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Marine bioinvasions require integrating monitoring tools with other complementary strategies. In this study, we
collected information about the invasive alien crab Callinectes sapidus in Italy, Croatia and Montenegro, by means
of online questionnaires administered to recreational fishers (n = 797). Our records matched the current distribution of the species: C. sapidus resulted far more common in the Adriatic/Ionian than in the Tyrrhenian/
Ligurian sector. Most respondents rated the species as ‘occasional’ or ‘rare’. Moreover, the more C. sapidus was
considered to be abundant, the more fishers tended to perceive it as a negative disturbance over fisheries and the
environment. Our findings suggest that C. sapidus is more common than previously thought in most of the study
area, and it could have reached the levels of a true invasions in the south-eastern Adriatic Sea. This experience
demonstrates that online questionnaires can be appropriate tools to effectively engage stakeholders in alien
species monitoring.

1. Introduction
Biological invasions are an increasing driver of change for European
marine ecosystems (Streftaris et al., 2005; EEA, 2007). As all of them
occur due to anthropogenic vectors and impact negatively the recipient
ecosystems, they have been defined as a form of “biological pollution”,
(Boudouresque and Verlaque, 2002; Elliott, 2003), which occupy the
first positions on the environmental management agenda.
The abundances and impacts of Invasive Alien Species (IAS) are
particularly pronounced in the Mediterranean Sea, one of the world's
most invaded marine regions (Edelist et al., 2013). In the last Strategic
Plan for Biodiversity (2011−2020), Target 9 of the Aichi Biodiversity
Targets states that, by 2020, IAS must be identified and prioritized,
with measures being enforced to manage introduction pathways and
their establishment. Similarly, according to Article 11 of the European
Regulation on invasive species (EU n. 1143/2014), Member States have
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to carry out a comprehensive analysis of introduction pathways for the
species in the Union list. This approach will assist in the identification
of key recipient regions of introduction, which in turn will make the
prevention, control and eradication of early biological invasions easier
and more effective (Genovesi et al., 2015). Unfortunately, this ambitious goal do not account for the increasing number of introductions,
their rapid geographical spread, as well as their spatial and ecological
dimensions. To date, about 1000 multicellular non-indigenous-species
have been introduced in the Mediterranean Sea (Zenetos et al., 2017)
and the increasing difficulties of tracking massive invasion (Bonanno
and Orlando-Bonaca, 2019; Mazaris and Katsanevakis, 2018) is limiting
the implementation of effective adaptation and mitigation policies
(Galil et al., 2017).
Conventional ways of surveying the occurrence of IAS and other
potentially harmful aquatic organisms have clear limits to provide information on the large geographical scale, especially during the early
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stages of invasion, when species are typically rare and difficult to detect. Indeed, these surveys can be expensive, time-consuming and of
limited efficacy compared to the speed and magnitude of marine bioinvasions (Ojaveer et al., 2018). For example, fishery and port surveys
can be barely effective in detecting all the new arrivals (e.g. Azzurro
et al., 2019a) and environmental DNA, although promising (Zaiko
et al., 2018), is still far from showing adequate standards for its largescale application in marine environments (Ficetola et al., 2008; Deiner
et al., 2017). Therefore, the importance of novel detection strategies
has been stressed at both scientific and political levels (Hulme, 2009;
Olenin et al., 2011, 2016), and the collaboration with local stakeholders
is particularly encouraged (e.g. Crall et al., 2010). These alternative
methods can be used to improve our ability of tracking the arrival and
subsequent spread of NIS, reducing detection lags (sensu Azzurro et al.,
2016) and providing a complementary basis for environmental management and decision making. Recent surveys with experienced fishermen demonstrated the possibility of applying these approaches over
the large geographical scale (Azzurro et al., 2019a, 2019b) and participatory strategies are receiving an increasing interest in marine bioinvasion research (Poursanidis and Zenetos, 2013; Scyphers et al.,
2015).
Taking into account the limits of these approaches with respect to
traditional surveys, our outcomes can be variable according to the
methods used and the stakeholders we decide to involve. For example,
most Local Ecological Knowledge (LEK) studies focus on experts, who
are generally interviewed with in-depth methods (e.g. face-to-face interviews: Azzurro et al., 2011, 2019, Maynou et al., 2011), while most
citizen science studies extract, sieve and process information from
laypeople, through data mining or dedicated apps (Hochachka et al.,
2012). These two approaches treat expertise in radically different ways,
with trade-offs in data quantity and quality. Here we accessed the
knowledge of recreational fishers, a particular group of sea users, which
is familiar with internet and social media (Giovos et al., 2018) and can
be recruited for online surveys with minimum efforts and costs (e.g.
Venturelli et al., 2017). So far, online questionnaires, have been extensively adopted in freshwater ecosystems, to investigate public perception of IAS (Nanayakkara et al., 2018) biosecurity practices (Sharp
et al., 2017), or invasion pathways (Cerri et al., 2018). However, to the
best of our knowledge, their application to IAS monitoring has been
nearly inexistent, both in freshwater and in marine environments.
In this study, we questioned recreational fishers about a conspicuous alien crustacean, which has the characteristics to capture
people's attention and be easily remembered by the respondents: the
Atlantic blue crab Callinectes sapidus (Rathbun, 1986). The Atlantic blue
crab is a shelf-estuarine species originally distributed in the Eastern
coasts of North America, which was introduced in Europe through
ballast waters (Bouvier, 1901; Mancinelli et al., 2017a), where it progressively expanded from the Atlantic area, to the Mediterranean and
the Black Seas (Mancinelli et al., 2017b; Suaria et al., 2017). Despite
local evidences highlighting competitive interactions with native species (Gennaio et al., 2006; Mancinelli et al., 2013) and impacts on
small-scale fisheries (e.g. Fuentes et al., 2019; Kampouris et al., 2019),
the ecological and economic consequences of this invasion have been
poorly assessed and our understanding of the species distribution is
largely limited to occasional observations (Mancinelli et al., 2017c.
Suaria et al., 2017). Here we engaged a large number of recreational
fishers over the Tyrrhenian, Ligurian, Ionian and Adriatic Seas, aiming
at investigating i) the geographical distribution of C. sapidus in Italy,
Croatia and Montenegro; ii) its perceived abundance and trend; iii) the
perceived impacts. We finally estimated how well the information
provided by these respondents aligned with the knowledge available
from the existing literature.

