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________________________________________________________ 

Abstract. The consequences of accelerating climate change for land and sea 

biodiversity require innovative approaches to research. Interdisciplinary re-

search serves to connect natural science, social sciences and humanities, tech-

nology, and engineering, as well as welcoming citizen scientists into the re-

search environment. Interdisciplinarity is part of a developing innovative ap-

proach to research that emphasizes co-evolution of traditional sciences, with 

citizen science and participatory engagement in the realisation of research 

goals and the promotion of climate change mitigation strategies. In this article, 

through the example of shellfish maricultures we illustrate interdisciplinarity, 

particularly demonstrating how marine biology, health and well-being, social 

science and cultural geography come together at the interface between nature, 

culture, and climate change mitigation strategies. 

_____________________________________________________________ 

1. Introduction 

The acceleration of climate change arising from the Anthropocene Epoch (Stef-

fen, Crutzen and McNeil 2007; Hawke and Pálsson 2017) and the associated ef-

fects on land and sea biodiversity necessitate innovative ways of doing research. 

This paper's aim is to illustrate the importance of interdisciplinary research 

through the example of marine aquacultures, also known as maricultures, that 

produce shellfish (as opposed to freshwater aquacultures and fish maricultures). 

We seek to investigate the impact of maricultures on society and vice versa by 

describing different intersecting scientific sectors that can identify stakeholders 

who through citizen science can make a contribution to climate change 

mitigation, especially at the coastal land-water interface. For our purposes we 

apply the definition of interdisciplinarity from earlier research work (See Paulsen, 

Jagodzinski and Hawke 2022), but in specific reference to this paper, we refer to 

the work of Edwards (1998), who presented a framework comprised of diverse 

aspects of marine aquacultures, covering: production technology, socio-eco-

nomic characteristics, and the environment as an ecosystem. Recently, this socio-

http://dx.doi.org/10.13135/2384-8677/
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ecological system framework was elaborated on by Johnson et al. (2019), to which 

we add cultural heritage and participatory engagement (Kumer and Urbanc 2020) 

from citizen science. 

In this example, we emphasize the confluence between different fields of science 

that include, but are not limited to, engineering and technology, marine biology, 

kinesiology (the study of human movement embracing health sciences), social 

science, cultural geography and heritage studies, together with citizen science. 

These all play a pivotal part in understanding the interface between nature and 

culture. They are not the only possible intersections, but are chosen as those most 

relevant to this article on maricultures and coastal climate change issues. We will 

also refer to the climate change innovation project Smart Control of the Climate 

Resilience in European Coastal Cities (SCORE)1 as a living example of how to 

develop coastal resilience, in association with the ecosystem services partially 

provided by maricultures. Figure 1 presents a sample of intersecting areas of in-

terdisciplinarity in relation to our field of inquiry. 

 

 

Figure 1. An example of Interdisciplinary Research Intersections through Maricultures 

 
1 The authors of this paper are or were partners in the SCORE Consortium. We are in the process 
of analyzing the data sets gleaned from the first twelve months of this project. More empirical 
evidence will be available in work forthcoming. 

INTER-DISCIPLINARITY
+ 

MARICULTURES 
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At times innovative and emergent research dialogue takes places between two 

fields and at other times involves many fields of scientific inquiry. Imbricated in 

this method of interdisciplinary research is the way in which connections evolve 

between theory and practice. How that interface is understood across different 

sectors (including business) influences rigorous and diverse research possibilities 

that lean towards climate change mitigation. Before we explore the world of 

maricultures, we present some key definitions and concepts that set the 

background for developments in the field of interdisciplinary studies as they 

relate to climate change mitigation research and practice. 

 

2. Shellfish maricultures as an interdisciplinary case study 

The probable effects of maricultures on health, environment and ecosystems, 

their products at the nature-culture interface, and the ecosystem services they 

provide, has attracted widescale research interest beyond marine biology (John-

son et al. 2019; Mascorda Cabre et al. 2021), as we will discuss below. Studying 

maricultures during the current period of climate change provides the oppor-

tunity for unique cross-disciplinary data about human impact and pollutants to 

be gathered and analysed.   

The type of research necessary to discover the benefits and general effects of 

maricultures requires both biological and social science data, because each of 

these fields gathers and analyses data differently. Social science has a greater em-

phasis on both quantitative and qualitative data, as well as narrativization, while 

biological sciences approach nature more quantitatively. By merging the full spec-

trum of research results from each of these fields we can build a more compre-

hensive picture of what is happening within and through maricultures. Here the 

role of fishing community observances of changes in maricultures are vital and 

are also detected differently. Ethnography and auto-ethnography also come into 

play, in that they relate as much to heritage practices and lived experience as to 

specific biological science applied to aquaculture – marine biology. Mapping the 

cultural geography, habits, and practices of fishing communities, and partnering 

with them, thus forms a pivotal part of a broader and more robust research pic-

ture that is inherently interdisciplinary, rather than constrained by the specificity 

of one scientific approach.  

