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Aquaculture is among the industries growing at the fastest rate in the world. This industry has been recognized to play a critical role in food production for a continuously expanding world population. However, despite various technological innovations and improvements in production techniques, this sector is still associated with misperceptions and negative opinions hampering its implementation and wide consumption of its products. The integrated multi-trophic aquaculture (IMTA) concept was developed as a way to increase the sustainability of intensive aquaculture systems, using an ecosystem-based approach. In this study, following this sustainable aquaculture concept, a closed recirculation IMTA system, at laboratorial scale, was developed and tested with the simultaneous production of fish, sea urchin and seaweed for 70 days. Based on this proof of concept, a hands-on experimental activity was developed to teach and communicate recent scientific advances in environmental sustainability and value of aquaculture products to young students and the general public. This experimental activity was tested and evaluated with students (n = 60) of basic and high-school (secondary) learning cycles. A quantitative assessment was carried out through a short questionnaire provided to the students before and after the experimental activity. After the experimental activity, a qualitative assessment was also performed through questions expressed without preconceived categories or hypotheses. Results indicated that the overall frequency of students who consider the ocean to be “very important” and “extremely important” increased from 68 to 81% after performing the experimental activity. Moreover, the percentages of correct answers to the questions related to IMTA concepts also increased significantly after the experimental activity. In the discussion of the experimental activity results, the students stated that they appreciated the opportunity to develop a hands-on experimental activity, which allowed them to increase their knowledge and obtain information on aquaculture and the quality of its products.
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INTRODUCTION

Aquaculture is an old practice thought to have begun over two thousand years ago in China (Rabanal, 1988). Crafted fish farming is known for hundreds of years throughout the world (Freeman et al., 2012). However, it has only been in the last four to five decades that commercial production became widespread, moving from an annual output of 4.7 million tons in 1980 to 80 million tons in 2016 (Bacher, 2015; Food and Agriculture Organization [FAO], 2018). Owing to an increasing food demand, combined with fish stock depletion, it is now recognized that fisheries will not be able to meet the projected global needs in high-quality protein (Food and Agriculture Organization [FAO], 2018). In face of this development need, aquaculture is currently the food production sector showing the fastest growth in the world, with an average rate of 5.8% in the last 15 years (Food and Agriculture Organization [FAO], 2018) and is a priority of the Blue Growth strategy adopted by the European Union (EU). This sector is expected to supply 109 million tons of fish by 2030, with a growth of 37% in 2016 (Food and Agriculture Organization [FAO], 2018).

Aquaculture growth took place over several decades in a context of increasing environmental awareness and public preoccupation about the quality of its products (Tacon and Metian, 2013). In particular, topics such as food safety and quality, their potential health impacts, environmental sustainability of the sector and animal welfare came up as of utmost public concern (Aarset et al., 2004; Gormaz et al., 2014; Olsen and Osmundsen, 2017). Among these are the issues related to: (i) the presence of parasites in aquaculture fish, (ii) the use of antibiotics to promote growth and prevent diseases, (iii) the origin of the aquafeed supplied to the farmed fishes, (iv) the excessive release of nutrients to natural water bodies, (v) the accumulation of aquaculture wastes in the seabed, and (vi) the impacts of aquaculture on wild populations and on the introduction of non-indigenous species (i.e., aquaculture as introduction vector/pathway) (Van Osch et al., 2017; Mangano et al., 2019a). This insecurity regarding environmental, social and safety features of aquaculture products, together with the increasing dependence of developing countries on farmed seafood, has also attracted considerable negative media attention to aquaculture (Whitmarsh and Palmieri, 2011; Bacher, 2015).

