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a b s t r a c t

Stakeholder engagement is a crucial component of the Ecosystem Approach to Aquaculture (EAA).
However, stakeholder engagement is often hampered by problems that occur, for example, when the
perceived benefits are low relative to the cost of participation or when there is a lack of trust among the
stakeholder groups. The objective of this paper is to discuss the primary results of a coastal research
project on mussel farming sustainability, focusing on (1) the key qualities of the interaction between the
scientists and the mussel farmers and (2) the role of the funding institution. The primary results of the
socio-economic analysis are presented. These results include objective data and information regarding
the mussel farmers' perceptions of the problems and opportunities involved and the relevant environ-
mental issues. A cooperative involvement was established with some of the stakeholders, and open
bilateral meetings were held that allowed the participants to share ideas and results. Interviews and a
survey were conducted to collect information directly from all of the mussel farmers. This approach
made it possible to develop a ‘common pool of knowledge' that the scientists and mussel farmers
could share.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

This paper focuses on the interactions between the scientists
and stakeholder groups involved in the project SosteMiTS (Rac-
colta dati di baSe ed elabOrazione di in modello di geSTionE
aMbIentale per la molluschicoltura TrieStina [1]), which was
funded by the local Regional Agency (RA). The project sought to
assess the sustainability of mussel farming in the Gulf of Trieste
(North Adriatic Sea, Italy) from a physical, environmental, ecolo-
gical and social perspective. The System Approach Framework
(SAF) proposed [2] and tested [3] in the EU SPICOSA project
(Science and Policy Integration for Coastal Systems Assessment),
was followed. More specifically, the SosteMiTS project examined
the implementation of Marine Spatial Planning in the area and the
willingness of the participants to constrain the possible expansion
of this activity according to Ecosystem Based Management (EBM)
paradigms.

In mussel farming, the animals feed on local natural resources,
receiving no external or added food sources or medications.
Therefore, the environmental impact of mussel farms on the water
column and the underlying sediment is typically considered to be
weaker than that of other aquaculture activities. However, several

adverse visual and ecological impacts can be identified. Some
research has suggested that the mussel filtering process increases
water transparency and water quality, that longline structures act
as an artificial habitat that improves local biodiversity [4] and that
such farming ensures healthy water quality because of the
frequent mandatory environmental testing required of mussels
consumed by humans. Other studies stress that the deposition of
organic material and farming discharge negatively impact sedi-
ments [5], thus altering the structure of macrobenthic commu-
nities [6,7] and of the smaller benthic communities [8,9].
Furthermore, the selective removal of particles can have cascading
effects on the entire marine food web, potentially harming other
species. In other cases, however, mussel farming does not sig-
nificantly alter the functioning or trophic states of the coastal
marine ecosystem [10]. These impacts vary according to the
characteristics of the local environment, as evidenced by two sites
located in the Gulf of Trieste [11] and according to local manage-
ment decisions.

The project assessed and quantified some of these aspects in
the study area. The results showed no statistically significant
impact on the concentration of dissolved compounds or on
suspended material; however, they revealed a clear alteration in
the composition of the upper sediment below the mussel farms
[1]. Nevertheless, the results also indicated that the latter change
could be reversed after farming had ended. The socio-economic
dimensions of the issue were considered through the quantitative
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analysis of the data and information gathered. Moreover, the data
were considered together with environmental and ecological
factors using a hierarchy of computational models [1] and syn-
thetic indicators of sustainability such as the Ecological Footprint
[12] and the eMergy balance [13]. The emerging global picture has
indicated that mussel farming is a green activity with a low and
reversible impact. This outcome could be used as a marketing tool,
as the scientific basis for an eco-label for this industry, and as a
planning tool for future development in this sector.

Stakeholder engagement played an important role in the
project. Stakeholders contributed reliable information that made
it possible to assess the socio-economic dimensions of mussel
farming and described revealing first-hand experiences with the
productive cycle and its possible ecological impacts. This interac-
tion furthered the dialog concerning scientific and environmental
issues such as carbon sequestration, ecological footprints, quality
labels, and EBM, thus improving reciprocal knowledge and under-
standing. More importantly, stakeholder involvement will play an
even larger role in the future because stakeholder participation is a
prerequisite for the successful implementation of an EBM [14–17].
However, researcher-stakeholder interaction in fishery and marine
research is not a trivial or straightforward concern [18,19], as,
among others, there is a risk that fishers' self-interest will
compromise the validity of their input [20]. Moreover, the research
project did not include the implementation of management
processes that best encourage stakeholder engagement [21].

This paper presents the results of the socio-economic assess-
ment of mussel farming, and focuses on how the interaction
between the researchers and stakeholders evolved during the
project in comparison with other experiences.

