
Blacklists do not necessarily make
people curious about invasive alien
species. A case study with Bayesian
structural time series and Wikipedia
searches about invasive mammals in
Italy

Jacopo Cerri1, Lucilla Carnevali2, Andrea Monaco2, Piero Genovesi2,
and Sandro Bertolino1

1Dipartimento di Scienze della Vita e Biologia dei Sistemi, Università degli Studi di Torino, Via
Accademia Albertina 13, 10123, Torino. email: jacopocerri@gmail.com
2ISPRA Institute for Environmental Protection and Research, Via Italo Brancati 48, 00144,

Rome, Italy

Abstract

Blacklists of invasive alien species are a popular tool to manage and prevent biological invasions.
Furthermore, by providing accessible examples of invasive alien species and by having a certain
media resonance, they can in principle raise the awareness and make laypeople curious towards
this topic. However, no study ever tested for this side-effect of blacklists. We tested if the
implementation of the first blacklist of invasive alien species of the European concern, by
the European Union in August 2016, increased visits to Wikipedia pages about invasive alien
mammals in Italy. We adopted Bayesian Structural Time Series, using native mammals as a
synthetic control, and we considered both invasive alien mammals that appeared on the list
and those which were not included.

Following the publication of the first European blacklist of invasive alien species, there was
no increase in the amount of weekly visits to the Wikipedia pages about invasive mammals.
This was true both for species that were included in the list and those which were not. Rather
increased search volumes were syncronous to other events that had media resonance. Our results
indicate that important policymaking initiatives, do not necessarily raise public awareness about
biological invasions, even when these policies, such as blacklists, are easy to understand and
have a certain media coverage. We emphasize the importance of coupling them with adequate
communication campaigns and also to develop communication guidelines for the media.

Warning: this is a preprint (https://en.wikipedia.org/wiki/Preprint)
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Introduction

Over the last few years, black and white lists became standard policy tools for tackling biological
invasions [1]. Blacklists, also known as “negative lists”, identify invasive alien species (IAS) for
which introduction is forbidden and trade bans, management initiatives and eradication should
be enforced. On the other hand, white lists (or “positive lists”) identify species classified as low
risk and which can enter a country for trade or other reasons and whose presence in nature
and captivity is tolerated, and they automatically exclude all the remaining ones [2][3]. Both
legislations are based on risk-assessments: in the first case with the aim to ban a species from a
country or a geographic area, in the latter to demonstrate that the species likely will not adapt
to the new environment or it will produce negligible impacts.

While the two approaches have different benefits, limitations and costs, blacklists became far
more common worldwide, with white lists being limited to a few countries [4]. For example, the
European Regulation on invasive alien species (n. 1143/2014), addressing biological invasions
in all the member states of the European Union since January 2015, produced a first list of
37 IAS of European concern (hereinafter European blacklist) in August 2016, which was then
updated in 2017 (49 species) and 2019 (66 species). Following the European Regulation, 25
member states of the EU implemented at least one type of national blacklists, with 4 states
(Austria, Croatia, Germany and Spain) implementing also regional blacklists. On the other
hand, 6 member states only developed positive lists, mostly for specific taxa [5].

To date, blacklists have been evaluated in terms of their potential to prevent introductions
[6] and as blueprints for prioritizing control and eradication initiatives [7][8]. However, we still
do not know whether blacklists contribute to outreach biological invasions, making the general
public more curious towards IAS. As blacklists often create media echo and provide accessible
examples of IAS, they seem suitable for this task. This was recognized by the International Union
for the Conservation of Nature (IUCN), which in 1999 set up a list of 100 high-profile invasive
species (the list of 100 of the world’s worst invasive alien species [9] as a communication tool to
address this issue. A similar list with one hundred of the most invasive alien species was draw
up in Europe [10]. If blacklists had this power, this would make them a valuable conservation
tools: for environmental topics, generating a public debate is often a powerful way to enter the
political agenda (e.g. climate change)[11] and people discuss a certain topic only when they
find it interesting and deserving their attention, developing attitudes about it [12]. Considering
that most policies for biological invasions nowadays include blacklists, measuring whether they
make laypeople curious towards IAS is fundamental to see if the same policies will be supported
in the long term.