In recent years, however, a huge effort has been done to enhance aquaculture practices to support both stakeholders and policy makers during siting activities and in building more sustainable systems (Mangano et al., 2019b). Various technological innovations have been developed to improve the efficiency of water use and decrease the environmental impact of aquaculture (Girard and Payrat, 2017). Among the actions taken are, for example, the restrictions imposed by several countries to the use of chemotherapeutic agents or ground innovation reducing the use of fish meal and oil in feeds (Gatlin et al., 2007; Moutinho et al., 2017), investigation and use of natural feed additives to improve growth and feed efficiency (Magalhães et al., 2016), power the immune system and enhance the resistance to disease (Azeredo et al., 2017). Despite this effort, intensive aquaculture production still releases high amounts of nutrients and organic wastes into the environment that can cause eutrophication of coastal areas and other aquatic systems (Sarà et al., 2018a). This is because only about 20–40% of the nitrogen (Oliva-Teles et al., 2020) and less than 50% of the energy intake (Bureau et al., 2002; Peres and Oliva-Teles, 2005) are retained by the species produced. The recognition of the significant environmental and social impact of intensive production increased the interest in alternative sustainable practices, such as integrated multi-trophic aquaculture (IMTA) (Alexander et al., 2016a; Sarà et al., 2018b).

Integrated multi-trophic aquaculture aims at the integrated production of aquaculture species of different trophic levels under a circular economy approach, minimizing energy losses and environmental deterioration (Food and Agriculture Organization [FAO], 2009; Chopin et al., 2012; Hughes and Black, 2016; Buck et al., 2018). Under IMTA production, the uneaten feed and wastes of one species are recaptured and converted into feed, fertilizers, and energy to another species. IMTA can promote aquaculture sustainability, with environmental, economic, and social advantages. This can be achieved through nutrient cycling, increased economic resilience arising from increased production efficiency, product diversification, and potential price premiums (Chopin et al., 2012; Van Osch et al., 2019).

There are multiple configurations of IMTA systems, integrating the production of vertebrate and invertebrate species and macroalgae. Cultivated organisms are fed aquatic species, like fish or shrimp, and species extracting the organic and inorganic matter from the water. Species extracting the organic matter may be mussels, oysters, clams, sea urchins or polychetes. These species feed on organic waste, such as uneaten food and feces. Species extracting the inorganic matter, such as macroalgae (e.g., species of the genera Ulva, Gracilaria, Saccharina, Laminaria), capture and use the inorganic nutrient wastes. IMTA allows the creation of more sustainable production systems because wastes of fish/shrimp production are valued as a resource rather than considered a burden or pollution. This contributes to environmental sustainability and a more efficient use of resources, while favoring economic diversification (product diversification, bringing company stability through risk reduction), and social acceptability (best management practices).

Integrated multi-trophic aquaculture has additionally been recognized as a contributor to reducing public opposition toward intensive aquaculture (Ridler et al., 2007; Alexander et al., 2016b; Buck et al., 2018). Nevertheless, there is still a pressing need to enhance societal awareness, perception, and acceptability of aquaculture products, and disseminate sound and rigorous information to consumers about the aquaculture industry and its environmental sustainability. Activities fostering understanding about sustainable aquaculture practices, the benefits of its products to consumers, and how they meet end-users needs are also required to implement steady consumption of aquaculture products. In this regard, the IMTA concept, and its advantages over the conventional methods, provides an excellent opportunity to teach students, and inform the general public, about environmental sustainability, increase their ocean literacy, as well as improve social acceptance of aquaculture products, enhancing its consumption (Shuve et al., 2009). The aim of the present work was, therefore, to develop a laboratory and hands-on experimental activity based on the IMTA concept. The ultimate goal was to provide teachers and other educators with sound resources to work environmental sustainability and value of aquaculture products with their students.



