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ARTICLE INFO ABSTRACT

Keywords: The aquaculture sector holds strong potential to become a driving force in the blue transformation journey. As
Circular economy the push for sustainability intensifies, future development increasingly points toward models grounded in cir-
Aquaculture cular economy principles. However, the adoption of such models remains limited, hindered by the evolving
VIew,po,l nt . ) nature of European aquaculture policy and the absence of a clear and consolidated vision of relevant strategies.
Multicriteria decision analysis . . Lo . L X )

Social gap Advancing circularity in aquaculture calls for a systemic rethinking of production and consumption models,

supported by inclusive governance and multi-actor engagement. This study examines the perception of the most
urgent circular strategies for advancing the blue transition of Italian aquaculture, providing the first multi-
stakeholder analysis from “Farm to Fork”. The multicriteria approach enabled the construction of a shared yet
differentiated hierarchy of strategies by integrating perspectives from across the value chain, including those of
researchers, producers, policy and governance actors, and citizens. The findings revealed areas of alignment as
well as divergence, illustrating how circularity is variously conceptualized and could be operationalized across
the Italian aquaculture sector. Ensuring that blue policies effectively guide the transition towards more sus-
tainable aquaculture models requires the establishment of a knowledge and innovation system capable of

translating circular economy principles into socially accepted and context-sensitive actions.

1. Introduction

The circular economy (CE) provides a pathway to rebalance marine
resource depletion with aquaculture growth and to enhance production
system efficiency [38]. Systems like aquaponics, multi-trophic aqua-
culture (IMTA), biofloc, and aquamimicry are vivid examples of how
aquaculture has already adopted several circular strategies [72]. In
parallel, the application of waste-recovery solutions has revealed syn-
ergies with the agri-food, energy, cosmetics, and pharmaceutical sectors,
highlighting the broader potential for cross-sectoral integration [26].

Although a CE approach may represent the future of the aquaculture
sector [20,49], linear economy models remain dominant [139]. The
ever-increasing demand for aquaculture products is pushing the world
major producing countries towards an industrial approach [64], while
proposals for circular products and processes are hardly upscaled and
often remain confined to a pilot stage [106,82,86]. Researchers have
emphasized numerous obstacles impeding the diffusion of CE strategies
in the aquaculture sector, including a lack of awareness and knowledge,
limited legislation and a still weak agro-industrial symbiosis [102,105,
13,23,81]. These barriers are closely linked to how aquaculture has been

* Corresponding author.
E-mail address: yari.vecchio@unibo.it (Y. Vecchio).

https://doi.org/10.1016/j.marpol.2025.106961

framed in the policy landscape. In Europe, aquaculture role in sustain-
ability has only recently gained attention in policy debates, reflecting a
delayed recognition compared to other food sectors [115,122,32]. From
the Treaty of Rome to the 2013 reform of the Common Fisheries Policy,
policy interventions mainly focused on reinforcing the fisheries sector,
with particular emphasis on fleet modernization and the product
commercialization. It was only with the establishment of a specific
aquaculture policy within the European Maritime, Fisheries and Aqua-
culture Fund (EMFAF) that the sector began to be reframed in terms of
its potential role in driving ecological transition and sustainability.
Initially linked to Sustainable Development Goal (SDG) 14 (“Conserve
and sustainably use the oceans, seas, and marine resources for sustain-
able development™), aquaculture is now recognized as contributing to all
17 SDGs [122], a shift increasingly reflected in major policy initiatives
including FAO Blue Transformation Roadmap 2022-2030, the Strategic
Guidelines for a More Sustainable and Competitive EU Aquaculture
2021-2030, and the World Economic Forum Global Sustainable Aqua-
culture Roadmap. In this context, a more recent challenge is to promote
the adoption of explicitly regenerative practices, framed under the
umbrella of CE [91], in line with the objectives of the Action Plan for
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Circular economy, Sustainable Blue Economy Strategy, the EU Mission
“Restore our Ocean and Waters”, the EU4Algae initiative, and the Na-
ture Restoration Regulation.

The Italian aquaculture sector, a major producer at the European
level [38], offers a particularly significant case for exploring CE strate-
gies. CE principles are today embedded in the country current EMFAF
programme, which sets three strategic goals to be achieved by 2030:
blue, digital, and resilient aquaculture [36]. The blue transition is
designed to support sustainable, low-impact fisheries and aquaculture
that protect marine ecosystems through balanced harvesting, decar-
bonization, and value chain strengthening. The digital transition pro-
motes the adoption of advanced technologies and data analytics to
improve traceability, monitoring, and efficiency. Finally, the resilience
objective seeks to enhance the sector capacity to overcome climate,
economic, and social shocks while fostering more competitive value
chains.

CE strategies should not only emerge from scattered initiatives or
goals, but be framed within policy visions that create directionality,
aligning actors’ values and innovation pathways towards the required
transition [30]. Ensuring such directionality is particularly relevant
given the multi-actor nature of aquaculture systems, where producers,
policy makers, researchers, and citizens often hold fragmented or even
divergent perspectives [10,33,55,9]. The long-term sustainability of
future practices will depend on the inclusion of diverse viewpoints
across the farmed aquatic resource system, fostering cooperation, joint
planning, and inclusive governance [104,129]. In this regard,
acknowledging the importance of the social dimension becomes essen-
tial to avoid marginalizations and misalignments in addressing future
challenges [70,99], particularly in countries where aquaculture plays a
cornerstone role in the agri-food system. Building on this context, this
paper examines the perspectives of key actors on the most pressing
circular strategies for advancing the blue transformation in the Italian
aquaculture. The perspectives were gathered from the producers, policy
and governance actors, researchers and civil society. This represents the
first attempt to provide a comprehensive overview of CE strategies in
aquaculture, spanning the entire “Farm to Fork™ chain.

2. Theoretical background

Envisioning the circular transition is complex, requiring shifts in
operations, company vision, and dynamics for external dialogue [52,
60]. Drawing on Complex Systems Theory, Rotolo et al. [105] report
that when starting the circular transition, it is essential to consider the
different nature of the systems involved: biological systems display or-
dinary complexity governed by biophysical dynamics; whereas
socio-technical systems exhibit reflexive complexity or in other words,
the ability to express a thought or a perspective. While research on
sustainable aquaculture has largely focused on company-level produc-
tion practices, comparatively little attention has been devoted to the
broader social dimension of the circular transition (Masi et al., 2025). A
solid social framing requires eliciting stakeholders’ viewpoints - indirect
expressions of beliefs, values, and needs - a perspective that is gaining
traction in recent research.

