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1. INTRODUCTION

1.1 Biological Invasions and the New Threat to the Mediterranean: The Blue
Crab

The Mediterranean Sea is considered a biodiversity hotspot, with more than 17,000 species reported
so far, of which about one-fifth are considered endemic to the basin (Coll et al. 2010). On the other
hand, the Mediterranean marine ecoregions are also among the most globally impacted (Costello et
al. 2010) due to numerous and growing threats that affect all levels of biodiversity (Micheli et al.
2013), including the impacts caused by global change and biological invasions (Zenetos et al. 2012;
Katsanevakis et al. 2013).

Biological invasions of alien species are one of the greatest threats to ecosystems, as they can cause
direct and/or indirect damage to ecological balances and biodiversity. Invasive alien species can
profoundly alter ecosystems, destabilizing food webs, competing with native species, and causing
direct socio-economic damage to local communities. This phenomenon is enabled and accelerated by
climate change, anthropogenic activities such as maritime transport and international trade, which act
as vectors for the dispersal of species outside their native ranges (Simberloff et al. 2012; Seebens et
al. 2020).

Among the most invasive alien species threatening the Mediterranean's ecological balance is
Callinectes sapidus (Callinectes sapidus Rathbun, 1896), native to the western Atlantic coasts and
the Gulf of Mexico, where climatic pressures have contributed to its stabilization in the Mediterranean
Sea (Galil et al. 2002). It is included among the 100 most dangerous invasive alien species capable
of causing negative impacts on human activities (Streftaris and Zenetos, 2006).

It is an edible species with an established market, particularly in the Chesapeake Bay, the largest
estuary in the United States, where it is considered a delicacy and is widely consumed, with well-
developed product valorization.

Its expansion into the Mediterranean was first documented in the 1950s, but only in recent decades
has it shown rapid proliferation along the Italian and Portuguese coasts, causing negative
consequences on local ecosystems and the economy of fishing communities (Mancinelli et al. 2017;
Morais et al. 2019).

1.2 Life Cycle of the Blue Crab

The blue crab is known for its dynamic life cycle, which includes various developmental stages. A
female can lay between 800,000 and 8,000,000 eggs, which she carries under her abdomen. The larvae
develop through the Zoea stage, which lasts from 31 to 49 days, passing through seven larval stages.
They then reach the Megalopal stage, which lasts from 6 to 20 days, until the crabs enter the juvenile
phase and finally reach adulthood. They reach sexual maturity after 12-18 months, and their lifespan
is about 3-4 years. This rapid reproductive cycle allows the blue crab to effectively colonize new
environments and quickly adapt to variable conditions.



1.3 Expansion and Invasion of the Blue Crab in the Mediterranean

The Mediterranean Sea is particularly vulnerable to the invasion of alien species due to its geographic
location and the intense maritime traffic that passes through it. The Mediterranean connects the
Atlantic Ocean with the Red Sea through the Suez Canal, serving as a corridor for various marine
species from other regions. Among the alien species that have had a significant impact on this
ecosystem is the blue crab (Callinectes sapidus), whose invasion has been primarily facilitated by
maritime transport, specifically ballast water from ships (Nehring 2011). This transport system, which
allows ships to stabilize their load during voyages, inadvertently transports marine species from one
ecosystem to another, facilitating the introduction of the blue crab into Mediterranean waters.

According to Galil et al. (2002), the blue crab was first observed in the Mediterranean Sea in Venice,
in the northern Adriatic, in 1949. Although its spread in the western Mediterranean basin was
relatively slow, a more rapid proliferation was recorded in the eastern basin areas, with sightings
documented in Albania, Greece, and Turkey (Beqiraj and Kashta 2010; Mancinelli et al. 2013).

In Italy, sightings of C. sapidus have multiplied along various coastal regions. The Lesina Lagoon,
located in southeastern Italy, in the Adriatic Sea, has emerged as one of the main areas of proliferation
for the species. This lagoon ecosystem has long been exploited by humans for fishing and aquaculture,
representing a significant source of income for local communities (Breber et al. 2009). In addition to
Lesina Lagoon, reports of C. sapidus have been recorded in other Italian regions, including the waters
of Abruzzo in the central Adriatic Sea (Castriota et al. 2012), the Acquatina lagoon in the southern
Adriatic, and the Torre Colimena area in the Ionian Sea (Mancinelli et al. 2013; Carrozzo et al. 2014).

Other significant sightings include the Sacca di Goro in the northern Adriatic (Manfrin et al. 2015),
the mouths of the Basento and Bradano rivers near Metaponto, at the border between Basilicata and
Puglia, and the port of La Spezia in the Ligurian Sea (Suaria et al. 2017). Sightings have also been
reported along the eastern coast of Sicily (Lipez et al. 2017). More recently, in 2017, the species was
detected in Sardinia, in the western Mediterranean, and subsequently spread along the Sardinian coast
in June 2018 (Culurgioni et al. 2018).

Once introduced into the Mediterranean, the blue crab demonstrated extraordinary adaptability,
expanding rapidly. In Italy, particularly in the coastal lagoons of Puglia, such as the Lesina Lagoon,
the species found favorable conditions for its proliferation, causing significant economic damage to
fishing and aquaculture activities (Cilenti et al. 2015; Renzi et al. 2020). Similarly, in Portugal, the
Algarve region has seen a rapid growth of blue crab populations, with significant ecological and
socio-economic consequences (Morais et al. 2019).

The expansion of C. sapidus has not been limited to the Italian and Portuguese coasts. Its presence
has been recorded along the eastern coast of the North Atlantic and in various Mediterranean areas,
where it has caused significant environmental, economic, and social effects (Vila and Hulme, 2017).
In particular, negative interactions with endemic biodiversity and the local economy have been
documented in many areas, as the blue crab tends to compete with native species for food and habitats,
destabilizing coastal ecosystems (Olenin et al. 2014; Kampouris et al. 2019). Despite its rapid
expansion, there are still gaps in understanding the species' long-term impact on invaded habitats,
especially regarding its interactions with local ecosystems.

Beyond Italy, the presence of the blue crab has been documented in other European countries,
including Greece, Spain, and Portugal, where coastal lagoons have been particularly affected
(Vasconcelos et al. 2019; Morais et al. 2019). In these countries, monitoring projects are underway
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to assess the distribution and abundance of the blue crab, with the aim of developing management
strategies to mitigate the invasion's impacts. Such monitoring studies are crucial for understanding
the species' expansion dynamics and for implementing management plans that balance ecosystem
protection with the sustainability of local economic activities.

The invasion of C. sapidus in the coastal lagoons and marine areas of the Mediterranean thus poses
complex challenges, both ecologically and socio-economically. The species' rapid expansion,
adaptability, and impact on marine ecosystems and human activities necessitate continuous and in-
depth evaluation of the phenomenon in order to develop long-term mitigation and management
strategies.

1.4 Ecological Impact of the Blue Crab

The absence of natural predators, combined with its high fecundity and aggressive behavior, enables
this species to increase its population and cover increasingly vast areas, even invading bathing areas.
While the crab is not problematic in other parts of the world, in the Mediterranean, it is considered
an invasive species posing a serious threat to native wildlife, biodiversity, and fisheries (Nehring et
al. 2011).

The impact of the blue crab on Mediterranean ecosystems is significant. The species is an extremely
efficient omnivorous predator, capable of consuming a wide range of prey, including fish, mollusks,
and crustaceans. This dietary flexibility allows it to directly compete with native species, reducing
their populations and altering the structure of local food webs (Baird and Ulanowicz 1989).

Additionally, the blue crab damages coastal habitats through its burrowing activities, destabilizing
seabeds and compromising critical habitats such as seagrass meadows. The loss of these habitats has
cascading effects on other marine species, reducing ecosystem resilience and increasing vulnerability
to climate change and anthropogenic activities (Giakoumi 2014).

1.5 Socio-economic Impact of the Blue Crab

Coastal communities in the Mediterranean, particularly those reliant on artisanal fishing, have
suffered significant economic losses due to the blue crab invasion. In Puglia, the presence of blue
crabs in fishing nets has drastically reduced catches of commercially important species, such as clams,
mussels, and shrimp, and caused damage to fishing gear, increasing operational costs for fishermen
(Cerri et al. 2020).

Puglian fishing communities have reported a 30% decrease in their catches, with an estimated
economic loss of 200,000 euros per year (Cannarozzi et al. 2023).

To date, the impact of the blue crab on non-native coastal ecosystems remains poorly understood, and
no general catch regulations or management strategies have been established. The nature and extent
of the negative effects need to be demonstrated and publicized, rather than simply hypothesized.
Therefore, a thorough quantitative assessment of the economic and ecological impact of the blue crab
is a necessary step in managing it as a fisheries resource.



1.6 Assessing the Market and Consumption of the Blue Crab: An Economic
Opportunity

Despite the negative impact of the invasion, the blue crab could represent a potentially exploitable
economic resource. In several countries, including the United States, Greece, and Turkey, the blue
crab is already valued as a food resource. It is appreciated for its organoleptic qualities and high
nutritional value, particularly its protein and mineral content, making it a quality product (Nanda et
al. 2021).

Evaluating the market and consumer preferences for the consumption of the blue crab could have
important economic implications. On one hand, promoting the consumption of this species could
sustainably reduce its population, serving as a mitigation measure against its proliferation. On the
other hand, creating a market for the blue crab could offer new economic opportunities for local
fishermen, who could diversify their activities and offset the losses caused by the decline in catches
of other species (Marchessaux et al. 2023). Additionally, the actual perception of fishermen and
stakeholders regarding the species' impact on human activities in coastal habitats has remained largely
unexplored. The highly prized meat and enormous reproductive capacity of this species could hide
important economic opportunities for the professional fishing sector.

Furthermore, repurposing crab waste could reduce environmental pollution, add value to this residue,
and promoting social responsibility in various small fishing communities (Mancinelli et al. 2017).



2. Methodologies and Purpose of the Thesis

This thesis aims to thoroughly analyze the socio-economic impacts and opportunities associated with
the invasion of the blue crab in Mediterranean coastal areas of the Apulia region, and the Atlantic
regions of the Algarve. The main objective of the research is twofold:

1. To evaluate the socio-economic impacts of the blue crab on local fishing communities through a
socio-economic analysis. To achieve this objective, the thesis applies the Socio-economic Impact
Classification of Alien Taxa (SEICAT) method, a standardized methodology that classifies and
quantifies the socio-economic impacts of an invasive species based on its influence on human well-
being and local economic systems (Bacher et al. 2018).

2. To study consumer preferences for the consumption of the blue crab, exploring the potential of this
species as a commercial resource through the application of the Discrete Choice Experiment (DCE).
This approach allows estimating consumers' willingness to pay for its consumption, providing crucial
information for defining market strategies.

These combined methodologies offer an integrated view of the blue crab's impacts, both ecologically
and economically, and provide the basis for developing strategies to mitigate and capitalize on the
species.

In this context, this doctoral research (October 2021-October 2024) has led to the publication of two
peer-reviewed research articles. Therefore, this thesis follows the following structure:
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Socio-economic impacts of the recent bio-invasion of Callinectus sapidus on small-
scale artisanal fishing in southern Italy and Portugal — Frontiers for Marine Science
2024
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Introduction

Invasive alien species represent a critical concern in contemporary biology (Giangrande et al., 2020;
Ardura et al., 2021; Vilizzi et al., 2021), posing substantial challenges to biodiversity conservation
and the management of natural ecosystems (Simberloff et al., 2013), disrupting ecosystems, and
leading to significant alterations in global biodiversity dynamics (Gallardo et al., 2016). In the marine
ecosystem, non-indigenous species, which are organisms introduced beyond their native geographic
range, have the potential to become invasive and instigate a multitude of ecological alterations. These
changes encompass the loss of indigenous genetic diversity, deterioration of habitats, shifts in trophic
relationships, and displacement of native species (Albins and Hixon, 2013; Giakoumi, 2014; Vergés
etal., 2014). Additionally, invasive marine species can lead to adverse socio-economic consequences,
affecting both fisheries and recreational activities (Essl et al., 2020). For instance, they may contribute
to the decline of commercially valuable fish stocks (Bax et al., 2003; Katsanevakis et al., 2014).

Despite the acknowledgment of marine biological invasions as a significant threat to marine
ecosystems (Halpern et al., 2008; Molnar et al., 2008), the implementation of management measures
aimed at mitigating their impacts has been insufficient (Thresher and Kuris, 2004; Giakoumi et al.,
2016). In addition, anthropogenic influences, including phenomena like climate change, play a pivotal
role in the proliferation of species from outside their native ranges, often at the expense of more
vulnerable species (Simberloff et al., 2012; Ferrario et al., 2017). The global scope of the invasive
alien species issue is evident as they continue to expand rapidly across diverse geographical regions
and habitat types. This expansion is exacerbated by the lack of natural competitors, with projections
suggesting a 36% increase in the number of established alien species over the next three decades.

Moreover, human activities and global changes pose threats to the Mediterranean ecosystem, which
is currently one of the most invaded marine regions worldwide (Edelist et al., 2013). In fact,
commercial shipping, aquaculture, and major corridors like the Suez Canal significantly contribute
to the extensive presence of alien species in the Mediterranean marine environment (Sara et al., 2018).
In recent decades, the Mediterranean Sea and southern European waters (SEW) have witnessed a
significant increase in the introduction and rapid expansion of non-native crustaceans (Nunes et al.,
2014; Chainho et al., 2015). This surge has raised concerns about the ecological and economic

consequences of these introductions in southern European coastal systems (Mancinelli et al., 2017).
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In this framework, one prominent example of this concern revolves around the Atlantic blue crab
(Figure 1), Callinectes sapidus Rathbun, 1896 (Brachyura: Portunidae). This species, native to the
western coasts of the Atlantic Ocean, is well-known for inhabiting estuaries, lagoons, and other
coastal environments. It displays euryhaline and eurythermal characteristics, exhibits high fecundity,
and can be quite aggressive towards humans (Millikin, 1984). C. sapidus is a key component of
coastal benthic food webs in its native habitats (Baird and Ulanowicz, 1989) and supports significant
fisheries in Northern and Central America (Fogarty and Miller, 2004; Kennedy, 2007; Bunnell et al.,
2010). Notably, blue crabs primarily display omnivorous behavior, functioning as dominant benthic
predators and scavengers. Occasional instances of cannibalism have been documented (Douglass et
al., 2011). The expansion of their habitat into new geographic regions is likely influenced by global
climate change and increased maritime traffic.
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‘J’ ) through seven
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FIGURE 1. C. sapidus life cycle

Between different bodies of water. Some suggest that C. sapidus may have been transported from the
Atlantic shores of America to European coastal areas and the Mediterranean Sea via the ballast waters
of vessels (Nehring, 2011). Anyway, C. sapidus is rapidly expanding its presence along the North
Atlantic East Coast and within the Mediterranean Sea, leading to significant environmental,
economic, and social consequences. In the Mediterranean Sea, negative interactions with endemic
biodiversity and the local economy have been documented (Olenin et al., 2014; Kampouris et al.,
2019). According to Galil and Zenetos (2002), C. sapidus was first observed within the Mediterranean
Sea in Venice (northern Adriatic Sea) in 1949. While its spread in the Western Mediterranean basin
has been comparatively slower, it has proliferated in various Eastern basin areas (Beqiraj and Kashta,
2010; Mancinelli et al., 2013). Italian records of C. sapidus have been documented in various
locations (Tiralongo et al., 2021). These include reports from Abruzzi waters in the central Adriatic
Sea (Castriota et al., 2012), the Acquatina lagoon in the South Adriatic Sea, and the Torre Colimena
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basin in the Ionian Sea (Mancinelli et al., 2013; Carrozzo et al., 2014). More recent information
indicates the presence of C. sapidus in Sardinia (Italy, western Mediterranean) in 2017 and its
subsequent spread along the Sardinian coastline in June 2018 (Culurgioni et al., 2020). Several studies
have also affirmed that C. sapidus is already established on the Atlantic coasts of the southern Iberian
Peninsula and is currently expanding its distributional range westward along the southern coast of
Portugal (Mancinelli et al., 2017). A population has recently become established in the Guadiana
estuary, with approximately 50-60 specimens distributed throughout a 25 km stretch between the
upper and lower estuary (Morais et al., 2019). Indeed, the distributional expansion of C. sapidus along
the southern coast of Portugal indicates a rapid and progressive westward spread, with an invasion
route and timeline of consecutive records starting in the Guadiana estuary (July 2017 — June 2018)
and extending along the Algarve coast and into the Ria Formosa lagoon (Vasconcelos et al., 2019;
Morais et al., 2019).
Over the past two decades, numerous studies have been conducted on alien species in marine
ecosystems, encompassing the identification of highly impacted areas, the prioritization of sites,
pathways, and species for management actions (Streftaris and Zenetos, 2006). Additionally, research
has provided comprehensive overviews of the most invasive species and their implications
(Goodenough, 2010). Numerous studies focus on comprehensively studying and analyzing the
phenomenon (Pysek et al., 2020) recommending management and policy strategies globally (Turbelin
et al., 2017). Haubrock et al. (2021) explored the economic impacts by quantifying the costs of
invasive alien species in Europe, totaling EUR 116.61 billion between 1960 and 2020. Meanwhile,
Cuthbert et al. (2021) highlighted that costs associated with aquatic invasive alien species are
underestimated, especially in comparison to their ecological impacts and those of terrestrial species
that have been more intensively studied. The impacts of invasive alien species on biodiversity (Mollot
et al., 2017; Spatz et al., 2017; Shabani et al., 2020), ecosystem services (Vanbergen and Insect
Pollinators Initiative, 2013) and human well-being (Pejchar and Mooney, 2009) are widely
acknowledged (Pysek et al., 2020). In fact, in the last decade, economic and social impacts and
implications related to biological invasions have been investigated using different methodologies, in
different geographical areas. Specifically, some studies demonstrating the negative implications of
invasive marine species have focused on the Pterois volitans and P. miles (Lionfish) and the
Lagocephalus sceleratus and Torquigener hypselogeneion (Pufferfish) (Andradi-Brown, 2019). Thus
far, online surveys have been widely utilized in freshwater ecosystems to examine public perceptions
regarding invasive alien species biosecurity measures (Sharp et al., 2017), or invasive pathways
(Cerri et al., 2020) and also for monitoring and reporting alien species by the use of Local Ecological
Knowledge data collection engaging fishermen, thus showing the importance of the cooperation
between researchers and stakeholders in the invasive species monitoring activities (Maggio et al.,
2022, Marchessaux et al. , 2023) collate and synthesize information collected by the Local Ecological
Knowledge (LEK) approach targeting artisanal small-scale fishermen from France, Italy, and Tunisia
to identify the socioeconomics impacts of blue crabs on artisanal small-scale fisheries. Particularly,
three aspects most affected by the presence of blue crabs were specifically: the fishing activity, the
number of catches in the nets, and the associated economic revenues. In Italy, Croatia, and
Montenegro, online questionnaires have been used to investigate the Tyrrhenian, Ligurian, Ionian,
and Adriatic Sea on (i) the geographical distribution of C. sapidus in these countries; (ii) its perceived
abundance and trend; (iii) the perceived impacts (Cerri et al., 2020). In Italy, surveys have been used
for the assessment of indirect damage caused by C. sapidus where fishermen are aware of the possible
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damage caused by C. sapidus to the lagoon ecosystem, estimating that the invasion led to an income
decrease of about 30%, which could be expressed as a total economic loss equal to about EUR
200,000 per year (Cannarozzi et al., 2023).