In this study, we aim to fill this gap by estimating the causal effect of the first European
blacklist of IAS, in August 2016, over the number of Wikipedia searches about those invasive
mammal species that appeared on the list, in Italy. Today, people regularly look for information
about topic they care about on search engines and on-line encyclopedias, such as Wikipedia
[13]. This behavior also involves controversial topics that people want to deepen [14] and it
often follows news exposure from traditional media [15]. This behavior includes environmental
issues [16][17][18][19]. Mammals are often iconic species, salient even to laypeople, and the
publication of the blacklist could have stimulated information searching about those specie
which were included in it. This because, the publication of the blacklist was announced by the
EU (https://ec.europa.eu/environment/efe/news/first-eu-list-invasive-alien-species-2016-08-
04i t), and by national (e.g. La Repubblica) and regional newspapers (e.g. L’Eco di Bergamo).

Therefore, we predicted that: (i) H1: the implementation of European blacklist increased the
number of Wikipedia searches for invasive mammals that were included in the list, compared to
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native species, (ii) H2: this effect declined rapidly in time, as there was no dedicated budget for
permanent outreaching initiatives [20], (iii) H3: Wikipedia views also increased in August 2017
and 2019, due to European blacklist updates, (iv) H4: the implementation of the European
blacklist also increased the number of searches for invasive mammals that were not included,
due to an increased interest towards IAS in general. Notably, while search engines data requires
some cautions [21][22], the analysis of Wikipedia searches often includes people who voluntarily
read up on a certain plant or animal species, and therefore Wikipedia searches can reflect
increased interest towards a certain topic.
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Figure 1 | Number of visits to Wikipedia pages about: (a) invasive alien mammals included in the European
blacklist, (b) invasive alien mammals not included in the European blacklist and (c) native mammals. Dashed lines,
from left to right represent the publication of the first blacklist (August 2016), its first update (August 2017), the
implementation of the first Italian law about invasive species (February 2018) and the second update of the blacklist
(August 2019).

Methods
We deemed our case study suitable for the application of Bayesian structural time series
(BSTS)[23]. BSTS can estimate the causal effect of an intervention over a single target time-
series, by comparing its post-treatment values with a counterfactual constructed from a synthetic
control, constituted by untreated time series that were predictive of the target time series in the
pre-treatment period.

In this study, to assess the causal effect of the European blacklist over Wikipedia searches
about invasive mammals, we compared the volume of searches about this group with the volume
of searches about native mammals. Native mammals were a suitable synthetic control because
before the establishment of the European blacklist their volume of Wikipedia searches correlated
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well with species later blacklisted (Pearson’s correlation coefficient = 0.63), and they did not
obviously appear on the blacklist, being unaffected by its publication.

The first target time series (adopted for H1, H2 and H3) included the aggregated monthly
number of visits to Wikipedia pages about IAS that appeared on the EU blacklist, and that were
present in Italy in August 2016: the coypu (Myocastor coypus), the raccoon (Procyon lotor), the
Eastern gray squirrel (Sciurus carolinensis) and the Siberian chipmunk (Tamias sibiricus).

The second time series (adopted for H4) included the aggregated monthly number of visits
to Wikipedia pages about IAS that were not included on the European blacklist, and that were
present in Italy in August 2016: the Eastern cottontail (Syvlilagus floridanus), the American
mink (Neovison vison), the Barbary sheep (Ammotragus lervia) and the Finlayson’s squirrel
(Callosciurus finlaysonii) [24].

