to gain insights into the
dispersal ecology of Z. spinimana through citizen science?

To answer this overall question, we

i) analyse how the media presence of Z. spinimana influences public
awareness using conservation culturomics tools to assess the
relationship between people and nature by contents of various
types of online data, citizen science observations and Google
Trends data. These are used as proxies for public awareness and
are related to the number of Google News and Google Video items
to investigate potential temporal and spatial correlations. The
tools of conservation culturomics provide novel opportunities to
investigate human-nature interactions on large scales (Correira
et al., 2021). Google Trend index has been applied as proxy to
measure the public’s engagement with a topic (Felgentreff et al.,
2023; Soriano-Redondo et al., 2017), whereas other studies
worked with the number of Google web or news items to assess
the content available on the internet to estimate public attention
(Jari¢ et al., 2019; Moore & Hyman, 2024).

investigated the time periods and geographical distances of

Z. spinimana‘s northward spread based on citizen science data

from different platforms of semi-structured to unstructured

programs.

iii) finally investigate whether citizen science records can be used to
extract ecological information about the spider in its new distri-
bution area. Many observation data on citizen science platforms
include additional information (secondary data) about the spe-
cies, which can be seen in images or described in text (Pernat
et al., 2024). Unlike primary data, which provide information on
the location and date of observation, secondary data may reveal
details about species traits and behaviour, biotic interactions, or
environmental conditions. Specifically, we examine the
phenology and preferred habitats of Z. spinimana by utilizing the
metadata and filtering existing images in the observation dataset.

-

ii

We anticipate that with increasing media presence, citizens will
become more aware of the species, prompting searches for this species
on Google and leading to more frequent observations and uploads on
citizen science platforms. In addition, we expect to be able to trace the
spatial spread of Z. spinimana since it was first detected in Germany with
the help of citizen science data. Visual inspection of image data and
analysis of observation data should reflect its synanthropic behaviour in
its introduced ranges. Based on our findings, we discuss which charac-
teristics and traits of Z. spinimana make it particularly suitable for public
involvement in research, and derive recommendations for how citizen
science can be used to study the distribution and ecology of other alien
arthropod species.

Materials and methods
Occurrence datasets

Occurrence records of Z. spinimana were obtained from two sources:
the Global Biodiversity Information Facility (GBIF) and the Arach-

nological Society (Arachnologische Gesellschaft Deutschland, AraGes).
Zoropsis spinimana records were obtained from GBIF via gbif.org on
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March 3rd, 2024 (GBIF, 2024). The dataset was filtered to include only
records from Germany and the citizen science platforms iNaturalist and
Observation.org.

iNaturalist (2024), established in 2008, and Observation.org (2024),
established in 2004, serve as prominent citizen science platforms and
global repositories for biodiversity observations. Users can document
and upload their observations through respective apps or websites,
accompanied by photos or audio vouchers. The platforms implement
rigorous quality control measures. Both use automated identification
algorithms, but while iNaturalist includes (expert) community
consensus, Observation.org deploys targeted expert verification.

Both platforms offer tools to engage the community in collecting
specific data, e.g., certain taxonomic groups or types of ecological in-
teractions. On iNaturalist, all users can create projects to collate and
group observations, featuring a respective project page and possibilities
to communicate with project members. Observation.org offers ’Chal-
lenges’ and ’Bioblitzes’, which can be set up in collaboration with an
institution. Challenges are rather long-term, large-scale projects that
focus on a specific species group and challenge users to document as
many species of that group as possible; Bioblitzes are more often short-
term, local events that document the range of species on a smaller scale
(Meeus et al., 2023).

Founded in 1960, AraGes aims to advance knowledge about arach-
nids in Central Europe and supports arachnological research in the re-
gion, serving as a vital link between amateur enthusiasts, governmental
bodies, and academic researchers. One of AraGes’ core objectives is to
compile spider distribution data in an online atlas sourced from various
channels such as scientific monitoring, citizen reports, and publications.
Since 2022, the atlas has also incorporated data from naturgucker.de, a
nationwide citizen science program where individuals can report species
observations.