Existing studies (e.g., [124,18,26,74]) highlight how interpretations
of the CE differ across contexts and actor groups, illustrating that tran-
sition pathways are, by nature, socially embedded. When the perspec-
tives of relevant stakeholders are disregarded, multi-actor divergences
emerge, often resulting in exclusionary outcomes. These outcomes stem
from incompatibilities between the interests, priorities, and values of
different groups [40,78]. Such misalignments at the stakeholder level
frequently overlap with institutional shortcomings, reinforcing broader
systemic tensions such as the people-policy gap [128,59]. Martin et al.
[70] bring this concept into the organizational domain, defining the
policy-practice gap as “a mismatch between a prescribed policy and the
ongoing practices the policy is intended to regulate” (p. 19). This gap can be
further amplified by translation problems between research, field
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realities, and policy mechanisms, often referred to as the
research-practice-policy gap [101].

Another central consideration in the circular transition is the role of
citizens and consumers. Policy agendas increasingly hinge on their
agency and an expected shift toward sustainability-oriented consump-
tion [136]. However, top-down implementation can reduce commu-
nities to passive recipients of information, undermining trust [96].
Securing social acceptability for aquaculture systems and renewed sus-
tainability commitments, therefore, requires close attention to how so-
ciety perceives specific changes [35,43,89]. This imperative aligns with
the “social license to operate” (SLO) literature (e.g., [80]), which em-
phasizes the need for co-development of practices bridging the gaps
between different operators and society [76]. Importantly, overlooking
societal perspectives risks overstating the alignment between citizens
stated values and consumers observable actions, thereby revealing a
value-action gap, which is a widely recognized phenomenon in sus-
tainability studies [12,58]. These multi-actor divergences, together with
the persistent gaps between research, practice, and policy, as well as
between society values and actions, reveal that aquaculture develop-
ment is failing to place social and human dimensions at its core, an issue
already highlighted in the literature (e.g., [16]). If not adequately
addressed, this aspect could jeopardize the blue transition, reduce the
legitimacy and momentum of sectoral development and limit the
effectiveness of policy measures, with potential negative repercussions
for both the environment and the socio-economic fabric [3,5].

3. Materials and methods

This chapter presents the methodological framework adopted to
explore stakeholder perceptions of CE strategies in Italian aquaculture.
The subchapters then describe the Italian case study (Section 3.1), the
questionnaire structure (Section 3.2), the application of the AHP method
(Section 3.3) and the procedures for respondents’ selection (Section
3.4).

3.1. Case study

Italian production of farmed fish products amounted to almost 130
thousand tons in 2023, with an estimated value of around €618 million.
Aquaculture in the country includes species such as trout, sea bream, sea
bass, carp, tuna, salmon, and clams. Italy stands out for mollusk pro-
duction, ranking first for Japanese carpet shell (Ruditapes philippinarum)
with almost 21,6 thousand tons, second for Mediterranean mussel
(Mytilus galloprovincialis) with about 57,3 thousand tons, third for
rainbow trout (Oncorhynchus mykiss) with 34,1 thousand tons, and
fourth for Gilthead seabream (Sparus aurata) with almost 7,5 thousand
tons [37]. According to Eurostat data, in 2023, nearly 44 % stemmed
from above-bottom farming, such as trout farming. Bottom farming
accounted for 17 % of production, involving the direct seeding of species
such as mussels and clams onto the aquatic substrate. Tanks and race-
ways contributed 27 % of the production in freshwater, marine, and
brackish waters. Cages accounted for 8 % of the production, with a
minor contribution from pond farming (3 %) and enclosures/pens (1 %).
Around 3679 companies operate in the national sector [84].

3.2. Questionnaire design

A questionnaire was developed to collect data on stakeholders’
perspectives regarding the CE approach, and the strategies aquaculture
producers could implement. Two versions were designed (See Appendix
I): Questionnaire A for research, policy, and governance actors, and
aquaculture producers, and Questionnaire B for citizens/consumers. The
questionnaires were administered online (Computer Assisted Web
Interviewing - CAWI), anonymously, and preceded by informed consent.
In both questionnaires, participants were instructed to respond from the
perspective of their declared standpoint rather than from a personal
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view.

The questionnaires were structured into three sections. In Question-
naire A, the opening section focused on respondents’ roles in society and
in relation to the aquaculture sector. Questionnaire B, on the other hand,
targeted citizens and consumers, asking whether they consumed aqua-
culture products and included a set of Likert-scale items to capture po-
tential circular consumption patterns (adapted from [98,52]). The
second section, which was common to both questionnaires, contained
open-ended questions designed to assess awareness of the CE, as well as
to gather examples of strategies to support the blue transition. Partici-
pants were also invited to indicate which actors they considered key for
driving the circular transition. Finally, the third section asked partici-
pants to evaluate circular strategies across four areas (adapted from [60,
711]): Operations, Products and services, Culture and organization, and
Ecosystem. In Questionnaire A, sub-criteria within each area were
compared in pairs; in contrast, Questionnaire B allowed respondents to
directly compare the four main criteria.

3.3. The analytic hierarchy process

A multicriteria analysis is proposed to understand the viewpoints of
different actors. Multicriteria Decision Analysis (MDA) proves to be a
valuable approach for understanding the varied views of actors across
different situations. By evaluating one or more scenarios based on
qualitative and/or quantitative criteria [118], in the eyes of stake-
holders and specifically policy makers, MDA streamlines the
decision-making process [112]. It integrates various stakeholder beliefs,
aids in assessing uncertainties in strategic priority-setting, and fosters a
shared understanding and alignment by accommodating individual
perspectives [53,54].