The control time series included the aggregated monthly number of Wikipedia searches
for native Italian mammals: Erinaceus europaeus, Crocidura leucodon, Crocidura pachyura,
Crocidura sicula, Crocidura suaveolens, Neomys fodiens, Sorex alpinus, Sorex minutus, Sorex
samniticus, Suncus etruscus, Talpa caeca, Talpa romana, Miniopterus schreibersii, Tadarida teniotis,
Rhinolophus euryale, Rhinolophus ferrumequinum, Rhinolophus hipposideros, Rhinolophus mehelyi,
Barbastella barbastellus, Eptesicus nilssonii, Eptesicus serotinus, Hypsugo savii, Myotis alcathoe,
Myotis bechsteini, Myotis blythii, Myotis brandtii, Myotis capaccinii, Myotis daubentonii, Myotis
emarginatus, Myotis myotis, Myotis mystacinus, Myotis punicus, Nyctalus lasiopterus, Nyctalus
leisleri, Nyctalus noctula, Pipistrellus kuhlii, Pipistrellus nathusii, Pipistrellus pipistrellus, Plecotus
auritus, Plecotus austriacus, Plecotus sardus, Vespertilio murinus, Canis aureus, Vulpes vulpes,
Felis silvestris, Lynx lynx, Lutra lutra, Martes foina, Martes martes, Meles meles, Mustela erminea,
Mustela nivalis, Mustela putorius, Capra ibex, Rupicapra pyrenaica, Rupicapra rupicapra, Capreolus
capreolus, Cervus elaphus, Dama dama, Sus scrofa, Arvicola amphibius, Chionomys nivalis, Microtus
arvalis, Microtus multiplex, Microtus savii, Microtus subterraneus, Myodes glareolus, Dryomys
nitedula, Eliomys quercinus, Glis glis, Muscardinus avellanarius, Hystrix cristata, Apodemus
agrarius, Apodemus alpicola, Apodemus flavicollis, Apodemus sylvaticus, Micromys minutus, Mus
musculus, Marmota marmota, Sciurus vulgaris, Lepus capensis, Lepus corsicanus, Lepus europaeus,
Lepus timidus, Oryctolagus cuniculus.

We did not consider the Pallas’ squirrel (Callosciurus erythraeus), which does not have any
page on the Italian Wikipedia, as well as the raccoon dog (Nyctereutes procyonoides) and the
muskrat (Ondatra zibethicus), which appeared on the second update of the blacklist. Between
species non included in the European list, we did not consider the brown rat (Rattus norvegicus)
and the black rat (Rattus rattus), as the two species attained a certain news coverage due to
some eradication initiatives on some Italian islands [25][26], as well as the moufflon (Ovis aries),
which is a semi-domestic species, and the common genet (Genetta genetta) for which some
records between France and Italy exist. We also excluded the red squirrel (Sciurus vulgaris)
from the list of native species, because its news coverage was related to the management of S.
carolinensis [27][28], and two large carnivores, the gray wolf (Canis lupus) and the brown bear
(Urus arctos), whose news coverage was complex and volatile, due to their interaction with
humans and the political debate around their management. We also excluded marine mammals,
as they could have stronger seasonal patterns than other mammal species, caused by the fact
that people visit marine environments mostly during summer, spotting whales and dolphins,
and by the fact that marine mammals are prone to media echo caused by mortality events.

Wikipedia views were aggregated on a monthly basis, to increase the signal-to-noise ratio,
diminishing months without searches and weekly fluctuations. To further highlight overall
trends and to eliminate species-specific seasonal fluctuations, species-specific time series in each
group were aggregated, obtaining three time series (Fig. 1). As the three groups of interest
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have a different number of species, and different searching volumes, our time-series were
standardized, as suggested by Brodersen et al. [23].

Results
Our findings did not highlight any effect of the implementation of the first European blacklist
over the volume of visits to Wikipedia pages about mammals which were included in the list
(Fig. 2). Visits did not increase after August 2016, compared to what would have been expected
from our control groups containing native species. There were more visits than expected only
in October/November 2016, as well as in May and August 2018.

Our findings also did not highlight any clear effect of the European blacklist on invasive
mammals that were not included on it. Visits did not increase, if not until early 2017 and
there were more visits than expected at irregular times, from 2017 to mid 2018, which peaked
between December 2018 and February 2019 (Fig. 3).

Figure 2 | Causal impact of the first EU blacklist over visits to Wikipedia pages about invasive alien mammals that
appeared on the list, compared to native mammals.

Discussion and conclusion
To the best of our knowledge, this study constitutes a first attempt to quantify the potential of
management tools for biological invasions, such as blacklists, to outreach the topic of invasive
alien species and biological invasions to the general public. Notably, we adopted online visits to
Wikipedia as a way to capture people’s interest towards this topic.

Despite the first European blacklist could have had a considerable potential to raise laypeople’s
interest towards invasive alien species and biological invasions, because it benefited from media
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coverage and it offered concrete examples, our findings indicate that this was not the case, at
least for Italy. The number of visits to Wikipedia pages about invasive mammals contained in
the blacklist did not increase after its publication, compared to native mammal species. There
was no long-term change, and also single weeks with significantly more views did not coincide
with blacklist updates, but with single events limited in time, such as the publication of the
final version of the national management plan for coypu (May 2018)[29], the publication of
an official note of the Lombardy region, among the most affected ones by coypu, about the
intention to approve a management plan (July 2018, Regione Lombardia), and the publication
of a viral video of a coypu in a city center in Northern Italy (November 2016, Cremona Oggi)
(Fig. 4). Therefore, our first three hypotheses (H1, H2 and H3) were rejected.