From the AraGes atlas (Arachnologische Gesellschaft, 2024),
Z. spinimana records were extracted from expert monitoring, individual
citizen reports to AraGes, and publications on October 13th, 2023.
Naturgucker.de observations were excluded due to the program’s lack of
generalized data quality validation (https://www.naturgucker.info/n
aturguckerde/datenqualitaet), resulting in three observation cate-
gories: expert, validated citizen science, and publications. Expert ob-
servations, conducted by arachnologists, offer rigorous scientific
monitoring despite potential variations in collection protocols. Although
their collection methods may be more systematic compared to other
sources, contributing to the spider atlas is not necessarily part of their
professional academic duties, thus following rather semi-structured
citizen science principles than institutional monitoring. Validated citi-
zen science reports are observations communicated to the AraGes via a
web form (https://atlas.arages.de/writemessage) or as registered user of
the spider atlas. While these records are opportunistically generated,
they undergo stringent validation by AraGes experts, ensuring high data
quality. Additionally, the AraGes dataset comprises four Z. spinimana
locations in scientific publications.

Datasets from AraGes and GBIF were merged, retaining variables
such as species count, collection date, georeferences (longitude and
latitude), region (federal country), and data source category (expert,
validated citizen science or publication from AraGes, and iNaturalist or
Observation.org from GBIF). We excluded observations before 2008
from the dataset for this is the year when iNaturalist was launched.

Google Trends dataset

Google Trends is a helpful tool that provides information on how
often a specific term, such as 'Nosferatu-Spinne’ (spider), was searched
for on Google over a certain period. The search activity index of Google
Trends (https://trends.Google.de/trends/) measures the fraction of
queries that include the term in question in the chosen region or country
at a particular time, relative to the total number of queries during that
time span. The value of the index ranges from 0 to 100. A value of 100
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indicates the time when the term was searched the most, so all other
index values are relative to this maximum (Felgentreff et al., 2023;
Stephens-Davidowitz & Varian, 2014). We used the term ’'Nosfer-
atu-Spinne’ as search query in Germany between January 1st, 2005 to
December 31st, 2023. For the time span with highest search activity
indices (third and fourth quarter of 2022 (July 1st, 2022 and December
31st, 2022)) we also determined the interest by federal states to find out
in which federal states the term was searched for most frequently.

Media presence

To analyse the media presence of Z. spinimana in Germany the
generic search term ‘Nosferatu’ was googled, as there is no standardized
spelling for the Nosferatu spider in the German media (for example,
Nosferatuspinne, Nosferatu-Spinne, Nosferatu, Nosferatu Spinne). The
number of results in Google News and Google Videos on only German
pages were counted for each month during January 1st, 2008 to
December 31st, 2023, and taken as a proxy of media presence. The
newspaper, magazine or institution that wrote the article or the person
or broadcaster that produced the video was listed. Whenever possible,
the newspaper, magazine, institution, or broadcaster has been assigned
to the federal state in which it was published.

Data analysis

All statistical analyses of the data were conducted in R Studio (R Core
Team, 2024). To visually explore the spatial distribution of Z. spinimana
across occurrence datasets and years, maps were programmed that
display the cumulative observations by data source pear year, applying
packages countrycode (Arel-Bundock et al., 2018), rnaturalearth
(Massicotte & South, 2023), rnaturalearthdata (South, 2017), sf
(Pebesma, 2018) and tidyverse (Wickham et al., 2019). In addition,
north-eastern expansion in metres were calculated from the maximum
latitude and longitude from the cumulative yearly observations using
the distGeo function from the geosphere package (Hijmans, 2022) and
displayed as crosshairs in the distribution maps.

A cross-correlation with the ccf function from the tseries package
(Trapletti & Hornik, 2023) was performed to test whether an increased
media presence at a specific point in time leads to a simultaneous or
lagged increase in public awareness, as measured by increasing occur-
rence records or rising Google Trends indices.

To test for correlation between media presence and public awareness
across federal states during the peaks of high media presence in the third
and fourth quarter of 2022 we summed up the monthly data on Google
News articles, Google Videos, Google Trend Search Index and observa-
tions. Since data were not normally distributed, Spearman correlation
was used.

The ecological data on phenology were directly extracted from the
timestamps of all citizen science data and visualized using ggplot2 in the
tidyverse package. For the investigation of the habitats where
Z. spinimana was documented, photos uploaded by citizen scientists as
evidence of species occurrence on Observation.org and iNaturalist were
inspected individually (n = 1345). Habitats were categorized as follows:
captured, if the spider appeared to be trapped in a container; in or on the
house, if the animal was photographed inside a house or a domestic
structure was visible but it was not clear whether it was inside or
outside; garden or backyard, if the spider was photographed outdoors
(garden, balcony, backyard); and away from house, if Z. spinimana was
documented outside the domestic environment. In most cases of garden
or backyard and away from house, the location had to be verified with
Google maps using the coordinates provided for each observation.