MATERIALS AND METHODS


Experimental IMTA

Two IMTA units were implemented at laboratorial scale (210 L) in the Marine Zoological Station of Porto University. Each of these two indoor systems comprised four tanks, including one for European seabass (Dicentrarchus labrax) as marine carnivorous fish, one for sea urchin (Paracentrotus lividus), a grazing invertebrate, and one for a seaweed (Ulva sp.). This was a closed system with recirculation, in which each tank was supplied by a continuous flow of seawater from the previous thank (the direction of the flow was: fish, sea urchin, seaweed and back to the fish unit). The fish tank was built with the incorporation of a particulate organic matter trap. The trap prevented the sedimentation of organic particles (feces and surplus feed) in the fish tank and ensured their continuous transference to the sea urchin tank. The trial lasted for 70 days. During this period, the water temperature was regulated to 18.0 ± 0.5°C, salinity averaged 34 ± 1‰, and dissolved oxygen averaged 95% of saturation. Photoperiod was adjusted to 12/12 h light/dark cycles. In both systems, the initial stocking density of fish, sea urchin, and Ulva lactuca were 6.9, 19.5, and 1.9 kg/m3, respectively. Fish were fed daily with a commercial diet of crude protein (42%) and crude fat (18%). Sea urchins were fed twice a week with the seaweed harvested from the IMTA system itself. During the trial, every other week, a water sample was collected from each tank, 0, 1, 3, 6, and 12 h after feeding, for monitoring ammonia (NH4/NH3), nitrites, and phosphates levels, using commercial kits. At the beginning and end of the trial period, fish were group weighed and the diameter of the sea urchins was measured. The seaweed was also weighed at the beginning of the trial and every 7 days; during this time total biomass was readjusted whenever needed to maintain the initial density. Total feed intake of fish was measured daily.

The experiments were approved by CIIMAR ethical committee for Managing Animal Welfare (ORBEA), in compliance with the European Union directive 2010/63/EU and the Portuguese Law (DL 113/2013).



Hands-on Experimental Activity for Students

A small scale IMTA system was built similarly to the aforementioned experimental units, using four 5 L aquaria. Three of them were used to place each IMTA species (Figure 1) and were provided with aeration (air pumps). The fourth aquarium was used as a water storage tank. A water pump was placed in this aquarium to allow recirculation of the water originating from the seaweed aquarium back to the aquarium containing the fed species. The three aquaria with the cultured species were placed on uneven levels so that water could circulate by gravity, successively from the first to the second aquarium and from there to the third one (Figure 2). Marine fish were placed in the first aquarium (highest level), mussels or sea-urchins in the second aquarium and the seaweed in the third. The most relevant aspect was the adjustment of the biomass density in each aquarium, which was set to 7–10 kg/m3 for fish species, 20–25 kg/m3 for sea-urchin/mussels and 1–2 kg/m3 for seaweeds. The activity started by assembling this IMTA system, and afterward students followed the effects of excretion/consumption of some organic and inorganic wastes on the levels of nutrients in the aquaria. Firstly, water circulation through the IMTA system was turned on and the system was left to stabilize for 2 h. After this period the water pump was switched off. This was taken as time zero of the experiment. Water parameters of each aquarium were then measured at time zero and every half an hour for the next 90 or 120 min. Ammonia (NH4/NH3), nitrates, phosphates, and pH were measured with simple kits available at pet shops. Other colorimetric methods available in schools can also be used.
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FIGURE 1. Demonstration prototype of an integrated multi-trophic aquaculture system. A log sheet was developed along with this experimental activity (Supplementary Material) to provide students with a structured form to record their experiment and analzse and discuss their results.
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FIGURE 2. Assembling of the hands-on Integrated Multi-trophic Aquaculture system. A video with more details on the assembling is also available through the program CIIMAR at School (http://www.ciimar.up.pt/oCIIMARnaEscola/OCEANLAB.php).




Assessment of the Hands-on Experimental Activity

The hands-on activity was tested with school students (n = 60) from basic and high-school (secondary) learning cycles. The students were 12–18 years old and belonged to schools from Porto district in Northern Portugal. The students visited CIIMAR during the school period or holiday science sessions between 2016 and 2017. Students were enrolled in the activity by their teachers or their parents, depending on whether they participated during the school period or during the holiday science sessions, respectively. In either case, the activity was announced in the CIIMAR at School (the outreach program of CIIMAR to teachers and students) website, through regular media channels of CIIMAR and directly (by email) to all 92 school clusters of the Porto metropolitan area. On average each cluster is composed of three schools. Interested teachers or parents enrolled the youngsters to visit CIIMAR and perform the activity. No selection of students or teachers was done by the researchers within the scope of the study. The aim was to obtain a random sample of students performing the activity to gain understanding about the usefulness of the IMTA prototype and identify aspects for improvement.