2. Materials and methods

2.1. Historical background

Bivalve farming in the Gulf of Trieste dates to the middle of the
nineteenth century, when the Austrian Society of Fishery and Aqua-
culture, an organization with approximately 1500 members at that
time, promoted the implementation of particular aquaculture practices
for oyster farming and imported innovative technical solutions from
French production sites [22]. After the decline of the natural banks that
supplied the seed hatched by farmers, mussel farms progressively
replaced oyster farms. By the middle of the twentieth century, mussel
farming had become an important activity. Mussels (M. galloprovin-
cialis) were traditionally harvested near the coast and were grown on
wooden poles. In 1973, the local production was at its highest level
(6000 t/year, 200 employment units) and a cholera outbreak occurred
in Naples, 900 km from Trieste. This outbreak triggered the collapse of
the mussel economy across Italy, including Trieste. When farming
activities resumed, longline floating was used, which allowed farms to
move further from the coast and into the deepest and cleanest waters
[23]. Peak-level production and employment were re-established in
1990, with 7500 t of mussels produced annually and 198 workers
employed [24]. However, production levels fell again at the end of the
1990s because of the presence of biotoxins and due to competition
with foreign producers from Greece and Spain. Currently, mussel
plants occupy approximately 200 ha along the coast, approximately
0.5 km from the coastline. Their presence does not prevent other
tourist uses of the coast, but it alters the marine coastal landscape and
partially impedes small boats from cruising.

At present, approximately 60 people are employed in mussel
production in this area. They are organized into 16 small coopera-
tives, primarily family enterprises, and operate with 25 larger
boats and 10 smaller boats for logistical support. Mussel farming is
generally a family tradition, and the farmers typically have good

knowledge of the ecological processes that are in operation in the
gulf and that influence mussel growth. Thirteen of the sixteen
cooperatives are part of the local consortium of mussel farmers,
COGIUMAR. A local Producers' Organization has not yet been
formed, mainly due to the differing entrepreneurial choices of
the mussel farmers. As is commonly observed in all of the primary
sectors, including fisheries, a lack of cohesion among the produ-
cers has weakened their bargaining power with the wholesalers.

2.2. Stakeholder involvement and data collection

Scientist–stakeholder interaction was maintained throughout
the project to determine the viewpoints of the stakeholders, share
knowledge and improve the dissemination of the project results.
Fig. 1 depicts the information flow to and from the project, with
a particular focus on socioeconomic considerations and outputs.
The dark gray boxes indicate the methods that the researcher used
to interact with the mussel farmers and to access objective and
subjective socioeconomic data. The main project outputs are listed
on the right side of the figure. For this study, a formal participatory
approach involving permanent forums and workshops was not
established because, based on the first open meeting, it seemed
that not many individuals were willing to participate in such
forums. Direct, bilateral interaction was therefore preferred. In
fact, some people were more communicative during the inter-
views than during the open meetings or preferred to talk with
scientists individually. Iterative, ongoing communication was
maintained throughout the project to permit progressive reflec-
tion on the ideas and results generated by the scientists and
mussel farmers. The ultimate aim was to establish a cooperative
relationship between these two groups based on the community
science model [25,26].

2.2.1. Involvement in the Technical Scientific Committee (TSC)
The interaction between the scientists and mussel farmers was

initiated at the start of the project, with bilateral meetings with
major farming firms and invitations to stakeholders asking them
to participate in the TSC. The TSC was ultimately comprised of two
scientists, two foreign experts and two mussel farmer representa-
tives (TSCReps), who were appointed by the president of the
consortium. In addition to having an educational background in
natural science at the university level, these representatives were
farmers; thus, they possessed both field knowledge and practi-
tioner expertise. They were also recognized leaders among the
farmers. The original working plan was discussed within the TSC
and was partially modified to incorporate portions of the farmer
representatives' proposals. The TSCReps were invited to the mid-
term and final scientific workshops and had the opportunity to
comment on the technical report and the dissemination materials
prior to their publication.

2.2.2. Open meetings and dissemination
During the first month, the project was presented to the public

at an initial meeting, to which individuals and institutions with
a stake in mussel farming were invited (i.e., local authorities,
funding agency representatives, the local environmental protec-
tion agency and other stakeholders, including representatives of
artisanal fishermen, sailors cooperatives, the local World Wildlife
Fund (WWF) section, marine scientists not involved in the project
and the local chamber of commerce). After the presentation, the
floor was opened for discussion, feedbacks and suggestions.
A second open meeting was held at the end of the project to
present and openly discuss the project results. All of the informa-
tion gathered, together with the information obtained from the
other components of the project (Fig. 1), was integrated, analyzed,
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discussed and used to produce the technical and dissemination
materials. The data collected during the project, the technical
documentation (pdf files) and a 100-page color dissemination
book [1] were distributed free of charge during the final meeting
and afterward. A dedicated webpage was maintained for the
duration of the project.

2.2.3. Field sampling support
Two cooperatives logistically supported the mussel field

experiments (which examined mussel growth and involved water
and sediment sampling), thereby facilitating occasional and infor-
mal interactions with other farmers.

2.2.4. Unstructured interviews
During the first year of the project, unstructured informal

interviews were conducted with two stakeholder representatives
(StReps) who were not part of the scientific committee to generate
a comprehensive overview of the mussel farming activities in the
Gulf of Trieste and to select the aspects of these activities that
were to be included in the survey. Both of the representatives
had substantial experience in the field and in administration. In
addition, one representative had a prominent role in the con-
sortium and could provide a long-term perspective because he had
been mussel farming since the 1980s. The other representative
was not part of the consortium but was an innovative entrepre-
neur who specialized in providing marketing solutions and was
skilled at interfacing with the relevant institutions. These meet-
ings were informal conversations that were guided by a prede-
fined list of issues. The respondents spoke freely about mussel
farming, discussing its technical and commercial aspects based on
both their personal experiences and their more general knowl-
edge. Notes were taken during the interviews, and these inter-
views were conducted periodically to provide sufficient time to
revise and formulate new questions.

