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Abstract  Understanding societal interest in invasive 
species is crucial as greater public attention can sup-
port the success of conservation efforts. One of the 
main challenges in monitoring societal interest to 
support conservation is the absence of near-real-time 
indicators to track large-scale spatiotemporal dynam-
ics of public attention. However, the digital revolu-
tion has opened up new opportunities to develop such 
indicators in support of invasive species research 
and management. Here, we aim to evaluate public 

awareness and interest in the invasive lionfish (Pterois 
miles) in the Mediterranean Sea and investigate spa-
tiotemporal patterns of public interest in the species 
along its invasion front by using Google search vol-
umes as a proxy for public attention. We implemented 
topic searches for the lionfish to download Google 
search volumes from 2013 to 2022 and used these 
data to test two hypotheses: (1) countries experienc-
ing lionfish invasion exhibit higher public attention 
than those without lionfish, and (2) in invaded coun-
tries, public attention peaks around the arrival year, 
followed by a decline to baseline levels. Our study 
confirmed the first hypothesis, showing higher public Supplementary Information  The online version 
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attention in invaded countries. However, temporal 
patterns of attention did not fully align with the year 
of lionfish arrival, suggesting that the socio-political 
complexity of the region (e.g., cultural trends or inter-
net accessibility), may be a key aspect to consider in 
future studies. Overall our study shows that digital 
data sources provide a unique opportunity to monitor 
social aspects of biological invasions with low associ-
ated costs and quick access to a great amount of data 
generated by internet users.

Keywords  Conservation culturomics · 
Environmental monitoring · Public engagement · 
Human dimensions · Digital data

Introduction

Invasive species (IS) not only have ecological and 
economic impacts but also elicit varied societal 
responses (Jubase et  al. 2021). While scientists and 
conservation practitioners often advocate for the 
eradication or management of IS, public perceptions 
can significantly differ based on the characteristics 
of the species (Shackleton et  al. 2019; Jarić et  al. 
2020b). For instance, recreational fishers might view 
certain invasive species positively if they exhibit traits 
desirable for fishing, such as strength, aggressiveness, 
or size (Shackleton et  al. 2019; Sbragaglia et  al. 
2022). Understanding these varied perceptions is 
essential to address the challenges posed by IS and 
develop successful conservation and management 
strategies that resonate with different stakeholders 
(Kleespies et al., 2024)

The study of social dimensions of biological 
invasions is still lagging behind research on biological 
and ecological factors, with numerous research gaps 
remaining (Vaz et  al. 2017; Shackleton et  al. 2020). 
Lower uptake of social sciences and humanities in 
invasion science is partly because the field emerged 
originally from ecology (Vaz et  al. 2017), but also 
because sociocultural aspects of biological invasions 
are inherently complex, context-dependent, and 
challenging to study (Pfeiffer and Voeks 2008; 
Pejchar and Mooney 2009). Nevertheless, the 
research on public perceptions of IS has been recently 
growing, with numerous studies over the past decade 
evaluating public views on various invasive species 
such as cats, Felix catus, and wild pigs, Sus scrofa 

(e.g., Bassett et  al. 2020; McLean et  al. 2021). This 
expanding body of work highlights the complexity 
and variability of societal responses to IS and 
underscores the need for new methods and further 
research (Verbrugge et al. 2013).

In an increasingly digital society, recent years 
have witnessed a wider recognition of the importance 
of digital data and their potential for understanding 
public perceptions and attitudes towards ecological 
issues (Correia et  al. 2021). The vast amount of 
digital information passively generated by people 
represents a unique opportunity to gain insights in 
human preferences and behaviour related to nature. 
By utilising emerging research approaches such as 
conservation culturomics (Ladle et  al. 2016) and 
iEcology (Jarić et  al. 2020c), which respectively 
leverage online data to study human-nature 
interactions and ecological questions, researchers 
can mine online engagement and information-
seeking indices to extract valuable information with 
low sampling costs and minimal time requirements 
(Jarić et  al. 2020c). This approach can serve as a 
proxy for public interest, particularly in the marine 
environment where public perception of IS remains 
largely unexplored (Jarić et  al. 2020c), allowing to 
understand drivers of public attention across both 
spatial and temporal dimensions. Furthermore, this 
approach has already been used (Jarić et al. 2021) and 
offer promising methods for monitoring and studying 
invasions, as well as understanding societal attitudes 
and interactions with IS.

Public attention to IS is likely to be driven by the 
species spatial distribution and physical presence in a 
given place. In fact, the heterogeneous distribution of 
IS can lead to differing levels of public exposure to IS, 
and in turn to different observations and experiences, 
which may lead to contrasting spatial patterns of 
public interest (Proulx et  al. 2014). For example, 
Fukano and Soga (2019) found that the relative 
Google search volume for the invasive signal crayfish 
Pacifastacus leniusculus was significantly higher in 
Japanese prefectures invaded by the species compared 
to those that were not invaded. The variation of 
public attention over time can also provide valuable 
information for management efforts. As information 
spreads faster due to advancing communication 
technologies, public attention may decay quickly, in a 
range between days to weeks, due to the accelerating 
and fragmenting public discussion (Lorenz-Spreen 
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et  al. 2019). Public attention transience could 
therefore be a remarkable issue in conservation (Jarić 
et al. 2023). Interest in a given topic can decrease as 
time passes, exacerbating the difficulty of supporting 
conservation goals and actions (Protess and 
McCombs 2016). It is particularly manifested during 
focusing events, i.e., sudden events of exceptionally 
high public attention concentrated on specific issues 
(Birkland 1998), such as environmental disasters 
or morally questionable behaviours. The perceived 
importance of such problems may determine whether 
they are included in political agendas (Pralle 2009). 
Such brief periods of high attention are prime 
occasions for conservation actions and advocacy, and 
can be used to maximize conservation efforts (Males 
and Van Aelst 2021).

Understanding spatiotemporal patterns of 
public attention to IS can be extremely challenging 
in complex geopolitical contexts such as the 
Mediterranean Sea, a semi-enclosed basin connecting 
three continents and over 20 countries with 
contrasting ecological and socioeconomic conditions. 
While the great diversity in terms of politics, culture, 
and laws constitute a richness for society, it also 
poses a challenge for marine conservation efforts 
(Katsanevakis et  al. 2015). In this context, the 
north-westward invasion of lionfish (Pterois miles, 
Bennett, 1828) in the Mediterranean Sea offers a 
unique opportunity to explore the spatiotemporal 
patterns of public attention to IS possibly identified 
by emerging data sources, for example Google search 
volumes. This species has already invaded tropical 
and subtropical habitats in the western Atlantic area 
(Albins and Hixon 2008), and has more recently 
begun its invasion of the Mediterranean Sea. Entering 
through the Suez Canal, lionfish has rapidly expanded 
its range, causing considerable ecological disruptions 
and socio-economic consequences (Vallès et al. 2023; 
Whitfield et al. 2002), threatening the resilience of the 
ecosystems. The species is ranked by European Union 
Regulation (EU) 1143/2014 on IS as the second of 
95 most damaging invasive species, representing a 
very high risk of threat to biodiversity and associated 
ecosystem services (Roy et al. 2015).

Here, we explored public attention to lionfish 
across the Mediterranean Sea with the overarching 
goal of understanding how the presence and 
timing of an IS arrival influence societal interest. 
Bearing in mind that (1) the spatial distribution 

of IS can influence public attention, leading to 
variations in interest across invaded and non-invaded 
regions (Proulx et  al. 2014), and that (2) public 
attention usually decreases as an event becomes 
less newsworthy (Jarić et  al. 2023), we tested two 
hypotheses in the present study. First, countries 
experiencing lionfish invasion are expected to exhibit 
higher public attention compared to those countries 
where lionfish has yet to arrive. Second, based on 
public attention transience (Jarić et al. 2023), public 
attention is expected to peak around the year of 
arrival in countries where the lionfish already invaded 
and then decay, returning to baseline levels.