2. Materials and methods
2.1. Questionnaire administration
Data were extracted from information gathered through an online
survey implemented on Google Forms (https://docs.google.com/
forms),which circulated among Italian, Croatian and Montenegrin recreational fishers during the period June 2016–May 2018. Researchers
shared the questionnaire link on well-known Facebook groups, oriented
towards recreational fishery in the respective countries, and respondents answered anonymously and on a voluntary basis.
Researchers ensured confidentiality of the results, to respect respondents' privacy and to minimize response bias.
The questionnaire took approximately 15–20 min to be completed
and it was structured into three different sections. The first section
asked respondents to provide their personal details (sex, age, geographic provenience) and whether they had ever observed some nonnative or thermophilic species, including C. sapidus. In case of a positive
answer to this latter question, respondents completed a second section,
asking them about the perceived temporal trend in species abundance
and the current abundance of each species in their fishing area. In the
last section, respondents expressed their beliefs about the environmental and economic impacts of each species answering to the questions: do you think this species is good/bad for the environment? do
you think this species is good/bad for fishery?. The questionnaire presented seven target species, but in this study we analyzed data about C.
sapidus only and retained only those observations where respondents
specified the location where they had observed C. sapidus.
The same questionnaire was administered in Italian and Croatian
languages, though the Italian version presented an additional question
(to rate the species as “decreasing”, “stable or fluctuating” or “increasing”, over the last 10 years), which was absent from Croatian
questionnaires. Therefore, we could only measure perceived trends in
abundance from Italian respondents. We collected answers from
Montenegrin respondents, who noticed the questionnaire on Croatian
websites and therefore answered to the Croatian version.
2.2. Data analysis
Based on their geographical contiguity, we grouped the four seas
from where respondents came from (Tyrrhenian, Ligurian, Adriatic,
Ionian) in two areas: the Tyrrhenian/Ligurian and the Adriatic/Ionian.
We assessed whether the geographical distribution of our records
matched with existing literature about the distribution of the species in
the three countries (Castriota et al., 2012, Dulcic and Dragicevic, 2010,
Dulčić et al., 2011, Mancinelli et al., 2017b, Onofri et al., 2008, Piras
et al., 2019; Suaria et al., 2017; Tutman et al., 2017).
We measured the relative frequency of the perceived trends of C. sapidus, over the last 10 years, for Italian respondents, as this question was
not included in the questionnaire administered in Croatia and
Montenegro. Then, we compared the number of respondents who declared
to have observed the species in the Tyrrhenian/Ligurian and in the
Adriatic/Ionian sector, through Fisher's exact test. Finally, we calculated
the relative frequencies of perceived environmental and economic impacts
of C. sapidus and we modeled how the probability of perceived negative
impacts was associated to the perceived abundance of C. sapidus, through a
logistic regression. We also compared impacts between Italy and Croatia/
Montenegro, through Fisher's exact test, to highlight any difference in
perception between these two countries, which have different communities, cultures and fishing history. Mapping and statistical analyses were
carried out with the statistical software R (R Core Team, 2019). In the
logistic regression we checked for model residuals, as well as for the assumption of linearity and for the occurrence of influential values. A reproducible software code is available in the Supplementary Information. A
dataset with detailed locations of C. sapidus, extracted from the original
dataset, is available at (https://osf.io/twfxu/).
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region, notably around the Gargano peninsula and in the Gulf of
Taranto (Fig. 1).
Most respondents were between 20 and 50 years old (unspecified
age = 5.6%; < 20 years = 6.8%, 21–30 years = 28.4%,
31–40 years = 27.3%, 41–50 years = 21.6%, 51–60 years = 6.8%,
61–70 years = 3.4%, > 70 years = 0%) and started fishing after 1980
(unspecified = 2.27%, 1960 = 6.8%; 1970 = 12.5%; 1980 = 20.5%;
1990 = 14.7%; 2000 = 20.5%; 2010s = 22.7%). Most of those who
reported to have observed the species were spearfishers (34.1%), while
fewer were anglers (23.9%) or practiced both spearfishing and angling
(39.8%).