A quantitative assessment of the IMTA hands-on activity was carried out using a brief questionnaire given to students before and after the activity. The questionnaire items were adapted from available literature about ocean literacy (Steel et al., 2005; Guest et al., 2015). The aim was to assess students’ relationship with the ocean and their knowledge about some concepts related to environmental sustainability in aquaculture (Table 1). This simple and anonymous questionnaire was prepared in Portuguese and, besides basic demographic data, was composed of items with Likert scale response (1 – Not important; 2 – Somewhat important; 3 – Important; 4 – Very important; 5 – Extremely important), multiple-choice questions, open response, and categorical responses.


TABLE 1. Questionnaire items about the ocean and concepts related to aquaculture environmental sustainability.

[image: Table 1]A qualitative assessment of the IMTA hands-on using simple questions expressed without preconceived category or hypothesis was also done. For this, at the end of the activity, three general questions were asked orally to the participating students, namely “What are your thoughts about the experiment you did?”, “What impressed you most?”, “What do you think about aquaculture products?”. Students were asked to talk freely as much as they wanted to express their subjective views and impressions.



Statistical Analysis

Possible differences in the frequency of responses to questionnaire items given by students before and after doing the IMTA hands-on activity were analyzed using the McNemar Test (2 × 2 tables) or the Chi-square Goodness-of-Fit Test (2 × K tables).



RESULTS


Experimental IMTA

The values of ammonia, nitrite, and phosphate levels measured in the two IMTA systems at 0, 1, 3, 6, and 12 h after fish feeding are presented in Table 2. The water quality of the laboratorial IMTA system was maintained throughout the 70 days of the experimental trial and no water exchange was needed.


TABLE 2. Water quality parameters measured over time in the two experimental laboratorial scale IMTA systems.

[image: Table 2]At the end of the trial, no mortality of fish or sea urchins was registered. Fish growth and feed utilization efficiency were within the expected for this species when reared at 18°C. Sea urchin had a total diameter gain of 38%, relatively to the initial diameter and a total fresh algae intake of 28 g per kg of sea urchin per day was observed (Table 3).


TABLE 3. Performance of European seabass, sea urchin and seaweed obtained for the two experimental laboratorial scale IMTA systems.
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Hands-on Experimental Activity for Students

The hands-on experimental activity was tested with 60 school students. At the beginning of the activity, the students had a brief introduction to aquaculture and were given the questionnaire to fulfill. The IMTA demonstration prototype (Figure 1), already assembled and fully working, was then shown. After discussing the objectives and work to be done in their experimental activity, students switched off the water pump (time zero) and started to measure the levels of ammonia, nitrates, phosphates and pH, every 30 min for the next one and a half or 2 h, depending on the time available. The values were recorded in the experimental log sheet provided to them (Supplementary Material). In between measurements, they assembled a new IMTA system and subsequently discussed the concept, its ecosystem approach, and benefits in terms of environmental sustainability and safety of aquaculture products. At the end of the 2-h measurements, they analyzed and discussed the results obtained and worked on the experimental log sheet.

From the observation of their results, of which an example is given in Table 4, they noted that, after switching off the water pump, some parameters remained stable over time (e.g., temperature). In contrast, there was a progressive build-up of ammonia in the fish and the seaweed aquaria (Table 4), as a result of fish metabolism and excretion. Depending on the biomass level, these changes could be accompanied by alterations in pH (acidification) and the accumulation of phosphates (Table 4). After completing the experimental log sheet, the students were asked to fulfill the questionnaire again.


TABLE 4. Water quality parameters measured by school students in the IMTA prototype.
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Assessment of the Hands-on Experimental Activity

Socio-demographic information (school grade, age, and education of the participant’s parent or guardian) obtained for the 60 students is presented in Table 5. Overall 88.3% of the students were attending the 3rd cycle of the national basic education system (7th grade: 35.0%; 8th grade: 30.0%; 9th grade: 23.3%). Their ages ranged between 12 and 14 years. The remaining students were attending the secondary/high-school level. Participant’s parents or guardians were mostly aged between 36–45 years old (41.7%) and 46–55 years old (53.3%). The majority of the participants’ parents or guardians (88.3%) had a university education (Table 5).