2.2.5. Questionnaire
During the second year of the project, a questionnaire was

developed [27,28]. The questionnaire was structured by the scientists

and then revised with the assistance of the TSCReps. The question-
naire was submitted to each of the 16 consortium representatives,
who were typically mussel farmers. This interaction was more
structured than the interviews and was intended to yield information
that could be used in a quantitative analysis. However, the respon-
dents often wished to provide additional (mainly descriptive) infor-
mation or to volunteer their personal opinions, and this information
was recorded in notes on the questionnaire sheets. For this reason,
the meetings often lasted approximately 1 h, whereas the comple-
tion of the questionnaire alone would have taken 15 to 20 min. The
respondents were contacted by telephone to schedule the meeting,
which generally took place at the port and sometimes was held on
boats. Emails were not useful because they often remained unan-
swered; thus, email was used only to communicate with TSCReps
and StReps.

The survey was intended to collect objective information about
mussel farming and to explain how this activity is conducted at the
individual cooperative level. Another section of the questionnaire
was devoted to perceptions regarding environmental/ecological
issues such as use conflicts, environmental impacts, ecosystem
services, traditional knowledge, interest in certification, eco-labels
and culture diversification. The respondents' interest in the inter-
actions with the scientists and their personal views on mussel
farming scenarios were also addressed. The final section gathered
sensitive data on each enterprise (the number of people employed,
their ages, their satisfaction levels and administrative data).

2.2.6. Socio-economic data collection and interaction
with local agencies

Objective data was collected via visual inspections in the field
(to determine the number of farms and their location), from
official sources of information as listed in Table 1 and from the
technical literature [23,24]. This data primarily pertained to
mussel production, selling price, the evolution of employment in
the field and the sanitary ban on mussel sales that occurred due to
the presence of diarrheic shellfish poisoning toxins (DSP) in the
water. The 2007 budget data from the Local Chamber of Commerce
permitted a budget analysis of a subsample of 10 enterprises.

Stakeholders 
of TSC

Stakeholders’ 
Individual 

cooperatives

Stakeholders’ 
representatives

Socio-Economic 
documents and 

publications SoSteMiTS 
research group 

Laboratory 
Experiments and 

relevant publications

Socio-Economic 
data

Field experiments 
and relevant 
publications 

OUTPUTS 1: 
Social and Economic 

analysis  

Bilateral meetings and Unstructured 
interviews

Structured interview-
questionnaire

OUTPUTS 4: 
Dissemination 

OUTPUTS 3: 
Integration: sustainability, 

scenario analysis 

OUTPUTS 2: 
Biology, Microbiology, 
Models, Environmental 

Impacts 

Stakeholders, 
local agencies

Open meetings

Indirect data 
acquisition

Direct and Indirect Natural Data acquisition

Direct Socio-Economic Data acquisition

Fig. 1. Information flow. Arrows indicate the direction of the flow of information between the project components, with a focus on the social and economic analysis and
outputs.
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3. Results

3.1. Site, local production and productivity

Visual inspection indicated that the mussel plants currently
occupy approximately 200 ha in three different areas within the
Gulf of Trieste. There are roughly 1050 operative longlines, for a
total of approximately 210,000 m of rope. The interviews and
questionnaires revealed that local production is mainly sustained
by mussel seeds hatched locally on the ropes of the mussel
farming plants, whereas a smaller fraction of the mussel seeds
(approximately 20%) are imported annually.

The annual production estimates vary from 3000 to 6000 t/year
(Fig. 2), varying by year and by source. Productivity varies across
the different locations, ranging from 1.14 to 4.24 t/ha/year, most
likely due to water trophic conditions and farming density factors,
among others. The prices varied from 0.3 euro/kg in 1993 [24],
(Table 1) to 0.6–0.7 in the past 6 years, with marked disconti-
nuities in 1994–2000 and in 2000–2003. Employment decreased
from 198 units in 1990 to 60 units during the last 10 years. This
shift primarily occurred due to generational replacement and the
appearance of the biotoxin DSP, which led mussel harvesting to be
banned. A budget analysis of 10 enterprises revealed high varia-
bility related to management choices, so for example, break-even
prices of the 10 enterprises ranged between 0.20 and 0.80 euro/kg.
Several of the enterprises are currently oriented towards mono-
culture, whereas others supplement mussel farming with fish
tourism, dispatch centers, fish farming, direct selling, and fishing
activities. This variation is reflected in the costs and profits of each
enterprise and affects their resilience against external stresses
such as biotoxin closures or product losses due to storms.