Within the realm of CE strategies, MDA helps in understanding
stakeholder preferences [65], and it expands the application of
decision-making methodologies to assess the comparative significance
of obstacles to adopting CE practices [34]. Moreover, MDA has been
vital in advancing stakeholder engagement and transparency in
decision-making processes, especially in intricate environmental man-
agement contexts [113]. Combining MDA with deliberation promotes
stakeholders’ interaction, facilitating the exploration of potential solu-
tions and the identification of areas of consensus or divergence.
Furthermore, the method supports sustainable decision-making within
various domains, such as water resources management and environ-
mental decision-making [22,56].

In aquaculture, MDA effectively addresses decision-making in the
context of the CE [4]. It could be crucial in resolving conflicting circu-
larity assessments and guiding sustainability and resource management
decision-making processes. Latinopoulos et al. [62] explore the use of
MDA in sustainable coastal planning for aquaculture, underscoring the
significance of integrating economic and sustainability considerations.
Likewise, Mabula et al. [68] highlight the use of GIS-based multicriteria
evaluation for identifying suitable locations for cage fish farming. Lane
et al. [61] also offer perspectives on integrated systems analysis for
assessing marine sites and providing multicriteria decision support,
presenting valuable insights applicable to coastal aquaculture planning.

The Analytic Hierarchy Process (AHP) was chosen for this study, as it
is recognized as a robust tool for capturing stakeholders’ diverse per-
spectives, streamlining decision-making processes, and enhancing
transparency and stakeholder engagement across various domains and
contexts [125]. AHP, developed at the Wharton School of Business by
Thomas Saaty in 1977, is a method from the MDA family that provides
decision support for structuring complex problems, handling bounded
rationality, and accommodating a plurality of decision criteria [6,7].
The decomposition of the problem into more straightforward and
manageable elements leads to the creation of a hierarchy that can be
subjectively evaluated [88]. Some application contexts include priority
setting, selection of the best policy, optimal resource allocation, pre-
diction of outcomes and time dependencies, risk assessment and
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planning [109,120,51]. The AHP is built up in the following stages:

1) Identification of the goal and decomposition of the complex problem
into criteria and sub-criteria.

2) Collect input data for all elements to define the basis for pairwise
comparisons.

3) The criteria are compared two by two [88] using Saaty’s [109] se-
mantic scale (Table 1), which proposes a rating scale ranging from 1
to 9 [14]. The results, obtained by performing pairwise comparisons
of n criteria belonging to the same hierarchical level, are reported in
a matrix defined as positive (A) called the pairwise comparisons
matrix of size n x n with: a; > 0, Vi,j =1,...n. and az # 0. The matrix
has the following structure:

apn Q2 -+ Qin

a: a: :
A= 21 22

an1  Qn2 © dpp

where a; denotes the intensity of the relative importance of the i-th
component concerning the j-th. All the elements that make up the
main diagonal are equal to 1, as the component is compared to itself,
while a; =1/a; Vi,j =1,...nif i #]j.

A sum-based normalization, representing the traditional normali-
zation technique, has been employed. It guarantees that the sum of
each column per choice equals one [108,123].

4) Aggregation of weights and scores to determine the order of prefer-
ence of the proposed criteria, evaluation of the reliability, and val-
idity of the results obtained. The parameter that permits the
determination of the consistency of the judgements made by re-
spondents is the Consistency Relationship (CR), which is the ratio of
the Consistency Index (CI) to a Random Consistency Index (RI),
where CI: (Amax-1)/(n-1) and RI is reported in Table 2. The coherence
expressed by the CI for the considered matrix (A) is compared with
that obtained from the expression of entirely unknown judgments
with the RI. According to Saaty [109], weights are considered
acceptable if the CR is < 0.1 [109].

3.3.1. Criteria selection

The frameworks of Lacy et al. [60] and Masi et al. [71] have been
considered to identify the criteria to be used in the MDA: Operations,
Products and services, Culture and organization, and Ecosystem. These
criteria represent the focus areas within which circular strategies can be
applied. Then, four sub-criteria were also considered within each
defined criterion, as reported in Table 3. Masi et al. [74] claim that this
framework is among the most comprehensive in the body of research on

Table 1
Semantic scale.

Intensity of Definition Explanation

importance

1 Criterion i is equally The two criteria contribute equally
important to criterion j to the common objective

3 Criterion i is slightly Experience and judgement slightly
more important than favor criterion i over criterion j
criterion j

5 Criterion i is more Experience and judgement strongly
important than criterion ~ favor criterion i over criterion j
j

7 Criterion i is much more  Criterion i is very strongly favored
important than criterion  over criterion j. Its dominance is
j demonstrated in practice.

9 Criterion i is absolutely The evidence that criterion i is
more important than favored over criterion j is of the
criterion j highest possible degree

2,4,6,8 intermediate or compromise judgements

Source: adapted from Saaty [109].
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Table 2

RI values as a function of matrix order of the comparisons examined.
Size of Matrix (n) 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

Source: adapted from Saaty [109].

Table 3
Criteria and sub-criteria of the study.

Criterion Sub-Criterion Description

Operations Energy Reduce energy consumption, increase
energy efficiency, and transition to
renewable energy sources.

Identify emission points in the production
process (e.g., boats, equipment, importing
raw materials) and take measures to reduce
them.

Reduce water use and extraction and adopt
strategies for its reuse and monitoring.
Reduce the production of solid, liquid, and
gaseous waste in the production process to
zero, thereby eliminating sources of
environmental dispersion.

Rethink the current life cycles of products
by introducing circular inputs in the
production process (e.g., sustainable feed
ingredients)

Use the goods in the production process as
services in a shared form (e.g., shared
equipment, processing facilities, storage
platforms, local markets).

Maximization of Maximize the material use in the

use production cycle (e.g., repair and
maintenance services, equipment rental
contracts, advanced conservation
techniques)

Identify circular uses in secondary markets
for waste from biological and technical
cycles through recovery and recycling
strategies that reintroduce it as new raw
material into food chains or other sectors.
Establish a long-term goal for the enterprise
to establish a circular vision on the farm
Encourage new practices and innovative
technologies that can support the circular
transition.

Encourage circular performance by
involving employees in circular projects
and providing them with training and
internal support (e.g., incentives).
Introduce circularity principles into
business management as the core of the
company policies, processes, and
procedures.

Share knowledge, information and learning
to support circular thinking and
development inside and outside the farm.
Foster bilateral and multilateral
partnerships to support the dissemination
of circular solutions.