Results

The dataset comprised 3017 records of Z. spinimana, of which the
AraGes dataset comprised 1232 records (experts: n = 110, validated
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citizen science: n = 1118, publications: n = 4) and 1785 records belong
to the GBIF dataset (iNaturalist: n = 712, Observation.org: n = 1073)
(see Appendix A: Fig. 1). Since 2.5 % of the citizen scientists reported the
same specimen several times, a total of 3270 reports of Z. spinimana were
documented in the five different data sources analysed. Half of the ob-
servations were made in the year 2022 (53.1 %, n = 1613) with the
majority of the data stemming from citizens reporting their observations
to the AraGes. The share of all observations was under 1 % for all years
between 2000 and 2016 (see Appendix A: Fig. 2).

Impact of media presence on public awareness

The time series of number of Google Videos, number of Google News,
Google Trend index and citizen science observations were synchronous,
indicating an impact of media on public awareness (Fig. 1; see Appendix
A: Table 1). While the values between 2008 and 2022 were zero or close
to zero for the four proxies, they all show a strong increase in the third
quarter of 2022 and a decrease towards the end. A similar pattern is seen
for 2023, with an increase in the third quarter, but the increase is much
less pronounced than in 2022.

The cross-correlation analysis confirms the found pattern (see Ap-
pendix A: Fig. 3). The time series of the number of citizen science ob-
servations and the number of Google Videos show the strongest
significant correlation with a time lag of zero (lab = 0, ACF = 0.804, p <
0.05). A significant, positive correlation was also found between number
of observations and Google News with a time lag of -1, meaning, that the
number of news increased around one month earlier than occurrence
records (lab -1, ACF = 0.845, p < 0.05). The time series of Google Trend
index and number of videos or number of news, respectively, demon-
strate the highest correlation values without any time shift (Number of
videos: lab = 0, ACF = 0.941, p < 0.05; number of news: lab = 0, ACF =
0.929, p < 0.05).

The spatial analysis of media presence and public awareness during
the peak period in the third and fourth quarter of 2022 shows that the
highest levels of media presence and public awareness were observed in
southwestern and central-western Germany. In contrast, less media
presence and public awareness was found in the northern and eastern
regions (Fig. 2). Most news items could be assigned to the regional press
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of Baden-Wiirttemberg and North Rhine-Westphalia (Fig. 2A), while the
majority of the videos were published by broadcasters in the federal
state of North Rhine-Westphalia (Fig. 2B). The highest search activity
was recorded in Baden-Wiirttemberg, Rhineland-Palatinate, and North
Rhine-Westphalia (Fig. 2C), and the majority of occurrence records were
found in Baden-Wiirttemberg and North Rhine-Westphalia (Fig. 2D).

No significant spatial correlation could be found between media
presence and Google Trend Search Index as a measure of public
awareness (News ~ Google Trend Index: Spearman, r = 0.45, p = 0.07;
Videos ~ Google Trend Index: Spearman, r = 0.46, p = 0.07). However,
there was a spatial significant correlation between media presence and
the number of occurrence records among federal states (News ~
Occurrence: Spearman, r = 0.92, p < 0.01, Videos ~ Occurrence:
Spearman, r = 0.79, r < 0.01).

Spatio-temporal spread of Z. spinimana across Germany

Most records were made in the federal states of Baden-Wiirttemberg
(42.2%, n = 1270), North Rhine-Westphalia (20.6%, n = 620) and Hesse
(17.7%, n = 532). Accordingly, the maps show a corresponding clus-
tering in the south-western part of Germany, but also a clear north-
easterly movement of the citizen scientists’ observations from 2008 to
2023 (Fig. 3 or a more detailed version in Appendix A: Fig. 4). The
greatest distance between the record locations is 197 km to the east
between 2013 and 2014. From 2019 onwards the eastern and northern
expansion limits change annually.

Phenology and ecology

The analysis of the timestamps reveals a clear peak of citizen science
observations in September (n = 736) and August (n = 682), followed by
October (n = 440) (Fig 4A). Broken down by data source, these monthly
peaks are caused by the unstructured citizen science programs iNatur-
alist, Observation.org and the citizens submissions to the AraGes, while
the expert records are more evenly distributed over the months (Fig. 4B).