The European Commission is embracing interdisciplinarity through its funding 

calls that expressly invite biological, social and citizen sciences to collaborate in-

novatively towards richer and more diverse research practice and outcomes. For 

http://dx.doi.org/10.13135/2384-8677/
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example, it has implemented a strategy to ensure that safe human food products 

enter the markets of its member states (SFEP, 2015), mandating the 

implementation of the Directive on Maritime Spatial Planning by 2021. In 

addition, there are other intiatives such as The Marine Strategy Framework 

Directive; The Water Framework Directive; The Flood Directive, The Natura 

and Habitats Directives and the 2030 Biodiversity Strategy.  

Other instruments that engage in research practice and knowledge sharing across 

fields include the Sustainable Development Goals (SDGs) adopted by the United 

Nations (UN, 2015). These goals identify areas in which it is argued that 

development can be promoted while ensuring protection of the planet by 

adopting interwoven socio-cultural, environmental and geographical approaches. 

In relation to maricultures, goals no.3 – Good Health and Well Being, no.12 – 

Responsible Consumption and Production and no.14 – Life Below Water are particularly 

relevant. The motivation behind the adoption of the SDGs was to educate and 

to enact mitigation pathways in the face of climate change, and also explain how 

these effect people and species in different parts of the world, thereby combining 

cross-cultural and geo-political concerns with ecological concerns. By merging 

directives and instruments with the practices of daily life – in this instance citizen 

scientists in the mariculture communities of the Mediterranean area (in particular 

the Adriatic Sea) – further knowledge can be built by expert researchers and 

commissions that have already reported about mariculture products, its benefits 

and pitfalls (EUMOFA, 2017). 

Continual building of research across fields, and indeed going beyond borders, 

towards the achievement of sustainable goals for maricultures and biodiversity, 

is crucial. Human cultures that do this as part of their cultural heritage while also 

being citizen scientists, demonstrate both the need for interdisciplinary research 

conversation and a better understanding of how interdisciplinarity can be applied 

to modern research (Johnson et al. 2019) and climate change challenges (Jones et 

al. 2022; Mascorda Cabre et al. 2021). Part of that research is developing meth-

odological frameworks that attend to both ecosystem services and the socio-eco-

nomic assessment of the sustainability of those services for local as well as market 

communities. By consolidating transboundary and interdisciplinary links, a more 

comprehensive research picture will emerge for maricultures, while still 

respecting the specificity of marine biology and its rich tradition. 

http://dx.doi.org/10.13135/2384-8677/6945
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3. A methodology involving Citizen Science 

The Green Paper on Citizen Science (2013, p. 21) defines the participation and co-

creation of lived experience science and research in terms of how “citizen science 

refers to the general public engagement in scientific research activities when cit-

izens actively contribute to science either with their intellectual effort, or sur-

rounding knowledge, or with their tools and resources.”  

The term “citizen science” encompasses a wide range of activities and practices 

related to renewed collaborations between research and society (Haklay et al. 

2021, p. 4). It includes the generation of scientific data, engages volunteers over 

a large area, and addresses a politically, economically, socially, or environmentally 

relevant issue. Without a precise definition and adoption by all fields of inquiry, 

citizen science and its associated participatory engagement gives rise to discus-

sion about what type of activities and practices should be included (Haklay et al. 

2021) in its scope. But fundamentally it includes “public participation and 

knowledge production” in science and research activities (p. 2). Later in our arti-

cle we look at fishing communities and their everyday science lived experience 

through the lens of citizen science, considering it as inherited knowledge enacted 

daily. 

The growing need for solving complex research and environmental challenges 

demonstrates the inherently interdisciplinary aspect of citizen science research 

and approaches. Tipaldo and Allamano (2017) argue that interdisciplinary ap-

proaches focus on citizen science as well as on social mechanisms that push non-

experts (i.e. citizens) to invest time and personal knowledge in collaborative ini-

tiatives for science. This is not to be confused with crowdsourcing, which is more 

of a funding drive that engages citizens to contribute to research costs.  

As Heiss and Matthes (2017) observe, activities and projects following social sci-

ences and humanities topics and approaches are less easily discernible in citizen 

science practice, although they may be fueled by genuine and challenging ques-

tions. This is supported by the data available from the EU open science monitor 

(European Commission, 2020) which shows that among the citizen science pro-

jects financed by the EC the great majority of projects in 2019 were in the field 

of ecology and environment (623), followed by nature and outdoors (618), biol-

ogy (518) and animals (396). Hence, it is possible to justify the use of citizen 

science as a research method in climate change phenomena and research, as citi-

zens are faced with elemental challenges emphasized by funding bodies. Con-

versely, according to Tauginienė et al. (2020), social sciences may apparently re-

cruit fewer citizen scientists because of the stable, long-lasting relationships social 

http://dx.doi.org/10.13135/2384-8677/
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science has developed with communities in general, through surveys and focus 

groups, but not necessarily defined as citizen science. 