3.2. Use conflicts, impacts, problems, possible solutions:
self-perception

Use conflicts and their impacts as perceived by mussel farmers
were investigated using interviews and questionnaires. In general,
as described in Table 2, mussel farmers perceive low levels of
conflict between mussel farming and other activities. They pri-
marily believe that mussel farming has a positive impact on
marine water quality, suggesting that it has a weaker negative
visual impact and a similar negative effect on the seafloor surface
due to bio-deposition. As summarized in Table 2, 29% of the
respondents did not feel that mussel farming conflicts with other
coastal activities. The other respondents mentioned the negative
impact of wastewater treatment discharge (29%), pleasure boats
(17%) and fisheries on mussel farming. Other activities were
discussed (dredging, shipping, residential, port activities), but their
occurrence was not statistically significant. The positive impact of

mussel farming on other activities was also mentioned. Of the
respondents, 75% believed that coastal water quality benefits from
the presence of mussel farms, and a smaller group (13% of the
respondents) that the longlines attract fish and thus improve local
biodiversity. Contrastingly, the visual impact (38%) and biodeposi-
tion under the structures (19%) were described as being negative
consequences of mussel farming.

The mussel farmers listed several research topics in which they
were interested. These topics included biological, environmental
and technological factors, as presented in Table 3.

The perceived problems (Fig. 3), in order of decreasing rele-
vance, included biology, the environment, external markets, local
markets, and local management. As expected, the majority of the
responses were related to problems caused by external pressures
that cannot be independently resolved by mussel farmers. These
problems include biotoxin emergencies, poor water quality due to
discharge from the mainland, foreign competition and unfavorable

Table 1
List of materials used for the socio-economic analysis.

Table of materials

� 16 questionnaires (subjective and objective data).
� 3 long interviews conducted during several meetings, whenever questions arose (open answers and questions, subjective and objective data).
� List of objective data:

✓ Official production data from sanitary authority, 2008
✓ Official statistical data from ISMEA (2000–2009, from fish markets)
✓ Budget analysis, 2007
✓ FIF data up to 2009
✓ MIPAF census, 2007
✓ Production data from the COGIUMAR consortium, 2003–2008
✓ Closures for biotoxins emergencies, 1989–2008
✓ Mussel farming concession data (location, dimension and type) from the COGIUMAR consortium and field survey
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Fig. 2. Evolution of production and prices for the years 1990–2008.

Table 2
Conflicts between mussel farming and other coastal activities.

Activity Respondents
(%)

Positive (+) or
negative (−) impacts
ON mussel farming

Positive (+) or
negative (−) impacts
FROM mussel farming

Activity-mussel
farming

-Activity

None 50
Wastewater
discharge

25 − +

Pleasure
boats

19 − −

Fishery 6 − +
Dredging 6 − ¼
Shipping 6 − −
Residential 6 − −
Port
activities

6 − ¼
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weather events. Other issues included heavy bureaucracy, poor
marketing skills and the lack of logistical support at the ports.

One of the recurring problems mentioned was the low selling
price of mussels relative to the associated labor costs. This problem
seems difficult to resolve because it is perceived to arise from
external pressures, such as the power of wholesalers and foreign
competition. However, one suggestion was that the development
of local labels could help to resolve the issue. Consequently, 69% of
the respondents were interested in attaining an ecological sustain-
ability certification label, and 62% were interested in attaining a
‘controlled designation of origin' label. However, there remain
obstacles to the local application of this strategy. Of the producers,
37% did not believe they have the power to negotiate higher prices
by, for example, by sorting the mussels according to their size
because this strategy would increase labor costs. Other producers
feared that strict control measures would prove problematic
because of the dearth of proper logistics structures on land. Others
believed that the market would not respond positively to these
efforts because quantity and prices were prioritized over quality.
Although the majority (68%) of producers recognized the impor-
tance of collaboration among the local mussel farmer groups, only
half (50%) were interested in joining a formal producer's organiza-

tion. Such organizations were described as restrictive and of
uncertain benefit. In addition, 19% of the producers did not
consider this option to be beneficial for the economy because of
the differences that exist among the enterprises.

Among the farmers, 50% were not interested in also farming
other mollusc species or algal species. A greater number (56%)
considered fish farming to be a feasible potential integration
activity, however, few of them were interested in pursuing this
option because of the higher investment costs.

The respondents' investment priorities were listed as work
mechanization, mussel plant maintenance/repair and diversifica-
tion (e.g., the construction of a dispatch center or the appropriate
placement of fish nets for fish farming).

Of the respondents more generally, 56% considered the colla-
borations between the producers and researchers to be fruitful
based on their experiences. The remaining 44% indicated that such
collaborative work must be focused on identifying the activities
that can address producer needs. They stressed that it was
important to avoid needless research efforts that do not yield
immediate positive results for mussel farmers.

From a physical and ecological point of view, it is suggested
that the Gulf ecosystem could sustain further production. More-
over, 50% of the study respondents did not consider space
limitations to be a major constraint in this regard. However, based
on economic considerations, only half of the respondents would
consider expanding their activities. The majority (68%) of the
producers stated that they were satisfied with the scope of their
operations. From an economic perspective, the farmers considered
their activities partially satisfying (50%) or greatly satisfying (25%).
Their self-perceived satisfaction was greater (63% and 83%, respec-
tively) when they took into account other considerations (life at
sea and autonomy).

3.3. Interaction with producers and stakeholders

Throughout the project the relationship between the scientists
and the stakeholders changed, and the two parties encountered both
challenges and successes. Although it is widely agreed that stake-
holder involvement in environmental research in general and in
coastal research and planning more specifically is a pre-requisite for
successful Integrated Coastal Zone Management, it is also frequently
observed that participation can be challenging due to specific local

Table 3
Research subjects selected by mussel farmers.