Materials and methods

Review of lionfish invasion in the Mediterranean Sea

In order to obtain an up-to-date distribution map of 
lionfish in the Mediterranean Sea, we downloaded 
the occurrences of the species from different 
sources. We started by collecting occurrences of the 
species from one of the most comprehensive online 
information systems on species distributions, the 
Global Biodiversity Information Facility (GBIF; 
https://​www.​gbif.​org; DOI of the query: https://​doi.​
org/https://​doi.​org/​10.​15468/​dl.​a5hpz7). Furthermore, 
we downloaded occurrences from the database 
Occurrence Records of Mediterranean Exotic 
Fishes (ORMEF; https://​ormef.​eu). We integrated 
occurrences that were not present on GBIF and 
ORMEF with reported lionfish sightings in literature 
published by Kleitou et  al. (2021), and added 
relevant recent records published in peer-reviewed 
journals (Dragičević et  al. 2021; Di Martino and 
Stancanelli 2021). To elucidate the spatial process 
of public interest towards lionfish, we divided the 21 
Mediterranean countries according to the presence of 
lionfish (hereinafter “Present” or “Absent”) based on 
the above-mentioned recorded occurrences.

Google search volumes

We downloaded Google search volumes for lionfish 
for the period from 1st of January 2013 to 31st of 
December 2022 for all 21 Mediterranean countries, 
at a weekly frequency. Moreover, in order to control 
for possible confounding effects on Google search 

https://www.gbif.org
https://doi.org/
https://doi.org/
https://doi.org/10.15468/dl.a5hpz7
https://ormef.eu


	 L. Fazzari et al.

Vol:. (1234567890)

volumes of general trends in public attention to fish 
species, we selected nine other fish species that are 
native to the Mediterranean Sea and represent species 
of commercial and recreational interest, as well as 
emblematic species for conservation: gilthead bream 
(Sparus aurata), the Mediterranean rainbow wrasse 
(Coris julis), the European seabass (Dicentrarchus 
labrax), the white seabream (Diplodus sargus), the 
saddled seabream (Oblada melanura), the salema 
(Sarpa salpa), the European sardine (Sardina 
pilchardus), the European hake (Merluccius 
merluccius), and the dusky grouper (Epinephelus 
marginatus).

Google search volumes were obtained using a 
topic search in Google Health Trends API, which 
represents automatically generated groups of related 
terms that share the same concept across languages 
based on their representation in Google’s Knowledge 
Graph (Cooper et al. 2019). Topic searches in Google 
Trends provide combined results for all terms related 
to the topic of interest across languages, for both 
vernacular and scientific species names and their 
synonyms, as well as for searches where the terms 
were misspelled (Cooper et  al. 2019; Britton et  al. 
2023; de Oliveira Caetano et  al. 2023). At the same 
time, topic searches differentiate between homonyms 
(e.g., species name such as lion and the brand names 
that contain it; de Oliveira Caetano et al. 2023). Data 
were obtained using the Google Health Trends API 
(API Application Program Interface) and a dedicated 
Python library (google-api-python-client; [https://​
pypi.​org/​proje​ct/​google-​api-​python-​client/]; see 
Vardi et  al. 2021). Data obtained are manipulated 
numbers representing search volumes calculated 
based on a sample (10–15%) of all searches (Green 
et  al. 2018). While not indicating actual number 
of searches (Google policies), the search volumes 
retrieved are calculated relative to all searches made 
in the sampled region during the considered period 
and are comparable across time and countries (https://​
tinyu​rl.​com/​2nxak​y32). Furthermore, to protect users’ 
privacy, Google generates search volumes for terms 
searched more than a minimum threshold. Thus, 
zeros in our datasets may not represent a complete 
lack of interest, just too low to detect.

Data treatment and statistical approach

Concerning the weekly Google search volumes, 
given the great number of zeros in the dataset, we 
aggregated the data per year by summing the weekly 
values to obtain the yearly Google search volumes 
for each country. This approach is justified because 
the Google Trends data is scaled and normalised to 
account for all searches made in the specific country 
at the given time, making the data comparable across 
many topics. Summing these values provides an 
aggregate measure of public interest over the year, 
which is suitable for our analysis of long-term trends. 
Given the non-normal distribution of the data, we 
used a two-sample Mann–Whitney U-Test to compare 
Google search volumes for countries where the 
species is considered either present or absent, and a 
Vargha and Delaney A measure to estimate the effect 
sizes (Vargha and Delaney 2000). Furthermore, in 
order to control for possible confounding effects on 
Google search volumes from general trends in public 
attention to fish species, we tested the relationship 
between Google search volumes for lionfish and the 
mean Google search volumes for the nine control 
species by using Kendall Rank correlation coefficient 
(with a confidence interval of 95%). An absence 
of correlation of Google search volumes between 
lionfish and the control would suggest a real interest 
in lionfish rather than a general interest in fish 
species.

We inspected the temporal trends of Google search 
volumes (Fig.  4) within each country to investigate 
temporal peaks of public attention and changes in the 
time series with respect to the arrival of the lionfish 
in the country (i.e., peaks of Google search volumes 
and their possible lags in relation to the arrival of 
the lionfish). In particular, we focused on assessing 
whether the maximum peak of Google search 
volumes occurred after the arrival of lionfish, in line 
with our second hypothesis. However, it is plausible 
that other scenarios could take place, such as that the 
maximum peak of Google search volumes occurred 
before the arrival of the lionfish, or that the peak of 
Google search volume occurred even if the lionfish 
has not arrived in a certain country. Furthermore, we 
assessed the lags between the arrival of the lionfish 
and the recorded maximum peak of Google search 
volumes. All analyses were run in R (version 4.2.0).

https://pypi.org/project/google-api-python-client/
https://pypi.org/project/google-api-python-client/
https://tinyurl.com/2nxaky32
https://tinyurl.com/2nxaky32
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Results

We obtained 1301 officially recorded lionfish 

observations in the Mediterranean Sea between 2013 
and 2022 (80% from Kleitou et al., 19% from GBIF 
and ORMEF and 1% from other peer-reviewed 

Fig. 1   Map of the occurrences of lionfish in the Mediterra-
nean Sea over the period 2013–2022. Each dot represents an 
occurrence (N = 1301), while the colour represents the year of 

occurrence. Data were obtained via GBIF, ORMEF, and peer-
reviewed journals (see methods for more details)

Table 1   Mediterranean countries in which the arrival of lionfish has been documented, together with the year of arrival and the 
associated reference

The year of the maximum and minimum Google search volumes is reported for each country together with the total volume (2013–
2022)

Country Status Year Reference Google search volumes

Min. (year) Max. (year) Total volume (sum)

Albania Present 2019 Di Martino and Stancanelli (2021) – – Insufficient
Algeria Absent – Kleitou et al. (2022) – – Insufficient
Malta Absent – – – Insufficient
France Absent – – – Insufficient
Monaco Absent – – – Insufficient
Montenegro Absent – – – Insufficient
Morocco Absent – – – Insufficient
Slovenia Absent – – – Insufficient
Spain Absent – – – Insufficient
Syria Present 2013 ORMEF – – Insufficient
Tunisia Present 2015 Dailianis et al. (2016) – – Insufficient
Turkey Present 2014 Turan et al. (2014) 92 (2022) 189 (2019) 1317
Italy Present 2016 Azzurro et al. (2017) 73 (2014) 207 (2017) 1366
Egypt Present 2016 ORMEF 517 (2022) 1127 (2017) 7270
Israel Present 1991 Golani and Sonin (1992) 809 (2014) 1538 (2021) 10,732
Croatia Present 2021 Dragičević et al. (2021) 544 (2020) 3409 (2016) 18,156
Greece Present 2015 Crocetta et al. (2015) 911 (2013) 3591 (2019) 18,574
Bosnia and Herzegovina Absent – Kleitou et al. (2022) 2153 (2013) 6242 (2018) 43,468
Lebanon Present 2012 Bariche et al. (2013) 5064 (2022) 8978 (2019) 63,643
Cyprus Present 2013 Oray et al. (2015) 4688 (2021) 12,643 (2020) 82,001
Libya Present 2018 Al Mabruk and Rizgalla (2019) 4787 (2021) 19,704 (2013) 97,551
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journals; Fig.  1). The lionfish distribution range 
changed over time, with the species increasingly 
spreading north-westward. By 2022 it was already 
recorded in 9 out of 21 Mediterranean countries 
(Table 1, Fig. 1). 