In relation to coastal cities, mapping hazards such as tidal surge, coastal flooding 

and the concomitant effects on infrastructure and tourism, as well as everyday 

life, a participatory approach with citizen scientists who live in the local area is 

both logical and desirable. Many citizens also have multi-generational links with 

an area, such as fishing communities, and know about more or different aspects 

of a geographical area and its weather changes through their lived experience 

than what is available through technological data collection. Fishing communities 

also take us into the field of history, heritage studies, eco-linguistics, ethnography, 

and cross-cultural engagement, as we show in this article. 

In the Smart Control of the Climate Resilience in European Coastal Cities-pro-

ject (SCORE), for example, nine European Union coastal cities and one from 

Turkey have been chosen to monitor, research and contribute to research data 

and output about climate change mitigation, and protection of resources such as 

fresh water and biodiversity. In this project, the concept of ‘living labs’ is applied 

as defined by the European Network of Living Labs (2022): 

Living Labs are open (urban) innovation ecosystems in real-life environments 

based on a systematic user (stakeholders and citizen scientists) co-creation ap-

proach that integrates research and innovation activities in communities, actively 

involving stakeholders (including citizens) to co-create, implement, test, and eval-

uate innovations in real-life situations (Anton et al. 2022)2. 

This extends to coastal cities, creating the Coastal City Living Labs (CCLL) as a 

new and innovative approach that uses the people of the coastal city as a funda-

mental part of the research base, rather than confining research to a science la-

boratory. Through this method, stakeholders (citizens, businesses, academia, and 

governance) co-identify the primary coastal hazards of each of the ten coastal 

 
2 Some of the early results and definitions of the SCORE project were reported by Anton et al at 
the EGU General Assembly 2022, Vienna, Austria and Online, 23–27 May 2022, EGU22 5469 and 
at the 2nd Consortium Meeting in Sligo, June 2022, and at the conference on Pedagogy and Climate 
Change in August 2022. https://www.itsligo.ie/education-with-sustainability. As the projects 
CCLL’s mitigation strategies develop until 2024, more data will become available. Local projects 
such as Dobro za Morje (Rural development program of the Republic of Slovenia through the 
Ministry of Agriculture Forestry, and Food combined with the European Fishery Fund 2014-2020, 
https://dobrozamorje.si), have also yielded early information particularly in relation to Aquacul-
tures. The definition of Living Labs applies to the projects methodology and is drawn from the 
Living Labs concepts.  
https://score-eu-project.eu/wp-content/uploads/2022/03/Introduction-to-the-SCORE-CCLL-
framework-and-methodology_compressed.pdf  

http://dx.doi.org/10.13135/2384-8677/6945
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cities, along with their impacts, and co-address climate change adaptation and 

resilience issues. Already the CCLL of Piran has demonstrated extreme climate 

change hazards and impacts (Kumer et al. 2022), such as drinking water scarcity 

and coastal flooding. Furthermore, through advanced mapping information pro-

vided together with local environmental and civil protection agencies, it is possi-

ble to view both superficial and deep changes on the coastline that effect marine 

habitats and species such as maricultures. For example, the Slovenian Environ-

mental Ministry (ARSO) and the Civil Protection and Disaster Relief Agency 

have collected data to represent the increase in intensity and timing of extreme 

events such as storm surges, landslides, sea floods and tidal erosion. The research 

team is currently developing and analysing the data gathered so far, but even at 

this early stage the project shows how the intensity and frequency of extreme 

weather events are on the rise. We have been graphing data sets from 2005 to 

the current time, and coastal flooding is the most predominant risk factor, along 

with the coastal erosion it creates. This makes the coastal city of Piran and its 

maricultures very vulnerable. Recently Mascorda Cabre et al. (2021) mapped the 

influence of the presence of offshore maricultures on coastal and seabed erosion, 

as well as various weather events. The results suggest that not only do maricul-

tures provide relevant ecosystem services, valorized food and well-being sources, 

they could provide shoreline protection and seabed stabilisation in the face of 

future extreme coastal weather events. 

Kociper et al. (2019) outline an index of agricultural climate change vulnerability 

in terms of three factors: exposure, sensitivity, and adaptive capacity. Applying 

such an indexing approach to general information and vulnerabilities, coupled 

with specific data from Piran, the SCORE project and the mariculture commu-

nities, will enable more effective data generation and sharing for disaster planning 

and biodiversity and infrastructure protection. 