Foster financial support to promote circular
transition.

Participate in local, national, and
worldwide forums to promote circularity
and educate policy.

Emissions

Water

Waste

Products and
services

Design

Shared use

New life cycle

Culture and Vision

organization
Innovation

People

Governance

Ecosystem Communication

Collaboration

Investments

Policy

Source: adapted from Lacy et al. [60] and Masi et al. [71].

circular transition in the agri-food industries. Indeed, its systemic nature
has the capacity to extend beyond the mere operational and
product-related aspects, by considering strategies connected to farm
culture and the institutional setting. Ultimately, the conceptual model
suggests implementing actions at several levels, from the micro to the
macro. According to the framework in Table 3, aquaculture producers,
researchers, and policy and governance actors compared 16 sub-criteria

(e.g., energy), while citizens evaluated 4 criteria (e.g., operations),
reflecting their broader and less operational engagement with the sector.

3.4. Respondents’ selection

A literature review was conducted to identify macro-categories of
actors directly or indirectly involved in the circular transition of the
aquaculture sector. Among those directly involved, the study gathered
the views of aquaculture producers, researchers, and policy and gover-
nance actors; while for those indirectly involved, it considered the
perspectives of society in its dual role as citizens/consumers.

Regarding the first group, a question was included in the survey to
determine each respondent role in society and in relation to the aqua-
culture sector. This allowed for the classification of participants into
relevant stakeholder categories and the exclusion of those whose
expertise or socio-political position fell outside the scope of the study.
Then, purposive sampling was adopted to elicit the viewpoints of
aquaculture producers, researchers, and policy and governance actors,
in line with most qualitative and mixed research [103,128]. This is also
the case of studies employing the AHP [110], where “the aim is not to
generalize the results, but to obtain a deeper understanding of the phenom-
enon studied” ([50], p. 2912). In such designs, there is no fixed rule on
recommended stakeholder sample size, and AHP can be effective even
with small samples [132,79,8,100]. What matters the most is that a
selected group of actors (e.g., [77,93,21,1]) can transmit their expertise
through high-quality answers [135] and that the selection reflects the
diversity of national interests and societal roles [128,129,85]. Accord-
ingly, the optimal size should be determined in relation to the study
objectives and complexity [79].

Concerning the second group, citizens and consumers perspectives
were collected using non-probability snowball sampling. Citizens who
consume aquaculture products were identified using the filter question:
“Which of these food products do you consume?”. The subsequent
objective was to determine whether these consumers reported a circular
pattern. To this end, a pattern of circular consumption was measured
with a battery of statements (see Appendix II - Questionnaire B, Section
1, point 2) adapted from Piper et al. [98] and Henao-Hincapié et al. [52].
A composite “circular consumption” score on a 1-5 scale was calculated
from these items, with higher values indicating a more substantial
alignment with CE principles. For reporting, citizens are grouped as:

(i) non-consumers of aquaculture products;

(ii) consumers of aquaculture products, further classified by circular
consumption score as circular consumers (average score > 4) and
non-circular consumers (average score < 3).

4. Results
4.1. Respondents overview

The study gathered the perceptions of different actors. Regarding
aquaculture production, research, policy and governance groups, a total
of 25 responses were collected. Of these, six were excluded because
respondents’ expertise or interests were outside the scope of the study. A
further seven respondents were removed during the multicriteria anal-
ysis due to CR greater than 0.1. The final sample included 12 stake-
holders, distributed across the different categories, as reported in
Table 4.

Starting with the aquaculture production group (n = 6), the views of
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Table 4
Respondents’ representation.
Group Actor Description
Aquaculture 4 Producers Producer 1: rearing sturgeon for egg

production
(n=6)

production (Acipenser gueldenstaedti,
Acipenser baerii, Acipenser
transmontanus, Huso huso)

Producer 2: brown trout (Salmo trutta),
marble trout (Salmo marmoratus), and
grayling (Thymallus thymallus) farming
Producer 3: rainbow trout
(Oncorhynchus mykiss), brown trout

(S. trutta) and common carp (Cyprinus
carpio)

Producer 4: European seabass
(Dicentrarchus labrax) and sea bream
(Sparus aurata)

Cooperative 1: Aquaculture products
(including fish, mollusks, crustaceans)
Cooperative 2: Mediterranean mussel
farming

Farmers’ organization

2 Cooperatives

Policy and 1 Association
governance
(n=23)

1 Policy maker National Policy Manager (EMFAF

2021-2027)

1 Public Regional office in charge of applications
administration for EMFAF 20212027
Research (n = 3) 1 Academia Professor, a research scholar of the blue
economy
1 Student Aquaculture graduate student, the

future professional

Research entity working on the blue
economy

350 citizens, of which 207 are
consumers of aquaculture products:
151 circular consumers, 56 non-circular
consumers

1 Research Entity

Society (n = 350) 350 citizens

207 consumers

different farmers and cooperatives - organizations of aquaculture pro-
ducers - representing the most relevant products in the Italian context
were considered, embracing the overall sectors of finfish, mollusks, and
crustaceans. The first producer rears distinct species of sturgeons in
freshwater ponds to produce caviar, and the second and third ones breed
freshwater salmonid species and cyprinid species. The fourth producer
specializes exclusively in saltwater species, specifically focusing on the
two main ones farmed in the Mediterranean Sea: the gilthead seabream
and the European seabass. Regarding the two cooperatives, the first
embraces different aquaculture productions, while the other represents
the reality of Mediterranean mussel production.

The policy and governance layer (n = 3) brings together actors
operating at both the political-strategic and administrative levels,
namely: a farmers’ association, a policy maker, and a representative
from a regional authority overseeing EMFAF funding applications.

The research layer (n = 3) includes voices from the public and pri-
vate research realms. An academic Professor whose leading research
focuses on the blue economy, a graduate student in aquaculture, and a
representative of a research organization on regional coastal ecosys-
tems, aquaculture, and fisheries resources, are the gathered views.

A further level of investigation was conducted by analyzing a group
of citizens from Northern, Central, and Southern Italy. Within the citizen
sample (n = 350), 59.1 % reported consuming aquaculture products.
The sample reflects the national reality, considering the ratio of aqua-
culture products consumers to surveyed citizens in Italy, which is
approximately 60 % [73]. Among consumers, two groups were identi-
fied: circular consumers (n = 151) and non-circular consumers (n = 56).