Additionally, a few studies have explored the socioeconomic impacts of alien species invasions
utilizing the “Socio-economic Impact Classification of Alien Taxa” (SEICAT) methodology. This
novel standardized approach classifies alien taxa based on the magnitude of their impacts on human
well-being, drawing from the capability approach in welfare economics (Bacher et al., 2018). These
studies have all focused on terrestrial species such as ants, rabbits, and birds (Evans and Blackburn,
2020; Allmert et al., 2022; Gruber and Wood, 2022). However, only one study has examined the
impacts on marine species using this methodology. Indeed, to illustrate the effectiveness of the
system, Oussellam et al. (2021) classified the impacts of C. sapidus in the Marchica lagoon, Morocco,
revealing a range of effects on human well-being and highlighting the negative impacts of the blue
crab on fishing activity in the lagoon, which are certainly concerning.

In this context, the present study will explore the impacts of the recent bio-invasion of C. sapidus on
well-being and changes in the activity size of small-scale fishers in the Apulia region (southern Italy)
and Algarve region (southern Portugal), including catch quality, net and physical damages,
interactions with other species and changes related to fishery areas. In summary, the uniqueness and
significance of this study could be seen in three main dimensions. Firstly, there is a lack of studies
that have examined the socio-economic impacts of the invasion of the C. sapidus in the invaded
European coastal areas. Thus, the present work proposes to make an assessment and a comparative
analysis of the socio-economic implications resulting from the interactions between C. sapidus and
the main craft fishing professions in two regions affected by the invasion: Apulia (Italy) and Algarve
(Portugal) as depicted in Figure 2. Second, the integrated approach taken in this study, covering both
Apulia and Algarve regions, provides a holistic view of the socioeconomic repercussions of the blue
crab’s invasion within the affected coastal communities. As such, this comprehensive understanding
of local dynamics and socio-economic variables is crucial for devising effective and sustainable
management measures aimed at conserving the marine ecosystem and bolstering the resilience of
local populations in response to the challenges posed by the blue crab’s invasion. Third, the
collaboration between researchers and local fishermen in both regions induces a shared interest in
understanding and mitigating the impacts of the blue crab’s invasion on local economies and marine
ecosystems (Ferrarin et al., 2014; Chainho et al., 2015; Morais et al., 2019). For these purposes, this
research entails conducting direct interviews with small-scale fishers based on the “Socio-economic
Impact Classification of Alien Taxa” (SEICAT) approach by means of an “Exploratory Factor
Analysis” (EFA), and a “Hierarchical Analysis and K-means Cluster Analysis” (Bacher et al., 2018;
Probert et al., 2023). The study is limited to the socio-economic consequences of the invasion of the
alien crab, and does not take into account the ecological consequences on the natural environment.
Therefore, the reminder of the paper is divided into 5 sections. The section 2 depicts the: (i) study
areas, (i1) a short summary of the SEICAT methodology, (ii1) data collection in terms of sampling
and field survey, and (iv) multidimensional statistical tools adopted in this study. The findings will
be outlined in section 3, with subsequent discussion in terms of: (1) interpretation and comparison of
the results, (i) public and private implications of the findings in making policy decisions about C.
sapidus to support management, and in promoting marketing strategies, and (iii) limitations of the
study and future research directions. The final section emphasizes the concluding remarks.
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Materials and methods

Study areas: location and justification

We carried out this research in two southern European countries (Apulia region, southern Italy and
precisely in Lesina lagoon as depicted in Figure 3, and Algarve region, southern Portugal and exactly
in Faro, Olhao, Moncharapaco, Fuseta, Castro marim, Vila Real de Santo Anténio and Monte Gordo
as shown in Figure 4)'. We based our selection on several scientific and practical considerations,
reflecting the relevance of the two locations for the study of the C. sapidus. Concretely, the
importance of the two selected study areas could be highlighted by their designations as conservation
areas and the active participation of local communities in research and biodiversity conservation.

On the one hand, Apulia region, particularly the Lesina lagoon, offers a unique and diversified
environment for studying the impacts of the C. sapidus. This lagoon, located along the southern
Adriatic coast, is recognized as an area where the blue crab has already proliferated (Cilenti et al.,
2015., Renzi et al., 2020), and is a semi-closed system influenced by both fresh and marine waters.
Furthermore, this lagoon ecosystem is heavily exploited by humans, with fishing and aquaculture
activities serving as significant sources of income (Breber et al., 2010). Consequently, those activities
represent important sources for the economy of local fishery, which could be influenced by the
invasion of the C. sapidus (Manzo et al., 2016).

On the other hand, the Algarve region in Portugal, with particular emphasis on the area between Faro
and Vila Real de Santo Antdnio, offers a diversified coastal context rich in estuarine habitats. The
presence of the blue crab in this area, particularly in the Ria Formosa Lagoon and Guadiana estuary,
has already raised concerns for the artisanal fishing industry and the local marine ecosystem.
Moreover, the Algarve region has been internationally recognized for its biodiversity and ecological
value, further emphasizing the importance of understanding the impacts of the blue crab invasion on
this delicate ecosystem (Cartaxana et al., 2009; Morais et al., 2019; Vasconcelos et al., 2019).

SEICAT approach: magnitude of impacts

For the purposes of this research, we used the SEICAT methodology that is a novel standardized
system based on human well-being is proposed for categorizing alien taxa according to their socio-
economic impacts (Bacher et al., 2018; Probert et al., 2023) as depicted in Table 1. This approach
aims to serve as a practical tool capable of: (i) assessing the magnitude of socio-economic impacts
caused by alien taxa; (i) facilitating cross-regional and cross-taxa comparisons; (iii) predicting
potential future impacts of species in target regions and beyond; and (iv) assisting in prioritizing
management actions for alien taxa and relevant introduction pathways. Particularly, we selected this
approach due to its relevant characteristic of providing transparent and comparable impact measures
grounded in clear and explicit definitions (Hulme et al., 2013; Jeschke et al., 2014).

" Appendices A & B give an overview about the fishing gear and the target fisheries products in Lesina lagoon and
Algarve region, respectively.
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FIGURE 2. Geographical location of the study areas and C. sapidus records in Apulia region
(southern Italy) and Algarve region (southern Portugal)

Data collection: interview

We gathered information through an interaction with the fishermen?, from October 2023 to February
2024, engaging 66 valid fishermen, considering the small-scale and artisanal fishing activities in the
study areas and, operating at different fishing sites bordering the Lesina lagoon in Apulia region, Ria
Formosa lagoon and Guadiana Estuary in Algarve region. Additionally, we used Equation 1
(Petrontino et al., 2024) considering a margin of error 10%, and a confidence level of 95%, in which
we calculated a sample size of 53 respondents and then we decided to increase this value to 66,
divided into equal sizes between the selected study areas. However, we conducted also a rapid
appraisal survey, revealing that the number of fishermen engaged in small-scale artisanal fishing and
having already at least one contact with the concerned aquatic invasive species was 33 and 36 in
Apulia and Algarve regions, respectively.

22 pl1—p)
&

=2—
wpi1-p)
n )

2 The information gathered from the in-person survey was solely utilized for statistical analysis and the specific
research project. According to Regulation (EU) 2016/679, personal data will not be shared with third parties
or used for personal interests, whether one's own or others. The information obtained was solely utilized in a
collective manner, ensuring the utmost anonymity of the participant. Additionally, fishermen were asked for
their consent at the start of the survey to take part in this research in line with national laws and institutional
rules.
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Where: n is the least sample size of artisanal small-scale fishermen in the selected study areas,
calculated initially at 53 fishermen. During the survey, we succeed to increase this sample size by
interviewing an actual number of 66 fishermen. N is the population size in terms of artisanal small-
scale fishermen in the selected study areas (N=119: the total population of artisanal fishermen in the
surveyed areas in Apuliais 41, while in the Algarve, it is 78, according to the European Fleet Register,
2023). e: is the considered margin of error (percentage in decimal form: 10%). z: is the z-score (z =
1.96 for a desired confidence level of 95%), and p is the standard deviation (p = 0.5)

Accordingly, we designed a questionnaire (Supplementary material A), to capture SEICAT data, into
three different sections. The first section explored the technical characteristics of the fishing
enterprise: this section gathered details about the fishing area, duration of professional fishing
activity, primary fishing seasons, boat specifications (e.g., registration number, length, gross tonnage,
engine power), main fishing gear used, and membership in fishing cooperatives. The second section
of the questionnaire focused on collecting opinions and perceptions regarding the consequences of
this bio-invasion. It included questions related to well-being implications such as income, expenses,
damages to nets and catches, physical injuries, and changes in fishing activity. Specifically, it
examined the remodulation of fishing activities in terms of the number of fishers, fishing areas, and
the quantity of catch. The third section revealed the socio-economic characteristics of fishermen,
including data such as: age, gender, place of residence, family composition, education level,
occupations, and annual family income. We ensured that the true impacts based on SEICAT’s semi-
quantitative scale could be effectively captured with relatively low uncertainty, provided that robust
survey methods were adopted (Probert et al., 2023).

Data and cluster analysis: descriptive and multidimensional statistical tools

On the one hand, the socioeconomic data, including variables such as gender, age, seniority, income,
family size, principal tools, and other occupations, were analyzed using descriptive statistics,
including mean, standard deviation, and relative frequency with the IBM SPSS Statistics software
version 29. On the other hand, we conducted an Exploratory Factor Analysis (EFA), identifying latent
variables, understanding the impact of the blue crab on the well-being and activities of fishermen in
the two study areas, and underlying the observed variables in the dataset. In addition, we carried out
a Hierarchical Analysis and K-means Cluster Analysis, identifying clusters of respondents with
similar characteristics. Before performing the EFA, we also carried out the Kaiser-Meyer-Olkin
(KMO) test to verify the adequacy of the sample, determining if the data are suitable for factor
analysis, with a p-value less than 0.05, indicating the rejection of the null hypothesis and to conclude
that there are significant correlations between the variables. As such, the use of the KMO test and
Bartlett's test of sphericity is crucial in cluster analysis, particularly when EFA is a preliminary step.
The objectives of the cluster analysis were to identify and compare the different typologies of
fishermen to understand which groups perceived the effects of the blue crab invasion more
pronouncedly or less pronouncedly and how various factors influence each other. This approach
provided an in-depth overview of the various facets of blue crab impacts, as well as identified any
significant differences in perceptions between the fishing communities in the two geographic areas
under consideration. Consequently, we obtained a KMO value of 0.558 for Apulia study area,
suggesting mediocre sampling adequacy, while for Algarve study area, the KMO value was 0.761,
indicating a good suitability. In both cases, the p-value is <0.05, indicating that correlations among
variables were sufficiently high for factor analysis. These results validate the data structure, ensuring
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that it is appropriate to proceed with clustering techniques like K-mean cluster analysis. Moreover,
we assessed the normality and homoscedasticity of the data using the Shapiro-Wilk test, which
showed no significant deviations from normality for the variables analyzed.
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FIGURE 3. C. sapidus records in Apulia region (A, B) and surveyed location (C), the lagoon of
Lesina that may not represent the whole of Apulia, (nor the entire Adriatic coastline).
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Level Code Brief Description

Massive MV Local disappearance of an activity, irreversible for
at least a decade

Major MR Disappearance of activity in part of the area
colonized by the exotic taxon, irreversible for at
least a decade

Moderate MO Decrease in the importance of the activity, but
the activity is still carried out (displacement of
the activity towards regions devoid of the
exotic taxon)

Minor MN Difficulties in exercising the activity without a
change in size

Minimal MC No negative impact reported

TABLE 1. Description of the SEICAT scale for classifying the socioeconomic impacts according to
observed changes based on Bacher et al. (2018).

The diagram places the species in question on a five-level scale, ranging from massive to minimal
impact, and includes the mean values, obtained from the statistical analysis with the SEICAT scale

to determine the magnitude and urgency of the impact in different geographical areas.
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Results

Fishermen’s socio-economic profile

Table 2 provides a comprehensive overview of the socio-economic and operational characteristics of
fishermen in the Apulia and Algarve areas, highlighting differences in seniority, fishing practices,
boat specifications, cooperative involvement, education levels, secondary occupations, and income
distribution. It reveals that the sample surveyed was evenly divided between the two areas under
analysis: 50% conduct their fishing activities in the Lesina lagoon, while the remaining 50% operate
in several municipalities within the Algarve region. Apulian’s fishermen had almost the same average
seniority (42 years) compared to those in the Algarve (41 years). In Apulia, 42% of fishermen fished
exclusively in autumn, whereas 58% fished year-round. In contrast, 97% of fishermen in the Algarve
fished year-round. The average length of boats was nearly identical, measuring 8 meters in Apulia
and 7 in the Algarve. However, boats in the Algarve had higher engine horsepower. In addition, in
Apulia, there was greater participation in cooperatives, with 52% of fishermen involved, compared
to only 15% in the Algarve. With respect to the socio-economic parameters, the age distribution
showed 55% of fishermen were aged between 30-64 years, and 45% were over 65 years in Apulia. In
the Algarve, the age distribution was more diverse: 3% were under 30 years, 70% were 30-64 years,
and 27% were over 65 years. Moreover, all respondents in both regions were male, and the average
household size was three members. In terms of education, 58% of Apulia fishermen had an
elementary education, 39% had middle school education, and 3% had high school education. In the
Algarve, 85% had middle school education and 15% had high school education. Regarding the
occupation aspects, a higher percentage of fishermen in Apulia (36%) had secondary occupations
(18% in agriculture and 18% in industry) compared to the Algarve (18%), where the secondary
occupation was primarily in food service. In Algarve, 48% of respondents reported an annual income,
from fisheries and secondary occupation, between EUR 20,000 and 40,000 and 52% an annual
income less than EUR 20,000, while in Apulia, only 39% fall between EUR 20,000 and 40,000, and
the remaining 61% hold an annual income less than EUR 20,000.
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Variable

Descriptive
statistic

Sample size - fishermen

Study area

Apulia

Algarve

Number | i3 33
Seniority*
Mean 42 41
Min 10 10
Max 73 66
Std. Deviation 17.05 13539
Fishing seasonal period
Autumn 42 3
%
All year 58 97
Boat overall length Mean 8 7
Min 6 5
Max 14 7
Std. Deviation 212 0614
Boat engine power Mean 32 65
Min 8 27
Max 59 100
Std. Deviation 15.25 17.888
Principal tools
Small fishing 73 100
%
Trawls nets 27 -
Cooperative involvement
Yes 52 15
¥
No 48 85
Age*
Less than 30 years - 3
From 30 to 64 years % 55 70
Greater than 65 years 45 27
Gender
Male 100 100
%
Female - =~
Member family Mean 3 3
Min i 1
Max 5 5
Std. Deviation 094 1.053
(Continued)
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; Descriptive Study area
Vatiakls statistic Apulia | Algarve

Level of study

Primary ‘ 58 ‘ -
Middle ‘ % 39 ‘ a5
High School ‘ 3 ‘ 15

Another occupation
Yes \ % | 18
= % ] !
| e

Area of other occupation

No response ‘ 64 ‘ 88
IAg]iculture ‘ 18 | =
mFoch service ‘ % - =| 6
Trade ‘ - ‘ 3
‘. Industry ‘ 18 ‘ 3
. Ann.ual household income {iﬁ EUR)

Less than 20,000 \ | a | 52
 From 20000 %

39 48

to 40,000

*A consistency exists between the seniority and age of fishermen, particularly in Lesina lagoon (Apulia region,
southern Italy), where at least one fisherman was over 80 years old.

TABLE 2. Fishermen’s boat characteristics and socio-economic profile in the study areas.

Blue crabs’ impacts on fishermen’s well-being

The studied areas exhibited markedly different perceptions of the impact of the blue crab invasion on
the well-being of fishermen. On the one hand, in Apulia, the invasion had significantly impacted
various aspects of fishing. All respondents confirmed damage to nets (DAMN), with 52% rating it as
very significant (Figure 5). Also, increased costs (COST, i.e., due to gear damage, increased fuel
consumption, and the need for new equipment to handle blue crabs invasion) were noted by 94% of
respondents, and 39% considered this increase as very significant. Moreover, physical damage
(DAMP, i.e., fishermen’s injuries/physical harm, necessitating changes in handles practices and
possibly protective equipment) caused by the crabs was reported by 82%, with 33% describing the
impact as very significant. Additionally, 97% perceived a reduction in the presence of other
commercial species (REDP), with 33% rating this as very significant. The increase in working hours
(INCRL) was noted negatively by 94% of respondents, with 30% rating it as very significant. Lastly,
97% of fishers noted catch damages (DAMC, i.e., changes in fishing techniques in terms of extensive
or severe damages to fishing nets, and increase in working hours to maintain the catch levels) with
24% rated as very significant, and 61% perceived a reduction in income (INC) as negative, with 9%
considering it very significant. On the other hand, in Algarve, the impact on well-being had a slightly
different negative effect. 67% of fishermen confirmed damage to fishing equipment (DAMN), with
the majority, 39%, considering it significant. Increased cost (COST) was reported by 88% of
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respondents, with 48% considering it very significant. Physical damage (DAMP) was reported by
45%, with 30% rating it as significant. Additionally, only 20% perceived a reduction in other
commercial species (REDP), with 21% considering it significant. Moreover, 91% perceived an
increase in working hours (INCRL), with 58% rating it as very significant. Furthermore, 67% reported
damage to the catch (DAMC), with the majority, 39%, considering it significant, and finally, 52%
perceived a reduction in income (INC), with the majority, 39%, rating it as significant.

DAMP 3,7 #3,6 DAMC

4
DAMN 3REDP

= Apulia =——Algarve

FIGURE 5 C. sapidus impacts on fishermen’s well-being in the study areas. Where: “COST” means
that the bio-invasion of the blue crabs has increased expenses for conducting fishing activity; “INC”
means that the bio-invasion of the blue crabs has implied a reduction in income related to its fishery;
“DAMC” means that the bio-invasion of the blue crabs has physically induced damages to catch;
“REDP” means that the bio-invasion of the blue crabs has reduced the presence of other commercial
species in its fishing area; “DAMN” means that the bio-invasion of the blue crabs has physically
induced damages to nets; “DAMP” means that the bio-invasion of the blue crabs has caused physical
harm while performing the activity; and “INCRL” means that the bio-invasion of the blue crabs has
increased the amount of work during its fishing activity. Scale: 1 = Insignificant; 2 = Not very
significant; 3 = Significant; 4 = Quite significant; 5 = Very significant.
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Blue crabs’ impacts on fishermen’s activity size

With respect to the impacts on the fishermen’s activity size, in Apulia, 64% of respondents claim that
the invasion has led to abandonment in some fishing areas (ABAN), while 76% report a reduction
(Figure 6) in other areas (REDUI). Furthermore, 79% affirm a reshaping of fishing activities
(RESH), while 45% state that some fishermen have also abandoned the activity (RNFI). Moreover,
61% report catching less fish following the invasion (FISH). In contrast, in Algarve, 24% of
respondents indicate that the incursion has resulted in abandonment in certain fishing zones (ABAN),
while 27% note a decrease in others (REDU1). Furthermore, 15% acknowledge a restructuring of
fishing operations (RESH), with an additional 15% stating that some fishermen have also
discontinued the activity (RNFI). Moreover, only the 30% perceived a negative impact on the amount
of catch reporting to catch less fish (FISH). In Apulia, 40% of fishermen sell the crab while 60%
discard it. In contrast, in Algarve, 97% of fishermen sell the crab and only 3% discard it. Summing-
up, the Figure 7, based on Table 1, revealed that the C. sapidus had an overall average negative
activity impact on fishing activities. According to SEICAT rules and guidelines, in Apulia, the overall
activity impact was categorized as Moderate (MO) while in Algarve, it was considered as Minor
(MN).