Despite generous funding from organizations such as the European Commis-

sion, citizen science remains under-utilized and often misunderstood in many 

European settings. In Slovenia for example, the most notable citizen science in-

put is with ecologically centered projects that relate to Natura 2000 and the na-

tional monitoring of jellyfish, the four-lined snake3 and invasive species4. In the 

context of the SCORE project Slovenia is represented through the CCLL of Pi-

ran in Slovenian Istria near the Croatian border because it is the most vulnerable 

to climate change impacts such as coastal flooding and storm surges (together 

 
3 (http://www.natura2000.si/novica/goz/) 

4 (https://www.tujerodne-vrste.info/) 

http://dx.doi.org/10.13135/2384-8677/
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with water scarcity) affecting everyday life, infrastructure, tourism, and fishing, 

including maricultures. Slovenia has only 42 kilometers of coastline and Piran is 

one of four main cities, the others being Koper, Izola, and Ankaran near the 

border of Italy. In studies of mariculture, citizen science has already been utilized, 

especially with regards to gathering and delivering data and identifying precise 

aquaculture species (see Tiralongo et al. 2020), for broader scientific audiences 

and environmental agencies alike. 

4. An ecolinguistic, intercultural and ethnographic view of maricultures 

Maricultures, like all human actions on the environment, perform a function re-

lated to survival, but do so in compliance with human laws and capital, in other 

words, economic and social needs. Maricultures are based on direct, physical, and 

immersive relationships between humans and nature. These relationships are es-

tablished through actions, gestures, and words that come from the sea. The 

words arise from ancient actions and efforts aimed at caring for, preserving, in-

dicating, explaining, and warning about natural phenomena and elements that are 

important to a more modern study of the nature-culture interface, and ongoing 

respect for “all planetary life” (Hawke and Spannring, 2022). This lexicon is often 

poetic as well as scientific and cultural. It could also be described as ethnographic, 

or auto-ethnographic (Spannring and Hawke 2022), whereby the researcher also 

becomes the object of study. This makes maricultures a fitting case study, as fish-

ing communities are constantly analyzing and adapting their practices, making 

meaning of their own life and work. 

The fishing communities in the northern Adriatic Italian-Slovenian Sea region 

are characterized by a common language that dates to the ancient Republic of 

Venice at the beginning of the XV century (Dudine, 2014; Rogelja and Janko 

Spreizer, 2017; Saracino, 2021). Despite the fall of the Venetian Serenissima Re-

public at the end of the eighteenth century, common, and arguably nature-based, 

language was developed and continues to be maintained to this day in the fishing 

communities, which all speak an Istrian-Venetian dialect (Dudine, 2014; Rogelja 

and Janko Spreizer, 2017; Saracino, 2021). 

The craft of the sea was passed down among families, predominantly from parent 

to child and through the Istrian-Venetian language, which gave a name to tools, 

boats, fishing techniques, recipes, and weather conditions. In Istrian-Venetian 

fishing communities, knowledge was shared with all areas of life that included 

food preparation, usually the domain of the women, although women were also 

involved in the fishing. Recognizing the importance of this specific linguistic and 

http://dx.doi.org/10.13135/2384-8677/6945
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semantic universe enriches the skills and the understanding of any researcher in 

the field of scientific, social, or humanistic studies who wishes to tackle the study 

of mariculture in the northern Adriatic Sea, and create genuine cross-cultural par-

ticipatory engagement built on the way fishermen speak about their lifeworld to 

themselves, cultural neighbors, and researchers. 

 

The Istrian-Venetian terms that refer to this ecolinguistic world include musoli, 

musolere, musoler (mussels); trabacoli, bragozzi, batei (typical local boats); mandracchio, 

squero (spaces for the repairs and maintenance of boats, places of encounters, of 

specialized professionals and sea lovers). These words cannot (do-not-need-to) 

be translated. They exist as referents to experiences difficult to tell and describe 

yet known because lived. They are words that transcend geographies and times, 

that survive republics, empires, nations, communities (both mainstream and mar-

ginalized) and perhaps even globalization. These are words that identify people, 

their actions, and choices, define communities and economies, words as seman-

tics of place, of natural balances between human-territory intervention-tradition 

and which represent a body of information, to be listened to rather than merely 

assumed.  

To study the biodiversity of a territory without immersing oneself through all the 

senses, and in the sound of languages that describe and interpret ancient wisdom 

natural phenomena and their nuances, including, warnings, advice, relationships, 

and traditions, is a sectoral scientific approach that can bring new insights, col-

laborative possibilities, and dialogue with other disciplines. However, in a truly 

interdisciplinary approach, maintaining a wholeness and solidity of perspective 

that avoids being overly influenced by specific fields of study and their method-

ologies is crucial. Studying the biodiversity of places without including and en-

gaging minority autochthonous communities (often left aside from scientific re-

search) is a missed opportunity. To act through an approach based on cultural 

empathy, understood as “the attempt to organize experience through a set of 

constructs that are more characteristic of another culture than of one’s own” or 

“the imaginative, intellectual and emotional participation in another’s person ex-

perience” (Bennett, 1993, p. 156), is necessary. 