TABLE 5. Characterization of students doing the IMTA hands-on activity (N = 60).

[image: Table 5]The responses of the students to the questionnaire items are presented in Figures 3–5. Statistically significant differences between students’ responses given before and after doing the IMTA hands-on activity were found for four out of the seven questionnaire items. These were related to the importance of the ocean to the students and with knowledge and concepts related to aquaculture and its environmental sustainability; fishing stocks, oxygen production and eutrophication (Figures 3, 5).
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FIGURE 3. Responses to survey question “How important is the ocean to you?” given by students before and after doing the IMTA experimental hands-on activity (3rd Cycle, n = 53; High-school, n = 7).
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FIGURE 4. Responses to survey question “In which ways can humanity benefit from the ocean?” given by students before and after doing the IMTA experimental hands-on activity (3rd Cycle, n = 53; High-school, n = 7).
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FIGURE 5. Students’ responses to survey questions more related to aquaculture and its the environmental sustainability given before and after doing the IMTA experimental hands-on activity (3rd Cycle, n = 53; High-school, n = 7).


The overall frequency of students considering that the ocean was “very important” or “extremely important” (against “important” or “somewhat important”) to them increased from 68 to 81% (p < 0.001) after doing the activity (Figure 3). For the youngest students (from the 3rd Cycle and the most representative in the sample) this increase was done at the expense of students previously considering the ocean as ‘important’ that appear to have changed their opinion after carrying out the activity.

While no significant differences were found in the frequency of responses given before and after the experiment, globally “Food,” “Transportation,” and “Leisure and recreation” were considered the most relevant ecosystem services provided by the ocean (Figure 4).

Statistically significant differences were also found for the responses given before and after the activity to the items related to fishing stocks, oxygen production and eutrophication. For the fishing stocks, the percentage of students considering they knew the concept increased by 50% (p < 0.0001) after doing the IMTA experimental activity (Figure 5). This global trend was reflected in the responses of 3rd Cycle students who showed a 51% (p < 0.0001) increase in their acknowledgment of the concept. The frequency of students answering correctly to the question about oxygen production increased significantly by over 15% after doing the IMTA hands-on activity, when analyzing the responses of all students (p < 0.05) and those attending the 3rd Cycle (p < 0.05). Finally, about eutrophication the frequency of correct answers significantly increased from 25 to 62% (p < 0.0001) globally and from 20 to 58% in students attending the 3rd Cycle (p < 0.0001), after they carried out the IMTA hands-on activity (Figure 5).

After the students ended their experiment log sheet, they were requested to express themselves freely about their results and the activity. To prompt dialogue about their views and the perception gained, the discussion was triggered by the three general questions relating to their thoughts and impressions about the experiment. Overall, the students enjoyed the activity for the possibility of having a hands-on experiment and getting more information about aquaculture products and their quality. Some of them had questions at the beginning of the sessions. These were related to important aspects from a consumer viewpoint, such as (i) the quality and taste of aquaculture fish relative to their equivalents originating from fisheries; (ii) how to know one would be buying “good” aquaculture fish in the market in what concerns its safety and nutritional value to the human diet; or (iii) about the use of antibiotics during the growth process. They considered the experiment was useful to improve their knowledge about environmental sustainability of aquaculture, recent culture methods developed and the use of natural solutions to protect the environment and increase economic viability. They also showed a willingness to share with family and friends their experience and the different views acquired about aquaculture products.

Teachers and researchers working with the students in this experiment expressed that they got very interested and focused in their measurements and in assembling the IMTA kit. They also appreciated the discussions and new knowledge acquired about the quality of aquaculture products and the many developments that have been done to promote fish health and decrease the environmental impacts.



DISCUSSION

Implementation of IMTA systems contribute to the sustainable development of aquaculture and, by using environmentally responsible practices, also contribute to increasing the acceptability of the aquaculture sector. However, awareness about IMTA benefits is still limited, so that educating stakeholders about this practice is of critical importance. The hands-on experimental IMTA prototype presented herein may give a valuable contribution to tackle such educational and awareness needs.