Fish
3

REDU3 ABAN

3,0

REDU2 2,7 3,0 REDU1

2,7
RNFI 3’(11ESH

e Apulia Algarve

FIGURE 6 C. sapidus impacts on fishermen’s activity size in the study areas. Where: “FISH” means
that when blue crabs are present in the invaded area you fish: 1. Much more fish, 2. More fish, 3. No
differences 4. Less fish, 5. No more fish; “ABAN” means that the bio-invasion of the blue crabs has
induced abandonment of the fishermen’s activity in a different area from the previous one; “REDU1”
means that the bio-invasion of the blue crabs has induced reduction in the fishermen’s activity in a
different area from the previous; “RESH” means that the bio-invasion of the blue crabs has caused
the fisheries to be abandoned or reshaped; “RNFI” means that the bio-invasion of the blue crabs has
caused a reduction in the number of fishermen in their fishing area; “REDU2” means that the bio-
invasion of the blue crabs has caused a reduction in fishing activity in part of their usual fishing area;
and “REDU3” means that the bio-invasion of the blue crabs has caused a reduction in fishing activity
over its entire fishing area. Scale: 1 = Insignificant; 2 = Not very significant; 3 = Significant; 4 =
Quite significant; 5 = Very significant.
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FIGURE 7 C. sapidus overall average impact on fishermen’s wellness and activity in the study
areas based on Bacher et al. (2018).

Fishermen’s clusters

Based on the EFA analysis, two clustering processes have been performed, based on the criterion of
minimizing within cluster variance: each fisherman was assigned to the cluster whose centroid is
closest, using Euclidean distance as the measure of proximity. Consequently, in Apulia, four clusters
of fishermen (Figure 8) have been identified based on their responses to the impacts of the blue crab
invasion. The cluster 1 (36% of respondents) and cluster 3 (52% of respondents) are named "Resilient
Fishermen" as they both perceive a moderate overall impact. Specifically, cluster 1 is associated with
a decline in other commercial species, while the cluster 3 reports physical harm and an increase in
work. Cluster 2 (9% of respondents), named "Struggling Fishermen," was the most affected by the
invasion, although they did not declare significant impacts on physical harm or an increase in
workload. Furthermore, the cluster 4 (3% of respondents), named "Catch-Concerned Fishermen,"
perceives an overall low impact from the invasion, indicating that catch reduction was not relevant
for their income, but reports a significant reduction in the amount of catch. In Algarve, four clusters
of fishermen (Figure 9) also have been identified based on their responses to the impacts of the blue
crab invasion. Cluster 1 (36% of respondents), referred to as "Resilient Fishermen," experienced a
minor impact overall, particularly regarding increased costs, physical harm, and net damage. Cluster
2 (9% of respondents), described as "Moderately Impacted," faced significant challenges related to
increased work, reduced income, and decreased catch. The cluster 3 (52% of respondents), termed
"Struggling Fishermen," reported a highly significant impact, especially concerning the remodeling
of fishing activities and areas. Lastly, cluster 4 (3% of respondents), known as "Not Impacted
Fishermen," represents a small group that does not perceive any negative effects. Both in Apulia and
Algarve, the most resilient clusters, which were the least affected, had capitalized on new market
outlets and valued new market opportunities through the sale of blue crabs. As such, their ability to
withstand the initial impacts indicated potential economic adaptation and suggests a capacity for
effective response to future challenges posed by the blue crab invasion.
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FIGURE 8. Apulia study area: Fishermen’s clusters and associated variables. The figure highlights
4 clusters of fishermen dealing with blue crab invasion. Where: “AMCA” means amount of catch;
“DESE”: means decline in other commercial species; “PHWQO” means physical harms and increase
of work; “CNDA” means catches and nets damages; “COIN” means increased expenses and
reduced income, and “REMFA” means remodeling of fishing activities and areas.
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FIGURE 9. Algarve study area: Fishermen’s clusters and associated variables. The figure highlights
4 clusters of fishermen dealing with blue crab invasion. Where: “WICR” means increased work,
income and catch reduction; “ICOD”: means cost, physical and nets damages, and “REMFA” means
remodeling of fishing activities and areas.

Discussion

Interpretation and Comparison

The two study areas, Apulia and Algarve, exhibit markedly different perceptions of the impact of the
blue crab invasion on the well-being of fishermen. In Apulia, the invasion has significantly affected
all the aspects, including damage to nets, physical damage, reduction in the presence of other
commercial species, reduction in catch quantity, consequently, increase in working hours, increased
costs, and reduction in income. In particular, the most significant perceived impact is related to
damage to fishing nets, reinforcing the hypothesis that this factor is one of the main damages caused
by the invasion for fishing operators, as reported in the study conducted in the Marchica lagoon,
Morocco (Oussellam et al., 2021). In contrast, in Algarve, the perceived damage to nets is lower,
although the most significant perceived impact is represented by the physical damages as described
above, increase in working hours increased costs and reduction in income. These findings highlight
the broader importance of significant impacts perceived by fishermen in Apulia compared to those in
Algarve, where the effects are more concentrated on specific economic and labor-related challenges.
Overall, this invasion has significantly impacted fishing techniques in several ways: (1) damage to
fishing gear (In Apulia, the invasion has led to extensive damage to fishing nets, while net damage is
reported as less severe in Algarve); (ii) changes in working hours (i.e., both areas reported increased
in working hours), (ii1) altered catch composition (i.e., in Apulia, there has been a decline in other
commercial species, likely due to the competition or predation by blue crabs), (iv) reduced catch
quantities (i.e., particularly in Apulia, where fishermen reported reduced catch quantities of their
traditional target species), (v) increased costs (i.e., both regions reported higher costs associated with
fishing activities, likely due to gear repairs, increased fuel consumption from longer working hours,
and potentially new equipment needs), (vi) physical harm (i.e., fishermen in both regions reported
concerns about physical harm from handling the aggressive blue crabs, which may necessitate
changes in handling practices or protective equipment), and (vii) potential shift in target species (i.e.,
the abundance of blue crabs could lead to targeting this species a new commercial opportunity,
especially if markets develop for blue crabs products).

While some fishermen clusters in both regions reported significant impacts, others demonstrated
greater resilience or even opportunities in terms of selling blue crabs due to this invasion.
Additionally, these results indicate the hypothesis for differentiated approaches in managing and
adapting to the consequences of the blue crab invasion to meet the specific needs of fishing
communities in different regions. This hypothesis can be derived from the fact that different types of
fishing are practiced in Algarve and Apulia. In Apulia, crab fishing is not selectively practiced (Cilenti
etal., 2024), whereas in Algarve, there is already targeted crab fishing, such as for the Cancer pagurus
known as brown crab (Leitdo et al., 2023). Consequently, the blue crab invasion appears to be less
significant for those who are already using appropriate gears and are less vulnerable to damage from
its presence. In the Algarve, where the product is actively fished, sold, and consumed, albeit to a
lesser extent (Minor, according to the SEICAT scale), there is a perceived negative impact on

25



fishermen. Even though the impact is considered minor, it remains negative because not all fishermen
are equipped with appropriate fishing gear, leading to damage to catches of other commercial species.

Unlike Algarve, where nearly all fishermen (99% of those interviewed) sell the crabs, in Apulia, only
a minority recognize its commercial value, driven by consumer preferences, and consequently market
value of this product This suggests that, unlike in Apulia, Algarve has a tradition of crab fishing,
where the species is abundant, valued, and widely consumed, making it easier for fishermen to sell
their catch. Despite the known organoleptic properties and the well-established and expanding market
in areas where it is native (Nanda et al., 2021), economic value varies regionally. In the USA, the
blue crab is a well-recognized marine resource of high economic interest (Zohar et al., 2008), and
similarly in Asia (Rabaoui et al., 2021). However, along the Adriatic coasts, artisanal fisheries are
currently struggling to find solutions to cope with established crab populations since some years, but
also growing exponentially in the last two or three years. Unlike the Algarve region, in Apulia there
is no established supply chain for this product yet, and it is not widely consumed due to the lack of a
consumption tradition. Fishermen are not equipped with appropriate fishing gear, leading to a more
significant perceived impact. In this sense, the reduction of its population through commercial
exploitation for human consumption in Italy, as has already been developed in several countries such
as Egypt (Abdel Razek et al., 2016), Greece (Kevrekidis et al., 2023), Turkey (Ayas and Ozogul
2011; Harlioglu et al., 2018), Tunisia (Ennouri et al., 2021), and the USA (Sharov et al., 2003), may
constitute one of the best comprehensive management controls of this threat (Marchessaux et al.,
2023). Most efforts to measure and compare these impacts typically adopt utilitarian approaches by
assigning monetary values to their costs (Zavaleta, 2000; Reinhardt et al., 2003; Born et al., 2005).
However, quantifying socio-economic impacts in monetary terms is often challenging and may
overlook important dimensions of human well-being. Previous endeavors to standardize socio-
economic impacts using non-monetary metrics (e.g., GISS: Nentwig et al., 2010; Harmonia+:
D’hondt et al., 2015) have struggled due to diverse descriptions of impact scenarios, complicating
comparisons across impact categories.

The findings of this study are consistent with the hypotheses concerning the negative impacts
associated with the invasion of C. sapidus (Nehring, 2011; Mancinelli et al., 2017), in relation to all
the factors considered, as suggested and by the SEICAT methodology of Bacher et al. (2018).
Specifically, artisanal small-scale fishermen have been recognized as the key target group to
understand the effect of invasive species, considering their background and first-hand experience with
the issue (Johnson, 2011; Vidal, 2020). Comparing studies conducted in other countries such as
France and Tunisia (Marchessaux et al., 2023), where artisanal fishermen have been engaged to
estimate the impacts of blue crab invasion, our study also confirms similarities, especially the
negative influence on fishing activities and the reduction of other commercial species in the catch and
associated income. However, in Portugal, these latter two factors are perceived to a significantly
lesser extent. Conversely, our study does not fully align with the observations from the study
conducted by Cerri et al. (2020) in Croatia, Italy, and Montenegro, where only a minority of the
interviewed fishermen perceived a negative effect on fishing and the environment. This discrepancy
is likely related to the positive trend of the invasion over the past five years, which has influenced the
intensity and significance of the impacts. Finally, our observations, based on the perceptions of
fishermen, align with the assessments of indirect damage caused by C. sapidus in Italy where it is
estimated that the invasion of C. sapidus has led to an income decrease of about 30%, which could
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translate to a total economic loss of approximately EUR 200.000,00 per year (Cannarozzi et al.,
2023).

Management countermeasures

This study shows that the impacts measured, mainly from a socio-economic point of view — which is
treated by the SEICAT protocol — while the ecological impacts on the environment have not been the
object of the study, are still perceived as negative, allowing to hypothesize and confirm that limiting
the population expansion of C. sapidus, or containing it where it is already established, requires urgent
management actions (Rotter et al., 2020). The first preliminary action for enabling an effective
mitigation plan is early detection and monitoring in non-invaded areas. Informative campaigns on
non-indigenous species carried out within research projects have facilitated the collection of initial
and subsequent records (Falautano et al., 2020). The solution to the problem and this control
management measure must, however, adopt a holistic approach, as suggested by Castriota et al.
(2022) for the Pacific blue crab Portunus segnis. This includes: (i) the dissemination of appropriate
fishing equipment and practices, along with demonstrations of their use, in line with EU Regulation
1380/2013. For example, the adoption of wire traps (Ozdemir et al., 2015; Glamuzina et al., 2021),
(i1) the promotion of blue crab in the market as a high-value fishery resource, accompanied by
awareness campaigns to encourage its consumption, which can help reduce pressure on the local
ecosystem (Falautano et al., 2020), (iii) the establishment of supply chains to facilitate the sale of the
product by fishermen, reducing waste through circular economy activities such as chitin and chitosan
extraction for various applications, primarily in the pharmaceutical and food industries (Hamdi et al.,
2018; Casadidio et al., 2019). Moreover, the category of fishermen is generally resistant to change
and adaptation to new measures and innovations. Therefore, another important management measure
should be to implement: (iv) informative campaigns, training, and awareness programs, and to
increase v) public and private management programs to regulate control measures at national and
international levels (Mancinelli et al., 2017). Furthermore, possible solutions and mitigation strategies
may include the: (i) use of acoustic traps to track the movements of blue crabs; (ii) managing of the
gates in the Lagoons inlet channels, to limit the entry of blue crabs larvae and the exit of adults for
spawning; (iii) fishing for blue crabs during the fishing ban period of other species, and, (iv) adopting
alternative fishing gears with larger mesh sizes.

Public and private implications

The public and private implications of a study about the socioeconomic threat posed by the blue crab
to fishermen are manifold and significant. With respect to public implications, this includes: (i) public
awareness: the study will contribute to informing the public and relevant authorities about the
negative socioeconomic impact of the blue crab on the fishing community and local economy; (i)
resource management policies: the study's findings may influence the development of marine
resource management policies and strategies to mitigate the harmful effects of the blue crab on the
fishing sector (Maggio et al., 2022). In terms of private implications, this includes: (i) economic
sustainability of fishermen: the study will help fishermen to understand better the economic
challenges they face due to the presence of the blue crab and may provide useful information to adapt
their fishing practices (Berkes et al., 2007); (i1) identification of diversification opportunities: the
research may suggest diversification opportunities for affected fishermen, such as the development
of new fishing techniques or the promotion of alternative income sources (Kasperski et al., 2013). In

27



this direction, fishermen may adopt various strategies to market the blue crabs effectively: (i) direct
sales to consumers at local markets, roadside stands or through community-supported fisheries,
helping them to obtain better process by cutting out middlemen; (ii) wholesale to restaurants and
retailers (i.e., establish relationships with them, ensuring a steady demand and often allows for bulk
sales); (iii) online sales (i.e., e-commerce, expanding their markets reach beyond local areas); value-
added products (i.e., such blue crabs cakes, soups, sauces, diversifying their offer and increasing their
income);(iv) sustainable practices by stressing their sustainable fishing practices, leading to attract
environmentally conscious consumers); (v) participation in festivals and events seafood to promote
their products and connect with potential customers. As a result, these potential marketing strategies
would help fishermen to maximize their profit and ensure a sustainable supply of blue crabs. Overall,
this provides an empirical basis for management measures and interventions to mitigate the
socioeconomic impacts of the blue crab on the fishing community and local economy, thereby
contributing to the well-being of both individuals and the marine ecosystem (Kleitou et al., 2021).

Long-term implications for fishing communities and marine ecosystem

On the one hand, the long-term implications for fishing communities may include an economic impact
in terms of: (i) reduced income (i.e., fishermen in both regions have reported lower incomes due to
the decline in other commercial species and the increased costs associated with repairing damaged
gear and longer working hours); (ii) increased costs (i.e., there are higher operational costs due to
gear damage, increased fuel consumption, and the need for new equipment to handle blue crabs; (iii)
market adaptation (i.e., some fishermen may need to adapt by targeting blue crabs as a new
commercial species, which could require market development and consumer education efforts); (iv)
changes in fishing practices as described above, and (v) social and psychological impact (i.e., stress
and uncertainty, which the invasion has led to increased stress and uncertainty among fishing
communities, impacting their overall well-being and quality of life). On the other hand, the long-term
implications for the marine ecosystem may include; (i) biodiversity and species interactions (i.e.,
decline in native species: the presence of blue crabs has led to a decline in other commercial species,
likely due to competition and predation; disruption of trophic relationships: the blue crabs, being
omnivorous and aggressive, can alter the food web dynamics by preying on a variety of organisms
and competing with native species for resources); (i1) habitat alteration (i.e., ecosystem changes: the
aggressive nature and high fecundity of blue crabs can lead to significant changes in habitat structure
and function, potentially affecting the ecological balance of the invaded areas) and, (ii1) potential for
further spread (i.e., rapid expansion, which the blue crab population is expanding rapidly along the
southern coast of Portugal and into the Mediterranean Sea, indicating a potential for further ecological
and economic impacts in new areas).
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Limitations and future research directions

Interviewing fishermen presents significant challenges, as many are unwilling to participate in
interviews, as verified also during this study. Additionally, the methodology relies on participants'
perceptions, which can vary and be influenced by the presence or absence of the blue crab at the time
of the interviews, in which the Lesina population had been interviewed in an earlier phase of the blue
crabs’ invasion time course (Cannarozzi et al., 2023). Although seasonal variations and the subjective
nature of fishermen’s experiences also pose challenges an effective collaboration with stakeholders
is crucial for understanding the impacts and consequences of biological invasions (Rayon-Vifa et al.,
2022). However, a detailed analysis of the extent of damage inflicted by this phenomenon on
professional fishing activities remains an area requiring further exploration. Consequently, future
research should test various proposed solutions and evaluate the adaptability of fishermen and the
market. This includes exploring circular economic solutions and sustainable adaptation practices like
alternative fishing methods (Jabeur et al., 2022). Additionally, further studies should analyze the
effectiveness of adopted strategies to identify weaknesses and suggest improvements, considering the
dynamic economic, social, and environmental differences. Research on the blue crab exploitation,
such as the production of soft-shell blue crabs for enhancing the commercial value of the species and
the reuse of by-products and circular economy practices, such as chitin exploitation, is recommended
(Cilenti et al., 2024; Tamburini, 2024). Furthermore, studying the willingness and capacity of
fishermen to adapt to changes, and how this adaptability can be enhanced, is critical. Resistance to
change and innovation among fishermen can hinder progress. Evaluating the "willingness to change"
and the rapidity of adaptation among fishermen, along with assessing social aspects across different
regions, is essential for future research (Rahman et al., 2022). Consequently, future studies should
focus on identifying and addressing these challenges, followed by testing the implementation and
effectiveness of the adopted strategies. This can be achieved by developing long-term output and
outcome indicators, in line with the recommendations of General Fisheries Commission for the
Mediterranean - GFCM/42/2018/7 (FAO, 2018). This approach will help evaluate the practical
implementation and effectiveness of the measures, ultimately promoting sustainable fishing practices
in affected areas. Finally, the determination of the pressure of the invasion would allow figuring out
the exact perception by the fishermen of the two studied areas. In this direction, and to the best of our
knowledge, there is a lack of statistical data focusing on the estimates of the abundance of blue crabs,
and of their density across the two areas that also would be needed to overcome this last limitation of
the study.

Conclusion

The socio-economic impact of the blue crabs’ invasion across two different Mediterranean areas has
allowed for a broader understanding of the invasion, highlighting how varying conditions and factors
such as fishing equipment and existing market dynamics can influence the impacts of invasions on
fishing communities. This comparative study has displayed and confirmed the negative effects of
biological invasions on both the well-being of fishing communities and their activities, with varying
invasion severity, and perceptions depending on the geographical area. The perception of fishermen
regarding the intensity of the impacts is particularly tied to the fishing techniques employed and the
target market. Overall, the study suggests the urgent need to adopt context-specific management
strategies, as discussed, to minimize the negative impacts of invasions. The study highlights the
importance of collaboration with local stakeholders to monitor phenomena and consequences related
to biological invasions. This collaboration enables the development of management
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recommendations tailored to the specific needs of different contexts, influenced by factors such as
fishing techniques, target markets, and marine resources. However, the research also displays critical
areas that require further investigation. There is a need to understand the gaps and challenges that
prevent the full exploitation of fishing in areas heavily affected by invasions. This involves
developing concrete actions to promote fishing and the adoption of appropriate equipment. After
identifying obstacles related to the implementation of management strategies, it is crucial to actively
promote these actions.