The study of communities, their history and their traditions tells us a lot about 

this territory, indirectly indicating the extent of the phenomena, the presence, 

absence or replacement of certain fishing varieties and mariculture practices. And 

while it may be challenging to merge modern science with ancient practices, in-

terdisciplinarity opens some space for such possibilities. 

http://dx.doi.org/10.13135/2384-8677/
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Since the Middle Ages, fishermen on the Adriatic coast have been organized into 

brotherhoods which became over centuries until the twentieth century, cooper-

atives that developed canneries and fish processing factories. Before World War 

II, the cooperative united more than 300 fishermen in Piran alone, and after the 

war and the emigration of most of the population from the coastal towns, the 

first established post-war cooperative had about 90 members. In Piran, the first 

fishermen's cooperative was founded in the early years of the twentieth century 

under the Austro-Hungarian Empire and was dissolved in 1911. The second coo-

perative, Cooperativa fra pescatori di Pirano, was founded in 1925. Particularly im-

portant was and still is the annual catch of mullet in the Bay of Piran in late 

autumn (Juri, 2019). 

Acknowledging these fishermen and their linguistic environment is an important 

reference for interdisciplinary scientific investigation. This is because linguistics, 

according to Stibbe (2015): 

“[…] provides tools for analyzing the texts that surround us in everyday 

life and shape the kind of society we belong to. These tools can help reveal 

the hidden stories that exist between the lines of the texts. Once revealed, 

the stories can be questioned from an ecological perspective: do they en-

courage people to destroy or protect the ecosystems that life depends on? 

If they are destructive then they need to be resisted, and if beneficial they 

need to be promoted” (p. 2). 

Furthermore, historic knowledge and hidden stories may indeed re-surface and 

contribute to understanding coastal climate change issues and knowledge 

through fishing communities invited to take part in research as citizens scientists. 

We will now look more specifically at the biological, health sciences and natural 

science component of interdisciplinarity through a case study of Mediterranean 

maricultures. 

5. Cultured shellfish as Mediterranean human food 

Shellfish maricultures traditionally developed as a food source well before 

modern concerns over climate change and aquaculture food security. Compared 

to land-based agriculture, maricultures use less land, but more importantly, 

produce less greenhouse gases and their products contain more micronutrients 

per protein quantity (Parodi et al. 2018; Barange, 2020). We will now examine 

their contribution to both food sustainability and climate change mitigation. 

http://dx.doi.org/10.13135/2384-8677/6945
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In recent decades much attention has been given to the health benefits of the 

consumption of marine fish, especially in regard to providing bulk protein and 

high concentrations of essential fatty acids. The literature clearly demonstrates 

that health benefits are associated with consumption of omega-3 long-chain 

polyunsaturated fatty acids (PUFAs) abundantly present in mariculture food 

products (Parodi et al. 2018), including Adriatic shellfish (Bongiorno et al. 2015; 

Prato et al. 2019). A FAO/WHO report mentions that these associations are 

demonstrated in numerous studies across a wide range of populations and in 

differing but complementary fields of inquiry which go beyond health sciences, 

and reflect the sum of benefits and risks from all of the constituents 

(FAO/WHO, 2011). However, fish was defined as finfish and shellfish, whether 

of marine or freshwater origin, farmed or wild. Thus, for the consideration of 

total omega-3 PUFAs intake, the majority of studies examined finfish 

consumption, rather than considering also shellfish. In other words, the health 

benefits induced by consumption of fish as opposed to shellfish (or even farmed 

versus wild), have not generally been investigated. This presents the fields of 

broader kinesiology (human movement, physical health and wellbeing) and social 

sciences with opportunities to further explore partnerships with citizens who are 

co-producing the products of the Mediterranean diet and to carry out research 

that might further valorize their food, cultural heritage and lifestyle, in the face 

of changing climatic conditions. 

Shellfish have traditionally been cultured as food within the Mediterranean basin, 

as part of the Mediterranen diet that has been recognized as an 'intangible cultural 

heritage' (UNESCO, 2013). Hence, the Mediterranean diet can be interpreted as 

a lifestyle (Meulenberg, 2019a). Noting the lived experience of a group of people 

adds greater possibilities for heritage studies and social sciences to map the many 

features of the Mediterranean diet, as adherence to the lifestyle can provide 

sustainable wellbeing and longevity (Meulenberg, 2019b). Using narrative and 

oral history accounts and focus groups as a participatory method can yield a more 

personal understanding of the industry that further adds to the interdisciplinary 

nature of research into maricultures constituted also by heritage studies, 

ethnography and auto-ethnography as a practice of observing communities that 

takes us beyong ourselves to include fisherman within their own communities. 