Google search volumes

We managed to obtain Google search volumes from 
10 countries (Table  1), while 11 countries recorded 
no search volume, meaning searches for the spe-
cies were either absent or too few to be recorded. 
The highest cumulative lionfish Google search vol-
umes (2013–2022) were in Libya (97,551), followed 
by Cyprus (82,001) and Lebanon (63,643; Table  1, 
Fig.  2). Among the countries that showed values 
higher than zero, we recorded the lowest cumulative 
lionfish Google search volumes in Turkey (189) and 
Italy (207; Table 1, Fig. 2). Countries where, accord-
ing to our review of the literature, the lionfish was 
not yet present and showed insufficient data included 
Montenegro, Slovenia, France, Malta, Monaco, 
Spain, Morocco and Algeria (Table 1, Fig. 2). Bosnia 
and Herzegovina had intermediate Google search vol-
umes despite having no records of lionfish presence. 
Finally, Albania, Tunisia and Syria showed insuf-
ficient Google searches even though the presence of 
the species in these countries is confirmed (Table 1, 
Fig.  2). Google search volumes were significantly 
higher (p < 0.01, A = 0.80) in countries where lionfish 
has already arrived, compared to countries in which 
it has not been detected yet (Fig.  3). Furthermore, 
Google search volumes for lionfish and the control 

group were not correlated (Supplementary material, 
Figure S1).

Temporal patterns of public attention

Google search volumes and the collected occur-
rences showed different trends over the years 
(Fig.  4). For example, Google searches for Libya 
decreased from 19,704 searches in 2013 to 7003 
searches in 2022, while Greece displayed an 
increase from 910 in 2013 to 2800 in 2022, with a 
peak in 2019. There was therefore a lack of a clear 

Fig. 2   Cumulative Google search volumes for lionfish in Med-
iterranean countries from 2013 to 2022. Google search vol-
umes are indicated in the legend, from the lowest (light blue; 

Turkey = 1317) to the highest (dark blue; Libya = 97,551). 
Countries in dark grey had insufficient Google search volumes 
for the selected period

Fig. 3   Boxplot of lionfish Google search volumes from 2013–
2022 for countries in which the species is present or absent 
(see Table 1). The outliers in the Present category correspond 
to searches in Cyprus and Libya, while the one in the Absent 
category corresponds to searches in Bosnia and Herzegovina. 
The box ranges from Q1 (the first quartile) to Q3 (the third 
quartile). The median is represented by the line across the box. 
The whiskers extend from Q1 and Q3 to the most extreme data 
points
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overall increasing or diminishing tendency in pub-
lic’s interest as manifested in Google search vol-
umes across the Mediterranean Sea. Public atten-
tion declined after a peak in interest in Egypt and 
Italy, with time lags of one year after the species 
arrival (Fig. 5). Greece also showed a similar trend 
but the peak in interest in the year after the lionfish 
invasion (2016) was not the highest peak recorded 
in the country (2019, Table 1).

We noticed three different scenarios for other 
countries that did not follow our hypothesised 
relationship. The first is represented by Libya, where 
the peak of attention (2013) occurred five years prior 
to the documented arrival of lionfish in the country 
(2018). Another case is represented by Bosnia and 
Herzegovina, which showed Google search volume 

dynamics despite having no recorded presence of the 
species (Figs. 4, 5). By contrast, Albania, Tunisia and 
Syria did not display Google search volume despite 
the species presence in those countries. Furthermore, 
Google search volumes for lionfish and the control 
group were not correlated for any of the countries 
except Libya (Kendall’s rank-order correlation 
coefficient values for the same countries are shown in 
Table 2; Appendix, Figure S2).

Discussion

The first hypothesis was confirmed, as our results 
showed significantly higher Google search vol-
umes in the majority of countries where lionfish 

Fig. 4   Google search vol-
umes across Mediterranean 
countries, for each year 
from 2013 to 2022. Values 
range from 1 (light blue) to 
30,000 (dark blue). Coun-
tries in dark grey had insuf-
ficient Google search vol-
umes. Each dot represents 
an occurrence (N = 1301), 
while the colour represents 
the year of occurrence. Data 
were obtained via GBIF, 
ORMEF, and peer-reviewed 
journals
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were already present. On the other hand, the second 
hypothesis was confirmed only in Egypt and Italy, 
where public interest showed a clear peak followed 
by a decline within a year of the lionfish arrival. Our 
results align with the concept that the spatial distribu-
tion of invasive species can influence public interest, 
leading to variations in attention across invaded and 
non-invaded regions. For instance, Fukano and Soga 
(2019) showed how the presence of 31 major IS spe-
cies (e.g., Procyon lotor, Vespa velutina, and Chely-
dra serpentina) was positively correlated with Google 
search volumes across Japan, and that public attention 
spatially overlapped with actual distribution of those 
species. Similar results were also reported by Proulx 
et al. (2014), who showed that spatial distribution of 
Google search volumes for five invasive species in the 
United States reflected their respective areas of origin 

and dispersion range. Likewise, Schuetz and Johnston 
(2019) observed strong spatial overlap between the 
relative popularity of different birds based on Google 
searches for 621 bird species and their true distribu-
tion across the United States. These studies show-
case the potential of using internet search volumes as 
indicators of public attention towards IS. In case of 
the lionfish invasion in the Mediterranean Sea, these 
data sources can be used to advise management plan-
ning about the level of public attention and awareness 
about the species and its spread. Furthermore, these 
data sources can serve as a proxy to monitor lionfish 
presence in countries not yet affected by its inva-
sion as an early warning tool (Schuetz et  al. 2014). 
For example, Sbragaglia et al. (2023) found that both 
local ecological knowledge and social media posts 
effectively tracked the long-term distributional range 

Fig. 5   Google search volumes for lionfish over time, from 
2013 to 2022, in all Mediterranean countries. Note that the Y 
axes are in different scales, based on the search volumes of 
each country. The red line represents the year of first record 
of the lionfish in the country, when available. The year of 

first record in Israel, 1991, is not presented as it is outside the 
selected time range. Countries are ordered based on Google 
search volumes, from the lowest (Albania) to the highest 
(Libya)
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shift of the white grouper Epinephelus aeneus. Such 
potential monitoring is of utmost importance, espe-
cially in the context of the Mediterranean Sea where, 
despite experts’ recommendations, lionfish has not 
yet been included in the European Regulation on IS 
(EU Regulation no. 1143/2014). Such monitoring 
programs should be especially established in areas 
predicted to experience the invasion in the upcoming 
years, such as Algeria (Kleitou et al. 2022).

Temporal patterns of interest were diverse, 
showing different trends in both invaded and not-
invaded countries. Egypt, Italy and Greece showed 
peaks of Google search volumes during the year after 
the arrival of the species in the country, although in 
Greece the peak was not the highest within the time 
series explored. The observed one-year time-lag 
between the arrival and the peak of public attention 
might be due to media and oral spread of news about 
the species at the local level (e.g. among fishers and 
their societies). In fact, first records may demand a 
certain amount of time to be officially recorded, and 
dissemination of specific events by the media could 
have had an influence on Google search volumes. For 
example, in Italy the news of the arrival of lionfish in 
2017 was immediately covered by one of the major 
newspapers (Redazione Repubblica 2017), which 
may have contributed to raise public attention about 

the event. Egypt represents a peculiar case because 
of its location, with the Red Sea to the east and the 
Mediterranean Sea to the north. The presence of two 
different seas means that lionfish is a native species 
in one part of the country while it is an IS in the 
other. This difference in the regulations might have 
contributed to polarized discussion and the major 
peak in public attention in 2017, after the arrival of 
the species in the Mediterranean in the 2016. Whilst 
peer-reviewed literature on the management strategy 
for lionfish in Egypt is scarce, it is possible to make 
a comparison with Israel, where lionfish are both 
native and invasive at the Red and Mediterranean seas 
respectively. Since lionfish is native to the Red Sea it 
is treated as a protected species under the Israeli law, 
making it illegal to fish or trade the species (Galil 
et al. 2021). These regulations represent a barrier to 
the management actions in the Mediterranean Sea, 
and are regularly discussed by competent authorities 
(Stern et  al. 2019). The periodic discussion might 
also explain the recurrent peaks of interest observed 
in Israel, potentially indicating recurrent debates 
around the question, boosting societal attention. 
However, it was impossible to study the effects of the 
species arrival on public attention in Israel, because 
the lionfish arrived in the Mediterranean in 1991 
and Google search volumes are not available for that 
period.