4.2. Circular economy and key players

The data analysis mainly revealed that the CE is generally perceived
as “a way to minimize waste and maximize resource use”’, intended to
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“create a more sustainable and self-sufficient system”. Respondents provide
examples of circular strategies in the aquaculture sector, mainly related
to improving the product operations and life cycle. The most frequently
cited included the use of circular inputs, such as electric-powered boats,
sustainable aquafeed, and biodegradable materials. Other examples
include closing the production loop through recovery and recycling
strategies, as well as the adoption of recirculating systems. Some re-
spondents also highlighted the importance of implementing methods to
assess the impact of blue products and processes, ensuring transparent
data for informed decision-making. A few respondents, mainly from the
research, policy and governance layers, emphasized the importance of
investing in information and knowledge.

Across all actors, producers and citizens/consumers were most often
designated as having a central role in the circular transition, particularly
from their own perspectives. In contrast, the research, policy and
governance groups adopted a more systemic view, emphasizing the role
of actors engaged in strengthening the knowledge system, such as policy
makers, advisors, academics, research entity, and students (Table 5).

4.3. Viewpoints on circular strategies

AHP allowed respondents to establish a clear hierarchy of strategies
within the multidimensional framework. The results were validated
through a consistency analysis conducted for each identified group. The
perspectives of the different actors were then aggregated into a single
consistency ratio, calculated as the average of the CR values of the re-
spondents within each group. All calculations met the consistency
threshold, as reported in Table 6.

The first analysis deals with the views of aquaculture producers,
research, policy and governance groups. Regarding the area of “Oper-
ations”, the aquaculture production and research groups prioritized ef-
forts to reduce energy consumption, increase operational energy
efficiency, and facilitate the transition from fossil fuels to renewable
sources (“Energy”). Differently, the policy and governance layer
emphasized the importance of identifying emission points in the pro-
duction process and implementing mitigation actions (“Emissions”).
Concerning “Water”, the policy and governance group was mainly likely
to underline the need for further action, whereas in relation to “Waste”,
this view was primarily assumed by the aquaculture producers. Table 7
(see Appendix II) shows the results for each respondent, while Fig. 1
shows the aggregated outcomes per group.

In the area of “Products and services”, all the interviewed groups
agreed that rethinking the current lifecycle, determining the resource
footprints (“Design”), and identifying circular uses of waste (“New life
cycle”) were identified as crucial. The least important for the three
groups was the possibility of sharing equipment, processing facilities,
storage platforms, and local markets (“Shared use”). Forms of “Maxi-
mization of use”, such as repair and maintenance services, rental con-
tracts, and advanced conservation techniques are primarily supported
by policy and governance actors. Table 8 (see Appendix II) reports the
results for each respondent, while Fig. 2 shows the aggregated results for
each group.

In the focus area of “Culture and organization”, all three groups see
the introduction of innovation in the forms of practices and technologies
(“Innovation™) as very important, a view especially supported by pro-
ducers. At the same time, the involvement of employees in circular
projects (“People”) is highly supported by the policy and governance
group, as well as research actors. Additionally, the interviewed groups
agree to place less emphasis on management aspects such as making the
CE the core of the company business, policies, processes, and procedures
(“Governance”). Table 9 (see Appendix II) reports the results for each
respondent, while Fig. 3 shows the aggregated results per group.

In the focus area of the “Ecosystem”, the aquaculture production and
policy and governance groups agree to assign high importance to stra-
tegies of financial support to promote circularity (“Investments”). On
the other hand, disseminating information, knowledge, and experiences
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Table 5
Key players in the circular transition.
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Key players

Group of
respondents

Producer
Cooperative
Local action group
Farmer organization

Policy maker
Advisor
Academia
Research entity
Student
Citizen/consumer

g Environmental group

Aquaculture
production

%
R

22% 13%

N
=

3
S

13%

Policy and
governance

16% 11% 5% 11% 5%

11% 5% 11% 11% 5% 11%

Research 15% 5% 5% 0% 5%

15%. 10%. 10%. 10% 10%. 15%

Citizen 25% 7% 4% 5% 4%

11% 4% 3% 12% 2% 23%

Circular
consumer

23% 7% 4% 5% 4%

12% 4% 4% 13% 2% 22%

Non-circular
consumer

28% 5% 4% 7% 3%

13% 4% 4% 11% 3% 20%

21% 8% 5% 4% 4%

Average

12% 4% 6% 12% 5% 18%

Table 6

Average consistency ratio per group.

Average CR

Criteria Aquaculture production

Policy and governance

Research Citizen Circular consumer Non-circular consumer

.09
.07
.06
.08

.09
.07
.08
.04

Operations
Products and services
Culture and organization
Ecosystem

.08 .02
.07
.08

.05

.03 .03

46.4%

38.1%

26.4%

21.9%
19.6%

16.0%

Research

Ener

g
<

Aquaculture production

Emissions

39.4%

22.6%
19.3% 208%
17.2%

12.4%

Policy and governance

m Water Waste

Fig. 1. Operations: aggregated perspective per group on relevant circular strategies.

plays a primary role for the research group (“Communication”). Stra-
tegies aimed at maintaining a regulatory environment conducive to
circularity, such as engaging in national and international discussions to
influence measures, policies, and regulations for the CE, play a minor
role for all the interviewed groups, especially for producers (“Policy™).
Furthermore, there is accordance about the importance of fostering
bilateral and multilateral partnerships to support the dissemination of
circular solutions (“Collaboration™). Table 9 (see Appendix II) reports
the results for each respondent, while Fig. 4 shows the aggregated ones
per group.

The second analysis pertains to the citizens/consumers perspective.
Both citizens and circular consumers identified “Operations” as the most
important area for investment in the circular transition of the aquacul-
ture sector. These two groups also attributed greater importance than
non-circular consumers to the farm efforts in enabling a conducive
environment across markets, institutions, and society for the adoption of

circular strategies (“Ecosystem”). Non-circular consumers ranked
“Products and services” and “Operations” first and second, respectively,
placing less emphasis on the areas of “Culture and organization” and
“Ecosystem”. All three groups generally agreed in ranking “Culture and
organization” as the least important area. Generally, the actions of cir-
cular consumers tend to align more with their expectations as citizens.
The final average weights assigned to each criterion are presented in
Fig. 5.