However, recent wild fish stock depletion (largely due to unsustainable over-

fishing practices) makes it necessary to investigate separately the potential health 

benefits of farmed shellfish consumption, in relation to supply. Such research 

could provide kinesiologic evidence to support the valorization of this type of 

food, as a proven ingredient for physical well-being, as well as demonstrating the 

http://dx.doi.org/10.13135/2384-8677/
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ongoing relationship between people and the sea, through mariculture 

production and acquatic cultural heritage (Figure 2). The association of such 

benefits as resulting from the interdisciplinary mariculture sector would also 

support blue growth and provide sustainable food choices (Jones et al. 2022; 

Mascorda Cabre et al. 2021, Meulenberg, 2019b; Naylor et al. 2021). 

 

 

 

Figure 2. Views from the vineyards of the Debeli Rtič landscape park: the lined-up 
floaters of the maricultures in the Slovenian waters with the Italian city of Trieste on 
the opposite coast (second picture). Photos by Cécil Meulenberg. 

6. The contribution of shellfish maricultures to biodiversity 

In this section we look at shellfish maricultures from the perspective of 

biodiveristy and marine studies. In the Adriatic sea, which includes coastlines of 
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Slovenia, Croatia and Italy, farms traditionally consist of vertical lines to which 

shellfish adhere directly and attach in socks. 

The organisms do not need human-introduced biotic elements to feed on. The 

cultured shellfish species are filter-feeders, meaning they consume the 

microscopic plankton and floating sediment already in the sea waters. By filter 

feeding they diminish eutrophication, the natural process of water enrichment 

with nutrients and minerals especially nitrogen and phosphorus, and thus 

improve water clarity and the quality of coastal-interface waters (e.g., Petersen et 

al. 2016). Hence, the circularity of this ecosystem – its circular economy – is 

guaranteed and is also free of introduced antibiotics and growth promoters (as 

compared to common agriculture activities).  

The most common farmed species are endemic, such as the Mediterranean blue 

mussel (klapavica – Mytilus galloprovincialis) and oysters (ostriga – Ostrea edulis) that 

need a susbstrate to attach to. Others like clams (ladinke – Venus verrucosa) do not 

require a substrate, but can be reared in cages. Spillover of de-attached/de-caged 

individual specimens into the sea waters is not regarded as a problem precisely 

because farmed species are endemic, although the fall-off shells can cause 

alterations in sediment biogeochemistry and can attract predatory species (Callier 

et al. 2018). The floaters and the vertical lines, with cages deeper down the line 

(close to the sea floor) will combine the farming of two or more species (known 

as integrated multi-trophic aquacultures), and as a whole might contribute to 

attracting both mobile and immobile species, like algae, crustaceans, and fish, 

provide shelter and act as nurseries similar to the diverse communities of natural 

reefs, as Callier et al. (2018), have noted. However, the water column and the 

husbandry activities might also repel certain species. In the Eastern Adriatic 

waters of Croatia, there have been reports of predation on farmed shellfish by 

sea bream (Tičina et al. 2020). Despite this predation, the introduced farms 

contribute to a novel foodweb structure, although it will be important for future 

research to also consider the effects of climate change events such as storm 

surges and coastal erosion to this unique foodweb structure. In the North 

Adriatic Sea, research regarding the effects of shellfish aquacultures on local 

marine biodiversity is still relatively new. Moreover, through inclusive 

partnerships with fishing communities, using applicable smart sensor 

technologies (for monitoring the growth in the mariculture or sea water 

properties) with inter-generational marine expertise (about species and the 

marine environment), the mariculture sector can be upgraded as a modern food 

supply system while incorporating essential local and historical  knowledge. 
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Such an interdisciplinary approach provides opportunities for both the 

maricultures and the people involved in the production of this food. 

7. Shellfish as environmental/ecosystem biomarkers 

Throughout the Adriatic waters, mussels in particular have been investigated as 

biomarkers for various environmental aspects, as outlined by Bajt et al. (2019). 

Shellfish occupy a basic position in the marine food chain, and due to their filter-

feeding tend to accumulate chemicals introduced through pollution (either 

natural or human). Contaminants of a human nature identified in shellfish range 

from heavy metals, polychlorinated biphenyls (PCBs) and organochlorine 

pesticides, to polycyclic aromatic hydrocarbons (see also Prato et al. 2019). From 

2014 to 2017 a decline in visible collected macro litter, mainly consisting of plas-

tics, was observed for Slovenian beaches (Schmid et al. 2021). On the other hand, 

human laundry activities that create microplastic fibres also enter marine ecosys-

tems and damage the DNA, gill, and digestive gland tissues of Mytilus galloprovin-

cialis (Alnajar et al. 2021). The consequences of such pollution are not completely 

understood, but emerging research suggests more marine species and their envi-

ronments will be adversely affected. Furthermore, appropriate research can help 

to direct practical interventions, as well as support public and business education 

on the benefits of the industry. 