There were several countries in which we did 
not find a peak in attention following the invasion 
of lionfish to the country. These countries can be 
divided into three major categories according to 
their deviation from the prediction: (1) countries 
where the major peak of attention appeared before 
the arrival of the lionfish. This is the case for Libya, 
where the attention peak was observed five years 
before the arrival of lionfish there. Further research 
is needed to understand such results. Interestingly, 
Libya was the only country displaying a significant 
positive correlation between Google search volumes 
for lionfish and the control group (Supplementary 
material, Figure S2). Therefore, it is possible that the 
public attention directed at lionfish was confounded 
by the general attention towards fishes in this country. 
(2) Countries with detectable Google search volumes 
despite the absence of lionfish, as is the case in 
Bosnia and Herzegovina. One possible interpretation 
is that the species has most probably occurred in 
Bosnian waters, given the fact it has been registered 

Table 2   Correlation values between lionfish Google search 
volumes and the control Google search volumes (calculated as 
the mean of the nine selected fish species)

Correlation values are calculated through Kendall’s rank-
order correlation coefficient, with a 95% confidence interval. 
Tau’s coefficient (rτ) returns 1 or − 1 for maximum positive 
or negative correlation and 0 to show minimum correlation. 
Countries are displayed in Google search volumes order, from 
the lowest to the highest

Country p-value rτ Correlation

Turkey 0.60 − 0.15 No
Italy 0.60 0.15 No
Egypt 0.60 0.15 No
Israel 0.38 0.25 No
Croatia 0.38 − 0.24 No
Greece 0.11 0.42 No
Bosnia and 

Herzegovina
0.60 − 0.15 No

Lebanon 0.73 0.11 No
Cyprus 0.60 0.15 No
Libya 0.02 0.60 Yes
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in both the North and South borders of its coastline, 
but has not been officially recorded. In this case, 
Google search volumes could represent early warning 
about the presence of the species. (3) Countries with 
no observed public attention on Google despite the 
presence of the lionfish. This is the case in Albania, 
Tunisia, and Syria, where the species was recorded 
in 2019, 2015 and 2013, respectively. In Albania, 
the first peer-reviewed paper recording the arrival of 
the lionfish was published in 2021, two years after 
the first recording. This data might already indicate 
a general, weak link of the population with coastal 
ecosystems. A possible explanation is that there was 
no media coverage of the news, therefore public 
attention was not stimulated. Moreover, Albania lacks 
information on the presence of IS species in general, 
and this region is less studied compared to others 
in the Adriatic (Kamberi et  al. 2022). Similarly, the 
southern basin of the Mediterranean Sea is subjected 
to lower research efforts when compared with its 
northern basins, with frequent calls for greater 
research efforts to increase knowledge on IS in the 
area (Zenetos et  al. 2010). The scarcity of research 
effort could explain the lack of Google search 
volumes in these three countries. Regarding Syria, 
lack of data was also affected by the lack of Google 
traffic in the country and the political context, as the 
region experienced a civil war that led to a severe 
degradation of living conditions, with 90% of people 
living below the poverty line (United Nations, 2023). 
Clearly, public attention to ecological dynamics is 
strongly dependent on socioeconomic and political 
circumstances, and the war in Syria has directly 
affected education and internet access (Abdullah 
Omaish et  al. 2022). Thus, lack of Google search 
volumes for this country may not be representative.

Finally, it is important to highlight the case of 
Cyprus, which displayed high Google search volumes 
since 2013, the year of arrival of lionfish in the 
country. Given the frequent sightings of lionfish from 
the coastal waters of south Cyprus, the University 
of Cyprus and the University of Plymouth started 
a project funded by the European Union’s LIFE 
programme, RELIONMED (https://​relio​nmed.​eu/), 
from 2017 to 2022, seeking to stem the lionfish 
invasion in the Mediterranean Sea. RELIONMED 
promoted not only active culling of lionfish, but 
also raised awareness and educated the public about 
invasive species, improving ecological and societal 

knowledge (Kleitou et  al. 2022). Therefore, a high 
public attention to lionfish invasion might be expected 
for this country. Previous attempts to get a glimpse 
of public perceptions of lionfish have been made in 
Cyprus (Kleitou et  al. 2019), involving surveys of 
general public and stakeholders, and finding limited 
awareness and recognition about the lionfish from 
the public, but strong support for local management 
from stakeholders. The data analysed here might 
give additional and complementary information to 
surveys, by expanding their sample size and providing 
temporal and retroactive information about public 
attention.

Limitations and future directions

Using digital data in the context of marine ecological 
research offers a great potential but also faces a 
number of caveats and limitations (Jarić et al. 2020c). 
Sociocultural aspects can influence data generation 
in terms of users’ age, gender, cultural norms, 
language barriers, education and technical skills to 
access the internet (Correia et  al. 2019). Moreover, 
internet access varies among countries and regions 
(World Bank Open Data, n.d.), which has a direct 
effect on digital data availability. These issues are 
exacerbated in the context of marine environments, 
where data coverage decreases in relation to distance 
from the coast (Jarić et al. 2020c). To mitigate these 
limitations, such data should be coupled with other 
data sources such as surveys and citizen science 
activities (Jarić et  al. 2020b; Kerhoas et  al. 2019; 
Sbragaglia et al., 2023).

The selected period of time during which we 
analysed Google search volume also included the 
COVID-19 outbreak period, that caused substantial 
changes in popularity for a variety of topics searched 
online during lockdowns (Brodeur et  al. 2021; 
Heerfordt and Heerfordt 2020; Roll et  al. 2021). 
Therefore, we cannot exclude similar effects on 
lionfish Google search volumes during the pandemic 
period. It is also important to note that, while Jarić 
et  al. (2023) refer to a peak duration of days or 
weeks, we aggregated the data from Google yearly. 
Such temporal resolution might have masked subtle 
attention peaks related to the arrival of the lionfish. 
In fact, elevated public attention often lasts for 
several days or weeks (Lorenz-Spreen et  al. 2019), 
thus an additional analysis at a finer temporal scale 

https://relionmed.eu/
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(such as monthly or weekly frequency) is required 
to uncover possible shorter temporal dynamics and 
seasonal patterns that might have been overlooked. 
In this context, future refinements could also deepen 
the influence of digital media on public attention 
and emotions by the spread of news and/or social 
media posting (Happer and Philo 2013; Ahmad 
and Murad 2020). This phenomenon is also true 
for environmental issues, such as the greater media 
coverage of climate change that influenced people’s 
awareness on the issue (Han and Cheng 2020). 
Therefore, further research could focus on assessing 
news data for each country, to understand how media 
coverage and dissemination on lionfish invasion 
shapes societal attention. Focusing on the relationship 
between media and societal attention in biological 
invasions could also allow detecting successful 
approaches and/or mismatches between media 
coverage and research activity, and consequently 
the opportunity to replicate or enhance such 
communication strategies (Ballari and Barrios-García 
2022).