4. CHAPTER 11

Public preferences for edible invasive alien marine species: The Atlantic blue
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Human shipping activities provide wide-ranging economic benefits (Balzani et al. 2022), while also
driving biological invaders outside their native range, potentially leading to biodiversity, social and
economic losses (Cardone et al. 2022; Demetriou et al. 2023), undermining human well-being and
inducing significant economic management costs in recipient communities (Kourantidou et al.
2021a). This is especially true for aquatic invasive species, which also present a serious potential food
competitor to native community fish (Ogorelec et al. 2022), threatening the structure and stability of
the marine ecosystems (DeRoy et al. 2022). Climate change, in terms of high temperatures and low
precipitation, is also contributing to the impact on the taxonomic and functional diversity of marine
species communities (van Deurs et al. 2021; Souza et al. 2023; Saifi et al. 2024). In this direction, the
Callinectes sapidus (Rathbun, 1896, Crustacea, Decapoda, Portunidae), known as the Atlantic blue
crab (Fig. 1a), an aquatic invasive species, native to North American coasts (Sabelli 2023), is a
relevant case of this biological coastal invasion phenomenon and is considered amongst the most
aggressive of the marine invasive groups (Swart et al. 2018). In the context of international trade,
blue crabs have been introduced by commercial large vessels that use ballast water for weight
adjustment, controlling buoyancy and stability. By pumping unfiltered water during their
transoceanic crossing, these vessels can accidentally load invasive crustaceans, such Callinectes
sapidus and then discharge them into a new non-infected seabed, such the Euro-Mediterranean Basin,
at the end of their voyage, thus initiating the blue crab’s invasion process (Nehring 2011). As such,
the first observation of blue crab’s species occurred in the French Atlantic coasts in 1900, in the
Mediterranean Sea in the 50s, in Egypt at the end of the 19th century, in Italy (Apulia Region,
southern Italy, Fig. 1b) in 2014 and in Tunisia (Gulf of Gabes, Tunisia’s east cost in the
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Mediterranean Sea) in 2015 (Mancinelli et al. 2017). On the one hand, blue crabs are recognised as
voracious biological invaders due to their: (/) omnivore and feeding flexibility (Johnson et al. 2014),
(i) exponential increase and various abundance across spatial and temporal aquatic systems and
seasons (Mancinelli et al. 2017), (iii) rapid invasion in non-native habitats (Clavero et al. 2022), (iv)
severe economic, social and environmental impacts (Marchessaux et al. 2023) and (v) strength of
interactions with other marine species (Prado et al. 2024). On the other hand, these aquatic creatures
are generally appreciated as healthy seafood species by consumers due to their high nutritional values
(i.e. excellent source of proteins and minerals) and their organoleptic quality (Nanda et al. 2021) in
terms of sweetness, tender meat, unique flavour and delicious taste. Against this background, there is
increasing interest in assessing the benefits and costs of ecosystems services in real-world situations
(Courtois et al. 2014). In this sense, the reduction of its population through commercial exploitation
for human consumption in Italy, as has already been developed in several countries, such as Egypt
(Abdel-Razek et al. 2016), Greece (Kevrekidis et al. 2013), Turkey (Ayas and Ozogul 2011; Harlioglu
et al. 2018), Tunisia (Ennouri et al. 2021) and USA (Sharov et al. 2003), is proposed as one of the
best comprehensive management controls of this threat (Marchessaux et al. 2023). Similarly, this
invasion may yield changes in the human well-being of Apulian fishermen and may be considered as
a potential source of revenues, enhancing the livelihoods of local artisanal small-scale fisheries, as
mentioned above and detailed in Fig. 2. Michel Frem et al.: The consumer preferences for edible
invasive alien marine species:
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FIGURE 1. A - an example of blue crabs catches in Lake Lesina — Lagoon — north of Apulia Region
(southern Italy, Fig. 1b). The blue crab is an omnivore having: (i) an average life span in the wild
from 1 to 3 years; (ii) a size of 4 inches (10 cm) long, 9 inches (23 cm) wide and (iii) a weight of 1 to
2 pounds (453 to 907 g) b the Italian geographical position of Lake Lesina. Fig. 1b also highlights of
the hotspots (in red) where Callinectes sapidus has been observed in the study area. Source: Ludovica
Nardelli (2023), co-author. Appendix 1 gives an overview of the marine fishing sector in Apulia

Region, the study area.

Callinectes sapidus invasion

Biological threat, inducing negative impacts such as:

+ Ecological losses in terms of:
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* Biodiversity loss

+ Decrease of the quality of the marine ecosystem services

+*+ Socio-economic losses for human activities in terms of:

*+ Impacts on fisheries (i.e., damage fto fishing nets,
increased hard work; phﬁsical damage to fishermen;
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of the image of coasta lareas and products; decrease in

decrease of commercially

people’s welfare)

* Impacts on tourism industry (i.e., decrease in fourism
revenues; damage to coastal residents, fishing and
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* Impacts on catches (i.e., physical damage to fish;
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density)

*+ Additional costs of private management & medical

treatments

considered as a:

Commercial interest, inducing positive impacts such as:

+» Development of artisanal small-scale fisheries

++ Industrialisation of blue crabs species

% Development of tourism activities: Integration of blue crabs on
the restaurants menus

% Improvement of local food diet, in which the blue crabs present
a high nufritional value

+* Increase in local employement to manage/catch the blue crabs

% Increase in public & private management programs fowards
biological coastal invasions
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FIGURE 2. Overview of the impacts of Callinectes sapidus, based on the scientific paper of
Marchessaux et al. (2023). In this regard, changes in marine ecosystem services and human well-
being due to edible invasive alien marine species give rise to assess public’s preferences about
propensity purchase and willingness to pay a premium price for its consumption that would be
considered as a promised sustainable control measure.

Meanwhile, not all invasive alien marine species can cause negative damage (Minasidis et al. 2023)
and their perception may not be perceived similarly by all social public groups. Therefore, assessing
the propensity purchase and willingness to pay a premium price for its consumption as a control
measure constitutes a crucial component of the economic analysis of invasive species that is used
when government choices are considered for controlling biological threats (Emerton and Howard
2008). Moreover, Apulian consumers as contributors may pay incremental charges towards this
coastal biological invasion. Consequently, their preferences are crucial in the decision-making
process to systematically manage such phenomena in terms of effectiveness and cost efficiency.
Without this previous consideration, there is likely to be a risk of wasteful and imprudent resource
allocation (Frem et al. 2021).

In this direction, this study focused on Apulia Region, south-eastern Italy (Fig. 1b) and was carried
out to elicit consumers’ preferences for Apulian blue crabs and to estimate their WTP, enhancing the
purchase and, consequently, the consumption of blue crabs in their regional markets. Additionally,
this research identifies consumers market segments through the: (i) specific attributes (see section
Methodology) of this marine invasive species, (ii) propensity and attitudes of purchase, as well as
(ii1) socio-economic and demographic characteristics of respondents, within an econometric analysis
of biotic invasive framework. Specifically, this study addressed three interrelated research questions:
(1) what are the consumers’ profiles for Apulian blue crabs; (ii) what are their preferences for this
marine invasive species and (iii) what are their WTP for consuming Atlantic blue crab? However, to
address these research questions, we opted for an econometric Discrete Choice Experiment (DCE)
approach (Petrontino et al. 2022, 2023a, 2023b), to provide insights into biological invasion policy
decision-making. In this regard, the originality of the present paper is dual. First, to the best of our
knowledge, this is the first econometric and social study on one of the most recent coastal biological
invaders in Italy, where the need for reduction options management is of primary governance
importance. In this sense, the Italian Government has recently allocated EUR 2.9 million (MASAF
2023, see Appendix 2) to tackle the aggressive invasion of the Atlantic blue crabs, which are
threatening the fishing industry, mainly relating to clams, mussels and oystersl, in Italy. These
seafood attributes sustain the Apulia economy and are served in their many traditional dishes. Second,
the present paper enhances the peer-reviewed literature that uses DCE to elicit social perception
regarding the coastal invasion by non-indigenous species. In recent years, there have been a few
studies that have used DCE to give insights into invasive species management. For example,
Bougherara et al. (2022) estimated spatially differentiated preferences for the management of
primrose willow (Ludwigia grandiflora), an invasive weed spreading in a French regional park. They
use a DCE to estimate peoples WTP to control the invasion of this species in different areas of the
regional park. Frem et al. (2021) used a DCE in Italy to map residents’ preferences heterogeneity and
their WTP to regenerate the olive landscape that has been severely affected by Xylella fastidiosa, an
invasive bacterium. Bekele et al. (2018) used a DCE to assess the economic value of dry land
ecosystem services that had been degenerated by the invasive Prosopis spp., in Ethiopia and Kenya.

Malpica-Cruz et al. (2017) conducted a DCE to assess the potential economic impacts of the Lionfish
33



invasion in the Mexican Caribbean,in which lionfish-control fees were acceptable to some, but not to
all recreational users. Additionally, Zeilinger et al. (2014) address the importance of consumer
feeding preference amongst resource choices, inducing critical implications for ecological risk
assessment and invasion biology. Finally, Rai and Scarbourgh (2013) designed a DCE to estimate
WTP to mitigate damages caused by invasive plant species in a rural community of Nepal. Compared
to the number of DCE studies on management of invasive species, there have been more DCE studies
on the consumption of seafood species using a DCE approach. For example, Sigurdsson et al. (2023)
investigated how different combinations of signals (i.e. certificates/tags; health/sustainability) impact
consumers’ choice and WTP for fish fillets. Zheng et al. (2023) estimated United States consumers
willingness to pay for genetically modified salmon and examined heterogeneity in preferences across
levels of consumer perceptions, knowledge and attitudes. Rodriguez-Salvador and Dopico (2023)
investigated consumers’ preferences for the origin and traceability of fish products. Risius et al.
(2019) elicited target groups for fish from sustainable aquaculture and their preferences for different
countries of origin. These previous studies are based on native fish or seafood products rather than
on alien aquatic species. In this respect, the results of this research triggered private and public
implications, forging a potential novel profitable fishery business and raising social awareness with
respect to an edible marine invasive species like Callinectes sapidus.

1 Interspecific relationship (predation: predator-prey, trophic competition) play a crucial role in shaping marine
ecosystems. With respect to predation, the latter involves one species (the predator, here: the blue crab)
consuming another (the prey, here: e.g. clams, mussels and oysters), affecting their population dynamics and
community structure, regulating prey populations, influencing their abundance patterns and shaping marine
community dynamics. Regarding the trophic competition, the latter occurs when species compete for the same
resources (i.e. food, habitat). As such, the blue crab may compete with other species (i.e. other crabs, fish) for
similar prey, affecting habitat selection and ecological niches
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Methods

In this paper, we implemented a DCE approach that is used in valuation of marine ecosystem services
and marine food products, but less so for edible alien marine species. Thus, our paper contributes to
the scarce literature on revealing people’s preferences for edible invasive alien marine species and
the socio-economic characteristics and other factors that drive their WTP to consume such species.
In line with similar studies, this approach involved five major components, such as: (7) Identification,
description of attributes and designation of their levels, (i7) Development of an experimental design
and construction of choice set, (iii) development of a social-choice survey questionnaire and data
collection, (iv) Econometric estimation models regarding the measurement of consumers’
preferences by the means of a Multinomial Logit Model (MNL), development of cluster profiles using
Latent Classes Model (LCM) and estimation of WTP in each of these cluster profiles, as well as (v)
Interpretation of results for policy analysis or decision support. The WTP estimates of consumers
reflected the hypothetical change in the utility (i.e. sense of satisfaction) or acceptability or
unacceptability (Borger et al. 2014; Malpica-Cruz et al. 2017) associated with the consumption of
invasive alien species, such Callinectes sapidus as a contribution to its management.

Identification of attributes and designation of levels

As a first component of the DCE, we first based the identification of attributes and levels on the
empirical literature related to consumer purchasing behaviour towards fish and seafood products
(Carlucci et al. 2015), including country of origin, product methods, preserving methods, product
innovation, packaging, eco-labelling etc. Hence, we used an approach involving a focus group of
experts to select the considered attributes and design their correspondent levels. From an invasion
management perspective, understanding consumer preferences for preservation methods can help to
elaborate value-added products within a supply chain where, where the cold chain or the direct
refrigeration of freshly caught products is guaranteed. Consequently, it may have implications for
those directly involved in fishing and preserving the product before placing it on the market to more
effectively and, at the same time, sustainably manage the alien species. Similarly, the place of
purchase may be of interest for the same reasons that may prompt different actors in the distribution
chain to take an interest in blue crab management, including through awareness-raising campaigns.
Subsequently, we retained six characteristics with three levels each as illustrated in Table 1.

The first category included three levels of seafood species (i.e. blue crab, spider crab and pink
shrimp). The selection between these species might help to make a comparison between invader and
non-invader common marine seafood attributes.

In other words, we looked to compare the blue crab with two products that were close to it in terms
of recognisability (i.e. shrimp as a common consumed shellfish and spider crab as a similar species
already known by most Italian consumers).

The second category involved three levels of preserving/storage methods (i.e. fresh/ chilled, frozen
and canned) for each designated seafood species. The preference between these preserving/storage
methods might enhance relevance for fish stakeholders marketing several seafood products. The third
category concerned the three levels of sizes (i.e. small, medium and large) for each identified seafood
species. The selection between these sizes for each involved seafood species might address the
preferences of Apulia consumers towards their most favourite size of marine fish species. The fourth
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category involved three levels for fishing/capture origin (i.e. Apulia, Italy and abroad), for each
identified seafood species. The choice between these fishing origins might highlight which origin will
be the main influencing preference for Apulia consumers for the concerned seafood species. The fifth
category entailed three types of location for the purchase of the three seafood species (i.e.
fishermen/direct purchase, fish shops and supermarkets/hypermarkets). The decision between these
places for purchase might indicate which location might be considered as a driver or a barrier for the
consumption of the concerned seafood species. The last attribute was related to the premium price
that Apulian consumers would pay for their consumption of 1 kg of each considered seafood species
(i.e. EUR 10, EUR 17 and EUR 23 per kg versus the status quo or EUR 0). We based this range of
prices on a price survey on the Italian goods exchange system.

Hence, this set of selling prices was considered to make the hypothetical market more compatible
with prices that respondents see daily in stores. Furthermore, this category was considered as a
discrete variable in the DCE, leading to estimate the consumers’ willingness to pay for the
consumption of blue crabs and to assess the monetary trade-offs that consumers make for each
category and level considered in this study. We also illustrated all attributes by symbols or
pictograms, supporting the respondents in their choice process (De Ayala et al. 2012) or providing a
stimulus in which they might easily select a choice set (Zoderer et al. 2015).

Level 1 Level 2 Level 3
3 Blue crab Spider crab Pink shrimp
z g
k. & ‘ "a N = “__._1--.—"“
[T Fresh/Chilled Canned
$3 i
Small Medium Larpe
g
"5. L
lealy Apulia region Abroad

Fishing
arEgin
4 ]

Fishing shops Supermarkets or Hypermarkets
m )
Iy e
k-, EUR 10 per 1 kg EUR 17 per 1 kg EUR 23 per 1 kg
-

Source: our elaboration.

TABLE 1. Attributes and levels with symbols or pictograms selected to explore the hypothetical
social perception and willingness to pay towards Callinectes sapidus invasion in Apulia Region.
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Development of an experimental design and construction of choice sets

The experimental design followed a standardised procedure of conducting a pilot survey. This served
to set up preliminary coefficients for the final experimental design and, based on the sign obtained in
the respective levels, alternatives with implausible combinations were eliminated. Examples include
alternatives that simultaneously contained very low prices with levels of the other attributes
presumably leading to increased utility; or, conversely, high prices with levels of the other attributes
presumably leading to disutility. After selecting the attributes and their levels (Table 1), we employed
a full factorial experimental design, generating a high number of combinations 729 (36) and making
it logistically unfeasible and impractical to administer all this quantum of choice sets to one
respondent.

Hence, we opted for a D-efficient fractional factorial design (Bush 2013) with an efficiency score of
0.85, using the code of package AlgDesign on R (Suppl. Material 1). To prevent complexity,
minimise confusion, survey costs and cognitive fatigue for respondents during the survey (Frem et
al. 2021), as well as to improve efficiency (Zheng et al. 2023), the set of 60 scenarios were distributed
into three blocks including five choice sets (i.e. known as “Options” ) each. In each choice set, we
included four options. In this line, having three instead of one or two choice options, in addition to
the status quo, may also have positive implications, such as greater realism. However, including too
many options may lead to respondent fatigue and potential uncertainty in preferences as stressed
above. Consequently, we found that using three options was acceptable, given the extensive
experimental design in terms of the large number of attributes and levels. As such, by offering three
distinct options, the choice sets more closely reflect the real-world scenarios that participants may
face when they make decisions about the topic being studied. Fig. 3 illustrates an example of a choice
set used in our DCE approach. Each respondent had the opportunity to select one option amongst the
four hypothetical options (A, B, C and D as an opt-out option), leading to a maximisation of his/ her
total utility for the consumption of blue crabs, assuming that this utility was a function of a selection
in seafood species attributes and other determinants (i.e. size, place of purchase, fishing origin and
price as a budget constraint).

Development of a social-choice survey questionnaire and data collection

We developed a structured questionnaire (Suppl. material 2) for data collection between May and
October 2023 in Apulia Region. We tested the questionnaire with a sample size of 25 respondents,
randomly selected from Apulia residents, taking into consideration their age and gender. The aim of
this pilot survey was to test the effectiveness of the levels for each attribute, eliminate all irrelevant
questions, estimate the time needed for face-to-face interviews and to guarantee that respondents fully
understood the questionnaire. The language of the questionnaire was Italian and the survey was
limited to Apulia residents. The questionnaire was divided into three sections. The first section
concerned the purchasing habits and propensities of Apulia citizens. This section included attitudinal
questions dealing with individuals’ general attitudes towards the purchase habits and propensities
of food, fish products/seafood and their knowledge and consumption of the blue crabs, along with 13
questions, such as: “Do you personally take care of food purchasing for your family? (i.e. Yes; No)
(Q1); How often do you shop for food? (i.e. once a day; more than once a week; once a week; more
than once a month; once a month; less than once a month; never) (Q2); Are you allergic to shellfish?
(i.e. Yes; No) (Q3); How often do you consume shellfish? (i.e. always; often; sometimes; rarely;
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never) (Q4); Where do you usually buy products such as shellfish or related fish products? (i.e. direct
sales (fisherman); fish shops; supermarkets; hypermarkets and shopping malls; other) (Q5); When
buying seafood products, how much attention (i.e. not at all; little; quite a lot; a lot; very much) do
you pay to the following characteristics? (i.e. place of purchase; commercial seafood species; origin
of the product; price) (Q6); Do you know about the blue crab (i.e. Yes; No) (Q7); Have you ever
consumed it? (i.e. Yes; No) (Q8); If you have never consumed it, can you give a reason? (Q9); How
often do you buy blue crab? (i.e. always; often; sometimes; rarely; never) (Q10); Where did you buy
it? (it is possible to select more than one answer) (i.e. direct sales (fisherman); local fisheries markets;
supermarkets; hypermarkets; other) (Q11); Where did you most commonly consume it? (i.e.
restaurant; events; home; other) (Q12); On a scale of 1 to 10, report your product satisfaction index
about the consumption of blue crab (Q13).

At the end of this section, interviewees were informed about the current invasion of blue crab in Italy
and its negative (i.e. a biological threat impacting the provision of ecosystem services and inducing
socio-economic losses for human activities) and positive (i.e. potential source of revenues)
implications on the fishery sector in Apulia. Two relevant images on blue crabs supported this section.
The second section concerned the preferences of Apulia citizens for the consumption of blue crabs.
In this section, we asked the respondent to make choices as described above (Fig. 3). We provided
here five purchase simulations (i.e. choice sets) where the respondent could choose between three
options (options A, B and C) which differ in the selected attributes and levels (Table 1). In addition
to the three available purchase options, there was a no-purchase option (option D or opt-out) that
he/she could choose if none of the three options offered satisfied him/her. At the end of each choice
set, respondents were asked about their choice certainty, using a scale from 1 (absolutely uncertain)
to 5 (absolutely certain) as depicted in Table 2, in which the overall mean of all respondents was
equal to 3.83, indicating an overall enough certainty” of their choices.