3.1. Sample characterization
We retained a total of 787 completed questionnaires from Italy
(82.8%), Croatia (16.7%) and Montenegro (0.5%). For sake of simplicity we will refer from now on to respondents from Croatia and
Montenegro as “Croatian respondents”. The sample was composed almost entirely by male respondents (97.2%). Most respondents were
between 20 and 50 years old (unspecified age = 2.9%; < 20
years = 7.7%, 21–30 years = 25.8%, 31–40 years = 27.7%,
41–50 years = 22.2%, 51–60 years = 10.2%, 61–70 years = 3.3%, >
70 years = 0.1%) and started fishing after 1990 (unspecified = 2.3%;
1960 = 5.7%; 1970 = 10.7%; 1980 = 19.9%; 1990 = 20.9%;
2000 = 19.9%; 2010s = 20.5%). Nearly half respondents practiced
recreational spearfishing only (51.4%) and fewer of them were anglers
(18.2%) or practiced both (29.8%). Among Croatian respondents, some
of them also practiced longline fishing (22.1%) or used fishing pots
(8.8%). Among Italian respondents, roughly half of them came from the
Tyrrhenian Sea (50.6%), while fewer of them were from the Adriatic
(32.6%), the Ionian (13.3%) and the Ligurian Seas (8.4%). A complete
overview about the survey structure is available on the online version of
the dataset (https://doi.org/10.5281/zenodo.3588353).Thespatial distribution of respondents is available in Fig. 1.