Conclusions

Emerging technologies and digital data sources 
provide a unique opportunity to monitor biodiversity, 
with low associated costs and quick access to a 
great amount of data generated by internet users 
(Jarić et  al. 2020a; Ladle et  al. 2016). By analysing 
Google search volumes, we were able to provide 
insights in societal attention to lionfish across its 
invasion front in the Mediterranean Sea. The socio-
political complexity of the Mediterranean region 
and the diversity of political and cultural systems 
(Micheli et  al. 2013) create heterogeneous temporal 
patterns of public attention to this species. While 
we found increased attention for lionfish in many 
countries, it is important to note that this trend was 
not consistent, and the temporal patterns varied 
among countries. This variability suggests that our 
analyses reveal interesting patterns, but further 
research is needed to enhance their consistency and 
reliability for conservation applications. Detecting 
periods of elevated public attention is of utmost 
importance, as they represent optimum moments to 
push management and conservation efforts (Males 
and Van Aelst 2021). Identifying this dynamic could 

encourage policymakers to pursue and prioritise 
effective communication to tackle biological 
invasions and coordinate international actions (Jarić 
et al. 2021). Additionally, while our study focuses on 
Google search volumes as a proxy for public attention, 
future research could benefit from incorporating 
parallel measures of media and scientific attention 
in the respective countries. Both academic interest 
and media exposure of the lionfish invasion may 
be drivers of public attention and consequently 
enhancing the understanding of the factors influencing 
public interest and informing more comprehensive 
management strategies. In a rapidly changing world, 
in which ecosystems are simultaneously threatened 
by multiple challenges and pressures, approaches 
such as conservation culturomics and iEcology could 
unveil the complex human-nature interactions with 
quantitative indicators across time and space with the 
necessity of limited resources. Overall, our findings 
underscore the potential of digital data sources in 
conservation efforts and highlight the necessity for 
continued investigation to fully harness this approach.

Funding  Open Access funding provided thanks to the 
CRUE-CSIC agreement with Springer Nature. L.F. is sup-
ported by an Erasmus+ scholarship. V.S. is supported by a 
Ramón y Cajal research fellowship (RYC2021-033065-I) 
granted by the Spanish Ministry of Science and Innovation. 
L.F., M.C., and V.S acknowledge the Spanish government 
through the ‘Severo Ochoa Centre of Excellence’ accredita-
tion (CEX2019-000928-S). MC, VS and LF acknowledge 
partial funding support by European Union’s Horizon 2020 
research and innovation programme under grant agreement No 
869300 (FutureMares) and No 01059877 (GES4SEAS). R.V. 
was partly supported by the Alexander and Eva Lester post-
doctoral fellowship. I.J. was supported by grant no. 23-07278S 
from the Czech Science Foundation. R.A.C. acknowledges 
personal funding from the Academy of Finland (Grant agree-
ment #348352) and the KONE Foundation (Grant agreement 
#202101976). We also thank the anonymous reviewer for valu-
able comments and suggestions, which have greatly improved 
this manuscript.

Declarations 

Conflict of interest  The authors have not disclosed any com-
peting interests.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 



	 L. Fazzari et al.

Vol:. (1234567890)

use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

Abdullah Omaish H, Sennuo A, Alymany G, Abdullah MU, 
AlNakib S, Divan A, Dionigi F (2022) Knowledge gaps 
amongst students entering higher education in the non-
regime North of Syria: causes and possible solutions. Int J 
Educ Res Open 3:100129. https://​doi.​org/​10.​1016/j.​ijedro.​
2022.​100129

Ahmad AR, Murad HR (2020) The impact of social media 
on panic during the COVID-19 pandemic in Iraqi Kurd-
istan: online questionnaire study. J Med Internet Res 
22(5):e19556. https://​doi.​org/​10.​2196/​19556

Al Mabruk SA, Rizgalla J (2019) First record of lionfish (Scor-
paenidae: Pterois) from Libyan waters. J Black Sea Medi-
terr Environ 25(1):108–114

Albins MA, Hixon MA (2008) Invasive Indo-Pacific lionfish 
Pterois volitans reduce recruitment of Atlantic coral-reef 
fishes. Mar Ecol Prog Ser 367:233–238. https://​doi.​org/​
10.​3354/​meps0​7620

Azzurro E, Stancanelli B, Di Martino V, Bariche M (2017) 
Range expansion of the common lionfish Pterois miles 
(Bennett, 1828) in the Mediterranean Sea: an unwanted 
new guest for Italian waters. BioInvasions Rec 6(2):95–
98. https://​doi.​org/​10.​3391/​bir.​2017.6.​2.​01

Ballari SA, Barrios-García MN (2022) Mismatch between 
media coverage and research on invasive species: the 
case of wild boar (Sus scrofa) in Argentina. PLoS ONE 
17(12):e0279601. https://​doi.​org/​10.​1371/​journ​al.​pone.​
02796​01

Bariche M, Torres M, Azzurro E (2013) The presence of the 
invasive Lionfish Pterois miles in the Mediterranean Sea. 
Mediterr Mar Sci 14:292–294. https://​doi.​org/​10.​12681/​
mms.​428

Bassett I, McNaughton E, Plank G, Stanley M (2020) Cat 
ownership and proximity to significant ecological areas 
influence attitudes towards cat impacts and manage-
ment practices. Environ Manage. https://​doi.​org/​10.​1007/​
s00267-​020-​01289-2

Birkland TA (1998) Focusing events, mobilization, and agenda 
setting. J Publ Policy 18(1):53–74. https://​doi.​org/​10.​
1017/​S0143​814X9​80000​38

Britton JR, Pinder AC, Alós J, Arlinghaus R, Danylchuk AJ, 
Edwards W, Freire KMF, Gundelund C, Hyder K, Jarić 
I, Lennox R, Lewin W-C, Lynch AJ, Midway SR, Potts 
WM, Ryan KL, Skov C, Strehlow HV, Tracey SR, Cooke 

SJ (2023) Global responses to the COVID-19 pandemic 
by recreational anglers: considerations for develop-
ing more resilient and sustainable fisheries. Rev Fish 
Biol Fish 33(4):1095–1111. https://​doi.​org/​10.​1007/​
s11160-​023-​09784-5

Brodeur A, Clark AE, Fleche S, Powdthavee N (2021) COVID-
19, lockdowns and well-being: evidence from Google 
Trends. J Public Econ 193:104346. https://​doi.​org/​10.​
1016/j.​jpube​co.​2020.​104346

Cooper MW, Di Minin E, Hausmann A, Qin S, Schwartz AJ, 
Correia RA (2019) Developing a global indicator for 
Aichi Target 1 by merging online data sources to meas-
ure biodiversity awareness and engagement. Biol Cons 
230:29–36. https://​doi.​org/​10.​1016/j.​biocon.​2018.​12.​004

Correia RA, Di Minin E, Jarić I, Jepson P, Ladle R, Mitter-
meier J, Roll U, Soriano-Redondo A, Veríssimo D (2019) 
Inferring public interest from search engine data requires 
caution. Front Ecol Environ 17(5):254–255. https://​doi.​
org/​10.​1002/​fee.​2048

Correia RA, Ladle R, Jarić I, Malhado ACM, Mittermeier JC, 
Roll U, Soriano-Redondo A, Veríssimo D, Fink C, Haus-
mann A, Guedes-Santos J, Vardi R, Di Minin E (2021) 
Digital data sources and methods for conservation cul-
turomics. Conserv Biol 35(2):398–411. https://​doi.​org/​10.​
1111/​cobi.​13706

Crocetta F, Agius D, Balistreri P, Bariche M, Bayhan Y, Cakir 
M, Ciriaco S, Corsini-Foka M, Deidun A, El Zrelli R, 
Erguden D, Evans J, Ghelia M, Giavasi M, Kleitou P, 
Kondylatos G, Lipej L, Mifsud C, Özvarol Y, Zenetos A 
(2015) New Mediterranean biodiversity records. Mediterr 
Mar Sci. https://​doi.​org/​10.​12681/​mms.​1477

Dailianis T, Akyol O, Babali N, Bariche M, Crocetta F, Ger-
ovasileiou V, Chanem R, Gökoğlu M, Hasiotis T, Izqui-
erdo-Muñoz A, Julian D, Katsanevakis S, Lipez L, Man-
cini E, Mytilineou C, Amor KOB, Özgül A, Ragkousis 
M, Rubio-Portillo E, Trkov D (2016) New Mediterranean 
biodiversity records. Mediterr Mar Sci. https://​doi.​org/​10.​
12681/​mms.​1734

de Oliveira Caetano GH, Vardi R, Jarić I, Correia RA, Roll U, 
Veríssimo D (2023) Evaluating global interest in biodiver-
sity and conservation. Conserv Biol 37(5):e14100. https://​
doi.​org/​10.​1111/​cobi.​14100