The third section aimed to collect data about the key socio-economic characteristics (i.e. gender, age,
residence, civil status, family composition, level of education, work position, work sector and annual
household income) that could contribute to their decision process.

The final survey involved 440 respondents in the study area, considering the Apulia population age
and gender distribution, in which the sample was in a similar range to the main statistics of Apulia
population (Istituto Nazionale di Statistica - ISTAT 2023) as reported in Table 3. For this purpose,
we interviewed by block at least 60 respondents randomly distributed between the sexes (at least 30
females and 30 males) and ages (at least 25 males and females for each of the following age classes:
18 to 44, 45 to 64 and greater than 65 years old). For the statistical and econometric analysis, we only
retained the respondents who declared that they were the main person responsible for shopping for
food for household consumption.
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Option A:

SPIDER CRAB

Preserving method

e

Frozen

Size
Medium ﬂ

Place of purchase

Fishermen

Direct purchase

ORIGIN

Italy

Option B:

BLUE CRAB

Preserving method

Fresh/Chilled =" >

Size

Small ﬂ

Place of purchase

Supermarket

Hypermarket E

ORIGIN

Italy

PRICE

EUR 17 per 1 kg %

Option C:

Preserving method

Fresh/Chilled [ >

Size
Large

Fishermen

Place of purchase

Direct purchase

ORIGIN

Apulia

PRICE

EUR 23 per 1 kg %

Option D: NO BUY — OPT OUT: | will not not select any option illustrated above

‘ Please select one option that may maximize your satisfaction:[_]Option A; [ _]Option B; [_] Option C;[_]Option D ‘

Please indicate how certain are you of your selection?
[] Absolutely certain;[_] Quite certain; [_]Quite uncertain;[_]Completely uncertain

FIGURE 3. Example of a choice set used in our Discrete Choice Experimental (DCE) approach.

Choice set N° . Option N°

1
1

—t

R B N I N A" S (" S L (L ST B W T 5 B 5 T Y S

[SERNEN SR . T S T - S i S R IS C R S R R LS I oS T

Mean
B9
3.85
3.95
3.73
3.83
3.86
379
3.67
3.87
3.80
3.89
3.97
3.76
393
3.90

Std. Deviation

0.679
0.762
0.571
0.741
0.757
0.587
0.690
0.757
0.527
0.622
0.596
0.450
0.606
0.663
0.520

=

L LT L, TR A R L RO O N T 5 O I B LS R L 4 T O B 4 Y T B S ag

TABLE 2. Respondents’ certainty level of their choice using a scale from 1 (absolutely uncertain)
to 5 (absolutely certain).
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Year Male Female Total . Year Male . Female . Total

Number (Apulia Region) Number (Apulia Region)
18-44 606,237 587,116 1,193,353 . 18-44 63 68 131
45-64 576,840 609,472 1,186,312 . 45-064 . 73 . 86 . 159
N =65 413,081 517,356 930,437 . =65 . 71 . 79 . 150
g Total 1,596,158 1,713,944 3,310,102 _‘;_ Total . 207 . 233 . 440
E— In % (Apulia Region) ; . In % (Apulia Region)
& Year Male Female Tortal . Year Male Female . Total
18—44 38% 34% 36% . 18—-44 . 30% . 29% . 30%
45-64 36% 36% 36% . 45-64 . 35% . 37% . 36%
=05 26% 30% 28% . =65 . 34% . 34% . 34%

Source: Our elaboration, based on Istituto Nazionale di Statistica - ISTAT 2023.

TABLE 3. Sample of Apulian participants field social survey used in our Discrete Choice
Experiment.

Econometric estimation models: MNL and LCM

The DCE approach is based on the random utility maximisation framework and the theory of product
attribute values (Lancaster 1966), in which a consumer’s perception utility (“U”) of terrestrial, marine
and aquatic ecosystems or seafood products, such blue crabs, is generated from their attributes. The
consumers’ utility (“U”) consists of deterministic (observable) and probabilistic (non-observable)
components (Louviere et al. 2000). Using this theoretical foundation, we assumed that each attribute
included in this study constituted one component of the blue crabs’ utility which can be expressed as
follows:

Uni=V +¢

HE (Eq. 1)

where: “n” is the users (i.e. respondents/consumers), “i" is the alternatives (choice sets, Fig. 3), “
Vi is a function of observable attributes of the blue crabs, known as the deterministic component
of “U” and “g4” is a function of the non-observable characteristics of the blue crab’ s seafood
product and respondent-level variation in unknown perceptions, preferences or attitudes considered
as the stochastic part of “U” and treated as random error.

In line with similar studies, we also assumed an additive utility function linear of the observed
attributes levels (Table 1). Based on this, “Uni”’ becomes:

U =+ P, X _+P5, X +o 2P x o+ (Eq. 2)

H I R
ni 27 2n 'm ™ mnl Ri

3L
1

where: “o” isaconstantterm; “xni’ are the attributes of the alternatives (“i”) for each respondent

(“n”)and “B” are the coefficients of the attributes of the options; “P” also reveals the preference

40



weight for each attribute level, as well as trade-off monetary values; “B” represents the importance of
the attribute level to the utility function that respondents/consumers give to an option.

When dealing with two or more options, the respondent will thus select the option associated with
the highest utility (i.e. benefit or satisfaction). Thus, the probability that the nth respondent chooses
the ith option from a choice set becomes:

P, =Prob(U,>U,) Vj=i=Prob(V +e, >V, +e)=
Vjzi=Prob(e -¢ <V - V)Vj=i (Eq. 3)

£ =

Toestimate “B”” and their corresponding standard errors for each level of the six selected attributes
(Table 1), we initially used the Multinomial Logit Model (MNL) which provided the basis for the
analysis of DCE as innovated by McFadden (1974) for exploring choice behaviour in relation to the
elements that describe

the option. However, MNL has two limitations. First, the equal measurement of utility and the
assumption of preference homogeneity amongst all respondents. In other words, MNL captures only
the mean of preferences across the studied population.

To counter these limitations, Random Parameters Model (RPL, known also as Mixed Logit Model)
or LCM are used to account for and identify heterogeneity in respondents’choice preferences. RPL
assumes that each respondent can have his/her own unique set of parameters, whereas LCM assumes
that the studied population is divided into a finite number of classes or segments, each with their own
set of parameters. Lastly, RPL offers a more nuanced view of individual-level variation, whereas
LCM provides a more straightforward interpretation by identifying distinct groups (Vermunt 2003).
Consequently and based on the specific needs of this research, we opted for the LCM because it can
segment consumers into classes, based on their choice patterns. We assumed that interviewed
consumers were heterogeneous in their attributes and preferences towards the consumption of blue
crabs, that may differ according to some socio-economics characteristics and habits, as well as
propensity for purchase and that blue crabs control fees might vary between consumers, leading to
the adoption of targeted public communication and information at a specific group that will more
likely induce a greater management impact towards the concerned biological invader rather more
broadly than the communication policy (Malpica-Cruz et al. 2017). In this sense, the probability that
a respondent will choose an alternative i is a function that includes the attribute levels of alternative
i and the attribute levels of all other alternatives presented in Table 2 and becomes as follows:

ep V()
Z ap P A7)
Vi

Prob (choice =7)= (Eq. 4)

where: V(B, xi) is the observed component of the utility function for alternative [ and j is a set of
alternatives. Regarding the LCM, this model assumes that the studied population is divided into
different unobserved/latent classes with regards to the attributes and levels and disentangles the
probabilistic presence of any discontinuity in the heterogeneity of respondents, thus enabling them to
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cluster into homogeneous classes or segments, so that preferences are identical within the segment,
but differ between them. As such, the LCM offers the opportunity to identify population heterogeneity
and better understand the target respondents, leading to appropriate management interventions
directed towards encouraging consumption of blue crab by particular groups of consumers.

In this direction, we applied LCM as a statistical clustering procedure (Weller et al. 2020) with two
selected subclasses of respondents within the sample, relying on rigorous statistical tests (He and Fan
2019) and assuring the best representation of the target blue crabs consumer’ s market. For this
purpose, we implemented a model fit statistics information criterion (Table 4), in which the most
optimum fit improvement (i.e. optimum number of classes) is determined by the following criteria:
maximum log-likelihood (IC), minimum Bayesian Information Criteria (BIC) and minimum adjusted
Akaike Information Criteria (AIC), indicating the greatest amount of variation and using the fewest
possible independent variables (Emiliano et al. 2014; Petrontino et al. 2022). As such, we applied
these criteria to several classes of our respondents to select a reasonable number of clusters/groups
with a good assurance

regarding the stability, sensitivity and specificity of data as depicted in Table 3. Furthermore, the
choice probability (Eq. 4) within a class ¢ becomes as follows:

ep Vg A7)
T e )

Prob ( choiee =7 1Bg)= (Eq. 5)

With respect to WTP, we estimated the WTP that reflected the average price a respondent would pay
for blue crabs’ consumption for each of the two selected classes or groups of respondents (Nylund-
Gibson and Hart 2014). We also performed a Wald procedure according to the Krinsky-Robb method,
used with 500 draws. In this regard, we estimated the WTP by using the following equation:

WPk = — — B (Eq. 6)

}5’ (p ri CE‘)

where ks are the attributes, WTPk is the expected WTP for k, E(Bk) is the estimate of the coefficient
for attribute k and B(price) is the price coefficient.
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Multinomial Logit | 2-Class 3-Class 4-Class 5-Class 6-Class

Log-likelihood -2050 1989 | -1948 | 1920 -1898 | -1886
Adjusted Akaike Information Criteria (AIC) | 4124 | 4028 | 3972 | 3942 | 3924 | 3926
AIC/N 357 2.22 2.19 217 2.16 2.16
Bayesian Information Criteria (BIC) ' 4190.046 | 4165.596 | 4181.146 | 4222.696 | 4276.246 | 4349.796
Adj BIC ' 4190.084 | 4165753 | 4181.504 | 422334 | 4277.259 | 4351.265
Average classes probabilities ' 100% | 291% | 91% | 27.7% | 36.1% | 357%
70.9% | 265% | 403% | 35.1% | 2.1%
64.4% | 226% | 9.9% | 9.7%
94% | 114% | 16.1%
7.5% | 29.6%
6.8%

TABLE 4. Selecting a class solution: Model fit statistics information criteria.
Results

Statistical description of respondents

This section includes basic statistical results from the first and third sections of the questionnaire
(Suppl. material 1), addressing the purchasing habits and propensities of Apulia residents towards
fish products, their knowledge of the blue crabs, as well as their socio-economic characteristics. In
this direction, Table S reveals that most respondents (82.5%) were personally in charge of food
purchase more than once a month, while 2% of them had a shellfish allergy. A total of 57% of the
participants in this social survey purchased seafood products at the fish shops, followed by
supermarkets (20%), while 8% of them purchased directly from fishermen.

Further, the price of seafood products was the most determining factor in their purchase decision,
followed in succession by the preservation method, the place of purchase, the origin of fishing and
the type of seafood species.

Regarding their knowledge of blue crabs, 67.50% of them were familiar with this product, while
29.09% of them had already consumed it.

In addition, 43.64% of them confirmed their ignorance about this seafood category as a key reason
for non-consumption, while a few of them (9.32%) declared their difficulty in finding this product on
the local fish market as a reason of non-consumption.

Regarding their socio-economic profiles, on average, respondents were middle-aged (53.7 years old),
female (53%) and widely distributed amongst their levels of education (primary school: 2%,
secondary school: 22%, high school: 38%, university: 37%). The average length of the studies
undertaken by the respondents was 13.6 years, while the average family size was nearly three
members. In terms of the total annual gross family income, it was distributed as follows: 23.6% (less
than EUR 25,000), 55.5% between EUR 25,000 and 50,000) and 20.9% (greater than EUR 50,000).
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Econometric estimates of multinomial logit model (MNL) and latent class model (LCM)

The MNL estimates are reported in Table 6 and revealed that many coefficients of the concerned
attributes (“seafood species - blue crab and spider crab; preserving method - canned; size - small;
fishing origin - abroad”) presented negative signs for the price and were highly significant at the
notable level of 1%. On the contrary, the MNL findings showed that the opt-out coefficient (“no
purchase” or option D) was equal to -0.63 and highly significant, indicating that the Apulian
consumers would opt to purchase seafood species products. However, this econometric model only
allowed us to elicit the mean preference contribution and might hide the individual variations of
preferences amongst the samples, which might present different preferences as addressed below by
the LCM model. In addition, Table 5 also revealed that the later model achieved better values in
terms of the log-likelihood function AIC and BIC compared to the MNL model. With respect to the
later model, the sample

was divided into two classes of Apulian consumers, based on their perceptions and expectations
towards non-indigenous aquatic species. According to the iteration performed for different number
of classes, AIC improves as the classes increase, but it led to an excessive complication of the model.
Therefore, BIC was used as a discriminant in the choice of the classes. Regarding class 1, Table 6,
in coherence with the MNL results, depicted also negative signs and high statistical significance at
the 1% level for the concerned attributes, implying a high level of influence on the consumer
decisions.

On the contrary, the preservation method (“fresh/chilled”) and size (“large”) coefficients were
positive and highly significant for MNL and both groups of LCM models, as anticipated, indicating
that these attributes provided Apulian consumers with great utility regarding, at least, the physical
appearance of the seafood species. In addition, the signs for the attributes regarding the fishing origin
(“Apulia Region™) and the place of purchase (“fishermen” and “supermarket or hypermarket™)
were positive in general, reflecting the concerns of Apulian residents to keep or create local jobs and
support local economies. They may also be more aware about the local fishing practices than those
which are practiced by overseas fisheries, as well as providing them with appreciated services in the
supermarket or hypermarket in which a set of diversified seafood attributes is present. Furthermore,
both classes of respondents had a negative price coefficient, but class 2 presented a higher intensity
and highly significant coefficient, indicating that a small price variation might induce them not to
purchase the product. In addition, the attribute related to the place of purchase (“fishermen”) was
appreciated by the respondents of the entire sample, since its coefficient had a positive value, but with
different significance levels amongst the samples, thus verifying the hypothesis of heterogeneous
consumer preferences for seafood species consumption. Moreover, the MNL results indicate a clear
preference hierarchy: consumers prefer pink shrimp over blue crab and they like blue crab over spider
crab. The preference for blue crab over spider crab indicates that, while blue crab may be less
favoured than pink shrimp (used as a well-known widely consumed species), it is still viewed more
favourably than spider crab (used to represent a quite similar alien species). The indirect implication
of this hierarchy resides in the possibility that policy managers might implement regulations that
promote responsible harvesting practices over other species and effective educational campaigns.
Making consumers aware of the ecological impacts of blue crab invasions and the potential threats
they pose to local ecosystems can influence their purchasing decisions. MNL per se does not tell us
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the characteristics of respondents but LCM does. It can be useful to address the educational
campaigns mentioned based on the two classes characteristics.

Variable description Category Mean/% [ SD | Min | Max
Are you personally in charge of food purchases? Yes 825%
Frequency of food purchase 1: Once a day; 2: More than ance a week; 3: Once a weel; 4: More than | 5.57 1.15 | 2 7
once 4 manth; 5: Once a month; 6: Less than once a montch; 7: Never
Do you have a shellfish allergy? Yes 2%
Frequency of shellfish consumprion 1: Always; 2: Often: 3 Sometimes; 4: Rarely; 5: Never 2952 | 073 1 5
Place of purchase of shellfish Fisherman 8.0%
Placeof purchaseof shellish Fish shop 57.0%
Place of purchase of shellfish Supermarket 20.0%
Place of purchase of shellfish Hypermarker Hypermarler 15.0%
Place of purchase of shellfish Ocher 0.0%
Artention to producr characreris rics: Place of purchase 3.27 0.89 1 5
Arrention o product characrerisrics Conservarion method 3.42 0.79 | 1 5
Artention to product characreristics Commercial species 3.24 0.77 1 5
Amention m product characreris rics Origin 3.23 0.86 | 1 5
Artention o product characteristics Price 360 | 069 2 5
Do you kenow rthe blue crab? Yes 67.50%
Do you consume blue crab? Yes 29.09%
Reason for non-consumption Diislike 5.91%
Reason for non-consumption: Allergy/intolerance 1.36%
Reason for non-consumprion Cost 1.36%
Reason for non-consumption No-knowledge 43.64%
Reason for non-consumption difficulty of rerrieval 9.32%
How often do you buy blue crab? 1 Always: 2: Oftens 3: Somerimes; 4: Rarely; 5: Never 1.37 | 067 | 1 5
Place of purchase ofblue crab Direcr sale (fishermen) 12.27%
Place of purchase of blue crab Local fisheries marlkets 9.32%
Place of purchase of blue crab Supermarkers 2.50%
Place of purchase of blue crab Hy permarkets 5.00%
Place of purchase of blue crab Other 70.91%
Place of consumprion Restaurant 7.50%
Place of consumption Evenrs 3.64%
Place of consumprion At home 1727%
Place of consumprion Orher 71.59%
Male L 47%
Female kL 3%
Family members MNumber 3.12 1.11 1 5
Educarion level Noeducarion 1%
Education level Primary schoaol 2%
Educartion level Secondary schoal 22%
Education level High school F8%
Education level University 3%
Education (Toral vears of study) Number 13.580 | 39% | 5 | 18
Gross household income < EUR 25 000 23.6%
Gross household income = 25 000 EUR = 50 000 55.5%
Gross household income > EUR 50 000 20.9%

TABLE 5. A summary of all the descriptive statistics of the sample.
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Multinomial Logit Model (MNL) Latent Class Model (LCM)
) 100% Class 1 (29.1%) | Class 2 (70.9%)
thellte Coefficients
Coefficient p-value Coefficient p-value Coefficient p-value
Seafood species (“Blue crab”) -0.279** 0.029 =1.931%* 0.000 0.529*+* 0.000
Seafood species (“Spider crab”) -0.724%* 0.000 -2.032%+* 0.000 -0.129 0.405
Preserving method (“Fresh”) (548 i 0.000 2.498*** 0.000 1.128*+* 0.000
Preserving method (*Canned”) -0.804*** 0.001 0.225 0.637 -1.130%** 0.000
Size (“Large”) (L7298 0.000 1.212% 0.01 0.497*** 0.000
Size (“Small”) 0.447**+* 0.004 -0.722* 0.093 -0.388*** 0.003
Fishing origin (“Apulia Region”) 0.195 0.187 0.208 05715 0.142 0277
Fishing origin (“Abroad”) -0.189 0.195 -0.047 0.891 -0.213* 0.092
Place of purchase (“Fishermen”) 0.270* 0.080 0.114 0.725 0.274* 0.015
Place of purchase 0.129 0.322 0.136 0.737 0.636*** 0.004
(“Supermarket/hypermarket”)
Price ~0.55%* 0.000 -0.060** 0.031 -0.029**= 0.000
Opt-out -0.633** 0.009 0.207 0.706 -0.597** 0.013
Model statistics
Criteria MNL LCM
Log Likelihood -2050 -1989
Adjusted Akaike Information Criteria 4124 4028
AIC/N 227 2.22
Bayesian Informartion Criterion 4190.046 4165.753
Number of observations 1815 1815
Number of variables 12 25

Note: ***, **, * == Significance at 1%, 5%, 10% level, respectively. The seafood species (pink shrimp) was the baseline in the econometric estimation results.

