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Abstract

:

The sustainability of future finfish aquaculture needs to be improved to meet global environmental challenges. Global fish aquaculture production has expanded significantly recently, due to the increased demand for fish for human consumption. Therefore, it is important to mitigate challenges to the sustainability of the sector, such as pollution and depletion of natural resources. In this study, we systematically mapped the scientific literature on farm-level sustainability in fish aquaculture. The concept of sustainability was considered holistically, covering its economic, environmental and social dimensions, each consisting of a range of different aspects that may contradict or reinforce each other. Literature published between January 2000 and August 2020 with the geographical focus on Europe, Northern America and Australia–New Zealand was included. The search resulted in a total of 287 hits, but after the exclusion of articles that did not match the scope, only 17 papers remained for the systematic mapping. Of these, five papers covered all three dimensions of sustainability. Economic sustainability was addressed in 10 papers, environmental sustainability in 13 papers and social sustainability in 12 papers. This systematic mapping provides an important foundation for discussions and prioritisations of future actions to increase knowledge on farm-level sustainability in finfish aquaculture.
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1. Introduction


Aquaculture, i.e., farming of aquatic animals and plants, is the main source of aquatic food for human consumption and the fastest growing food sector globally [1]. The whole aquaculture sector includes more than 300 species of aquatic plants and animals, from single-cell algae to salmonids, and production systems range from indoor recirculating aquaculture systems (RASs) to outdoor floating net cage systems [2]. Aquaculture, hence, covers an extremely wide range of production forms and species compared with, e.g., pig or crop production. Globally, the majority of aquatic food production is situated in Asia, which has over 70% of global finfish production, with China contributing around half of the Asian total. Of the remaining global finfish production, 14% comes from the Americas, 10% from Europe, 7% from Africa and 1% from Oceania [3]. The growing global human population, which is predicted to exceed 10 billion by 2055 [4], combined with a global increase in average per capita income and subsequently increasing demand for high-quality protein, has resulted in rapid growth in fish aquaculture. Consequently, the annual amount of farmed fish is steadily increasing, by ~6% per annum since 1994 [1]. Since 2010, finfish production from aquaculture has actually exceeded production from captured fish [1,2], and the trend is expected to increase [2]. At the same time, there is growing public interest in the sustainability of fish production and increasing calls for better sustainability in fish farming practices [5,6].



Finfish aquaculture provides humans with a source of animal protein and also constitutes the main income for many farms and farming families around the world [3]. Fish aquaculture thereby contributes to some of the 17 global Sustainable Development Goals (SDGs) set by the United Nations in 2016, including SDG1: Zero hunger, SDG3: Good health and wellbeing and SDG8: Decent work and economic growth [7]. However, fish aquaculture may also jeopardise other SDGs, including SDG13: Climate action, SDG14: Life below water and SDG6: Clean water and sanitation. Major challenges of modern fish aquaculture include its contribution to emissions of greenhouse gases, loss of biodiversity and depletion of finite natural resources [8]. To achieve a sustainable future for aquaculture, it is critical that these challenges are overcome.



Sustainable food production (in agriculture and aquaculture) has previously been defined as the management and utilisation of the ecosystem in a way that maintains biological diversity, regeneration capacity, vitality, productivity and ability to fulfil significant ecological, economic and social functions at local, national and global level, today and in the future, and does not harm ecosystems [9]. Ecological aspects are central when considering sustainability in animal food production. However, the economic dimension of sustainability is also crucial, since revenues need to exceed production costs, at least over the long term, to sustain production. There are also specific aspects related to animal production, such as animal welfare, public health impacts and ethical considerations [10], which strongly influence social acceptance of production. Truly sustainable fish production requires these aspects to be taken into account. In fact, animal welfare has even been proposed as a fourth dimension of sustainable agriculture [10], and some studies have previously tried to incorporate animal welfare into life cycle analyses (LCAs) of animal production [11]. Furthermore, the different dimensions of sustainable development (environmental, economic, social) may be in conflict, meaning that there are trade-offs between them, or they may function to reinforce each other.