For example, the growth cycles of shellfish are dependent on the availability of 

nutritious plankton, in combination with the properties of the sea water like 

temperature, salinity and acidification. When the marine environment changes – 

due to pollution or climate change effects such as ocean temperature rise – the 

plankton properties change. Subsequently the growth of shellfish adapts and 

their biochemical compositions and nutritional values change. The functionality 

of shellfish physiology, the biochemical composition of both the soft tissues and 

the shell, can indicate particular aspects of environmental and ecosystem health. 

Sea acidification, in combination with low oxygen levels (hypoxia), in warm 

waters might have a particularly negative impact on the shell size of crustaceans 

and molluscs and corresponding mechanical strength (Gazeau et al. 2013) and 

their nutritional values (Anecleto et al. 2014). This climate change phenomenon 

causes developmental harm and can give rise to smaller specimens more 

susceptible to disease and predation. Moreover, in recent years the Adriatic Sea 

has seen a partial decrease in nutrient (phosphate and nitrate) concentrations, 

very likely as a direct result of stricter waste water policies that have cleaned up 

rivers. On the other hand, it has been observed in the Mediterranean Sea that the 
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irregular combination of low salinity, increased sea water temperatures and 

eutrophication driven by climate change lead to a greater occurrence of toxic 

tides (Zingone et al. 2021), and more frequent harmful algal blooms (HABs). 

Consequently, aquaculture production has at times been halted in the Adriatic 

Sea. Mapping trends specifically related to toxic algal species is a developing area 

of longitudinal research. 

It has been speculated that maricultures control erosion along shorelines by 

stabilizing local sediments through increase of the sedimentation, and might 

moderate the effects of extreme (weather) events (Alleway et al. 2019; Gentry et 

al. 2020). The SCORE project is currently investigating such impacts in coastal 

cities in Europe through various methodologies that focus on the sustainable 

protection of sea life broadly understood, as well as general erosion impacts5. 

Furthermore, the SCORE project and associated local environmental agencies 

provide coastal mapping data of off-shore environments (e.g., Espinosa and Por-

tela, 2022; Toledo, et al. 2022), also using sensor technology. This new data will 

certainly enhance coastal resilience strategies and assist in the reliability of 

predictive data to protect people and aquatic life alike. 

It could therefore be affirmed that shellfish organisms as a whole, both wild and 

farmed, are important marine biomonitors concerning both pollution and climate 

change. Hence, seasonally monitoring the properties of shellfish both in and 

around the vicinity of the farms, as well as in the wider marine-land interfaces, 

will provide relevant information on the health of the marine ecosystems. Fishing 

communities, businesses and citizen scientists together form an integral and mu-

tually constituted part of this research that simultaneously sheds light on the eco-

system services provided by the shellfish themselves. 

8. Ecosystem Services of Shellfish Farming: Understanding Shared 
Values for the Future  

Ecosystem services (ESSs) consist of many and varied benefits provided by the 

natural environment and healthy ecosystems for primarily human purposes. 

Often the catogories of such ecosystem services are divided into categories 

 
5 For example, at the recent »Education with Sustainability” Conference in Ireland August 15-17, 
(https://www.itsligo.ie/education-with-sustainability/), representatives from SCORE presented 
climate change issues through innovative methods and practices in pedagogy. Teaching climate 
change studies is a new area from which and through which future participatory resources will be 
developed. See for example Lucy and Freeney (2022). 
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(Haines-Young and Potschin, 2018), such as 1) provisional services in the form of 

provison of food, drinking water and raw materials; 2) regulating and maintenance 

services that provide support to habitat and ecosystems by moderating natural 

phenomena and processes; and 3) cultural services that cover non-material benefits, 

generally providing wellbeing to communities and contributing to the 

development and cultural advancement of people. Here again maricultures and 

shellfish farming prove to be a productive example of the relationships between 

nature and humans and the shared understanding of what contains value for life 

in terms of the here and now, together with visions for the future (Figure 3). 