Di Martino V, Stancanelli B (2021) The alien lionfish, Pter-
ois miles (Bennett, 1828), enters the Adriatic Sea, cen-
tral Mediterranean Sea. J Black Sea Mediterr Environ 
27:104–108

Dragičević B, Ugarković P, Krzelj M, Zurub D, Jakov D (2021) 
New record of Pterois cf. miles (Actinopterygii: Scorpae-
niformes: Scorpaenidae) from the eastern middle Adriatic 
Sea (Croatian waters): Northward expansion. Acta Ich-
thyol Piscat 51:379–383. https://​doi.​org/​10.​3897/​aiep.​51.​
75811

Fukano Y, Soga M (2019) Spatio-temporal dynamics and 
drivers of public interest in invasive alien species. Biol 
Invasions 21(12):3521–3532. https://​doi.​org/​10.​1007/​
s10530-​019-​02065-y

Galil BS, Mienis HK, Hoffman R, Goren M (2021) Non-indig-
enous species along the Israeli Mediterranean coast: tally, 
policy, outlook. Hydrobiologia 848(9):2011–2029. https://​
doi.​org/​10.​1007/​s10750-​020-​04420-w

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ijedro.2022.100129
https://doi.org/10.1016/j.ijedro.2022.100129
https://doi.org/10.2196/19556
https://doi.org/10.3354/meps07620
https://doi.org/10.3354/meps07620
https://doi.org/10.3391/bir.2017.6.2.01
https://doi.org/10.1371/journal.pone.0279601
https://doi.org/10.1371/journal.pone.0279601
https://doi.org/10.12681/mms.428
https://doi.org/10.12681/mms.428
https://doi.org/10.1007/s00267-020-01289-2
https://doi.org/10.1007/s00267-020-01289-2
https://doi.org/10.1017/S0143814X98000038
https://doi.org/10.1017/S0143814X98000038
https://doi.org/10.1007/s11160-023-09784-5
https://doi.org/10.1007/s11160-023-09784-5
https://doi.org/10.1016/j.jpubeco.2020.104346
https://doi.org/10.1016/j.jpubeco.2020.104346
https://doi.org/10.1016/j.biocon.2018.12.004
https://doi.org/10.1002/fee.2048
https://doi.org/10.1002/fee.2048
https://doi.org/10.1111/cobi.13706
https://doi.org/10.1111/cobi.13706
https://doi.org/10.12681/mms.1477
https://doi.org/10.12681/mms.1734
https://doi.org/10.12681/mms.1734
https://doi.org/10.1111/cobi.14100
https://doi.org/10.1111/cobi.14100
https://doi.org/10.3897/aiep.51.75811
https://doi.org/10.3897/aiep.51.75811
https://doi.org/10.1007/s10530-019-02065-y
https://doi.org/10.1007/s10530-019-02065-y
https://doi.org/10.1007/s10750-020-04420-w
https://doi.org/10.1007/s10750-020-04420-w


Spatiotemporal patterns of public attention to invasive species across an invasion front:…

Vol.: (0123456789)

Golani D, Sonin O (1992) New records of the Red Sea fishes, 
Pterois miles (Scorpaenidae) and Pteragogus pelycus 
(Labridae) from the eastern Mediterranean Sea. Jpn J Ich-
thyol 39(2):167–169. https://​doi.​org/​10.​1007/​BF029​06001

Green HK, Edeghere O, Elliot AJ, Cox IJ, Morbey R, Pebody 
R, Bone A, McKendry RA, Smith GE (2018) Google 
search patterns monitoring the daily health impact of 
heatwaves in England: How do the findings compare to 
established syndromic surveillance systems from 2013 
to 2017? Environ Res 166:707–712. https://​doi.​org/​10.​
1016/j.​envres.​2018.​04.​002

Han R, Cheng Y (2020) The Influence of norm perception on 
pro-environmental behavior: a comparison between the 
moderating roles of traditional media and social media. 
Int J Environ Res Public Health. https://​doi.​org/​10.​3390/​
ijerp​h1719​7164

Happer C, Philo G (2013) The role of the media in the con-
struction of public belief and social change. J Soc Political 
Psychol. https://​doi.​org/​10.​5964/​jspp.​v1i1.​96

Heerfordt C, Heerfordt IM (2020) Has there been an increased 
interest in smoking cessation during the first months of 
the COVID-19 pandemic? A Google Trends study. Public 
Health 183:6–7. https://​doi.​org/​10.​1016/j.​puhe.​2020.​04.​
012

Jarić I, Correia RA, Brook BW, Buettel JC, Courchamp F, Di 
Minin E, Firth JA, Gaston KJ, Jepson P, Kalinkat G, Ladle 
R, Soriano-Redondo A, Souza AT, Roll U (2020a) iEcol-
ogy: harnessing large online resources to generate ecolog-
ical insights. Trends Ecol Evol 35(7):630–639. https://​doi.​
org/​10.​1016/j.​tree.​2020.​03.​003

Jarić I, Courchamp F, Correia RA, Crowley SL, Essl F, Fischer 
A, González-Moreno P, Kalinkat G, Lambin X, Lenzner 
B, Meinard Y, Mill A, Musseau C, Novoa A, Pergl J, 
Pyšek P, Pyšková K, Robertson P, von Schmalensee M, 
Jeschke JM (2020b) The role of species charisma in bio-
logical invasions. Front Ecol Envir 18(6):345–353. https://​
doi.​org/​10.​1002/​fee.​2195

Jarić I, Roll U, Arlinghaus R, Belmaker J, Chen Y, China V, 
Douda K, Essl F, Jähnig SC, Jeschke JM, Kalinkat G, 
Kalous L, Ladle R, Lennox RJ, Rosa R, Sbragaglia V, 
Sherren K, Šmejkal M, Soriano-Redondo A, Correia 
RA (2020c) Expanding conservation culturomics and 
iEcology from terrestrial to aquatic realms. PLOS Biol 
18(10):e3000935. https://​doi.​org/​10.​1371/​journ​al.​pbio.​
30009​35

Jarić I, Bellard C, Correia RA, Courchamp F, Douda K, Essl F, 
Jeschke JM, Kalinkat G, Kalous L, Lennox RJ, Novoa A, 
Proulx R, Pyšek P, Soriano-Redondo A, Souza AT, Vardi 
R, Veríssimo D, Roll U (2021) Invasion culturomics and 
iEcology. Conserv Biol 35(2):447–451. https://​doi.​org/​10.​
1111/​cobi.​13707

Jarić I, Correia R, Bonaiuto M, Brook B, Courchamp F, Firth J, 
Gaston K, Heger T, Jeschke J, Ladle R, Meinard Y, Rob-
erts D, Sherren K, Soga M, Soriano-Redondo A, Veris-
simo D, Roll U (2023) Transience of public attention in 
conservation science. Front Ecol Environ 21:333

Jubase N, Shackleton RT, Measey J (2021) Public awareness 
and perceptions of invasive alien species in small towns. 
Biology 10(12):1322. https://​doi.​org/​10.​3390/​biolo​gy101​
21322

Kamberi E, Beqiri K, Luli K, Bakiu R (2022) Tracking changes 
in fish diversity in the South-Eastern Adriatic Sea (Alba-
nia) based on local ecological knowledge. Croat J Fish 
80(1):17–25. https://​doi.​org/​10.​2478/​cjf-​2022-​0003

Katsanevakis S, Levin N, Coll M, Giakoumi S, Shkedi D, 
Mackelworth P, Levy R, Velegrakis A, Koutsoubas D, 
Caric H, Brokovich E, Öztürk B, Kark S (2015) Marine 
conservation challenges in an era of economic crisis and 
geopolitical instability: the case of the Mediterranean Sea. 
Mar Policy 51:31–39. https://​doi.​org/​10.​1016/j.​marpol.​
2014.​07.​013