In aquaculture, environmental sustainability includes aspects ranging from the environmental impact of required feed production to the pollution caused by different production systems and management of the resulting harmful waste products. Nutrient pollution and emissions of, e.g., greenhouse gases are considerable environmental challenges that require identification of new solutions to reduce the environmental impact [12,13,14]. The escape of domestically cultivated fish species may interfere with wild populations of the same species, leading to interbreeding of wild and escaped farm fish, which can reduce the fitness of wild species, increase competition for resources and decrease wild fish populations [8]. Furthermore, the spread of diseases, e.g., parasites, by farmed fish populations is a threat to wild populations [6]. Production practices that lead to land exploitation and large-scale monocultures of grain and soy crops are another major environmental concern associated with the expansion of fish aquaculture [6]. However, in recent years there has been a trend for increasing net production in fish aquaculture in relation to resources used, although some carnivorous fish species, such salmon and trout, are still not contributing to this trend [15]. In the past, fish meal and fish oil were widely used for feeding livestock, particularly after the ban on the use of meat-and-bone meal (MBM) in the European Union (EU) and other countries, due to the risk of transmission of bovine spongiform encephalomyelitis (BSE) [16]. However, livestock farmers have greater possibilities to replace the use of fishmeal due to price and preference changes than fish farmers [17].



The main sustainability and ethical concerns in aquaculture practices include environmental issues such as declines in wild fish populations due to use of wild-caught fish for feed, the introduction of non-indigenous species, the spread of diseases and habitat destruction [8]. Aquaculture also poses threats to the environment through chemical and waste discharge and destruction of ecosystems [6]. Moreover, animal welfare issues have been identified in fish aquaculture, such as physical pain in farmed fish, disease due to breeding, behavioural issues resulting from poorly adjusted densities (overcrowding) and stress caused by, e.g., fear, exhaustion or food deprivation [6]. The fish aquaculture industry has so far had difficulties resolving the issue of declining wild fish populations and in fact is continuing to exacerbate the decline, although some efforts of mitigation have been made. It can be concluded, however, that despite dissimilar views on animal and environmental ethics and differences in the results of empirical studies, the general consensus is that current aquaculture practices are not meeting the needs of fish or of the environment [6].



Efforts to develop more sustainable future fish aquaculture would benefit from a clear understanding of the current state, including how sustainability is considered and assessed in research. Future actions and research prioritisation could then be based on this understanding. The literature to date has considered various aspects of farm-level sustainability in fish aquaculture, but there have been no attempts to systematically map current knowledge.



The aim of this study was, therefore, to perform a systematic mapping of the scientific literature on sustainability performance in finfish aquaculture, including environmental, economic and social dimensions of sustainability. By systematically mapping existing literature on farm-level sustainability of finfish aquaculture in Europe, Northern America, Australia and New Zealand, important knowledge on sustainability in finfish aquaculture was collated. This knowledge is useful, as it provides a solid basis for highlighting research gaps and for prioritising future research to enhance sustainability.




2. Materials and Methods


2.1. Definition of Fundamental Concepts


The work presented in this paper is part of a larger project, other findings from which have been published previously [18,19,20].



2.1.1. Environmental Sustainability


The environmental sustainability dimension covers the ecosystem impacts of human activities, including emissions to the ecosystem and use of natural resources. Environmental sustainability can be investigated through several means, but the most commonly described is life cycle analysis (LCA). LCA considers the total resource in- and outflow of the production system including the input of, e.g., energy, minerals, feed and water and emissions of, e.g., waste and carbon dioxide. Analysis of the impacts caused by the emissions includes impacts from a local to global scale. In principle, all flows concerning the production system are mapped in an LCA, regardless of, e.g., economic ownership or organisational boundaries [21]. Environmental sustainability can also be assessed for more specific aspects, such as quantifying local impacts from, e.g., nutrient losses or toxic compounds from farms. In the present systematic mapping, we included LCA studies and studies on local impacts of fish aquaculture and associated feed production, such as emissions from farms through feed wastes and manure, changes in water quality and loss of biodiversity in the surrounding environment.




2.1.2. Economic Sustainability


The economic dimension of sustainability has two main perspectives: sustainable use of natural resources within an economic system or growth of an economic system. According to the first perspective, economic sustainability happens when economic activity is organised in such a way that natural resources are not harmed. The second perspective focuses on economic return on investment and does not necessarily take the natural resource capital into special consideration. Previous papers have distinguished between weak and strong sustainability, where natural resource and economic capital are considered jointly in weak sustainability, while the two types of capital are considered separately in strong sustainability [22,23]. By distinguishing between natural resource capital and economic capital, overexploitation of natural resources cannot be compensated for by high economic income, which can be the case if only the sum of economic and natural resources is evaluated. However, there is no consensus on how best to evaluate or measure economic sustainability [24]. Aspects such as cost, revenues, profit and investments have been proposed in frameworks for sustainability accounting [25] and can function as indicators to evaluate economic sustainability.