 

 

Figure 3. Ecosystem services of maricultures 

 

Maricultures enable provisional services in the form of farmed food, and thus enable 

food security (Bush and Osterveer, 2019; Jones et al. 2022; Naylor et al. 2021), as 

well as contributing raw materials in the form of decorations (such as shells) and 

pharmaceuticals. The high quality and healthy foods provided by aquacultures 

are part of the rich Mediterranean gastronomy in the Adriatic. Additionally, the 

aquacultures contribute culinary aspects in the form of cultural ecosystem services that 

also cover the provision of wellbeing of rural and coastal communities of the 

Adriatic by generating wealth and employment, livelihood, tourism and 

education (Spanou et al. 2020; Weatherdon et al. 2016). Maricultures also maintain 
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cultural heritage through natural and culinary lifestyle, and raise environmental 

awareness that can enhance broader marine conservation. 

Marine aquacultures as an introduced technical ‘farm’ within the marine-land 

interface ecosystems, also provide regulating - habitat and supporting - maintenance 

services (Smaal et al. 2019; Rullens et al. 2019), and may positively affect marine 

biodiversity. Shellfish maricultures in particular have a potential to contribute to 

regulating services such as habitat modification, water quality regulation, removal of 

nutrients, pollutants and pathogens, and stabilization of both sea floor sediment 

and shoreline (Alleway et al. 2019; Jones et al. 2022; Rullens et al. 2019). Ecosystem 

services provided by marine aquacultures can also include climate change 

mitigation strategies (Reid et al. 2019a,b; Rosa et al. 2014). The sector is certainly 

influenced by climate change drivers but might also provide potential solutions 

to these global threats, most importantly with possibilities and actual roles as 

ecosystem service providers. As part of the SCORE project, we have been 

mapping the alignment between ecosystem services and nature-based solutions 

as a means of augmenting resilience in vulnerable coastal cities. Weather sensing 

technology, for example, can enhance predictions of disruption to certain 

ecosystem services and communities in general, thereby enabling mitigation 

strategies for protection of coastal biodiversity to be planned for in advance. 

Preliminary evidence from SCORE suggests that smart technology to measure 

(the lack of) rainfall and predict droughts and its effects (Espinosa and Portela 

2022), will become an essential feature of climate change mitigation practice from 

which future data can be analysed. 

The ecosystem approach to aquaculture (Brugère et al. 2018) is a global strategy 

for the integration of aquaculture activities within the wider ecosystem such that 

it promotes a truly sustainable form of development, equity, and resilience of 

interlinked social-ecological systems. While the approach demonstrates 

mainstrain integration into global and regional 'blue growth' programmes, 

recently, the Aquaculture Advisory Council (AAC, 2021) reported that: 

“[…] well-managed finfish in ponds, lagoons and estuaries and bivalve 

aquaculture contribute significantly to the preservation and improvement 

of environment, maintain the biodiversity associated with aquatic 

ecosystems and generate ecosystem services to society that are not always 

recognized. The specifics of these aquacultures in terms of both ecosystem 

services and needs, should be better understood and acknowledged by 

policy makers and the public” (p.35).  
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It is possible to assess general environmental impacts associated with all the 

stages of a commercial product through the Life Cycle Assessment (LCA), where 

every step of a production cycle is evaluated in carbon-footprint and monetary 

terms. Hence, such LCAs show that the lowest greenhouse gases production per 

unit of protein is from molluscs and salmon aquaculture, as well as small pelagic, 

large pelagic and demersal fish fisheries. Catfish, invertebrate and shrimp 

aquaculture production are the largest emitting sectors, with greenhouse gases 

production per unit of protein comparable to land-based beef production 

(Barange, 2020). This LCA knowledge can affect consumers' willingness to pay, 

enable sustainable food choices and support the marine aquaculture sector. In 

short, this can contribute to the ecosystem awareness that the ACC is promoting. 

Both an ecosystem services analysis and an LCA analysis of the mariculture sec-

tor will contribute to understanding its sustainability for all stakeholders. The 

involved economic costs, carbon footprints, and emittances do also depend on 

geography, and for Slovenia and the Adriatic region, no assessments of this kind 

have yet been performed. Thus, while better mapping of ecosystem services 

linked to maricultures be of interest to (local) authorities and producers, 

knowledge about such services and how climate change affects marine 

ecosystems and marine aquacultures may help further empower citizens in their 

contribution to science and enhance environmental awareness. 

9. Conclusions  

What we have tried to present in this paper through both interdisicplinarity and 

cross-cultural engagement is how the mariculture sector can profit both 

ecologically and economically from well-planned interdisciplinary research 

involving both academia and knowleageable citizen science. Maricultures provide 

an alternative to our dependence on land-based farming and on wild-caught fish 

stocks for food and fishmeal (Barange et al. 2014). Combined with technological 

developments in production design, and weather forecasting and sensing, 

maricultures could significantly contribute to global food security with climate 

change, while limiting greenhouse gas production. The mariculture 

interdisciplinary approach is a unique example of how people, governments and 

researchers can come together to develop, sustain and share best care and 

sustainability practices in the face of climate change for vulnerable coastal land-

marine interfaces. 
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