Biology
What causes the mussel's ‘byssus’ fragility?
Causes and management of biotoxin closures
Effect of temperature on mussel growth

Environment
Sources of pollution, monitoring and water quality improvement
Water discharge monitoring and improvements related to fecal
contamination

Technology
Assessment of new solutions for:

Growth technologies;
Marketing;
Cleaning and conservation

Lowering labor costs
Mechanization

0%

10%

20%

30%

40%

50%

60%

70%

80%

DSP

pa
ras

ite
s

bis
su

s q
ua

lity
E-co

li

waste
water

clim
ate

for
ein

g c
om

pe
titi

on

low
 pr

ice

de
ce

ntra
lisa

tio
n

inf
ras

tru
ctu

res

mark
eti

ng

rent 
co

st 
sp

ace

bu
rea

ucra
cy

ba
d i

mag
e o

f p
rod

uc
t

0%
10%
20%
30%
40%

biological

environmental

external market

local m
arke

t

local m
anage...

Fig. 3. Problems perceived by mussel farmers.

D. Melaku Canu, C. Solidoro / Marine Policy 43 (2014) 55–62 59



Author's personal copy

characteristics [19] and based on the specific phase of the scientific
program [21]. Fishermen in general, including mussel farmers,
hesitate to participate in long-term scientific studies that do not
generate obvious benefits [3]. For this reason, some authors [20] have
proposed that fishermen who collaborate in research activities
should be paid. In the SosteMiTS project, farmers who supported
the project logistics or who participated in the field sampling were
paid, whereas those who simply completed the questionnaires or
interviews were not compensated to discourage biased responses.

3.3.1. Skepticism, trust
There were some negative responses when the project proposal

won the call issued by the ‘Innovation Research Program’ and
received funding. Some attempted to delegitimize the project,
suggesting that the research was not innovative and challenged
basic scientific practices. At this stage, the rules of the cooperation
were unclear, which created ambiguities surrounding the roles
and competencies involved. Communication and firmness were
required to clarify that there was no opportunity for the project's
detractors to appeal the decision made by the Regional Authority
(RA). Moreover, it was necessary for the researchers to explain that
the project was not intended to control the incomes of mussel
farmers or to limit mussel farming activities; rather, it was meant
to ‘take a snapshot’ of the current state of mussel farming,
including its environmental, natural and socio-economic compo-
nents. Mussel farming is a traditional ‘knowledge-based’ activity in
which external interference is unwelcome. Moreover, the leaders
in this community possess excellent practical, technical and
scientific knowledge that has the potential to attract project
funding. However, the detailed knowledge of local ecological
processes that mussel farmers possess, which has been accumu-
lated over generations, may also generate initial skepticism toward
external ideas or suggestions.

3.3.2. Competition/cooperation
The partnership was thus established gradually based on the

research agenda [18] and the scientists communicated the reci-
procal nature of the study and clearly defined the roles and
objectives involved, recognizing that forced participation is rarely
effective [20]. Some of the farmers, including the leading figures,
understood that the scientists were not competitors and that the
project results could be useful to them. Despite their initial
hesitation, they understood that the project would not affect their
internal leadership. In fact, they proposed and aided in modifying
the research agenda, including the sampling design. Other propo-
sals suggested by the farmers could not be implemented because
of budget constraints or because they lay outside the scope of the
project. However, the fact that the researchers were open to
incorporating stakeholder suggestions and to including stake-
holder representatives in the scientific committee was key to the
acceptance of the project, as was the assurance that the TSCreps
would have the chance to preview and comment on any project
material before publication (and that sensitive information would
remain confidential).

3.3.3. Suspicion/communication
At first, the questionnaire was a source of conflict and resistance.

One of the TSCReps in particular suggested that the questionnaire
was useless and urged the researchers to only interact with the
consortium representatives. However, the scientists proceeded in
distributing a questionnaire to all of the enterprises, and both of the
TSCReps cooperated in revising the questionnaire and facilitating
the initial contact with the operators.

The interviews and questionnaire were also instrumental in
facilitating the interactions between the scientists and the

operators, making it possible for the former to better communicate
the project objectives. Some of the interviewees were suspicious
during the initial phone call, but they became more collaborative
and relaxed during the meetings, expressing a collaborative
attitude and volunteering information and suggestions. Some of
them expressed an interest in the project and particularly in the
development of the sustainability indicators, which were per-
ceived as useful marketing tools.

3.3.4. Leadership
A final conflict arose during the final open meeting, when one of

the TSCReps contested some of the details of the sampling design
and some of the figures used in the assessment of the economic
framework. This comment was unexpected because the speaker had
previously had the chance to comment on the dissemination report.
The details did not influence the final results, but it seemed that the
speaker's intention was to delegitimize the research consortium, to
demonstrate to the funding agency that a research consortium led by
farmer representatives would produce better work, and to recom-
mend that any future research projects be revised by an external and
competent farmer representative who would be empowered to
modify their scientific objectives. Afterwards, the COGIUMAR pre-
sident responded to the TSCRep's comments, confirming that the
collaboration had been positive and that he believed the results were
(as far as he could understand them) scientifically sound and likely to
be relevant to the aquaculture activity in the area. Moreover, the
speaker privately clarified that his criticisms should not be taken
personally; rather, he had used that specific arena to petition the RA.