2.1.3. Social Sustainability


The social sustainability aspect is the least unified dimension of sustainability and has a broad scope [26]. Social sustainability has been defined as the ability of a community to develop a process and structures that meet the needs of current members, as well as supporting the ability of future generations to maintain a healthy community. Perhaps because of the loose definition, social sustainability is often the most overlooked dimension of sustainability. In this study, social sustainability was taken to include social equality, health equity, community development, labour rights, community resilience and animal welfare.





2.2. Systematic Mapping Approach


The current state of sustainability research within finfish aquaculture was investigated using a systematic approach in order to identify knowledge gaps within the research area. Systematic mapping has been described as a transparent, robust and repeatable method for identifying relevant literature and providing a structured overview of a specific topic or area [27,28]. The aim is to identify published papers within the specific area during a specific period, in order to find knowledge gaps, and provide useful information regarding, e.g., policy making or future research areas [29]. However, the method does not include any further synthesis of the study results and, thus, it differs from a systematic review, which aims to answer a specific question [29]. Therefore, in the present case, the systematic mapping was complemented with an evaluation of the studies identified, in order to assess how sustainability was incorporated in the studies, the dimensions of sustainability taken into consideration and how this was done. This further evaluation of the literature was done by analysing extracted keywords, which were defined and categorised to arrive at an overview of the aspects studied in the set of papers identified.




2.3. Search of Literature


A search for relevant scientific papers was conducted through specific search strings in three main literature databases: Scopus, Web of Science Core Collection and CABI: Cab Abstracts. The aim was to retrieve an unbiased sample of the published literature relevant to our research area. In order to identify papers relevant to the study area, the search string “(“fish farm*” OR agropiscicultur* OR aquaculture* OR piscicultur* OR aquaponic* OR (seafood W/2 farm*))” was added to the comprehensive search strings provided in Table 1. The time span was set to include only papers published between 1 January 2000 and 27 August 2020. The identified papers were imported to EndNote X8TM as a separate library for papers identified from each database. When the search was completed and the libraries were combined, all duplicates were removed through the automatic function in the programme. Thereafter, paper titles and abstracts were manually analysed and any papers not relevant to the topic were removed. Relevant papers were defined as those addressing sustainability, conducted in one of the selected geographical areas (Europe, Northern America, Australia or New Zealand), available in English in full text and describing original research (i.e., not reviews). Book chapters and conference papers were excluded. Papers on finfish aquaculture specifically, and also on farm animal production explicitly including finfish aquaculture, were included.





3. Results


The search of the literature resulted in a total of 663 hits, of which 378 (57%) were from CABI: Cab Abstracts, 165 (25%) originated from Scopus and 120 (18%) were found in Web of Science Core Collection. After removing duplicates, 287 unique papers were screened. However, after removal of articles that did not match the study scope (i.e., non-peer-reviewed reports, book chapters and reviews, or not from relevant geographic areas), only 17 papers remained (10 from Europe, five from North America and two from Australia/New Zealand). These 17 papers were used in the systematic mapping of the finfish aquaculture research area.



The 17 papers were first assessed for their coverage of the different dimensions of sustainability and whether one, two or all three dimensions were included (Table 2). During the mapping process, we found that aspects of environmental, economic or social sustainability were sometimes merely referred to in passing, e.g., mentioned in abstracts or introductions without being explored further in the text. The assessment showed that only five out of the 17 papers covered all three sustainability dimensions, while eight papers covered two dimensions and four covered only one dimension of sustainability (Figure 1).