Our results about invasive mammals not included in the list were also lead us to reject H4 as
well. Although we detected an increase in Wikipedia visits in early 2017, this is unlikely to have
depended upon a lagged effect of the blacklist. Usually, news exposure boosts people’s interest
towards a certain topic in the short term, and the number of on-line searches progressively
declines through time [30][31]. Therefore, we would have expected an increase in Wikipedia
views soon after the publication of the blacklist, in August 2016, and not 6 months later.
Considered that we did not observe a progressive increase in the overall number of searches,
but a series of single months with a peak in Wikipedia visits, these findings indicate that on-line
information search could have been affected by other factors. For example, the peak observed
between late 2018 and February 2019 could have resulted from the liberation of thousands
american minks (Neovison vison) from a fur factory in Northern Italy in December 2018, which
had wide media resonance for a few weeks (see for example La Repubblica; Fig. 4).

Figure 3 | Causal impact of the first EU blacklist over visits to Wikipedia pages about invasive alien mammals which
were not included in the list, compared to native mammals.
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As the number of Wikipedia searches also increased at irregular times, we believe this to
have occurred as a consequence of outreach initiatives from single conservation projects about
invasive alien species, such as the LIFE ASAP project (https://lifeasap.eu/index.php/it/). If this
was the case, however, it is unclear why similar short-term increases did not occur for mammals
that were included in the blacklist, as these species are usually communicated to the public. A
potential explanation could be that people are attracted by novel topics and could therefore
be more prone to search about invasive species that they do not know, rather than about well-
known invasive species such as the coypu (Myocastor coypus) or the raccoon (Procyon lotor).
Future experimental studies, possibly where participants are exposed to information about
different invasive species in a controlled environment, and then monitored in their subsequent
on-line searching behavior could help addressing this gap, revealing how previous knowledge
of invasive species and their impacts, or their framing by media, affect searches on the Internet.

Overall, macroscopic policy initiatives seem to scarcely affect on-line information search
about invasive mammals on Wikipedia. This was the case for the first blacklist but also for
its two updates in August 2017 and 2019 and the publication of the a national legislative
decree (230/2017) which adapt national law to the EU Regulation 1143/14: following these
dates, there was no strong change neither in aggregated trends (Fig. 1), nor in species-specific
trends (Fig. 4). Interestingly, a similar study [32] showed that indeed Google and Wikipedia
searches for general terms about biological invasions, such as “invasive species” or “alien species”
increased through time and also after the enter into force of the EU Regulation 1143/14 in
January 2015. While policy tools are fundamental to prevent and manage biological invasions,
future studies should disentangle how policymaking initiatives affect both species-specific
and more general on-line searches on the Internet. Moreover, Italy is among the European
states with the lowest level of Internet penetration and in 2016 it lied behind other member
states [33]: it would be interesting to replicate our approach to other countries with a higher
penetration of the Internet, to see if any difference in Wikipedia searches will emerge. Finally,
this study emphasizes the influence that media have on public interest about IAS. On-line
searches were not affected by news about the EU blacklist, but they aligned with sensational
news about major invasive alien species. For example, viral videos of invasive alien mammals
in urbanized areas, news about large-scale control initiatives and news about mass releases
of IAS in nature were associated to peaks in species-specific searches. We believe that these
findings show the need for reshaping media coverage about biological invasions. Although it is
unlikely that traditional media will change their exploitation of sensational events, shifting to a
regular coverage of biological invasions, scientists should exploit sensational news to introduce
laypeople to biological invasions. The adoption of communication guidelines for traditional
media [34] and a tight collaboration between journalists and researchers will be fundamental
for this task.
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Figure 4 | Number of visits to Wikipedia pages about invasive alien mammals included in the EU blacklist (left
column) and invasive alien mammals not included in the blacklist (right column). Dashed lines, from left to right
represent the publication of the first blacklist (August 2016), its first update (August 2017), the implementation of
the first Italian law about invasive species (February 2018) and the second update of the blacklist (August 2019).
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