3.3. Population trend, perceived abundance and first observations
When analyzing the perceived abundance trends of C. sapidus, we
noticed that most Italian respondents deemed the species to be “stable
or fluctuating” (43.5%) or “increasing” (40.3%). Only a minority of
Italian respondents believed C. sapidus to have decreased (16.1%) over
the last 10 years.
C. sapidus also seemed to be generally more abundant in the
Adriatic/Ionian area, where 25.4% of respondents rated the species
from “Common” to “Dominant”, than in the Tyrrhenian one, where
species was almost entirely rated as “Rare” or “Occasional” (87.5%).
The high values of perceived abundance of C. sapidus in the Adriatic/
Ionian sector depended almost in total from the hotspot in the Apulia
region. We also recorded two observations ranking the species as
“Abundant” on the Calabrian coast (n = 1) and “Dominant” in Eastern
Sicily (n = 1). These observations were outliers. On the Calabrian
coast, the only other record, from Crotone (approx 43 km Northern of
Catanzaro) ranked C. sapidus as “rare”. In Sicily, the other two records
from Palermo and Giardini-Naxos ranked C. sapidus abundance as
“rare” or “absent”.

3.2. Records of C. sapidus
Overall, only 88 respondents reported to have observed C. sapidus.
Most records came from the Adriatic Sea, both from the Italian (n = 32)
and from the Croatian and Montenegrin coasts (n = 24), as well as from
the Ionian coast (n = 24), while only 8 observations were from the
Tyrrhenian Sea. A complete list of the georeferenced records of C. sapidus is available in the Supplementary Information.
The proportion of respondents who declared to have observed the
species was higher in the Adriatic/Ionian sector (19.8%) than in the
Tyrrhenian/Ligurian one (2.1%) (Fisher's exact test: p < .01). On the
Adriatic/Ionian sector, we noticed a hotspot of records from the Apulia

3.4. Perception of impacts
When considering respondents' beliefs about the impacts of C. sapidus, most respondents did not have clear ideas about the potential

Fig. 1. a) Geographic distribution of on-line respondents (n = 797); b) geographical distribution of the recorded observations of C. sapidus (n = 88);
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environmental consequences of the species (Italy = 52.4%, Croatia and
Montenegro = 50.0%), nor about its potential consequences over
fisheries (Italy = 52.4%, Croatia and Montenegro = 47.8%). Fewer
respondents believed C. sapidus capable to negatively affect the environment (Italy = 31.7%, Croatia and Montenegro = 50.0%), and the
proportion was even lower for fisheries (Italy = 22.2%, Croatia and
Montenegro = 47.8%). Finally, only a minority of respondents was
convinced that the presence of C. sapidus could benefit the environment
(Italy = 15.8%, Croatia and Montenegro = 0.0%) or fisheries
(Italy = 25.4%, Croatia and Montenegro = 4.3%). There were no
significant differences in perceived impacts between respondents from
Italy and respondents from Croatia and Montenegro, as the Fisher's test
turned out to be not significant. However, the evaluation of potential
environmental impacts was associated with the evaluation of potential
impacts over fisheries (Fisher's exact test: p < .01): respondents who
believed C. sapidus to negatively affect the environment were also prone
to believe that it would also negatively affect fisheries.
Logistic regression revealed that, as respondents deemed C. sapidus
to be more and more abundant, they also tended to believe it to
threaten both fisheries and the environment (Table 1, Fig. 2).
4. Discussion
Our findings show that the knowledge of recreational fishers can be
easily accessed, through online questionnaires, to reconstruct the distribution of a conspicuous IAS over a large geographical scale. Citizengenerated sightings provided geo-referenced observations, which enriched our knowledge on the presence of C. sapidus along the
Mediterranean coasts. So far, online questionnaires have been underemployed in marine bioinvasion research (Scyphers et al., 2015),
nevertheless our findings demonstrate that these tools can be effective
systems for investigating the distribution of these species and for
gathering key information about stakeholder's perceptions. It is worth
noticing that online questionnaires enabled us to collect all this valuable information with limited efforts and costs, although our sample of
respondents was considerable and distributed along the coastlines of
three different countries.
Overall, our findings contribute implementing the existing knowledge about the distribution of C. sapidus in the Mediterranean Sea
(Castriota et al., 2012, Dulcic and Dragicevic, 2010, Dulčić et al., 2011,
Mancinelli et al., 2017b, Onofri et al., 2008, Piras et al., 2019; Suaria
et al., 2017; Tutman et al., 2017). In the most recent revisions, both
Mancinelli et al. (2017b) and Suaria et al. (2017) indicated that in Italy,
C. sapidus is more common in the Adriatic than in the Tyrrhenian Sea,
where the species was reported from the northernmost sectors of the
Tyrrhenian Sea. Our survey also allowed to record observations from
the Central and Southern sectors of the Tyrrhenian Seas (Latium region,
Naples, Tyrrhenian Calabria and Sicily), were the species was not reported before. This could indicate that C. sapidus might be more