This episode could be viewed at the local level as a shifting the
power dynamics in the design of fishery research projects [26].
Fisherman involvement is generally seen as a valuable component
of project proposals, and local fishermen now wish to participate
in the very early stages of such projects instead of passively joining
the research at a later point. However, it might also be true that
competition for funds can arise when a funding agency does not
clearly define the roles of the actors involved. Fishermen may
believe that they can obtain a share of research funds by present-
ing themselves at research proposals or by controlling scientific
activities through lobbying.

The following year, after the end of the project, three entre-
preneurs independently contacted the SosteMits research group to
request assistance in designing a research proposal to be jointly
submitted to the RA for the next call for innovation project
proposals. This request confirmed that the cooperative relation-
ship between the scientists and the mussel farmers had been
maintained after the conclusion of the project.

4. Discussion

The results of the socioeconomic analysis indicated that mussel
farming in the Gulf of Trieste remains highly lucrative compared to
other marine activities (e.g., small-scale fisheries). However, this
industry is plagued by problems that are common to the entire
primary sector, such as the cost of human labor, significant
bureaucracy and competition with foreign producers. These fac-
tors, combined with marketing problems, erode farmer profits.
The questionnaire revealed that mussel farmers primarily believed
that these problems can be reduced by improving mussel farming
technologies, increasing the level of mechanization, and establish-
ing better infrastructure (i.e., building new structures on land and
a local dispatch center). There was less interest in the implemen-
tation of certification systems or in integrating mussel production
with other related activities because of the high costs involved
(e.g., the costs associated with fish farming), the low level of
economic interest (i.e., in algae), and the possible negative impact
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of the new species (e.g., oysters) on mussels. However, the budget
analysis revealed that cooperatives that engage in diversification
are less vulnerable to problems such as biotoxins and low prices.
The budget analysis and questionnaires confirmed the presence of
great heterogeneity in the management choices made at the
enterprise level. The mussel farmers suggested that this hetero-
geneity is the main obstacle to the development of a formal
producers' organization. In fact, better producer integration may
benefit the entire community: for example, by encouraging shar-
ing of facilities and knowledge.

Some of the mussel farmers were skeptical at the beginning of
the process because they disapproved of the idea of an ‘innovation’
research project led by a research institute despite the previous
successful joint research activities between mussel farmers and
researchers [23,24]. Some farmers, especially the leaders, believed
that an ‘innovation’ research project should focus only on techno-
logical aspects of production and should not be devoted to issues
related to the implementation of Marine Spatial Planning or
Ecosystems Based Management or to the problem of sustainability
in general. The ‘innovation’ call clearly identified two distinct sub-
calls, one for small to medium enterprises and the other for
research institutes and universities, in an attempt to avoid com-
petition between scientific institutions and small to medium
enterprises and to promote more ‘technologically oriented’ and
‘scientifically oriented’ proposals. Therefore, no enterprise would
have been able to obtain the funds that were granted to the
project. In fact, such funds could have been used to fund research
in other sectors instead (e.g., small pelagic fisheries). Nevertheless,
some of the farmers felt as though the scientists were spending
‘their’ money. Most of the leading figures criticized the allocation
of the funds to a scientific project rather than directly to the
enterprises or to relevant consortia. Furthermore, some of the
fishermen supported other consortia that participated in the same
call for proposals. Therefore, the presence of an outsider was an
unpleasant surprise that triggered negative questions: Why did
they win? What will they find? Can they/their results harm us/our
activities? Can we stop/control/trust them? Can we derive money/
benefits from this? Another problem may have been fishermen's
fear that their interactions with scientists could alter existing
interpersonal relationships and weaken the role of the community
figures who serve as mediators between farmers, local authorities,
technical authorities and the scientific world. For example, such
leaders may have feared that the direct interactions between the
farmers and the scientists could make the role of the farmer
representatives less relevant or possibly give voice to opinions and
ideas that differed from their own. In addition, they may have
feared competition for future support from public agencies or
interference within their economic sphere. All of these points are
related to confusion regarding roles and weak leadership.

In this case, that the funding body was also the institution that
issues the management rules governing mussel farming activity
seems to have increased the initial fear and skepticism in the
community (Why do we need scientists if we already interact with
the RA directly? Is there a hidden objective?). However, this relation-
ship also seemed to legitimize the project, promoting participation
as soon as the project's roles and objectives were clarified among
the stakeholders. Despite the strong initial skepticism, the level of
stakeholder participation was high. The attitude of the group of
scientists involved in the project (which emphasized openness to
dialog and suggestions, transparency of aims and results, firmness
on key points and a willingness to share and communicate
knowledge) was also important.

Possibly because of the complaints of the mussel farmer
representatives, the RA adjusted the evaluation criteria for the
next ‘innovation’ call, requiring a formal ‘letter of support’ signed
by some of the operators in the sector (in this case, mussel

farmers) for all proposals submitted by scientific institutions.
Although the rationale underlying this choice (i.e., the idea that
it would encourage cooperation between the scientific world and
the local community beginning at the proposal stage) may be
acceptable, there are also some potential risks. Constraining
scientific research based on business agendas may keep research-
ers from exploring themes that will be relevant in the future,
encouraging support only for research that stakeholder represen-
tatives perceive as important at the time. In addition, such
research projects may focus more on technological issues and less
on scientific findings. Third, the need for a letter of support creates
the potential for conflicts of interest because scientific consortia
often rely upon (and pay for) services offered by enterprises that
are eligible to provide letters of interest.