TABLE 6. Multinomial Logit Model (MNL) and Latent Class Model (LCM) results.
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Estimates of willingness to pay (WTP)

The WTPs (in EUR) estimation are reported in Table 7 and were obtained from positive and
statistically significant LCM coefficients estimates (Table 4). As a result, the respondents of class 1
were not willing to pay a premium price for blue crabs and to consume as many as possible, in an
attempt to manage the expansion of this invasive species in Italy. This result indicated the lack of
sufficient awareness and information within this class of consumers about the potential benefits of
the commercial exploitation of this aquatic invasive species as depicted in Fig. 2. On the contrary,
respondents of the second class were willing to pay EUR 18.01 per kg on average for blue crabs’
consumption, suggesting that the preferences of a representative part of Apulian residents would
consume it, contributing to the control of the concerned non-indigenous aquatic species. Further, the
respondents of this group were willing to pay more for the freshness attribute of seafood products, in
which the related average WTP was estimated at EUR 33.06 per kg, indicating the relevance for fish
stakeholders marketing several seafood products. Furthermore, the WTPs were positive, but relatively
less for the size (“large”) and place of purchase (“fishermen” or supermarket/hypermarket”),
compared to blue crabs’ species and freshness attributes, suggesting these attributes to be considered
as drivers for the consumption of the concerned seafood species. Finally, the preserving method
(“fresh/chilled”) presented the highest average WTP in both classes, in which this was estimated at
EUR 46.38 and 33.06 per kg for respondents of class 1 and class 2, respectively, providing Apulian
consumers with high utility or organoleptic satisfaction.

Discussion

Interpretation and comparison

The findings detailed in the Results section provide an understanding towards the perceptions and
expectations of Apulian consumers, constituting one of the market drivers for any successful novel
food product, such blue crabs (Polymeros 2013).

In this regard, we applied a DCE approach to investigate the influence of the type of seafood species
(i.e. blue crab, spider crab and pink shrimp), preserving/storage methods (i.e. fresh/chilled, frozen
and canned), size (i.e. small, medium and large), fishing/capture origin (i.e. Apulia, Italy and abroad),
as well as the selling price (i.e. EUR 10, EUR 17 and EUR 23 per kg versus the status quo or EUR 0)
for each selected seafood species which may influence the consumers’ preferences.

_— —— i | Standard N Prob. 95% Confidence
Error |lz]>2* Interval

1 Preserving method (“Fresh/chilled”) 46.3819 190.7 0.24 0.8078 -327.38 420.147
Size (“Large”) 20.42 47.7826 0.43 0.6691 -73.232 114.072

2 Seafood species (“Blue crab”) . 18.0131 . 12.0209 . 1.5 0.134 -5.5474 . 41.5736
Preserving method (“Fresh/chilled”) . 33.0611 . 16.5714 . 2 0.046 0.5818 . 65.5404
Size (“Large”) . 16.1509 . 8.6523 . 1.87 0.0619 -0.8073 . 33.1091
Place of purchase (“Fishermen”) . 8.38602 . 5.77782 . 1.45 0.1467 -2.9383 . 19.7103
Place of purchase (“Supermarket or hypermarket”) . 10.0112 . 6.29548 . 1.59 0.1118 -2.3277 . 22.3501

TABLE 7. Willingness to pay (WTP) estimates.
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As a result, we found that most Apulian inhabitants (around 70% of the whole sample) were not
opposed to introduce the blue crabs into their nutritional diet/ food system and were willing to pay a
positive average amount of EUR 18.01 per kg for blue crabs, prompting fishermen and retailers to
adjust their pricing strategies accordingly in line with consumer expectations and maximize revenues.
In fact, we observed that the retail market price at which a blue crab was sold to consumers, oscillated
between EUR 8 to 12 per Kg at most supermarkets across Apulia region during 2023. This price is
normally influenced by several factors including production costs, competition, demand and market
conditions. As such, the blue crabs, which have a market value of around €80 a kilogram in the United
States and Asia, appear not to be able presently to fetch much on the Italian market. However, the
findings in terms of WTP differ by social class membership and type of attributes.

In fact, the Apulian inhabitants gain higher utility for the preserving method (“fresh/chilled”) and size
(“large”) attributes, but, for the place of purchase (“direct purchase or supermarket/hypermarket”),
respondents of class 2 expressed relatively lower WTPs, indicating that the freshness attribute appears
here to be a determinant driver for Apulian inhabitants’ consumption of seafood species, such blue
crabs.

Moreover, the MNL results indicate a clear preference hierarchy: consumers prefer pink shrimp over
blue crab and they like blue crab over spider crab. The preference for blue crab over spider crab
indicates that, while blue crab may be less favoured than pink shrimp (used as a well-known widely
consumed species), it is still viewed more favourably than spider crab (used as a quite similar alien
species). The indirect implication of this hierarchy resides in the possibility that policy managers
might implement regulations that promote responsible harvesting practices over other species and
effective educational campaigns. Making consumers aware of the ecological impacts of blue crab
invasions and the potential threats they pose to local ecosystems can influence their purchasing
decisions. MNL per se does not tell us the characteristics of respondents, but LCM does. It can be
useful to address the educational campaigns mentioned, based on the two classes’ characteristics.
Furthermore, the findings illustrate significant differences between the two classes of the studied
population for most of the variables related to the purchasing habits and propensities of Apulia
residents towards fish products, their knowledge of the blue crabs, as well as their socio-economic
profile. With respectto “Class 1” , this respondents’ segment had higher food purchase frequencies,
but relatively lower shellfish consumption. In addition, this class had a higher percentage of
respondents with low income and a higher number of household members. Moreover, in this group,
the knowledge of blue crab was higher, and we observed the largest number of people who cited taste
and the presence of allergies as reasons for non-consumption. Regarding “Class 2, these respondents
consumed shellfish in general and blue crabs more frequently than the first group. The attention to
the price of products was higher and the highest percentage of purchases was directly from the
fisherman. In this segment, respondents had higher educational level and male respondents were older
than in Class 1 as observed in Table 8. Consequently, our findings are consistent with a recent EU
consumer study on habits regarding fishery and aquaculture products in Italy (European Union 2021),
as well as with previous similar studies in the Euro-Mediterranean Basin. For example, Minasidis et
al. (2023) stated that Greek consumers would buy and consume non-indigenous fish species, in which
the freshness was ranked as the most important factor for the purchase of this marine species.
Moutopoulos et al. (2022) observed that consumers’ attitudes towards the consumption of Pearl oyster
(Pinctada imbricata radiata) differ according to their socio-economic profile, in which highly
educated consumers were more willing to purchase and consume this kind of marine species.
Additionally, Cerveira et al. (2022) found that Portuguese consumers were willing to consume
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another edible aquatic invasive species, the Weakfish Cynosian regalis (Bloch & Schneider, 1801).
In addition, Marchessaux et al. (2023) reported that 58% (33% in Italy) have already consumed and
appreciated both blue crab species. However, our findings are in line with Petrontino et al. (2022)
who also reflected on the importance of the geographic or fishing origin as the seafood consumption
driver. Lastly, Grover et al. (2021) found that Australian households were willing to pay $AUD 37
per year for 5 years for the management of native and invasive species in coastal waters off the east

coast of Tasmania.

5 Mean or %
— Category Class | | Class 2 4
Frequency of food purchase 1: Oncea day; 2: More than once a weel 3: Once a week; 4: Morethan | 6.097 | 5858 | <0.001
oncea month; 5: Once a month; 6: Less than once a month; 7: Never
Frequency of shellfish consumprion 1: Always; 2: Often; 3: Somerimes; 4: Rarely; 5: Never 2922 | 3015 | <0.001
Artention o product characteristics Place af purchase 332 | 3288 0.177
Attention to product characteris tics Consenvation method 3495 | 3446 0.018
Attention to product characteristics Commercial s pecies 3223 | 3.285 0.003
Arrention to producr characteristics Origin 3194 | 3254 0.008
Artention to product characreristics Price 3544 | 3.608 | <0001
Do vou know the blue crab? Yes 1.427 | 1.258 | <0.001
Do you consume blue crab? Yes 1748 | 1.665 | < 0.001
Reason for non-consumption Dislike 0087 | 0,054 | <0001
Reason for non-consumprion Mlergy/inwlerance | 0039 | 0004 | <0.000
Reason for non-consum prion Price 001 | 0008 | 0.393
Reason for non-consumption Lack of knowledge 0417 | 0435 0184
Reason for non-consumprion Difficuly of rerrieval | 0.078 | 0.077 | 0.914
How often do you buy blue crabst 1: Abways 2 Often; 3: Sometimes; 4: Rarely; 5: Never | 1272 | 1446 | <0.001
Blue crab’s sarisfacton {index of evaluation) | Scale of 1 o 10 7.37 | 7.57% 0.017
Age Year 52214 | 54.931 | <0.001
Gender Female 0.398 | 0442 | <0.001
Family members Number 3146 | 3004 | <0001
Education Toral number of studies 13718 | 13.746 | 0.784
Gmss household income < EUR 25 000 0.272 | 0223 | <0.00
Gross household income = 25000 EUR £ 50 000 0.534 | 0.573 0.002
Gross household income = ELR 50 000 0,194 | 0.204 0,354
Place of purchase of blue crab Drirect sale (fishermen) 2% 11% | (baseline)
Place of purchase of blue crab Lecal fisheries markets 2% 7% < 0.001
Place of purchase of blue crab Supermurkers 1% 2% 0.505
Place of purchaseof blue crab Hypermarker [ 1% A% < (.001
Place of purchase of blue crab Orher | 21% 7% | < 0.001
Place of consumprion Restaurant 2% 6% | (baseline)
-}’che of consumption Events 1% 3% 0.011
Place of consumprion At home | 4% 14% 0.127
Place of consumprien Other 21% 8% | < 0.001
Education level Primary schoal 1% 1% | (baseline)
Education level Secondary school 6% 16% | <0.001
Education level High school 11% 28% | <0.001
Education level University | 11% 7% < 0.001

TABLE 8. Comparison between the two classes of the studied population, for the purchasing habits
and propensities towards fish products, their knowledge of the blue crabs, as well as their socio-

economic profile.
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Limitations and future research directions

The first limitation of this research includes its regional level coverage. Future DCE studies should
counter this issue by selecting a national representative sample to explore potential insights into
Italian regional differences and communities in attitudes and propensity to purchase and consume
blue crabs. A second limitation is related to the use of two criteria (age and gender) to the sampling
method adopted.

However, follow-up studies should include the annual revenues of participants in the survey and their
residence, reflecting their culture and traditions (Sacchettini et al. 2021) and inducing a better
representation of Italian consumers towards their social perception and WTPs to control the
Callinectes sapidus invasion in Italy. A third limitation of this study considers the “general public “as
participants/respondents in our DCE approach, excluding other key fish stakeholders that may present
a greater preferences utility for consumption of blue crabs. As such, we may suggest an extension on
examining the interest utility amongst other groups of respondents to cover the preferences of tourists
and ethnicity (Sayeed et al. 2022) and of local fish entrepreneurs or other groups of stakeholders (i.e.
fishermen, seafood species processors, retailers, consumer organisations) for whom the human
consumption of this biological invader would become a sustainable effective management tool,
inducing positive impacts on their income and enhancing their financial performance. Here, it would
be beneficial to conduct further research, based on a cost-benefit analysis (Courtois 2004; Courtois
et al. 2014; Rajmis et al. 2016; Frem et al. 2022) allowing us to: (i) assess the impacts on commercial
shellfish fisheries, (i7) estimate the costs of this blue crab invasion, (ii7) justify its public management
expenditure (Falk-Petersen and Armstrong 2013) and identify the maximum economic yield,
preventing potential losses from overharvesting practice. Additionally, bio-economic modelling
(McDermott et al. 2013; Varble and Secchi 2013; Benjamin and McDermott 2018) should be
addressed in the future to explore how this potential commercial exploitation (Kourantidou and Kaiser
2021b) of the blue crab would really help to manage its invasiveness, taking into consideration two
possible scenarios: (1) minimising its population pressure at the lowest possible level, while protecting
adult females and critical nursery habitats like underwater grasses which are crucial for future crab
numbers and (ii) allowing a sustainable level of catches for fishermen (i.e. to stabilise a certain level
of biomass of the invasive alien species, maintaining a balance where catches do not exceed
sustainable levels) across several Italian seas. In this line, Italian governmental efforts are being made
to manage the blue crab invasion through resource allocation to fishermen. Allowing a commercial
fishery for human consumption will increase fishermen’s income, but might not ensure sustainable
exploitation (Nardelli et al. 2024). According to EBFM (2010), the strengths of blue crabs’
exploitation include: (1) Economic value (i.e. blue crabs may provide livelihood and income for many
fishermen. The fishery supports local fishermen’s income and a potentially significant processing
sector for crabmeat production, contributing to the local economy); (ii) Recreational fishery for blue
crabs also supports a major recreational fishery, providing potential opportunities for recreational
fishermen to enjoy crabbing activities; and (iii) Market demand; i.e. blue crabs appear to be in demand
in both commercial and recreational sectors, with a variety of markets for fresh, frozen or processed
crab. However, the blue crab exploitation also has weaknesses in terms of: (i) Vulnerability to
overexploitation (i.e. blue crabs are susceptible to overexploitation due to their economic importance,
which can lead to population declines if not managed sustainably); (ii) Habitat degradation (i.e.
fishing pressure can impact living habitats for blue crabs, such as salt marshes, leading to alterations
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in trophic interactions and potential habitat loss as stressed in the Introduction section); (iii)
Environmental stressors (i.e. factors like climate change, habitat degradation and pollution can affect
blue crab populations and their habitats, making them more vulnerable to exploitation) and (iv)
competition with imports (i.e. globalisation of seafood markets has led to competition with imported
crab products, affecting the market for local blue crabs and putting pressure on domestic fishermen).
The blue crab exploitation may also include opportunities such as: (i) Sustainable management
practices (i.e. implementing sustainable fisheries management practices can help ensure the long-
term viability of blue crab populations and the fishery); (ii) Market diversification (i.e. exploring new
markets and value-added or elaborated products can help diversify the market for blue crabs and
assure further economic opportunities for fishermen); and (iv) Ecosystem health (i.e. blue crabs may
play a significant role in the affected Italian lagoon ecosystem and their sustainable exploitation can
contribute to ecosystem health and balance).

Furthermore, as the blue crab has usually been identified as a bioindicator organism of
polychlorinated biphenyls, polycyclic aromatic hydrocarbons and methyl mercury (Ghaeni et al.
2015), as well as source pollutants for trace elements contamination (Cubedo et al. 2018; Salvat-Leal
et al. 2020), we may also recommend the exploration of the acceptance of the adoption by respondents
of the block-chain traceability system within the blue crabs value chain. This would mainly be applied
for fishing activities and conservation methods as an innovative digital tracking tool for this kind of
aquatic invader, which may influence positively or negatively, as well as significantly, their potential
purchase decision.

Lastly, the present choice experiment model could be enhanced by involving other specific blue crabs
attributes related, but not limited to: (1) the level (greater or lesser) of blue crab’s impacts on the
ecosystem, on other economic sectors and on propagation in which the DCE may capture this crucial
information related to invasive species management; (ii) the level or types of fisheries, such as small-
scale units for development and industrialisation; (iii) the integration of blue crabs on to restaurants
menus; (iv) the improvement of local food diet, in which the blue crabs present a high nutritional
value, the social aspect in terms of creation or increase in local employment and public and private
communication, research and management activities towards biological coastal invasion.
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Conclusion

The present paper reveals the existence of two blue crab’s consumer segments, reflecting a potential
market for an edible marine invasive species. By capitalising on its exploitation opportunities as
addressed above, stakeholders should work towards sustainable blue crab exploitation that benefits
both the environment and Italian local economies. Thus, sustainable management practices, habitat
conservation efforts and market strategies would be crucial to safeguarding the long-term health and
sustainability of blue crab populations in the study area, in line with EU REG 1380/2013. In addition,
the implemented DCE approach provides, in this paper, estimates through the estimation of WTPs
that are useful in making private decision or public policy support. In this direction, one of the most
significant findings of this study is that an important part of the Apulian inhabitants’ sample (70%)
expressed their interest towards the consumption of blue crabs and, consequently, to potential
commercial exploitation of blue crabs as a novel food source. As such, this result provides a first
good preliminary insight for fish entrepreneurs and restaurants to integrate this novel food into their
shops and menus, respectively. In this direction, the development of this kind of novel food business
requires raising public awareness through policy-makers and educational institutions and
communication about its consumption benefits, to target mainly the segment of consumers who were
not willing to pay a premium price towards the blue crabs’ consumption in Italy. This could also
probably lead to a change in their intentions and perceptions, making them more responsible and
predisposed to buy edible aquatic invasive species.

In addition, the adoption of a suitable targeted marketing strategy by the firms or fishery cooperatives
involved in the catches of fish would reinforce the image of this aquatic invader, promoting its
sustainable consumption in the near future.

5. GENERAL CONCLUSION

This thesis has thoroughly investigated the presence and impacts of the blue crab in the
Mediterranean, analyzing both its socioeconomic effects on local fishing communities and its
potential valorization as a sustainable food resource. The research has explored a novel approach to
managing invasive alien species, highlighting the challenges and opportunities associated with
integrating the blue crab into coastal economies through a multidisciplinary perspective that considers
not only ecological aspects but also economic and social dimensions.

The findings from the previous chapters have shed light on the substantial pressures faced by small-
scale fishers, who are directly impacted by a biological invasion that disrupts marine resources and
alters the economic dynamics of their activities. The impact of the blue crab on fishing activities has
been shown to be strongly influenced by specific factors, such as fishing techniques and market
dynamics. Significant territorial differences emerged, with fishing communities in the most affected
areas perceiving a more intense impact of the invasion, underscoring the need for management
approaches tailored to the unique characteristics of each geographic context. The urgency of adopting
context-specific management strategies is evident in light of these findings, and active collaboration
with local stakeholders is essential to effectively monitor the invasion's impacts and implement
practical mitigation measures. Collaborative monitoring tools and participatory processes with fishers
and local communities offer a vital foundation for developing guidelines and management
recommendations that are actionable, targeted, and directly responsive to the challenges and
opportunities of each area.
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Beyond these critical aspects, this thesis has also explored the potential of the blue crab as an
emerging economic resource. The analysis of consumer preferences revealed a nascent market for
this invasive species, with a significant portion of Apulian residents (70%) showing interest in its
incorporation into the local diet. This finding represents a valuable opportunity to promote the
culinary use of the blue crab and to establish a value chain that can generate benefits both for the local
economy and environmental conservation, helping to balance the invasion’s impact with innovative
and sustainable solutions. However, for the blue crab to truly become a viable resource, it is necessary
to move beyond simple exploitation of its culinary potential. The research highlighted that the
introduction of this species into the food market requires public awareness campaigns, supported by
public policies and educational initiatives, to encourage responsible consumption of edible alien
species. Through clear and targeted information, especially aimed at consumers less willing to pay a
premium price for this species, it may be possible to consolidate the image of the blue crab as a
sustainable and responsible alternative.

In this context, the Discrete Choice Experiment (DCE) method applied in analyzing consumer
preferences and willingness to pay provided a valuable tool for supporting policy and business
decisions regarding the economic valorization of the blue crab. This approach generated a robust
empirical data foundation that can guide market choices and marketing strategies by fisheries
cooperatives and restaurateurs and also inform targeted and evidence-based management policies.
Establishing a market for this invasive species will require, in addition to public support, a marketing
strategy that positions the blue crab as a desirable product for consumers, enhancing its role as a
distinctive element in local cuisine.