Kerhoas D, Acerbi A, Webber AD, McCabe G, Mittermeier 
RA, Schwitzer C (2019) The impact of the “World’s 25 
most endangered primates” list on scientific publications 
and media. bioRxiv. https://​doi.​org/​10.​1101/​541706

Kleespies MW, Dörge DD, Peter N, Schantz AV, Skaljic A, 
Feucht V, Burger-Schulz AL, Dierkes PW, Klimpel S 
(2024) Identifying opportunities for invasive species man-
agement: an empirical study of stakeholder perceptions 
and interest in invasive species. Biol Invasions 1–17

Kleitou P, Savva I, Kletou D, Hall-Spencer JM, Antoniou C, 
Christodoulides Y, Chartosia N, Hadjioannou L, Dimi-
triou AC, Jimenez C, Petrou A, Sfenthourakis S, Rees S 
(2019) Invasive lionfish in the Mediterranean: low pub-
lic awareness yet high stakeholder concerns. Mar Policy 
104:66–74. https://​doi.​org/​10.​1016/j.​marpol.​2019.​02.​052

Kleitou P, Hall-Spencer JM, Savva I, Kletou D, Hadjistylli M, 
Azzurro E, Katsanevakis S, Antoniou C, Hadjioannou L, 
Chartosia N, Christou M, Christodoulides Y, Giovos I, 
Jimenez C, Smeraldo S, Rees SE (2021) The case of lion-
fish (Pterois miles) in the Mediterranean Sea demonstrates 
limitations in EU legislation to address marine biological 
invasions. J Mar Sci Eng. https://​doi.​org/​10.​3390/​jmse9​
030325

Kleitou P, Hall-Spencer J, Rees S, Kletou D (2022) Guide to 
lionfish management in the Mediterranean. University of 
Plymouth

Ladle RJ, Correia RA, Do Y, Joo G-J, Malhado AC, Proulx R, 
Roberge J-M, Jepson P (2016) Conservation culturomics. 
Front Ecol Environ 14(5):269–275. https://​doi.​org/​10.​
1002/​fee.​1260

Lorenz-Spreen P, Mønsted BM, Hövel P, Lehmann S 
(2019) Accelerating dynamics of collective atten-
tion. Nat Commun 10(1):1759. https://​doi.​org/​10.​1038/​
s41467-​019-​09311-w

Males J, Van Aelst P (2021) Did the Blue Planet set the agenda 
for plastic pollution? An explorative study on the influ-
ence of a documentary on the public, media and political 
agendas. Environ Commun 15(1):40–54. https://​doi.​org/​
10.​1080/​17524​032.​2020.​17804​58

McLean HE, Teel TL, Bright AD, Jaebker LM, Tomecek JM, 
Frank MG, Connally RL, Shwiff SA, Carlisle KM (2021) 
Understanding tolerance for an invasive species: an inves-
tigation of hunter acceptance capacity for wild pigs (Sus 
scrofa) in Texas. J Environ Manage 285:112143. https://​
doi.​org/​10.​1016/j.​jenvm​an.​2021.​112143

Micheli F, Levin N, Giakoumi S, Katsanevakis S, Abdulla A, 
Coll M, Fraschetti S, Kark S, Koutsoubas D, Mackelworth 
P, Maiorano L, Possingham HP (2013) Setting priorities 
for regional conservation planning in the Mediterranean 

https://doi.org/10.1007/BF02906001
https://doi.org/10.1016/j.envres.2018.04.002
https://doi.org/10.1016/j.envres.2018.04.002
https://doi.org/10.3390/ijerph17197164
https://doi.org/10.3390/ijerph17197164
https://doi.org/10.5964/jspp.v1i1.96
https://doi.org/10.1016/j.puhe.2020.04.012
https://doi.org/10.1016/j.puhe.2020.04.012
https://doi.org/10.1016/j.tree.2020.03.003
https://doi.org/10.1016/j.tree.2020.03.003
https://doi.org/10.1002/fee.2195
https://doi.org/10.1002/fee.2195
https://doi.org/10.1371/journal.pbio.3000935
https://doi.org/10.1371/journal.pbio.3000935
https://doi.org/10.1111/cobi.13707
https://doi.org/10.1111/cobi.13707
https://doi.org/10.3390/biology10121322
https://doi.org/10.3390/biology10121322
https://doi.org/10.2478/cjf-2022-0003
https://doi.org/10.1016/j.marpol.2014.07.013
https://doi.org/10.1016/j.marpol.2014.07.013
https://doi.org/10.1101/541706
https://doi.org/10.1016/j.marpol.2019.02.052
https://doi.org/10.3390/jmse9030325
https://doi.org/10.3390/jmse9030325
https://doi.org/10.1002/fee.1260
https://doi.org/10.1002/fee.1260
https://doi.org/10.1038/s41467-019-09311-w
https://doi.org/10.1038/s41467-019-09311-w
https://doi.org/10.1080/17524032.2020.1780458
https://doi.org/10.1080/17524032.2020.1780458
https://doi.org/10.1016/j.jenvman.2021.112143
https://doi.org/10.1016/j.jenvman.2021.112143


	 L. Fazzari et al.

Vol:. (1234567890)

Sea. PLoS ONE 8(4):e59038. https://​doi.​org/​10.​1371/​
journ​al.​pone.​00590​38

Oray IK, Sınay E, Saadet Karakulak F, Yıldız T (2015) An 
expected marine alien fish caught at the coast of North-
ern Cyprus: Pterois miles (Bennett, 1828). J Appl Ichthyol 
31(4):733–735. https://​doi.​org/​10.​1111/​jai.​12857

Pejchar L, Mooney HA (2009) Invasive species, ecosystem ser-
vices and human well-being. Trends Ecol Evol 24(9):497–
504. https://​doi.​org/​10.​1016/j.​tree.​2009.​03.​016

Pfeiffer JM, Voeks RA (2008) Biological invasions and bio-
cultural diversity: linking ecological and cultural systems. 
Environ Conserv 35(4):281–293. https://​doi.​org/​10.​1017/​
S0376​89290​80051​46

Pralle SB (2009) Agenda-setting and climate change. Environ 
Politics 18(5):781–799. https://​doi.​org/​10.​1080/​09644​
01090​31571​15

Protess D, McCombs ME (2016) Agenda setting: readings on 
media, public opinion, and policymaking. Routledge

Proulx R, Massicotte P, Pépino M (2014) Googling trends in 
conservation biology. Conserv Biol 28(1):44–51. https://​
doi.​org/​10.​1111/​cobi.​12131

Redazione Repubblica (2017) Avvistato nelle acque italiane il 
pesce scorpione e scatta l’allarme. La Repubblica. https://​
www.​repub​blica.​it/​ambie​nte/​2017/​03/​27/​news/​avvis​tato_​
nelle_​acque_​itali​ane_​il_​pesce_​scorp​ione_e_​scatta_​l_​allar​
me-​16155​5345/

Roll U, Jarić I, Jepson P, da Costa-Pinto AL, Pinheiro BR, Cor-
reia RA, Malhado AC, Ladle RJ (2021) COVID-19 lock-
downs increase public interest in urban nature. Front Ecol 
Environ 19(6):320–322. https://​doi.​org/​10.​1002/​fee.​2374

Roy HE, Adriaens T, Aldridge DC, Bacher S, Bishop JDD, 
Blackburn TM, Branquart E, Brodie J, Carboneras C, 
Cook EJ, Copp GH, Dean HJ, Eilenberg J, Essl F, Gal-
lardo B, Garcia M, García-Berthou E, Genovesi P, Hulme 
PE, Zenetos A (2015) Invasive alien species—prioritising 
prevention efforts through horizon scanning: ENV.B.2/
ETU/2014/0016: Final report. European Union. https://​
dugi-​doc.​udg.​edu/​handle/​10256/​14321