The analysis of the citizen science images showed that it was difficult
to derive information about the location of the spider from the close-up
images (Fig. 5). Where it was possible or could be verified with the
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(A) Number of Google News
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(B) Number of Google Videos

Fig. 2. Number of Google News (A), number of Google Videos (B), Google Trend Search Index (C) and number of citizen science observations (D) for each German
federal state in the third and fourth quarter of 2022 (July 1st to December 31st, 2022).

geocoordinates, there was a clear tendency for the spiders to be reported
mainly inside human dwellings (in or on the house: 68.5%, n = 922),
especially during the winter season. Observations outside the house
mainly happened in spring - but with a few exceptions always in the
immediate vicinity (garden or backyard: 10.6%, n = 143). Z. spinimana
was very rarely sighted away from people’s homes (away from house:
0.2%, n = 3) (see Appendix A: Table 2).

Discussion

This study investigated the spread of Z. spinimana across Germany
using citizen science observations and examined whether these obser-
vations are spatially and temporally correlated with public awareness,
as measured by conservation culturomics tools. We found that the 3017
observations from different citizen science data sources clearly indicated
a north-eastern direction of the annual spread of Z. spinimana. Addi-
tionally, there was a temporal correlation between media presence
(Google Videos and Google News) with Google searches (Google Trend
Index) and with the number of citizen science observations.
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Furthermore, a strong positive spatial correlation was demonstrated
between the federal states with the highest media presence and the
highest number of citizen science records.

Surveillance of invasive alien species with citizen science has become
an accepted and useful tool for research and environmental manage-
ment (Pocock et al., 2024; Price-Jones et al., 2022). Unstructured citizen
science projects that focus on collecting data can be valuable for
detecting invaders early on and tracking their spread. These mechanisms
also work for alien species, whose invasion potential has not yet been
elucidated. For example, in Germany, the first records of the non-native
Asian bush mosquito (Aedes japonicus) and the Asian tiger mosquito
(Aedes albopictus) were predominantly documented by citizen scientists
in multiple federal states. Their subsequent spread from the southwest to
the northeast could also be traced on the basis of numerous specimens of
these mosquitoes collected by citizen scientists (Pernat et al., 2021). This
pattern of expansion from southwestern to north-eastern Germany,
which we also demonstrated for Z. spinimana, is somewhat typical for
introduced or naturally spreading arthropod species that expand their
ranges northward from the Mediterranean in response to climate
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Fig. 4. Total monthly observation counts (A) and observation counts by source (B).

warming. The Breisgau region in the federal state of Baden-Wiirttemberg
is one of the warmest regions in Germany, with an average temperature
that supports the introduction and establishment of thermophile,
non-native arthropods (Statista: https://de.statista.com/statistik/date

n/studie/1070875/umfrage/waermste-orte-in-deutschland-nach-

durchschnittstemperatur/). Furthermore, the dispersal of less mobile
invaders from France or Italy (through Switzerland) via the natural
barrier of the Alps is facilitated by heavy traffic on the cross-border
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Fig. 5. Example for citizen science images of Z. spinimana captured, in the house, in or on the house, and garden or backyard (clockwise).
Photo credits: © Matthias Feuersenger, https://observation.org/observation/235320263, CC-BY-NC—ND © Hippodamia, https://observation.org/observation/
255072975, CC-BY-NC—ND © Kai Winter, https://observation.org/observation/253013566, CC-BY-NC—ND © DMF, https://observation.org/observation/

267500611, CC-BY-NC—ND

highways and on the River Rhine. Indeed, there is evidence that ar-
thropods “hitchhike” passively via ship or car (Fritja et al., 2017;
Meurisse et al., 2019; Vestbo et al., 2018; Vlk et al., 2012). Zoropsis
spinimana probably spreads by shipping on waterways or other
human-mediated transport (Hanggi & Ziircher, 2013; Nedved et al.,
2011; Wirth & Schulemann-Maier, 2024). The typical temporal-spatial
development of observation clusters along the Rhine, its tributaries
and adjacent highway routes — from the city of Freiburg via the
Rhine-Neckar and Frankfurt metropolitan regions to the Ruhrgebiet area
— supports this thesis.