Fig. 2. Perceived impacts of C. sapidus over the marine environment (upper
panel) and over fisheries (lower panel): predicted probabilities of a negative
impact for different levels of perceived abundances.

widespread along the Italian coasts than previously hypothesized. Our
findings also remark that C. sapidus is currently widespread in Croatia
and Montenegro.
The perceived trends of C. sapidus seem to indicate that the species
is still undergoing the early stages of its invasion in most of the study
area. Two points support this conclusion. First, only 88 of 787 respondents reported to have observed C. sapidus, although the species is
relatively easy to observe and to identify. Moreover, most respondents
were uncertain about the temporal increase of the species over the last
10 years, deeming it to be “stable of fluctuating” and most of them
perceived it as “rare” or “occasional”. Taken together, these findings
indicate that, at the time of the survey, C. sapidus has not attained the
levels of a true invasion in most of the study area, as IAS are usually
noticed by stakeholders after becoming abundant and widespread We
also encourage modeling studies, especially habitat suitability models
(Azzurro et al., 2016; Mehta et al., 2007). Nevertheless, our findings
demonstrate that the species is more widespread and common than
previously thought. This conclusion is also supported by a number of
additional observations spontaneously posted on social networks, such
as the facebook group ‘Oddfish’ (https://www.facebook.com/groups/
1714585748824288/search/?query=Callinectes&epa=SEARCH_
BOX), which would testify the occurrence of the species in a number of
coastal sites (see Taranto, Bari, Trapani, Latina, Comacchio, Salento,
Calabrian coasts in Italy) with possible hotspots in a number of estuaries and lagoons (such as Lesina Lagoon, salt lake of Fusaro, mouth of
river Alento, Chioggia, Mouth of river Brenta, Cabras lagoon in Italy).
Finally, our online survey demonstrates that C. sapidus is generally
more abundant in the Adriatic and Ionian Seas, where it was observed
by a higher proportion of respondents. We also noted that a single

Table 1
Output from the logistic regression: effect of perceived abundance of C. sapidus
over predicted probabilities of believing in its negative impact over the environment or over fisheries.
Predictors

Odds Ratios

Negative impacts over the environment
(Intercept)
0.21
Abundance
1.43
Observations (n)
79
2
R
0.047
Negative impacts over fisheries
(Intercept)
0.09
Abundance
1.65
Observations (n)
80
R2
0.084