Firstly, a laboratorial-scale IMTA was designed to test the feasibility to maintain in the long term different species, under production conditions, in a closed seawater system. The results showed that the simultaneous production of seabass and sea urchins is feasible, providing an adequate amount of seaweed stocking. It was also shown that the integration of a recirculating water system (RAS) for fish production, with other crops as sea urchin and seaweed, was efficient to maintain water quality and to reduce the waste load to the environment. The association of these two aquaculture production systems, RAS and IMTA, is relatively new, but has several advantages, allowing a tight control and monitoring of water quality, as recently demonstrated by Chang et al. (2019).

Based on the laboratory IMTA presented, a hands-on experimental activity was developed to address aquaculture and its environmental sustainability with school students. The students carrying out this experiment found it to be attractive because of the possibility to perform a lab activity and the interest of the IMTA system itself. Overall, the results of questionnaires presented to students before and after doing this experiment suggest that it can be effective to improve their connection to the ocean, as well as their knowledge about key concepts such as eutrophication, the role of macroalgae in the production of atmospheric oxygen or fishing stocks. The fact that “Food” was the most frequent response to the questionnaire item related to the services provides to mankind, may be indicative of the high importance that the participants are likely to attribute to Fisheries and Aquaculture. The students were also interested in the possibility of knowing more about aquaculture and clarifying their doubts about the safety of its products, nutritional value or how to buy good quality aquaculture fish.

It is noteworthy, however, that this is a small sample, which may not reflect the wider population of Portuguese students. While the purpose was to obtain a random sample, and no selection of participating students was done, inadvertently the great majority of parents of the students engaged was university educated. This probably happened because most of the participating schools were located in the main urban area of Porto. Urban schools are closer to CIIMAR and usually have more resources for transportation of students than rural schools. The main urban area also concentrates the best employment opportunities for higher educated people. On the other hand, higher educated parents usually have better access to information easily enrolling their children in activities with a limited number of participants. This may have influenced the results of the initial survey that were much better than expected in terms of base knowledge of the participating students. Hence, a more detailed questionnaire should now be prepared to evaluate other relevant aspects related to aquaculture and its acceptability, and conduct an assessment of the activity under an appropriate test-retest evaluation design (Boateng et al., 2018) with a larger sample representative of both the rural and urban environment.

The teachers accompanying their students in this experiment showed their interest in it because of the opportunity to provide their students with state-of-the-art knowledge and developments about aquaculture and important environmental issues. The experiment log sheet was considered useful to consolidate the IMTA experiment, by equating the testing hypothesis, data plotting, and analysis. For natural sciences and biology teachers, this provides also a much-requested tool to address the scientific method, quantitative interpretation, and rigor to prepare their students for their final exams (Saiote et al., 2014). The activity gains additional interest as a multidisciplinary experiment if involving also the chemistry and mathematics teachers. Chemistry teachers can provide other methods and deeper understanding of water quality parameters, allied to their core biological importance to the cultured species. Math teachers can take advantage of the data gathered by the students to introduce them to inferential statistics, by calculating average values, their corresponding standard deviations, and performing simple statistical hypotheses tests. Philosophy and social science teachers can also be involved by discussing the importance of environmental sustainability for the future of our planet and the social benefits of IMTA, in particular for poorer, marginalized peoples, or those living under tough climate change impacts. In fact, seaweed farming requires low capital and technological investment and can be easily associated to already existing aquaculture production of feed species (Barceló-Villalobos et al., 2017). Furthermore, it works well under small-scale familial farms, where all members of the household can be involved, including still-active elderly (Valderrama et al., 2013). Such an integrated model can further reduce the production costs, increasing employment opportunities for families in deprived areas, enhancing their income, and economic status, while working toward environmental sustainability. Employment opportunity is heightened within the aquaculture value chain by the production of high value products besides human food. A good example is the increasing interest in bioactive compounds extracted from seaweed for the production of products protecting or improving the human health. This includes their use in the cosmetic industry as e.g., photoprotective sunscreen; in medical areas as antioxidants for treatment of disorders related to oxidative stress; or in the dietary supplement industry for inclusion in nutraceutical compounds (Barceló-Villalobos et al., 2017 and references therein). These represent further opportunities for production, processing, distribution, and trading, based on which associations or cooperatives of people not integrated in the big classical business companies can thrive. Further social and environmental benefits of IMTA that can be discussed by the teachers are its recognized importance to increasing resilience to climate changes. IMTA has been identified as an effective strategy to adapt to climate changes in countries experiencing high coastal vulnerability (Ahmed and Glaser, 2016; Ahmed et al., 2019). The combination of ever more frequent extreme weather events (e.g., droughts, floods, cyclones, intense rainfall) with increased salinity, temperature and ocean acidification, which affect marine organisms and ecosystems, can have strong detrimental effects on coastal aquaculture (Ahmed et al., 2019). Coastal IMTA, in particular, is considered a sound ecosystem-based solution by a number of reasons that contribute to counteracting these detrimental impacts (Ahmed and Glaser, 2016). Among those listed by Ahmed and Glaser (2016) are: (i) the oxygen production and absorption of carbon dioxide by the cultured seaweeds; (ii) the ability of shellfish to sequester carbon in the shells; (iii) the culture of euryhaline species, tolerating wide ranges of salinity; and (iv) the ability of shellfish and seaweeds to withstand water temperature variation and clear the water (by accumulation of pollutants, sediments, and suspended particles) through biofiltration. Globally, compared to industrialized aquaculture, the social dimension of IMTA is much higher. IMTA allows for a better capitalization of natural resources, creates new sustainable products, value chains and markets in support of coastal communities while enhancing resilience to climate changes. Using local resources, IMTA creates new economic niches, increasing the opportunities for local investment and employment, supporting rural development and counteracting the fading of coastal communities. These are all valuable aspects of discussion with students in an interdisciplinary setting.