We correlated overall search interest, as represented by Google
Trend Index, with the number of Google News and Google Video items
and with the number of citizen science observations of Z. spinimana. The
strong positive correlation between the Google Trends Index and Google
News and Google Videos suggests that people watching the videos or
reading the news about Z. spinimana are prompted to google specifically
for the species. Since there is no lag between the respective time series
peaks, it can be assumed that consumption of a clip or article immedi-
ately activates people to acquire more knowledge, i.e. to google about
the species on the Internet. In contrast, the number of citizen science
records peaks about a month after the high point of Google News and
Google Videos. As people do not find or search for a spider immediately
after the media report, a delay between the peak in media reports and
occurrence records can occur. This may represent an adaptive response
known as short-term fluctuation change (Potter, 2011). Therefore, our
results are consistent with those of other studies that show a clear pos-
itive correlation between the timing of communication campaigns and
participation in citizen science projects, i.e. the frequency of
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participation increases after press releases or social media posts (Pernat
et al., 2022; Schumann et al., 2024; Van Vliet et al., 2014; Wiirschum
et al., 2019).

However, in contrast to citizen science projects that purposefully
communicate their objectives to recruit or retain participants, there was
no Nosferatu-specific project or challenge on iNaturalist or Observation.
org as well as no call-to-action by the AraGes in the analysed period.
Therefore, media coverage of Z. spinimana is assumed to have been one
driving factor for the increase of public awareness measured in higher
search interest and higher number of observations. People who
encounter spiders may remember a media report about Z. spinimana and
wish to know if it is indeed this species, especially if they notice re-
semblances from media-related images. This actionism could be cata-
lyzed, by the fear and disgust that many people have of spiders (Gerdes
et al., 2009), that may have been reinforced by reports of the size and
toxicity of Z. spinimana (Dekramanjian et al., 2023; Phillips et al., 2021).
Furthermore, raised attention towards spiders through media may lead
to a more frequent documentation of this arthropod group on citizen
science platforms in general, which in turn increases the probability of
detection of Z. spinimana. For example, the similarity between a specific
native mosquito and the non-native Asian tiger mosquito was assumed
to increase the frequency of the indigenous look-alike’s submissions in
the mosquito atlas, among which the tiger mosquito was then detected
(Pernat et al., 2021). Lastly, amateur arachnologists and people inter-
ested in spiders may have actively searched for Z. spinimana or started to
report it due to media coverage, especially in the case of AraGes mem-
bers. However, the notable advancement in the capabilities of identifi-
cation apps, coupled with their intuitive user interface, has led to a
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significant increase in the number of records of Z. spinimana contributed
by Observation.org or iNaturalist, accounting for over 50 % of these
contributions over the past few years. We also believe, that it might be
much more convenient even for experts to use apps than, for example, to
enter data directly into the AraGes spider atlas.

Besides the high media presence, a second factor that presumably
increased both the spider’s citizen science records and expert’s obser-
vations is its current distribution dynamics. Although Z. spinimana has
not been labelled invasive, the framework of Blackburn et al. (2011) can
also be applied to this introduced species, which would be allocated
being in the stage of spread and sequential establishment of populations.
As the ‘invasion’ lag has been overcome and populations are now rapidly
growing and expanding, there is higher detection probability and fre-
quency of encounters with Z. spinimana, leading to spatial clustering of
citizen science records and corresponding (local) media coverage along
the dispersal path of Z. spinimana. This pattern is reinforced by the
spider’s human-mediated dispersal and its likely transition to fully
synanthropic behaviour. In other words, the larger the human popula-
tion density, the more people discover the spider and report their ob-
servations to unstructured citizen science projects (Geldmann et al.,
2016; Geurts et al.,, 2023). While in its Mediterranean habitat,
Z. spinimana is found in and around houses, but also in forests and rocky
areas (Nedved et al., 2011). Colder temperatures, especially in winter,
may have driven Z. spinimana to a more synanthropic lifestyle in Ger-
many (Nentwig et al., 2013). This suggestion is corroborated by our
visual inspection of images and the phenology of species recordings by
citizen scientists.