5. Discussions

Hierarchical analysis yields result consistent with what the literature
defines as “assigned values” (e.g., [15]), or, in other words, the prefer-
ences expressed by an individual with respect to a series of items, in this
case, circular strategies. The importance of analyzing assigned values
lies in their role in shaping conceptions of what “should be”, thereby
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33.4%
28.1%
23.0%

15.6%

Policy and governance

New life cycle

Fig. 2. Products and services: aggregated perspective per group on relevant circular strategies.
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Fig. 3. Culture and organization: aggregated perspective per group on relevant circular strategies.
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Research Aquaculture production

23.4% 24.8%
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17.0%
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13.6%

® Communication Collaboration ~ MInvestment H Policy

Fig. 4. Ecosystem: aggregated perspective per group on relevant circular strategies.

offering an indirect understanding of what is considered “good”,
including individual well-being [83]. This study explores differences in
the strategies that Italian farmers urgently need to adapt to aquaculture
production systems, reflecting multi-actor mismatches in the transition
to a CE. The first part of the analysis compared the views of actors from
the aquaculture production, research, and policy and governance
groups. Areas of divergence highlight varying interpretations of how
circularity could be operationalized, particularly across “Operations”,
“Culture and Organization”, and “Ecosystem”. These differences may
suggest the persistence of a research-practice-policy gap [101] and
reinforce concerns that policymaking may remain detached from the

socio-economic contexts in which aquaculture systems are embedded
[46,59].

Table 11 presents the final ranking of practices for each group, from
first to fourth position within each area. Unlike the previous weighting
approach, this representation compares only ranking positions, thereby
highlighting differences in the order of priorities across groups. To
visualize the degree of misalignment associated with the research-
practice-policy gap, a traffic-light coding scheme is applied, providing
a qualitative indication of the ranking attributed to each group. Spe-
cifically, a red dot (high risk) indicates a discrepancy of at least two
positions between groups, a yellow dot (intermediate risk) indicates a
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Fig. 5. Aggregated citizens/consumers perspective.
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36.1% 35.9%
24.3%
0,
22.9% 21.7%
16.7%
Citizen
® Operations Products and services
Table 11

Final hierarchy of circular practices by stakeholder group and associated risk of research-practice-policy gap.

Final ranking R '
Criteria and sub-criteria Aquaculture Policy and pemalics-
PSR production govemance policy
fap
» [Enerzy ! 3 —
£ [Emissions 2 2 1 ©
g Water 3 2 Q
Waste 3 &
7 |Desien 1 1 1 @
2 'G Shared use @
3 E Maximization of use -] 3 = Q
£ [Newlife cycle 2 2 2 (@
15 Vision 3 2 3 o
g § |Innovation 2 1 2 et
i: g People 1 3 1 @
Govemnance @
Communication 1 2 3 @
-g Collaboration 3 3 2 O
xg Investments 2 1 1 et
9 Higher nsk of research—practice-policy gap
R ——- IS S 4 Intermediate nsk of research—practice-policy gap
focus areas
l. Lower nisk of research-practice-policy gap

one-position difference, and a green dot (low risk) reflects complete
alignment across rankings.

The results related to the area of “Operations” appear to reflect
concerns that are strongly influenced by the current historical and policy
scenario. The Green Deal is promoting greater alignment of agri-food
policies with environmental objectives, with the goal of making
Europe the first climate-neutral continent. This political climate may
have particularly influenced the responses of policy and governance
actors, who prioritize actions related to decarbonization efforts. More-
over, recent global crises have deeply affected the primary sector. First,
the Covid-19 pandemic and subsequently the war in Ukraine have
triggered new waves of market instability, exposing the aquaculture

sector to an energy crisis and rising overhead costs [126,25,75]. It is
therefore unsurprising that producers have prioritized energy-related
concerns, reflecting their immediate needs for business continuity and
farm survival. According to the Scientific, Technical and Economic
Committee for Fisheries [114], energy prices for both marine and inland
aquaculture have risen significantly compared to pre-crisis levels. This
has raised concerns about the management of energy expenditure, while
also increasing the cost of fuel, feed, technical materials (e.g., crates,
nets, ropes), and oxygen consumption. Finally, policy and governance
actors placed a higher priority on water resource management compared
to other groups. In contrast, producers focused on waste recovery and
treatment strategies, probably viewing them as an opportunity to reduce
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operational costs and generate added value through bio-economic pro-
cesses [28,66].

On the other hand, the “Products and services” area has found some
consensus among the different actors, as the importance of rethinking
product life cycles is recognized as a priority for advancing the blue
transition. In this regard, a growing body of literature is focusing on the
environmental implications of aquaculture products through life cycle
assessment (e.g., [69,134,119,116]), alongside studies exploring sus-
tainable alternatives for both biological [107,17] and technical inputs
[39,971].

In the area of “Culture and Organization”, there was broad consensus
on the strategic importance of innovation, not only as a driver of effi-
ciency but also as a guiding principle for charting the trajectories of
circular transition. This perspective underscores the importance of
recognizing that the development of circularity can unfold along mul-
tiple pathways [127] and that the “directionality” of change [57] is
contingent upon the willingness and capacity of actors to adopt new
practices and technologies.

Conversely, the integration of circularity principles into a company
procedures and policies (“Governance”) was ranked lowest, suggesting
limited recognition of its strategic relevance. One way to address this
gap is for companies to adopt managerial approaches that enable them
to measure and monitor progress towards circularity. The framework
proposed by Masi et al. [71] offers a concrete example of an approach
that assesses the circular readiness and maturity of European aquacul-
ture companies from a micro to macro level.

Some divergences emerged in the “People” dimension, which is not
considered a high priority by companies. Centobelli et al. [19] report
that managers find it particularly difficult to disseminate circular skills
throughout the organization. At the same time, Masi et al. [74] argue
that employee involvement in CE initiatives is essential to nurture an
organizational culture based on circularity. In this regard, organiza-
tional innovation assumes a central role, as it goes beyond the adoption
of new practices and technologies to drive more profound trans-
formations within firms, with circular business models representing a
key mechanism for embedding these changes, foster collaboration and
mapping related value-creation flows [2,44,45,92].