Conversely, it may be helpful to better define the roles of the
authorities, the scientific world and the enterprises in question in
the future. For example, the local authorities might create a
permanent board of scientific experts who can evaluate potential
projects. Various mechanisms could be considered, but in any
event, clear rules should be established for different players to
ensure transparency.

The RA, as an institutional management body, has a relevant role
in legitimizing the link between researchers and mussel farmers.
This link between research and management bodies can generate
concern regarding hidden agendas [26] but also guarantees that the
project results will have an impact on the management.

In summary, elements were identified that seem to signifi-
cantly impact the success of the link between science and mussel
farming. Collaborative interaction is required, and the economic
relationship between the two groups must be considered together
with the internal equilibrium of the mussel farming community
and the role of local institutions or funding agencies (Fig. 4).

5. Conclusions

Stakeholder involvement in coastal research has been widely
promoted in recent decades; however, no single participation
strategy guarantees success, and different experiences may sup-
port the use of other participation strategies. The collaborative
process is often hampered by problems such as a lack of trust,
competition and diffidence, which can originate from causes of
either a general or a site-specific nature.

Some hesitation was observed due to the perception that
scientists are unfamiliar with mussel farmers' everyday lives and
problems; the fear of losing time (and therefore money) on a
research project that does not provide immediate benefits; the
perception that too often, institutions or scientists request data
because of an unclear (or even hidden) agenda; and the feeling
that the participants were the object of study rather than colla-
borating with the scientists. The site-specific causes related to the
degree of cohesion between the mussel farmers, which was
relatively good but not complete in this case, and the history of
the relationships among the mussel farmers and between the
farmers, the local institutions and the scientific community.
The need to empower scientists also emerged as a requisite for
successful interaction. Conflicts of interest can arise if fishermen
feel that they can control the funding agency and, through it, the
research activities of scientists. Conversely, although science must
be useful to society and stakeholder engagement is important,
stakeholders alone cannot dictate a research agenda or evaluate
scientific projects.

Another important issue is the internal leadership of stakeholder
representatives. Fragmentation within the stakeholder community
and a lack of interest in participation might arise from conflicts or a
lack of trust between the group and its representatives. Such
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dynamics are more likely to occur in small family enterprises
without a tradition of cooperative management or formal/academic
education.

In these situations, family knowledge accumulated over gen-
erations may result in skepticism towards external ideas and
suggestion. When combined with bureaucracy and paperwork,
this tendency may prevent continuous and proactive interaction
with the governing authority. This relational gap may generate
room for mediation between the group and the institutions but is
also a potential source of use conflicts.

The mixed use of open meetings, written documentation, and
unstructured and structured interviews was effective for this
heterogeneous group of people. This hybrid communication strat-
egy made it possible to collect information from the farmer leaders
and from other farmers, and it also facilitated the communication of
the results to people who easily understood technical/scientific
documents as well as to those who, for various reasons, are less
interested in such an approach. The socio-economic analysis based
on qualitative and quantitative assessment, the scientific assess-
ment and technical tools developed within the project (including
dynamic models of mussel growth, hydrodynamic and biogeochem-
istry models, and sustainability indicators), and the scientist–farmer
interaction created a ‘common pool of knowledge' that is likely to
foster cooperation around future sustainable management plans.

Acknowledgments

The work was developed within the framework of a project
funded by the local regional authority, Regione Autonoma Friuli
Venezia Giulia-Servizio Investimenti aziendali e sviluppo agricolo.
Direzione Centrale Risorse Agricole, Naturali, Forestali e Montagna.
The formal (Italian) name of the project is Raccolta dati di base ed
elaborazione di in modello di gestione ambientale per l'attività di
molluschicoltura ai fini dell'approntamento di piani di gestione
integrata delle zone costiere del nord Adriatico (SosteMiTs).

The authors thank the COGIUMAR consortium and the coop-
eratives for their participation, Anna Sustersic and Vinko Bandelj
for their support during the survey, Lara Pizzo for the support to
budget analysis. The authors thank the entire group of scientists
who interacted with the stakeholders—in particular, their collea-
gues Simone Libralato and Paola del Negro. The authors thank

Valentina Mosetti for the graphical support of Fig. 4. The authors
thank the first anonymous reviewer for providing interesting
observations and comments on the first draft of the paper.

References

[1] Solidoro C, Del Negro P, Libralato S, Melaku Canu D. editors. Sostenibilità della
mitilicoltura triestina, Istituto Nazionale di Oceanografia e Geofisica Speri-
mentale—OGS. Rapporto di sintesip. 〈http://echo.ogs.trieste.it/echo/siti/
mitili/Sostemits.htm〉; 2010. p. 88.

[2] Hopkins TS, Bailly D, Støttrup JG. A systems approach framework for coastal
zones. Ecology and Society 2011;16(4):25.

[3] Melaku Canu D, Campostrini P, Dalla Riva S, Pastres R, Pizzo L, Rossetto L,
Solidoro C. Addressing sustainability of clam farming in the Venice Lagoon.
Ecology and Society 2011;16(3):26.