August, September and October are the months with the most citizen
science records. Interestingly, this late summer to fall maximum is also
found in the expert observations, but similarly high numbers were also
reported by this group for January and March. Citizen science data often
show a seasonal bias, which is due to the recording behaviour of people,
e.g., influenced by weekends or nice weather (Di Cecco et al., 2021;
Rosario et al., 2024). In addition, the activity times and detectability of
the respective organisms plays a key role and are the driving factors for
the phenological pattern in this case. In spring, Z. spinimana builds a
cocoon in a hidden brood chamber and does not leave it, making it
unlikely to find individuals of this species by accident. When the young
hatch, they remain close to the mother during moulting stage and
disperse in late summer (Foelix et al., 2015; Nentwig et al., 2024).
During this time, the species can be easily (accidentally) spotted by
citizen scientists, for example on light-colored, plain walls or floors.
Indeed, our image analysis confirmed, that the spider is mainly photo-
graphed in or on the house especially in late summer, early fall. In
contrast, the expert findings of Z. spinimana are more equally distributed
over the months and - according to our visual inspection of the given
coordinates — also included more natural habitats. It is likely that experts
systematically search for spiders outside and document everything they
find as compared to accidental findings in the house.

In conclusion, our hypotheses regarding the usability of citizen sci-
ence data to track the dispersal of Z. spinimana and infer ecological in-
sights were confirmed. In addition, as expected, we found positive
correlations between media presence, public awareness and number of
citizen science observations. However, with Z. spinimana we have
selected a spider that cannot be considered representative of the suc-
cessful use of citizen science data to investigate alien Araneae species.
Only a small proportion of spider species lives quite obviously in the
house, such as the domestic house spider (Tegenaria domestica), the zebra
spider (Salticus scenicus) and long-bodied cellar spiders (Pholcus spec.),
or in the garden, like the European garden spider (Araneus diadematus)
and the walnut orb-weaver spider (Nuctenea umbratica) (Nentwig et al.,
2024). We assume that people tend to observe and report species in their
immediate environment, so there should be a taxonomic bias towards
synanthropic species on citizen science platforms. Another factor
contributing to the taxonomic bias is the charisma of a species. Charisma
refers not only to the attractiveness of the organism due to positive
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traits, such as the beauty of a flower, the colourfulness of a butterfly, or
the cuteness of a squirrel, but also to traits such as strength and dead-
liness, such as in sharks and snakes (Jari¢ et al., 2020). Charismatic
species are not only more often the subject of academic research, but
also overrepresented in citizen science data and favourably featured by
the media (Caldwell et al., 2024; Callaghan et al., 2020; Jaric et al.,
2024; Kidd et al., 2018; Troudet et al., 2017). Because Z. spinimana
frightens or fascinates many people, regardless of whether it is truly
dangerous or not, the citizen science data situation on Z. spinimana was
ideal for answering our research questions. A similar example of a
charismatic arthropod is the conspicuous domestic centipede Scutigera
coleoptrata, which is also spreading northward and is capable of biting
(Kriegs & Meyer, 2024). With this data foundation, not only migration
routes and corresponding drivers can be elucidated in future studies.
Also, given the significant interest, the public could collect physical
specimens — in case of non-threatened species — for studies on the phy-
logeography and genetic changes associated with range shifts, similar to
respective  citizen science projects with native species
(Cunningham-Eurich et al., 2023).

What can be done when species of research interest are not charis-
matic, synanthropic or otherwise attractive to record for the people and
to be featured in the media? As societal preferences are strongly corre-
lated with taxonomic bias in species recording, the recording of less
charismatic species by citizen scientists should be promoted (Troudet
et al.,, 2017). This has been successfully done by citizen science plat-
forms such as Observation.org by running Bioblitz competitions that
encourage the recording of all possible species. In addition, the rapid
progress in implemented species recognition algorithms of biodiversity
monitoring apps allows a wider range of people discover and record
less-known taxa, which also presents a learning opportunity. While
using apps such as Obsldentify, citizen scientists can be motivated by
rewarding digital badges based on the taxonomy of the observed species
or to participate in (local) challenges to record specific species. For
example, in 2023, the LWL State Museum of Natural History, Miinster in
co-operation with Observation.org announced the challenge “Geh aufs
Ganze fiir die Wanze” (Go all out for the bug) to fill data gaps in Het-
eroptera recordings, which resulted in >115,000 observations of 497
species (more than half of the Heteroptera species documented for
Germany). These types of initiatives allow near real-time monitoring of
the distribution of species such as the European praying mantis Mantis
religiosa (Beckerbauer et al., 2024) or the Jersey tiger Euplagia quad-
ripunctaria (Poorthuis et al., 2024), even without a dedicated media
coverage, which can only be managed with additional resources.

Data availabilty

Data will be made available by time of publication on the University
of Miinster repository server.
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