Sbragaglia V, Espasandín L, Coco S, Felici A, Correia RA, 
Coll M, Arlinghaus R (2022) Recreational angling and 
spearfishing on social media: insights on harvesting pat-
terns, social engagement and sentiments related to the dis-
tributional range shift of a marine invasive species. Rev 
Fish Biol Fish 32(2):687–700. https://​doi.​org/​10.​1007/​
s11160-​022-​09699-7

Sbragaglia V, Espasandín L, Jarić I, Vardi R, Ramírez F, Coll 
M (2023) Tracking ongoing transboundary marine distri-
butional range shifts in the digital era. Mar Ecol Prog Ser 
SHIFT:SHIFTav3

Schuetz JG, Johnston A (2019) Characterizing the cultural 
niches of North American birds. Proc Natl Acad Sci 
116(22):10868–10873. https://​doi.​org/​10.​1073/​pnas.​
18206​70116

Schuetz J, Soykan C, Distler T, Langham G (2014) Searching 
for backyard birds in virtual worlds: Internet queries mir-
ror real species distributions. Biodivers Conserv 24:1147–
1154. https://​doi.​org/​10.​1007/​s10531-​014-​0847-7

Shackleton RT, Richardson DM, Shackleton CM, Bennett B, 
Crowley SL, Dehnen-Schmutz K, Estévez RA, Fischer A, 
Kueffer C, Kull CA, Marchante E, Novoa A, Potgieter LJ, 
Vaas J, Vaz AS, Larson BMH (2019) Explaining people’s 

perceptions of invasive alien species: a conceptual frame-
work. J Environ Manage 229:10–26. https://​doi.​org/​10.​
1016/j.​jenvm​an.​2018.​04.​045

Shackleton RT, Novoa A, Shackleton CM, Kull CA (2020) The 
social dimensions of biological invasions in South Africa. 
In: van Wilgen BW, Measey J, Richardson DM, Wil-
son JR, Zengeya TA (eds) Biological invasions in South 
Africa, Springer, pp 701–729. https://​doi.​org/​10.​1007/​
978-3-​030-​32394-3_​24

Stern N, Jimenez C, Huseyinoglu MF, Andreou V, Hadjioan-
nou L, Petrou A, Öztürk B, Golani D, Rothman SBS 
(2019) Constructing the genetic population demography 
of the invasive lionfish Pterois miles in the Levant Basin, 
Eastern Mediterranean. Mitochondrial DNA Part A DNA 
Mapp Seq Anal 30(2):249–255. https://​doi.​org/​10.​1080/​
24701​394.​2018.​14822​84

Turan C, Ergüden D, Gürlek M, Yağlioğlu D, Ali U, Uygur 
N (2014) First record of the Indo-Pacific lionfish Pterois 
miles (Bennett, 1828) (Osteichthyes: Scorpaenidae) for 
the Turkish marine waters. J Black Sea Mediterr Environ 
20(2):158–163

Vallès H, Walcott J, Oxenford HA (2023) Assessment and 
management of lionfish and status of other marine inva-
sive species of threat to high biodiversity-value reef 
ecosystems

Vardi R, Mittermeier JC, Roll U (2021) Combining culturomic 
sources to uncover trends in popularity and seasonal inter-
est in plants. Conserv Biol J Soc Conserv Biol 35(2):460–
471. https://​doi.​org/​10.​1111/​cobi.​13705

Vargha A, Delaney HD (2000) A critique and improvement of 
the CL common language effect size statistics of McGraw 
and Wong. J Edu Behav Stat 25(2):101–132. https://​doi.​
org/​10.​3102/​10769​98602​50021​01

Vaz AS, Kueffer C, Kull CA, Richardson DM, Schindler S, 
Muñoz-Pajares AJ, Vicente JR, Martins J, Hui C, Kühn I, 
Honrado JP (2017) The progress of interdisciplinarity in 
invasion science. Ambio 46(4):428–442. https://​doi.​org/​
10.​1007/​s13280-​017-​0897-7

Verbrugge LNH, Van den Born RJG, Lenders HJR (2013) 
Exploring public perception of non-native spe-
cies from a visions of nature perspective. Environ 
Manage 52(6):1562–1573. https://​doi.​org/​10.​1007/​
s00267-​013-​0170-1

Whitfield P, Gardner T, Vives SP, Gilligan M, Ray W, Ray 
G, Hare J (2002) Biological invasion of the Indo-Pacific 
lionfish Pterois volitans along the Atlantic coast of North 
America. Mar Ecol Prog Ser 235:289–297. https://​doi.​org/​
10.​3354/​meps2​35289

Zenetos A, Gofas S, Verlaque M, Çinar M, García Raso J, 
Bianchi C, Morri C, Azzurro E, Bilecenoglu M, Froglia 
C, Siokou-Frangou I, Violanti D, Sfriso A, Giangrande 
A, Ballesteros E, Espla AA, Mastrototaro F, Streftaris N 
(2010) Alien species in the Mediterranean Sea by 2010. 
A contribution to the application of European Union’s 
Marine Strategy Framework Directive (MSFD). Part I. 
Spatial distribution. Mediterr Mar Sci 11:381–493. https://​
doi.​org/​10.​12681/​mms.​87

https://doi.org/10.1371/journal.pone.0059038
https://doi.org/10.1371/journal.pone.0059038
https://doi.org/10.1111/jai.12857
https://doi.org/10.1016/j.tree.2009.03.016
https://doi.org/10.1017/S0376892908005146
https://doi.org/10.1017/S0376892908005146
https://doi.org/10.1080/09644010903157115
https://doi.org/10.1080/09644010903157115
https://doi.org/10.1111/cobi.12131
https://doi.org/10.1111/cobi.12131
https://www.repubblica.it/ambiente/2017/03/27/news/avvistato_nelle_acque_italiane_il_pesce_scorpione_e_scatta_l_allarme-161555345/
https://www.repubblica.it/ambiente/2017/03/27/news/avvistato_nelle_acque_italiane_il_pesce_scorpione_e_scatta_l_allarme-161555345/
https://www.repubblica.it/ambiente/2017/03/27/news/avvistato_nelle_acque_italiane_il_pesce_scorpione_e_scatta_l_allarme-161555345/
https://www.repubblica.it/ambiente/2017/03/27/news/avvistato_nelle_acque_italiane_il_pesce_scorpione_e_scatta_l_allarme-161555345/
https://doi.org/10.1002/fee.2374
https://dugi-doc.udg.edu/handle/10256/14321
https://dugi-doc.udg.edu/handle/10256/14321
https://doi.org/10.1007/s11160-022-09699-7
https://doi.org/10.1007/s11160-022-09699-7
https://doi.org/10.1073/pnas.1820670116
https://doi.org/10.1073/pnas.1820670116
https://doi.org/10.1007/s10531-014-0847-7
https://doi.org/10.1016/j.jenvman.2018.04.045
https://doi.org/10.1016/j.jenvman.2018.04.045
https://doi.org/10.1007/978-3-030-32394-3_24
https://doi.org/10.1007/978-3-030-32394-3_24
https://doi.org/10.1080/24701394.2018.1482284
https://doi.org/10.1080/24701394.2018.1482284
https://doi.org/10.1111/cobi.13705
https://doi.org/10.3102/10769986025002101
https://doi.org/10.3102/10769986025002101
https://doi.org/10.1007/s13280-017-0897-7
https://doi.org/10.1007/s13280-017-0897-7
https://doi.org/10.1007/s00267-013-0170-1
https://doi.org/10.1007/s00267-013-0170-1
https://doi.org/10.3354/meps235289
https://doi.org/10.3354/meps235289
https://doi.org/10.12681/mms.87
https://doi.org/10.12681/mms.87


Spatiotemporal patterns of public attention to invasive species across an invasion front:…

Vol.: (0123456789)

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.


	Spatiotemporal patterns of public attention to invasive species across an invasion front: a case study of lionfish (Pterois miles) from the Mediterranean Sea
	Abstract 
	Introduction
	Materials and methods
	Review of lionfish invasion in the Mediterranean Sea
	Google search volumes
	Data treatment and statistical approach

	Results
	Google search volumes
	Temporal patterns of public attention

	Discussion
	Limitations and future directions

	Conclusions
	References