[4] Borthagaray AI, Carranza A. Mussels as ecosystem engineers: their contribu-
tion to species richness in a rocky littoral community. Acta Oceanologica
2007;31:243–50.

[5] Mattson J, Lindén O. Benthic macrofauna succession under mussel, Mytilus
edulis L. (Bivalvia), cultured on hanging long-lines. Sarsia 1983;68:97–102.

[6] Brizzi G, Aleffi F, Goriup F, Landri P, Orel G. Modifications in benthos under
mussel cultures in the Gulf of Trieste (North Adriatic Sea). Annales, Series
Historia Naturalis 1995;7:17–26.

[7] Chamberlain J, Fernandes TF, read P, Nickell TD, Davies IM. Impacts of
biodeposits from suspended mussel (Mytilus edulis L.) culture on the sur-
rounding surficial sedimens. ICES Journal of Marine Science 2001;58:411–6.

[8] Mirto S, La Rosa T, Danovaro R, Mazzola A. Microbial and meiofaunal response
to intensive mussel-farm biodeposition in coastal sediments of the western
Mediterranean. Marine Pollution Bulletin 2000;40:244–52.

[9] La Rosa T, Mirto S, Marino V, Alonzo V, Maugeri TL, Mazzola A. Heterotrophic
bacteria community and pollution indicators of mussel farm impact in the Gulf
of Gaeta (Tyrrenian Sea). Marine Environmental Research 2001;52:301–21.

[10] Danovaro R, Gambi C, Luna GM, Mirto S. Sustainable impact of mussel farming
in the Adriatic Sea (Mediterranean Sea): evidence from biochemical, microbial
and meiofaunal indicators. Marine Pollution Bulletin 2004;49:325–33.

[11] Aleffi IF, Bettoso N, Celio M, Tamberlich F, Predonzani S. Effects of suspended
mussel culture on the macrozoobenthos in the Gulf of Trieste (Northern
Adriatic Sea). Annales Series Historia Naturalis 2006;16(2):135–46.

[12] Wackernagel M, Rees W. Our ecological footprint. Gabriola Island, Canada:
New Society Publisher; 1996.

[13] Odum HT, Brown MT, Brandt-Williams S. Handbook of emergy evaluation,
folio #1 introduction and global budget. University of Florida, Gainesville:
Center for Environmental Engineering Science; 1–17.

[14] Makino M, Matsuda H, Sakurai Y. Expanding fisheries co-management to
ecosystem-based management: a case in the Shiretoko World Natural Heri-
tage area, Japan. Marine Policy 2009;33:207–14.

[15] Douvere F. The importance of marine spatial planning in advancing
ecosystem-based sea use management. Marine Policy 2008;32:762–71.

[16] Foley MM, Halpern BS, Micheli F, Armsby MH, Caldwell MR, Crain CM, et al.
Guiding ecological principles for marine spatial planning. Marine Policy
2010;34:955–66.

[17] Hønneland G. Compliance in the Barents Sea fisheries. How fishermen account
for conformity with rules. Marine Policy 2000;24:11–9.

[18] Stojanovic TA, Ball I, Ballinger RC, Lymbery G, Dodds W. The role of research
networks for science-policy collaboration in coastal areas. Marine Policy
2009;33:901–11.

[19] Mikalsen K, Jentoft S. Participatory practices in fisheries across Europe:
making stakeholders more responsible. Marine Policy 2008;32:169–77.

[20] Mackinson S, Wilson DC, Galiay P, Deas B. Engaging stakeholders in fisheries
and marine research. Marine Policy 2011;35:18–24.

[21] Human BA, Davies A. Stakeholder consultation during the planning phase of
scientific programs. Marine Policy 2012;34:645–54.

[22] Levi Morenos D, Neptunia, Anno I. 1891, N 9. p. 392–394.
[23] Franzosini C. Mitilicoltura nel Golfo di Trieste: analisi del settore e opportunità di

innovazione. AREA Scienze Park. Progetto Impresa. Trieste. vol. 1; 1998. p. 183.
[24] Orel G, Zamboni R. Piano Proposte per un Piano Pluriennale di gestione della

fascia costiera del Golfo di Trieste. II edizione ARIES CCIAA di Trieste Progetto
pilota sulla gestione delle zone di pesca. Iniziativa Comunitaria Pesca L.R.
11/98. Progetto ARIES-PESCA 2000/2003 SFOP 2000–2006. vol. 1. p. 130.

[25] Wilson DC, Raakiær J, Degnbol P. The fisheries co-management experience:
accomplishments, challenges and prospects. Dortdrecht.Kluwer Academic
Publishers; 2003.

[26] Jacobsen RB, Wilson DCK, Ramirez-Monsalve P. Empowerment and regulation—
dilemmas in participatory fisheries science. Fish and Fisheries 2012;13:291–302.

[27] Corbetta G. La ricerca sociale: metodologie e tecniche. II. Le tecniche quantita-
tive. Il Mulino Ed. Bologna; 2007. p. 314.

[28] Corbetta G. La ricerca sociale: metodologie e tecniche. III Le tecniche qualitative.
Il Mulino Ed. Bologna; 2007. p. 178.

Fig. 4. Relevant elements of the scientist–mussel farmer interaction. Collaboration
includes all of the collaborative elements (openness, dialog, clear objectives, etc.).
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