CI

p

0.06–0.73
0.98–2.08

0.014
0.066

0.02–0.35
1.10–2.48

0.001
0.016
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observation from Catania, on the Ionian coast of Sicily could be attributed to a possible confusion with a morphologically similar invasive
portunid, Portunus segnis (Forskål, 1775), originally described as Portunus pelagicus (Linnaeus, 1758), whose occurrence was not contemplated by our online questionnaire. Indeed, during the formulation
of our online questionnaires, in 2016, we assumed that C. sapidus had
no similar species to be confounded with, since it was the only conspicuous and of large-sized blue crab established in the study area. Yet,
to our best knowledge, P. segnis has been recorded only once in Italy
(Crocetta, 2006) but preceding a rapid spread over the Tunisian coasts
(Annabi et al., 2018; Bdioui, 2016; Béjaoui et al., 2019; Hamida et al.,
2019) it could have reached the eastern Sicily coasts and being locally
fished (Deidum and Sciberras, 2016, V. Di Martino pers. comm.) with a
new recent record from Lampedusa island, Sicily Strait (ISPRA personal
communication). Nevertheless, according to our best knowledge, possible misidentification between the two species could have only concerned two observations in eastern Sicily, without representing any
significant bias to our study.
Certainly, considering the potential ecological and economic impacts of both C. sapidus and P. segnis, their occurrence deserve to be
closely monitored in the near future with in situ observations and
periodical monitoring. We also encourage modeling studies, especially
habitat suitability models (e.g. D'Amen and Azzurro, 2019) for identifying those coastal areas, such as estuaries and lagoons, which are more
vulnerable to the blue crab invasions. This is an extremely important
information, given its capacity to alter food webs and to negatively
interact with human activities, particularly with small scale fishing
(Mancinelli et al., 2017a).
Results about the perceived impacts of C. sapidus and its abundance
also deserve some further considerations. Indeed, recreational fishers
represent expert actors to be involved in monitoring and management
strategies for IAS (Nanayakkara et al., 2018) and their perceptions represent an important first step to evaluate the socio-economic impacts
of IAS and the chronology of their invasion. During the early stages of a
biological invasion, stakeholders do not have clear ideas of the impacts
of IAS over native species and ecosystems (Nuñez et al., 2018). Then,
once these impacts emerge, they become salient and concur, altogether
with the economic importance gained by the IAS, in shaping public
attitudes (Clavero, 2016; Crowley et al., 2017; Shackleton et al., 2019).
Our findings indicate that recreational fishers have uncertain beliefs
about the impacts of the blue crab on fisheries and the environment,
despite C. sapidus can cause major ecological and economic consequences (Fuentes et al., 2019; Kampouris et al., 2019; Mancinelli
et al., 2017a). As we already mentioned, this uncertainty is likely to
indicate an early stage of invasion by C. sapidus, where the species is not
yet perceived as economically important, neither in a positive, nor in a
negative way (Clavero, 2016). Interestingly, we observed a stable relationship between abundance and beliefs: the more C. sapidus was
considered to be common, the more fishers tended to believe in its
negative impacts over fisheries and the environment, as expected by the
abundance-perception relationships described by Clavero (2016). Future studies could clarify how this tendency is emerging, disentangling
direct observations (some fishers might already noticing the predatory
impacts of C. sapidus) from cultural transmission (e.g. through online
forums or social networks, Shiffman et al., 2017).

species. Our study also shows that recreational fishers are relatively
easy to recruit through online questionnaires and their observations
might serve the needs of bio-invasion research. Although structured
questionnaires are a relatively “static” tool for eliciting beliefs, leaving
no room for expert deliberation, they are a cost-effective approach,
which sounds particularly promising for monitoring rapid phenomena
of global change, like biological invasions.
We also believe that large-scale surveys based on online questionnaires might be important as a tool to raise stakeholders' awareness
about biological invasions. This is particularly important for edible
species such as the blue crab, whose spread can be counteracted by
promoting their responsible commercial exploitation (Nuñez et al.,
2012). Raising environmental awareness will also limit the possibility
of intentional releases and illegal harvesting activities (Mancinelli et al.,
2017c), which can contribute to a further spread of the species through
the inappropriate management of propagules.
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