In summary, this work not only contributes to documenting the effects of the blue crab invasion but
represents an initial step towards developing a management model for marine alien species that could
be applied on a broader scale. The findings of this research suggest a pathway for development that
combines environmental impact mitigation with the promotion of sustainable production chains,
outlining a new approach to marine resource sustainability in the context of biological invasions.
Integrating the blue crab into local economies could serve as a pioneering example for other regions
affected by similar invasions, opening new avenues for research in both ecological and economic
fields. Future research should further investigate the interaction between market dynamics and
sustainable management practices to consolidate the position of the blue crab as an economic resource
and fully realize its potential for Mediterranean coastal communities.

Thus, this study provides an important contribution to the scientific literature on biological invasions,
not only for the integrated approach it adopted but also for its focus on practical applications and
implications for public policy and the private sector.
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APPENDIX A_CHAPTER 1

The fishing gear and the target fisheries products in Lesina Lagoon

Lesina an Italian town in the province of Foggia in Puglia (N 41.88° and E 15.45°), stands as one of
the largest wetlands in central and southern Italy, positioned along the southern Adriatic coast within
the Apulia region. This semi-closed system is influenced by both fresh and marine waters,
encompassing an area of 51.36 square kilometers with a maximum depth of approximately 1.5 meters.
The lagoon's catchment area covers about 600 square kilometers. Similar to other Mediterranean
lagoons, Lesina Lagoon is characterized by shallow waters and limited exchanges with the sea. In
comparison with Atlantic systems, it experiences less tidal influence and lower freshwater input
(Breber et al., 2002; Manzo et al., 2016). The Lesina Lagoon serves as a crucial habitat for various
plant and animal species, making significant contributions to the local economy, particularly in the
realms of fisheries and tourism (Ferrarin et al., 2014). Within the lagoon, numerous fish species are
harvested through small-scale artisanal fisheries and extensive aquaculture practices that have been
in operation for many years. Effective lagoon management is thus essential for preserving its
ecological characteristics, preventing the depletion of valuable aquatic resources, and safeguarding
sensitive habitats (Manzo et al., 2016). Consequently, the Lesina Lagoon, located within the Gargano
National Park, holds designations as both a Special Protection Area (SPA-IT9110037) and a Site of
Community Importance (SC-IT9110015), aligning with the provisions of the Birds and Habitats
Directive (2009/147/EC, 92/43/EEC). The most recent official data available for the Lesina Lagoon
pertains to the 2016-2017 fishing season, during which a total catch volume of approximately 31.07
metric tons was recorded. In 2016, a total of 30 operators were reported, with average catches per
operator for the 2016-2017 fishing season amounting to approximately 1,035.7 kg. The most
prevalent species caught were eels (29.1%), followed by sea bream (26.6%), mullets, representing
approximately 14.3%, and sand smelt, accounting for 11.8%, alongside other species. Shrimp and sea
bass made up smaller proportions, representing 3.5% and 2.9% of the total catch, respectively. About
11.8% of the catch consisted of alien species such as Nile tilapia (Tilapia nilotica) and blue crab (C.
sapidus), with the latter gaining increasing prominence among the Lagoon's catches (Prete, 2020).
The main fishing Lesina gears are Bertovelli (i.e., traditional nets, Figure 10), which also emerged
from the surveys.
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FIGURE 10. Bertovelli (traditional nets) used in Lesina Lagoon, Apulia (southern Italy). These nets
are designed for the capture of various fish and crustacean species, including eels (Anguilla anguilla)
Source: Ludovica Nardelli, 2023
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APPENDIX B_CHAPTER I

The fishing gear and the target fisheries products in Algarve region - Ria Formosa to Rio
Guadiana

The Algarve region, specifically from Faro to Vila Real de Santo Anténio, encompassing the Ria
Formosa and the Guadiana River, emerges as a crucial study site for investigating the invasive
Atlantic blue crab, C. sapidus. This coastal area, situated between the latitudes 37°01'N and 36°58'N
and the longitudes 8°56'W and 7°53'W, boasts a diverse range of estuarine and coastal ecosystems,
making it an ideal location for studying the ecological dynamics of this invasive species (Cartaxana
et al., 2009). Characterized by a Mediterranean climate with mild, wet winters and hot, dry summers,
the Algarve coastline features sandy beaches, rocky cliffs, and several estuarine systems, including
the Guadiana estuary, which serves as the border between Portugal and Spain. These estuarine
environments provide a unique habitat for the blue crab, which has thrived in the region since its
introduction in 2016 (Morais et al., 2019; Vasconcelos et al., 2019).

The Guadiana estuary has been a focal point for blue crab research in the Algarve. This 80-kilometer-
long estuary is fed by the Guadiana River, which originates in Spain and flows into the Atlantic
Ocean. The estuary is characterized by a diverse array of habitats, including mudflats, saltmarshes,
and submerged aquatic vegetation, which provide suitable conditions for the blue crab to establish
and proliferate (Vasconcelos et al., 2019).

The fishery industry in the Algarve region, particularly in the areas from Faro to Vila Real de Santo
Anténio, plays a vital role in the local economy. Artisanal fishing is a primary socio-economic
activity, providing employment and sustenance for many local communities. The presence of the
invasive blue crab has raised concerns within the fishing community regarding its potential impact
on local catches and the necessity for effective management strategies to mitigate these effects.
Recognized for its rich biodiversity and conservation significance, the Algarve region has been
designated as a Site of Biological and Ecological Interest (SIBE) and a Ramsar site for wetland
conservation and protection. These designations underscore the international and national recognition
of the region's ecological importance, emphasizing its role in biodiversity conservation efforts at both
local and global levels (Chainho et al., 2015; Morais et al., 2019).

In the Algarve region, small-scale artisanal fisheries are predominant, employing various traditional
and modern fishing gears. The fishing gear used in the Ria Formosa region is primarily associated
with small-scale artisanal fishing practices. These often include various types of nets, traps, and
handlines, which are adapted to target specific species that are abundant in the estuarine and lagoon
environments of the Algarve region. Similar to the Ria Formosa, fishing gear in the Rio Guadiana is
characterized by the use of small-scale artisanal methods (Tursi et al., 2015). This includes nets, traps,
and handlines that are suited for the estuarine and riverine environments of the Guadiana estuary. The
main types of fishing gear based on the analysis of Pita & Gaspar (2020) include: (1) Trammel Nets
(Redes de tresmalho): These are widely used in the Algarve for catching a variety of fish species.
They consist of three layers of netting, which trap fish in the middle layer; (ii) Gillnets (Redes de
emalhar): These nets are set vertically in the water column and are designed to entangle fish by their
gills; (ii1) Longlines (Palangres): used for targeting specific species, longlines consist of a main line
with baited hooks spaced at intervals; (iv) Traps and Pots (Covos e armadilhas): These are used for
catching crustaceans like crabs and lobsters. They are baited and left on the seabed to attract and
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capture the target species, and (iv) Handlines (Linhas de mao): simple fishing lines with baited hooks,
used from boats or the shore, primarily for catching smaller fish species. The Algarve's artisanal
fisheries target a diverse range of species, reflecting the rich biodiversity of the region. The main
target species include: (i) bream (sparidae): various species of bream are highly valued and commonly
caught using trammel nets and gillnets; (ii) mullet (Mugilidae): Mullet are another important target
species, often caught with gillnets; octopus (Octopus vulgaris): Octopus is a key species for the
Algarve fisheries, typically caught using traps and pots; sole (soleidae): sole is a high-value species
targeted by trammel nets and gillnets; seabass (Dicentrarchus labrax): Seabass is caught using a
variety of gear, including longlines and gillnets; bivalves: Such as clams and oysters, which are
prevalent in lagoon systems; crustaceans (Crustacea): Various crabs and lobsters are targeted using
traps and pots, with blue crabs (C. sapidus) becoming increasingly prominent due to their invasive
nature, and eels and Shad: traditionally important species in the estuarine fishery of the Guadiana.

APPENDIX A_CHAPTER II

Marine fishing overview of the study area

The Apulian fleet has a strong social and economic dependence on artisanal fishing. According to the
National Statistics Institute (ISTAT 2020), the fishing fleet in the study area is composed of 1629
vessels distributed amongst the seven maritime Compartments of this region: the Manfredonia
Compartment possesses the highest number of boats (31.43%), followed by Gallipoli (22.28%), Bari
(17.31%), Barletta (9.21 %) and Brindisi (5.89%). However, the Molfetta Compartment has the
lowest number of boats (3.38%). The overall production of the Apulian fleet is around 7000 tonnes,
of which 75.87% are captured through the otter trawling technique followed by fixed longlines
(9.79%), anchored gillnets (4.00%), dredgers pulled by boats (2.50%) and purse seine (1.13%). In
2020, the catches per unit were equal to 4208 kg. With respect to the importance of the different
fishing methods in Apulia, the significant volume of 5.2 tonnes relating to the "trawling with
divergent" technique (75.87%) reflects the highly heterogeneous character of Apulia fishing.
However, the two fishing techniques, "gillnets (drift) and beam trawling", are not practical in this
Region. Furthermore, the "hand-line" technique is used in a very limited manner for catching fish in
the study area. In addition, Apulia has a total tonnage of 18,500 GT and an engine power of 122,234
kW, of which the fishing technique with an otter trawl has the highest percentage in terms of tonnage
(71.71%), followed by the techniques of: purse seine (12.71% in GT), fixed longlines (8.16% in GT),
dredgers pulled by boats (4.41%) and anchored gillnets (2.45%). The average size of a boat in Apulia
is 11.4 tonnes, compared to a national average of 14.2 tonnes.
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APPENDIX B_CHAPTER 11

Italian financial aid to encounter the spread of the blue crabs: a summary

The rules governing the production and trade of fishery and aquaculture products marketed in Italy
fall under EU’s Common Market Organisation in Fishery and Aquaculture Products (CMO)
Regulation, which is one of the pillars of EU’s Common Fishery Policy. Consequently, the sale of
the blue crab is currently not prevented by the CMO regulation, meaning that the consumption and
even marketing of this crustaceous, not currently on the list of invasive alien species (IAS) of
community interest, does not go against the EU’s policy of managing the market for fishery and
aquaculture products (EU CMO 2013 available at https://eur-lex.europa.eu). Moreover, in the case

that the blue crab is included in this list later, it would be subject to numerous restrictions under
Article 7 of IAS EU Regulation and consequently, could not be placed on the market, stored, used or
traded. However, another article of the IAS Regulation says that the commercial use of already
established IAS may be temporarily permitted, but only as part of management measures aimed at
their eradication, control or containment of the population. Meanwhile, to counter the spread of the
blue crab species (Callinectes sapidus and Portunus segnis) throughout the Italian national territory
and prevent the aggravation of the damage inflicted to the economy of the fishing sector, the Italian
Ministry of Agriculture (Ministro dell'agricoltura, della sovranita alimentare e delle foreste,
hereafter MASAF) released a decree law of 10 August 2023, in which article 10 authorised the
expenditure of EUR 2,900,000.00 in favour of the aquaculture and fisheries companies that catch and
dispose of the aquatic species mentioned above.

This Ministerial Decree (Masaf 2023) defined all eligible costs incurred for measures taken to catch
and dispose of blue crabs, in particular: (1) costs for the catch (i.e. purchase of fishing gear specially
used for catching blue crabs, such as pots, gillnets and cages, containment nets), (ii) costs for disposal
(i.e. costs incurred in the disposal of blue crabs as waste at Italian establishments approved or
registered under Reg. (EC) 1069/2009 in respect of animal by-products listed by the Ministry of
Health - Directorate-General for Food Hygiene and Food Safety and Nutrition and transport costs of
blue crabs to facilities authorised for disposal such as forklift hire, cold storage hire, waste containers,
plastic boxes, bins). Only expenditure incurred from 1 August 2023 until 31 October 2023 was
eligible. However, the purchase of towed fishing gear was not eligible for the contribution. Moreover,
the grant is provided in the form of a non-repayable contribution to the extent of 80% of the costs
actually incurred in relation to the eligible interventions. Moreover, the contributions referred to in
this Decree may be accumulated with any other State aid in relation to the same wholly or partly
overlapping eligible costs, only where such accumulation does not lead to the highest aid intensity or
aid amount applicable to the type of aid concerned being exceeded. In addition, the territorial
competent Marine Authorities were assigned the tasks of control regarding the requirements
previewed from the present Decree that can happen also after the distribution of the contribution. To
the correct accomplishment of the controls, the Ministry puts at the disposal of the Maritime
Authorities in a timely manner all the documentation produced by the applicants for the purposes of
obtaining the contributions referred to in this Decree.
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6. ATTACHMENTS

ANNEX 1_CHAPTER I - Supplementing material_questionnaire
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Questionnaire
on the

Socio-Economic Impacts of the Recent Invasion of the Atlantic Blue
Crab (Callinectes sapidus) on Small-Scale Fishermen in Lesina Lagoon
(southern Italy) & Algarve Region (southern Portugal)

Introduction
Good morning/Good afternoon

We are conducting scientific research as part of an ongoing doctoral program at the University
of Bari Aldo Moro. One of the objectives of the research is to assess the socioeconomic
impacts of the invasion of the blue crab on fishing companies in the Algarve. To conduct this
study, a specific questionnaire has been developed, which has already been used in the Puglia
region (Italy). The analysis of the Algarve case is a relevant comparison for our study and is
part of a scientific visit hosted by the University of the Algarve. The responses to this
questionnaire are extremely important for our project. For this reason, we would be incredibly
grateful if you could participate in this study. Before we proceed, I would like to assure you
that, in accordance with privacy laws, all the information provided will be kept anonymous
and used exclusively for scientific purposes.

Can I interview you?

QUESTIONNAIRE IDENTIFICATION

POSTAL CODE PSPPSR PPPPPOPPPPPRPPRPPRPPIRE
CITY PRSPPSO PP PPPOPPPPPRPPRPPRPPIRE

TOWN PO PPO PP PPPOPPPPPRPPPPPRPPIRE
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LOCALITY PP O P PP PP PP PPPPOPPPPPPPPPPPRPPRPPPPPIRE
DATE : / /2024
TIME : h

SECTION |
TECHNICAL CHARACTERISTICS OF THE FISHING COMPANY

1. Main area where fishing activities are conducted:

2. How long have you been engaged in professional fishing activities?

3. In which period of the year do you mainly conduct fishing activities?

O: All year round; O: From January to March (winter); O: From April to June (spring); O: From July to

September (summer); O: From October to December (autumn)

4. Can you provide information about your vessel?

Registration (optional)

Length (meters)

Gross tonnage (GT)

Engine power (kW)

5. What is the main equipment used in your fishing activity?

O: Purse seine; O: Dredges; O: Longline; O: Artisanal fishing; O: Trawl net; O: Other (Specify)

6. Are you part of a fishing cooperative?

O: Yes; O: No
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SECTION II
IMPACTS OF THE BLUE CRAB ON FISHING ACTIVITY

We would like to collect your opinions and perceptions about the consequences of this biological invasion, in
terms of changes in the well-being of fishers and the influence it has on the normal development of fishing
activities.

A. Impacts on the reduction of fishermen's well-being
Please indicate your level of agreement with the following statements:

1. Has the blue crab increased the costs (e.g., additional fuel, labor, maintenance costs) for conducting
fishing activities:
O: Insignificant; O: Slightly significant; O: Significant; O: Quite significant; O: Very
significant

2. Has the blue crab resulted in a reduction in your fishing income:
O: Insignificant; O: Slightly significant; O: Significant; O: Quite significant; O: Very
significant

3. Does the blue crab physically damage your catch:
O: Insignificant; O: Slightly significant; O: Significant; O: Quite significant; O: Very
significant

4. The blue crab has reduced the presence of other commercial species in your fishing area:
O: Insignificant; O: Slightly significant; O: Significant; O: Quite significant; O: Very
significant

5. The blue crab has physically damaged your fishing nets:
O: Insignificant; O: Slightly significant; O: Significant; O: Quite significant; O: Very

significant

6. The blue crab causes physical damage (e.g., injuries and lesions on the hands) during the fishing
activity:
O: Insignificant; O: Slightly significant; O: Significant; O: Quite significant; O: Very
significant

7. The blue crab has increased the amount of work during your fishing activity (e.g., more hours to repair
damaged nets):
O: Insignificant; O: Slightly significant; O: Significant; O: Quite significant; O: Very
significant

B. Impacts on changes in fishing activity in the invaded area
1. When blue crabs are present in the invaded area, you fish:
O: More Fish; O: Less Fish; O: Do not fish; O: No difference

2, When you catch the blue crab:
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O: Sell; O: Discard

3. Has the blue crab led to the abandonment of your activity in an area different from the previous one?

O: No; O: Slightly; O: Quite; O: A lot; O: Very much

4. Has the blue crab led to a reduction in your activity in some area you previously fished?
O: No; O: Slightly; O: Quite; O: A lot; O: Very much

S. Has the blue crab caused your fishing activity to be abandoned or remodeled?
O: No; O: Slightly; O: Quite; O: A lot; O: Very much

6. Has the blue crab caused a reduction in the number of fishers in your fishing area?
O: No; O: Slightly; O: Quite; O: A lot; O: Very much

7. Has the blue crab caused a reduction in fishing activity in part of your usual fishing area?
O: No; O: Slightly; O: Quite; O: A lot; O: Very much

8. Has the blue crab caused a reduction in fishing activity throughout your fishing area?
O: No; O: Slightly; O: Quite; O: A lot; O: Very much
SECTION Il

SOCIOECONOMIC CHARACTERISTICS OF FISHERS

Please note that, based on privacy laws, all the information provided will be anonymous and used exclusively

for the purposes of this research.

1. May I ask your age?
2.Gender: O:M O:F
3. Where do you live?

O: Coastal area (Municipality of?):

O: Urban area (Municipality of?):

4. How many people are in your household?

0:1;0:2;0:3;,0:4,0:>4

5. Of these, how many are under 18 years old?

6. May I ask about your level of education?

O: None; O: Primary; O: Secondary; O: Post-secondary non-tertiary; O: University
7. Do you have another job?

O: Yes; O: No
8. If yes, in what field?
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O: Agriculture; O: Catering; O: Tourism; O: Commerce; O: Industry.

O: Construction; O: Transportation

9. Please indicate your annual household income (in thousands of euros) (remember that the survey is

anonymous)

O: < de 20 thousand; O: de 20 thousand a 40 thousand; O:> 40 thousand

ANNEX 2_CHAPTER II - Supplementing material 1_TABLE I

Thank You!

Block I of the experimental design used in our Discrete Choice Experiment approach.

Table/set choice Choices Seafood species Preserving method Size Place of purchase Fishing arigin Price premium (€)

Altemnative A 1 1 1 1 1 3 1

: Alternative B 2 1 1 2 3 2 2
Altemative C 3 1 2 3 3 1 2
No Buy 4 No Buy Mo Buy No Buy No Buy No Buy No Buy
Alternative A 1 2 2 El 1 3 i

. Altemnative B 2 1 2 1 2 2 3
Altemative C 3 1 2 2 1 3 3
No Buy 4 No Buy No Buy No Buy No Buy No Buy No Buy
Altemnative A I 2 1 1 3 2 1

. Altemative B 2 2 1 2} 3 3 1
Altemnative C 3 3 3 3 3 4 3
No Buy 4 No Buy Vo Buy No Buy No Buy No Buy No Buy
Alternative A 1 2 2 2 1 1 1

i Alternative B 2 1 1 1 3 1 i
Altemative C 3 3 1 3 1 1 3
No Buy 4 No Buy No Buy No Buy o Buy No Buy No Buy
Altemative A 1 1 3 1 3 2 1

. Altemative B 2 1 2 3 2 § 1

) Alternative C 3 1 3 2} 1 3 3
Ne Buy 4 No Buy No Buy No Buy No Buy No Buy Ne Buy

ANNEX 3_CHAPTER II_Supplementing material 1_TABLE II

Block II of the experimental design used in our Discrete Choice Experiment approach.