Overall, the hands-on experiment presented herein is versatile and also easily adapted to the available time. In case of time limitations in the classroom or training sessions, it can be easily used in a show-cooking fashion, as presented in this study, where a system is already assembled and stabilized so that water quality parameters may be immediately measured while in the meantime another system is assembled. The assembling and measurement of water quality parameters and biomass increase can also be planned to be done on different days allowing the students to maintain an interesting exhibition set and investigate the impact of different factors on fish, filter feeders and macroalgae growth. This experiment can also be used in lifelong professional training of teachers and marine educators to provide them with a resource to discuss aquaculture importance and benefits. This IMTA kit is also of expeditious assembling and easy use in museums, public science centers and aquariums during exhibitions or workshops. It helps to introduce the subject of sustainable aquaculture, with the reduction of the environmental problems associated with fish culture (e.g., excess nutrients), while providing additional economic and social benefits to the farmers and the end-users. From our own experience, recognizing its different components and assembling the prototype provides a deeper understanding of ecosystem functioning, ocean sustainability, the blue economy and nature-based solutions to societal challenges. It also promotes easy grasping of basic concepts and principles related to biodiversity, eutrophication, ocean acidification, and water circular economy. For this, it covers Essential Principles of Ocean Literacy (Understanding the ocean’s influence on you and your influence on the ocean), namely Essential Principle 5 (The ocean supports a great diversity of life and ecosystems) and Essential Principle 6 (The ocean and humans are inextricably interconnected) (Ocean Literacy, 2013). Both the laboratory IMTA and the hands-on experiment fit also the objectives of the Decade of Ocean Science for Sustainable Development (2021–2030), proclaimed by the United Nations. This initiative is intended to nurture actions aiming at reversing the decline in ocean health and to bring together ocean stakeholders from all over the world to work on a common framework able to ensure that ocean science can fully support the creation of enhanced conditions for sustainable development of the Ocean. Furthermore, IMTA as an environmentally sustainable food production system, addressing the problem of food production, food security, and improved nutrition, is directly related to various Sustainable Development Goals (SDG) of the United Nations 2030 Agenda; namely, SDG2 (Zero hunger), SDG3 (Good health and well-being), SDG 4 (Quality education), SDG 13 (Climate action) and SDG14 (Life below water). Finally, spreading scientific knowledge on aquaculture, its state of the art methods as well as its safety and quality, is crucial to increase the public perception and acceptability of its products and increase their consumption.
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