View discrepancies observed between actors in the “Ecosystem”
area. A general high priority is assigned to investments, while political
aspects receive comparatively low attention.

Policies are not perceived as playing a strategic role and, in this
sense, this aspect, together with the high proportion of unspent national
resources, could suggest that they are considered merely a multiplier of
the benefits generated by private investments. Yet this is a critical
weakness that future policies will need to address, particularly in a
context where 80 % of Italian aquaculture firms are under financial
stress [75]. In the absence of strong public guidance, this gap is inevi-
tably filled by market instruments such as certification schemes (e.g.,
Aquaculture Stewardship Council, Friend of the Sea). However, these
mechanisms remain insufficient to promote systemic change, as they are
largely voluntary, costly, and focused mainly on environmental criteria.
These findings highlight a structural gap in which policies may establish
ambitious objectives, but implementation relies almost entirely on the
capabilities, risk tolerance, and access to credit of individual producers.
Although investments, whether public or private, are the driving force of
capacity development [94], in their current form, they appear to rein-
force this divide. The result is an asymmetry of power and risk: political
actors set the direction, researchers help to reduce uncertainty, but
producers ultimately bear the full cost of transition. To overcome this
stalemate, instruments that lower adoption costs (e.g., blended finance,
de-risking guarantees) and intermediary structures that can translate
political ambitions into concrete practices are essential. Equally
important is the strengthening of communication, which was ranked as
the lowest priority by policy and governance actors. Sharing knowledge,
information, and learning is crucial for fostering mutual understanding,
reinforcing local capacities, and creating effective linkages between

Marine Policy 185 (2026) 106961

policy actors, researchers, and producers [70,31].

At the same time, some areas of convergence emerged within the
criteria (Table 11), particularly regarding the urgency of specific in-
terventions, such as rethinking product life cycles and supporting in-
vestments and innovation; while neglecting others, such as improving
companies’ governance or engaging in sectoral policy development.
These findings resonate with the analysis of Veneroni and Jacobsen
[129] on fisheries governance in the Adriatic Sea, where regionalization
policies have been shaped by dominant discourses oriented towards
economic interests under a “weak sustainability” scenario. In a similar
way, the present study highlights for Italian aquaculture the risk that CE
strategies may be driven primarily by product-related or financial pri-
orities - domains where views tend to align - while overlooking social,
cultural, and governance dimensions. This parallel underscores that the
blue transition cannot be dominated solely by productive innovations
and investments but requires governance frameworks able to rebalance
asymmetries and give voice to plural perspectives.

The analysis was extended to include the perspective of citizens/
consumers. It should be noted that the results for this group, derived
from a separate survey as described in the methodology section, are not
intended for direct comparison with those of other actors. Instead, their
purpose is to provide a broader context by outlining societal expecta-
tions regarding the aquaculture sector transition towards a CE. In this
analysis, the direct comparison between criteria confirms, from the
demand side, the risk of reinforcing narratives centered on process- and
product-related dimensions, although with differences across the groups
considered. Indeed, the AHP highlights a potential value-action gap [12,
58], namely the discrepancy between the values individuals expresses as
citizens (e.g., prioritizing circular production strategies) and the extent
to which these translate into concrete actions shaped by intention and
attitude as consumers. For instance, while citizens often declare expec-
tations regarding sustainability [29] or animal welfare [24], their pur-
chasing behaviors as consumers frequently diverge from the expressed
values. Notably, the value-action gap tends to narrow when consumers
embrace CE principles, while non-circular consumers show greater
inconsistency. In our findings, less circularity-oriented consumers
placed more weight on strategies related to “Products and services”,
while assigning lower importance to ecosystem-level concerns. This
pattern aligns with broader consumer research, which indicates that
tangible and visible behaviors often outweigh systemic or intangible
commitments [117,63]. A further explanation for why “people don’t
follow their words with actions” ([48], p. 2) may also include a social
desirability bias [41], whereby individuals tend to align their responses
with what they think is socially approved.

Bridging the value-action gap, therefore, entails considering cogni-
tive, psychological, and social factors that shape decision-making [130,
27,42]. Understanding these dynamics is crucial for promoting more
consistent adoption of circular practices. In this regard, the concept of
consumer citizenship behavior (CCB), which refers to voluntary con-
sumer actions that extend beyond transactions to benefit businesses,
society, or the environment [137], offers a useful interpretive frame-
work. The stronger focus of circular-oriented consumers on
ecosystem-level concerns may reflect a higher interest in the topic,
underscoring their potential role as active agents of sustainable change.
To our knowledge, previous literature has addressed the value-action
gap by treating consumers as a homogeneous category, whereas this
study introduces an original perspective by differentiating consumer
types within the context of CE.

All these considerations highlight the idea that advancing the cir-
cular transition requires a broader vision, grounded in inclusive policies,
collective responsibility and the interdependence of actions [72,74,
136]. At a policy design level, interaction between micro-level (tech-
nical and operational) and macro-level (social and consumer) is vital.
Priorities for production set by producers, policymakers, and researchers
can be more effective when they are paired with social sentiments and
perceptions expressed by citizens. Thus, the citizen perspective
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functions as a feedback mechanism through which technical policies can
be honed and legitimized and circular economy policies can be aligned
with society and popularized. The other way around, technical action
provides the institutional and structural capacity to translate back so-
cietal expectations into feasible operating action. This exchange em-
bodies the essence of multi-actor engagement; whereby circular
transition policies are enabled by the perpetual balance between tech-
nical feasibility and social acceptability.