Profile | Block Choices Seafood species Preserving method Size Place of purchase Fishing origin Price premium (€)
21 Alternative A 1 1 1 I 1 2 1
22 Altemnative B 2 2z 2 1 3 3 1
23 Altemative C 3 2 2 1 3 3 2
24 No Buy 4 No Buy No Buy No Buy Neo Buy No Buy No Buy
25 Altemative A 1 3 1 3 2 2 3
26 Alternative B 2 3 3 1 1 1 3
27 Altemative C 3 1 1 2 2z 3 3
28 No Buy 4 No Buy No Buy No Buy No Buy No Buy No Buy
29 Alternative A 1 3 2 3 2 1 3
30 Altemative B 2 1 . 3 1 2 2
31 Altemative C 3 2 2 2 3 3 3
32 No Buy 4 No Buy No Buy No Buy No Buy No Buy No Buy
33 Alternative A 1 3 3 2 I 2 1
34 Alternative B 2 2 1 3 2 1 1
35 Alternative C 3 3 2 1 3 3 3
36 No Buy 4 No Buy No Buy No Buy No Buy No Buy No Buy
37 Altemative A 1 1 1 52 1 2 1
38 Alternative B 2 3 1 1 1 3 2
39 Alternative C 3 2 1 1 2 2 3
40 No Buy 4 No Buy No Buy No Buy No Buy No Buy No Buy
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ANNEX 4_CHAPTER II - Supplementing material 1_TABLE III

Block III of the experimental design used in our Discrete Choice Experiment approach.

Profile | Block Table/set chaice Choices Seafood species Preserving method Size Place of purchase Fishing origin Price premium (€)
41 1 Altemative A 1 3 2 3 2 3 1
42 Altemative B & 3 2 1 1 2 2
43 2 Altemative C 3 3 2 2 3 2 3
44 No Buy 4 No Buy No Buy NoBuy No Buy No Buy No Buy
45 Altemative A 1 1 3 2 3 2 1
46 y Altemative B 2 1 3 1 1 1 3
47 Alternative C 3 1 3 3 2 3 3
48 No Buy 4 No Buy No Buy No Buy No Buy No Buy No Buy
49 Alternative A 1 1 2 2 2 2 2
50 Altemative B 2 1 1 3 1 3 2
51 } Alternative C 3 2 1 1 1 1 3
52 No Buy 4 No Buy No Buy No Buy No Buy No Buy No Buy
53 Altemative A 1 2 3 1 2 2 1
54 Altemative B 2 1 2 2 1 1 1
55 3 Alternative C 3 3 1 2 1 3 1
56 No Buy 4 No Buy No Buy No Buy No Buy No Buy No Buy
57 Altemative A 1 ) 3 3 1 2 2
58 _ Altemative B 2 2 1 3 3 2 3
59 : Altemative C 3 2 2 2 2 1 3
60 [No Buy 4 No Buy No Buy No Buy No Buy No Buy No Buy

ANNEX 5_CHAPTER II - Supplementing material 1_LEGEND

spectes: Fishing origin (Code:
Omnigin)

[

: Apulia region (southem Italy)

: Abroad

Attribute Levels Brief description
Invader & Non-mmvader seafood: 1+ Blue crab The type of seafooed species that will be favourite for the Apulia consumer. The selection between
Species (Code: Species) . these species may help to make a comparison between mvader (1.e.. Blue crab) and non-mnvader
2 skt common manne seafood categories (1.e.. Spider crab & Pink shrimp).
3: Pink shrimp
Invader & Non-invader seafood 1: Fresh/chilled The preserving method suggests. or implies the existence of a relationship between storage method
species: Type of preserving 7 and purchase The selection between these preserving methods may enhance relevance for fish
method (Code: Preserving method) |, Frozen stakeholders marketing several seafood products.
3: Canned
Invader & Non-invader seafood 1+ Small The selection between these sizes for each wnvolved seafood species may elicit Apulia consumers’
species: Size (Code: size) s
3: Medinm preferences towards the most favourite size of marine fish species
3: Large
Tnvader & Non-invader seafood 1: Ttaly The origin mdicates the country or region in wiich the concemned seafood species were fished. as

such. the selection between these fishing origins nught lhighlight which origin would be the mam
mfluencing Apulia consumers’ preferences for the concemed seafood species.

Invader & Non-invader seafood
species: Place of purchase (Code:

: Fishermen/Direct purchase

The selection berween these places of purchase may stress the type of place of purchase as

Place of purchase) 2 i o driver or a barnier for the consumption of the concemed seafood species

3: Supermarkets/Hypermarkets
Invader & Non-mvader seafood 1: EUR 10 Set of prices to make the hypothetical market more realistic with prices that respondents see daily in
species: Price premium (Code: ] stores. This set of prices will help to estimate the consumers' willigness to pay for the concenred
Price) 2. EUR 17 seafodd species.

3:EUR 23
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ANNEX 6_CHAPTER II - Supplementing material 2 Survey Questionnaire

(1 block of 3 is presented hereafter)

BLUE CRABS INVASION IN APULIA REGION (SOUTHERN ITALY): A HYPOTHETICAL
SOCIAL SURVEY ON ITS HUMAN CONSUMPTION AS A MANAGEMENT STRATEGY TO
CONTROL ITS EXPANSION

(Callinectes sapidus Rathbun, 1896; Crustacea, Decapoda, Potrinidae)

INTRODUCTION:
Dear Respondent,

We are carrying out research on the potential consumption of the Atlantic Blue Crab as a management
strategy to control its invasion in Apulia region (Southern Italy). Blue crab is an invasive alien species
having a high valued meat with enormous reproductive capacity and could lead to important
economic implications for the fishing sector, mainly for the small-scale artisanal fisheries.
Furthermore, the commercial exploitation of this species may attenuate the pressures on biodiversity
and marine ecosystems in the Mediterranean Sea.

In this context, we kindly ask for your collaboration to participate in this survey that aims to deepen
the behaviour and attitude of Apulian consumers about the consumption of Blue Crab. This survey is
structured into three sections:

Section 1. Apulia citizens’ purchase habits and propensities. This section includes attitudinal
questions dealing with individuals’ general attitudes towards the purchase habits and propensities of
food, fish products /seafood, and their knowledge and consumption of the blue crabs. At the end of
this part, interviewees are informed about the current invasion of blue crab in Italy and its negative
(i.e., a biological threat impacting on the provision of ecosystem services and inducing socio-
economic losses for human activities) and positive (i.e., potential source of revenues) implications on
the fishery sector in Apulia. Two relevant images on blue crabs support this section.

Section II. Apulia citizens’ preferences for the consumption of blue crabs. In this section, we ask the
respondent to make choices, providing 5 purchase simulations where he will choose between three
options (options A, B, C) which differ in the selected attributes and levels. In addition to the three
available purchase options, there is a no-purchase option (option D) that the respondent can pick if
none of the three options offered satisfy him. At the end of each choice set, respondents are asked
about their choice certainty, using a scale from 1 (absolutely certain) to 4 (completely uncertain).

Section III. Key socio-economic characteristics of the respondent.

Furthermore, the data collected through this questionnaire will be used exclusively for statistical
purposes and for this study. They will not be disclosed to third parties or used for private interests,
own or others, according to Regulation (EU) 2016/679 on the protection of individuals regarding the
processing of personal data. The acquired information will be exclusively used in an aggregate way,
thus guaranteeing the most complete anonymity of the respondent. Furthermore, your consent is
requested, at the beginning of the survey, to participate in this study in accordance with the national
legislation and the institutional requirements.
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SECTION I: APULIA CITIZENS’ PURCHASING ATTITUDES AND PROPENSITIES

1. Do you personally take care of food purchasing for your family? - : Yes; * : No

2. How often do you shop for food? * : Once a day; * : More than once a week; * : Once a week;
= : More than once a month; * : Once a month; - : Less than once a month; * : Never

3. Are you allergic to shellfish? - : Yes; * :No
4. How often do you consume shellfish? * : Always; * : Often; * : Sometimes; * : Rarely; * : Never

5. Where do you usually buy products such as shellfish or related fish products? * : Direct sales
(fisherman); = : Fish shops; * : Supermarket; * : Hypermarkets and shopping malls. * : Other

6. When buying seafood products, how much attention do you pay to the following characteristics?
e Place of purchase: = : Notatall; *: Little; * : Quite alot; *: Alot; *: Very much

e Preserving methods (fresh, frozen, processed): = : Notatall; = : Little; = : Quite alot; = : A
lot; = : Very much

e Commercial species: * : Notat all; = : Little; = : Quite alot; = : Alot; * : Very much
e Origin of the product: * : Not at all; - : Little; * : Quite alot; * : Alot; *: Very much
e Price: *:Notatall; = :Little; * : Quite alot; = : Alot; = : Very much

7. Do you know about the blue crab (Callinectes Sapidus)? * : Yes; * : No

8. Have you ever consumed it? * : Yes; * : No

9. If you have never consumed it, can you justify your choice? ------------

10. How often do you buy blue crab? * : Always; = : Often; * : Sometimes; * : Rarely; * : Never

11. Where did you buy it? (it is possible to select more than one answer) * : Direct sales (fisherman);
* : Local fisheries markets; * : Supermarkets; * : Hypermarkets; * : Other ----------------——--

12. Where did you most commonly consume it? * : Restaurant; * : Events; * : Home; * : Other ---

13. On ascale of 1 to 10, report your product satisfaction index about the consumption of blue crabs:

1 2 3 4 5 6 7 8 9 10
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Interviewer: Since 2014, fishermen in the Apulia region have been facing the blue crabs’ invasion.
This marine alien species is considered, on one hand, as a biological threat impacting on the provision
of ecosystem services and inducing socio-economic losses for human activities. On the other hand,
this aquatic invasive species may be a potential source of revenues for the fishermen, mainly for the
artisanal small-scale fisheries.

Source: Ludovica Nardelli (2023), co-author

Source: Ludovica Nardelli (2023), co-author
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https://www.nationalgeographic.com/animals/invertebrates/facts/blue-crab
https://www.nationalgeographic.com/animals/invertebrates/facts/blue-crab

SECTION II:
APULIA CITIZENS’ PREFERENCES FOR THE CONSUMPTION OF BLUE CRABS

Many experts believe that it is vital and necessary to commercially exploit the blue crabs’ invasion
in Apulia region. However, the spread of Callinectes sapidus has already placed the fishery sector at
high risk to some extent. To date, the fishery sector and mainly the small-scale artisanal fisher sector
in this region has been negatively affected due to this biological marine invasion, in terms of damages
to fishing nets, increased hard works, physical damage to fishermen, decrease of commercial fish,
economic loss, physical damages to fish, etc.) In addition, the stock of some vulnerable economic
seafood species is likely to decrease in the marine ecosystem of this region due to the gradual progress
of the blue crabs’ invasion in Apulia region.

Now that you have a clearer idea of the situation, we kindly ask you to make choices regarding
possible consumption aimed at managing the spread of this marine biological invader. As such, your
help is indispensable in the goal of managing the affected fishery sector in the best interests of all
Apulia’s citizens. In this context, the following attributes are essential parts of the study. We are very
keen to know - from you - which are the most relevant.

e Type of seafood species: here, we propose to you 2 types of common seafood species (i.e.,
Spider Crab and Pink Shrimp), and Blue Crab as potential economic seafood product. Your
selection between these species may help us to make a comparison between invader and non-
invader common marine seafood categories

e Type of preserving method for the 3 seafood species mentioned above: here, we propose to
you 3 types of preserving/storage methods (i.e., fresh/chilled, frozen, and canned). Your
selection between these preserving methods may enhance relevance for fish stakeholders
marketing several seafood products.

e Size for the 3 seafood species, mentioned above: here, we propose to you 3 sizes (i.e., small,
medium and large). Your selection between these sizes for each involved seafood species may
elicit Apulia consumers’ preferences towards the most favourite size of marine fish species.

e Fishing origin for the 3 seafood species, mentioned above: here, we propose to you 3 origins
(i.e., Apulia, Italy and abroad). Your selection between these fishing origins may highlight
which origin will be the main influencing Apulia consumers’ preferences for the concerned
seafood species.

e Place of purchase for the 3 seafood species, mentioned above: here, we propose to you 3
places of  purchase (i.e., fishermen/direct  purchase, fish  shops, and
Supermarkets/Hypermarkets). Your selection between these places of purchase may stress the
type of place of purchase as driver or a barrier for the consumption of the concerned seafood
species.

e Price premium for the 3 seafood species, mentioned above: here, we propose to you 3 selling
prices (i.e., EUR 10, EUR 17 and EUR 23). This set of prices is essential to make the
hypothetical market more realistic with prices that respondents see daily in stores.
Furthermore, this set of prices will help to estimate the consumers' willingness to pay for the
concerned seafood species.

In this direction, I will present you 5 purchase simulation (i.e., tables), representing 5 choice sets made
of a combination of the above-mentioned attributes and price premium. In this regard, each choice set
contains 3 options (A, B, C), where you can choose one of them that you most welcome to ensure the
management of the blue crab’s invasion in Apulia. In addition to the three available purchase options,
there is a no-purchase option (option D) that you can choose if none of the three options offered satisfies
you. Furthermore, I remind you of some important concepts that must be kept firmly in mind during
the compilation. Kindly also remember that: (i) this survey concerns the management of a marine

68



biological invader through human consumption; (ii) the alternatives (A, B & C) aim to elicit your
preferences and estimate the WTP to consume blue crabs, compared to the option D; and (iii) the
consideration of the real possibility of paying a price premium for the alternative you choose, based on
your financial capabilities. Finally, at the end of each table you will be asked for your degree of
certainty for the choice you made and, once you have completed all 4 tables, you will be asked the

reasons behind the choices you made.

Table 1. 1% choice set

Opzione A TIPO DI PRODOTTO Dpzione B TIPO DI PRODOTTO Opzione C TIPO DI PRODOTTO
Fresco ] : Fresco Surgelato :%
GRANCHIO BLU GRANCHIO BLU GRANCHIO BLU
PEZZATURA PEZZATURA PEZZATURA
Piccola ﬂ Media ﬂ Grande
LUDGO DI ACQUISTO LUDGO DI ACQUISTO LUOGO DI ACQUISTO
Pescheria () Ipermercato/Centro Ipermercato/Centro
Eil commerciale E commerciale E
ORIGINE ORIGINE ORIGINE
Estero @ Puglia Italia
PREZZO
, % PREZZO % PREZZO %
10 €/ke
AL 17 €/kg

Which alternative do you choose?

* : Option A; * : Option B; * : Option C; * : Option D (No purchase)

How certain are you of your choice?
[J: Absolutely certain; [J: Pretty sure; [1: Neutral; [J: Quite uncertain; [J: Absolutely uncertain

Table 2. 2" choice set

TIPO DI PRODOTTO

LUOGO DI ACQUISTO

Pescatorefambulante Pescheria T Pescatore/ambulante
o]
ORIGINE ORIGINE ORIGINE
Esero @ Puglia Estero @
FRECS PREZZO s
10 €/kg % 23¢€/kg % 23 ¢kg %

LUDGO DI ACQUISTO

Opzione A Opzione B TIPO DI PRODOTTO Opzione C TIPO DI PRODOTTO
Surgelato Surgelato Surgelato
GRANCEOCLA 3% GRANCHIO BLU % GRANCHIO BLU %
PEZZATURA PEZZATURA PEZZATURA
Grande ﬂ Piccola ﬂ Media

LUOGO DI ACQUISTO

Which alternative do you choose?

* : Option A; = : Option B; * : Option C; * : Option D (No purchase)
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How certain are you of your choice?

[J: Absolutely certain; [: Pretty sure; [1: Neutral; [J: Quite uncertain; [J: Absolutely uncertain

Table 3. 3™ choice set

Opzione A

GRANCEOLA

TIPO DI PRODOTTO 0pzione B
Fresco D:D

GRANCEOLA
PEZZATURA
Piccola ﬁ

LUOGO DI ACQUISTO

=

Ipermercato/Centro
commerciale

ORIGINE

Puglia

PREZZO
10€/keg

=

Opzione C

TIPO DI PRODOTTO
Fresco

PEZZATURA

Grande

LUOGO DI ACQUISTO

Ipermercato/Centro
commerciale

=

ORIGINE

Estero @
PREZZO

oo

TIPO Di PRODOTTO

In scatola

PEZZATURA

Grande

()

LUOGO DI ACQUISTD

Ipermercato/Centro
commerciale

ORIGINE

Puglia

PREZZO

%

23 ¢/ke

Which alternative do you choose?

* : Option A; = : Option B; = : Option C; * : Option D (No purchase)

How certain are you of your choice?

[J: Absolutely certain; [: Pretty sure; [1: Neutral; [J: Quite uncertain; [J: Absolutely uncertain

Table 4. 4" choice set

Opzione A

GRANCEOLA

TIPO DI PRODOTTO
Surgelato %
PEZZATURA

Media ﬂ

LUOGO DI ACQUISTO

Pescatore/Ambulante %

ORIGINE

Italia

PREZZO
10 €/kg

=

Opzione B

GRANCHIO BLU

TIPO DI PRODOTTO
Fresco

PEZZATURA

Piccola ﬂ

LUOGO DI ACQUISTO

Ipermercato/Centro
commerciale

B

ORIGINE

Italia

PREZZO
10 €/kg

%

Opzione C

TIPO DI PRODOTTO

Fresco [ :_.__-
PEZZATURA
Grande ﬂ

LUOGO DI ACQUISTO

Pescatore/Ambulante g

ORIGINE

Italia

PREZZO

T

23 €/kg

Which alternative do you choose?

* : Option A; = : Option B; * : Option C; *

How certain are you of your choice?

: Option D (No purchase)

[]: Absolutely certain; []: Pretty sure; [1: Neutral; []: Quite uncertain; [1: Absolutely uncertain
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Table 5. 5™ choice set

Opzione A TIPO DI PRODOTTO Opzione B TIPO DI PRODOTTO Opzione C TIPO DI PRODOTTO

In scatola Surgelato E%g In scatola I
GRANCHIO BLU GRANCHIO BLU GRANCHIO BLU

PEZZATURA PEZZATURA PEZZATURA

) Piccola m Grande : Grande ﬂ
" LUDGO DI ACQUISTO LUOGO DI ACQUISTO LUOGO DI ACQUISTO
< . . Ipermercato/Centro Pasihierin T Pescatore/Ambulante
3 ! | commerciale =1l
ORIGINE

ORIGINE ORIGINE

Puglia Italia Estero

PREZZO PREZZO PREZZO
10 €/kg % 10 €/kg % 23efkg %

Which alternative do you choose?
* : Option A; * : Option B; * : Option C; * : Option D (No purchase)

How certain are you of your choice?

[J: Absolutely certain; [J: Pretty sure; [1: Neutral; [J: Quite uncertain; [J: Absolutely uncertain

SECTION III:
KEY SOCIO-ECONOMIC CHARACTERISTICS OF RESPONDENT
1. What is your age?

2. Gender:
[0: Male; [J:Female

3. How many members are in your family? [J: 1; [J: 2; [J: 3; (J: 4; [J: > 4
4. What is your educational level?
[J: None; [J: Elementary; [1: Medium; [I: Superior; [J: University

S. In which industry do you work?
0: Agriculture; [J: Catering; [1: Tourism; [J: Trade; [J: Industry; [J: Construction; [1:
Transportation

6. Kindly can you indicate your annual household income (in Euro Thousands)

(I remind you that the survey is anonymous)

O: < of 25; O: From 25 to 50; O Greater than 50
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