In a broader perspective, the interpretation of the Italian case could
benefit from an extra-European comparative reading, potentially high-
lighting systemic divergences that concern governance architectures
and sectoral organization rather than mere social gaps. In Europe, the
sustainable and circular transition promoted under the European Green
Deal remains primarily a normative project, centered on climate miti-
gation, regulatory coherence, and multilateral coordination [95]. In
much of Asia, strategies are framed within a stronger strategic-security
rationale, emphasizing self-sufficiency and resource recycling. This is
reflected in China’s 14th Five-Year Plan for Fisheries [138] and, more
broadly, in ASEAN’s Blue Economy Strategy and National Plan of Action
on Marine Plastic Debris [67]. In Latin America, CE initiatives, such as
Chile’s Circular Economy Roadmap 2040 and Colombia’s National
Circular Economy Strategy, present a focus on resource efficiency stra-
tegies in “Water economy”, but remain constrained by institutional
fragmentation, under-investment, and regulatory gaps [47,87]. In North
America, initiatives show a stronger emphasis on technological inno-
vation and private-sector engagement, as demonstrated within the
Canada’s Blue Economy Strategy [133]. In this context, applying an
MCDA at a global scale could uncover heterogeneous perceptions across
the investigated dimensions, reflecting: (i) the distinct policy orienta-
tions and governance rationales of each country, and (ii) the inherent
complexity of identifying the relevant actors capable of influencing
policy and governance processes [104]. Yet, the effectiveness of policy
frameworks driving sustainability and circular transitions increasingly
depends on their ability to generate and maintain social legitimacy. This
dimension of legitimacy is often conceptualized as the SLO, and the
development of effective transition policies is increasingly linked to this
concept, as both public and private actors seek to demonstrate re-
sponsibility in terms of environmental and social impacts [131]. In some
countries, the evolution of the SLO has become a key component of
governance, although its form and maturity remain highly
context-dependent. In Asia, the concept is not yet widespread (e.g.,
[121]), possibly due to an implicit social contract rooted in cultural and
historical acceptance of aquaculture activities, whereas in Europe it is
increasingly emerging as a relevant governance mechanism. Scandina-
vian and anglophone countries have shown the most advanced
commitment to integrating SLO principles into policy frameworks (e.g.,
[111,90]), while examples in Mediterranean Europe (e.g., [11]) remain
more limited.

6. Conclusions

Advancing circularity in aquaculture requires more than redesigned
production cycles; it calls for shared visions supported by social and
political engagement, inclusive governance, and clear policy direction-
ality to align collective efforts. Still, the persistent social gaps risk
slowing progress and weakening the sector ability to connect socio-
economic needs with coherent policy action. As empirical evidence,
this study identifies two main misalignments: first, between those who
implement circular practices, those who produce knowledge, and those
who regulate adoption; second, between citizens values and their ac-
tions as consumers, a gap that narrows when CE principles are
embraced. Overall, many actors still lack a systemic vision: producers
and citizens focus on their own roles, while research, policy, and
governance bodies adopt a broader outlook. This is confirmed by both
surveys, where stakeholders mainly converged in giving highest priority
to process/product and economic interventions, while generally
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assigning lower importance to social aspects. Such tendencies risk
reinforcing discursive imbalances within governance frameworks that
lack pluralism, neglecting the complexity of the actor system sur-
rounding aquatic resources.

From these findings, a set of broader, exploratory insights can be
drawn. As a pathway towards a more systemic perspective, aquaculture
could draw inspiration from the Agricultural Knowledge and Innovation
System (AKIS), an integrated system of actors, organizations, and
knowledge flows that is a central pillar of the European Common
Agricultural Policy 2021-2027. Establishing a dedicated “Blue-AKIS”
could create an integrated system to drive innovation, co-creation, and
knowledge exchange, directly addressing the gaps between research,
practice, and policy identified in the analysis. In the specific case of Italy,
the operationalization of a Blue-AKIS could take the form of a multi-level
collective action network. In this scenario, the Ministry’s Directorate-
General for Fisheries (MASAF) could assume the role of a strategic
guidance and national coordination. Universities and research centers,
borrowing from the good practices of existing networks (e.g., CoONISMa),
would act as scientific hubs, translating research into applicable solu-
tions. At the local level, FLAGs, food districts and producer organiza-
tions would act as facilitators, connecting the production base with
opportunities for innovation, following the model already promoted by
platforms such as the Blue Italian Growth Cluster. This network could be
launched through existing policy instruments, such as the EMFAF 2021-
2027, regional calls for innovation partnerships, but also cooperation
initiatives or European calls such as Interreg, which could finance pilot
actions. Such mechanisms would make it possible to establish local
knowledge platforms where researchers, producers and policy-makers
can collaborate to map the barriers and opportunities for circular
aquaculture, transforming the Blue-AKIS concept from a descriptive
framework into an operational tool for policy coordination and inte-
gration. At the same time, a “Blue-AKIS” could foster the engagement of
less-informed consumers in CCB, supporting with policies actions that go
beyond the proposal of information campaigns by embedding circularity
into everyday practices through concrete incentives, trust-building
mechanisms, and the promotion of shared social norms. Encouraging
active citizen engagement in blue transitions also requires addressing
the deeper cognitive and social dimensions that shape consumer
behavior and contribute to the persistence of the value-action gap. The
success of a blue transition that is also resilient and socially inclusive
depends on participatory and bottom-up policies, co-designed with all
stakeholders in the supply chain, from producers to consumers.

This study presents an exploratory perspective on the circular tran-
sition, grounded in a specific hierarchy of objectives and respondent
profiles, to which the strengths and limitations of the work are inher-
ently linked. It is important to emphasize that the AHP methodology is
not designed for inferential analysis; its strength lies in informing stra-
tegic choices, especially in multi-stakeholder contexts where divergent
views need to be reconciled. It should also be pointed out that there is
asymmetry between the stakeholder subgroups, 12 influential actors
(researchers, policymakers, and producers) vs. 350 citizens/consumers.
This division is, however, an accurate reflection of the actual configu-
ration of the aquaculture value chain, where the numbers of governance
and production actors are by their very nature limited, while citizens
relate to a more societal base. The sample composition, therefore, aimed
at representing diversity of opinion, not statistical representativeness.
The two groups were treated separately to ensure analytical indepen-
dence and to prevent one perspective overshadowing another. Conse-
quently, the results of the citizens/consumers group should be
interpreted in a contextual and exploratory narrative setting that is
designed to illustrate societal expectations and not to overwhelm the
expert or policy-orientated ones. Despite the targeted nature of the
sample, the study demonstrates the effectiveness of AHP in mapping
stakeholder perceptions and can offer useful exploratory insights that
can inform future policy dialogue and research directions towards a CE
in aquaculture.
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