Eleven papers focused on specific species (one or two species). The species covered were European seabass (Dicentrarchus labrax) (1), gilt-headed bream (Sparus aurata) (1), Atlantic salmon (Salmo salar) (4), rainbow trout (Oncorhynchus mykiss) (2), Nile tilapia (Oreochromis niloticus) (1), mojarra (Gerreidae sp.) (1), yellowtail kingfish (Seriola lalandi) (1), mulloway (Argyrosomus japonicus) (1) and European catfish (Silurus glanis) (1). One paper reviewed all the fish farmed within the selected study area (common carp (Cyprinus carpio), crucian carp (Carassius carassius), cornel (Ctenopharyngodon idella), novac/bighead carp (Hypophthalmichthys nobilis), fish cowboy (unspecified species), zander (Zander lucioperca), catfish (Siluris glanis) and unspecified species), although it only drew conclusions regarding the sustainability of organically reared carp [30]. Of the 17 papers identified, 10 focused on ocean-based farming, eight focused on land-based farming and the remaining papers did not state whether they studied land- or ocean-based farming. One paper investigated the economic potential for integrated systems. Three papers investigated new techniques and the development of new systems in order to meet the demands for environmental effects. Two papers focused entirely on levels of potentially harmful substances in farmed fish, one of which investigated whether it is possible to reduce the levels of harmful substances through feed.



Environmental sustainability was the most commonly applied sustainability dimension, covered in 13 of the papers (Figure 1). Economic sustainability was covered in 10 papers and social sustainability in 12 papers in total (Figure 1).




4. Discussion


We applied a systematic mapping method to obtain an overview of the current scientific literature (defined as original research papers published in peer-reviewed journals) on farm-level sustainability in finfish aquaculture, including the social, environmental and economic dimensions of sustainability. The method enabled identification of the state of this research area, providing a basis for discussing knowledge gaps. In the systematic mapping, our aim was to create search terms wide enough to identify as many relevant papers as possible. However, it should be acknowledged that the search string may have omitted relevant results through not including certain specific wordings, which may have led to biased results. As an example, terms such as “growth” and “feed efficiency” were not used, and there might have been more studies published on ways of reducing the environmental impact and technical reports that were excluded. In order to minimise the risk of not identifying relevant papers, we created broad and comprehensive search terms. Irrelevant papers were manually removed and were, therefore, not a major risk factor for the conclusions drawn from this study.



We found that only a limited number of the papers identified (17/287) aimed to investigate sustainability at all. Of the 17 papers retained in the final set, only five covered all three dimensions of sustainability, while four papers covered only one sustainability dimension without mentioning the other dimensions. The majority of the papers (13) investigated environmental sustainability in some form, followed by social sustainability (12) and economic sustainability (10). There was some overlap between studies regarding the different dimensions of sustainability, with two papers investigating both environmental and economic sustainability, two papers investigating economic and social sustainability, and four papers investigating environmental and social sustainability. Papers combining environmental and social sustainability were more common than papers considering environmental and economic sustainability. Economic sustainability was also more commonly covered or mentioned in association with one of the other two dimensions than on its own. Not all papers identified had sustainability as their main object, but rather included conclusions, reflections or discussions covering sustainability, so they were considered eligible for our synthesis. However, our systematic mapping revealed that the current literature (although multiple dimensions were mentioned in several papers) does not describe these interrelations or discuss possible trade-offs or synergies between different aspects. This reveals an important area for future research and emphasises the need for more comprehensive studies regarding all dimensions of sustainability within fish aquaculture. The small number of publications is surprising, considering that sustainability has been discussed in society for more than three decades, since the publication of the Brundtland report in 1987 [47], and the fact that fish aquaculture is an important part of the animal food production system in many countries.



The papers identified reflected on the fact that aquaculture as an industry has increased rapidly in order to meet the increased demand for fish as the supply of wild-caught fish has decreased. They also pointed out a great risk of aquaculture having a negative impact on the environment regarding eutrophication, disease control and spread of invasive species or exploitation of the surrounding ecosystems. Many of the papers also indicated that that regulatory bodies, policy makers and scientists cannot keep up with the fast pace of development and its impact on, e.g., the social or environmental sustainability of fish aquaculture. One paper noted that aquaculture has sometimes been viewed as a self-generating economic activity and that use of fossil fuels, medicals and chemicals has enabled maximum economic output, while not taking environmental or social sustainability into consideration [48]. In general, the content in the 17 papers identified was scattered and mainly consisted of case studies and modelling/analysis of production methods. The environmental impact (and indirect economic and social impacts) from, e.g., farmed fish escapes and the spread of disease was not covered in any of the papers.



Compared with previous systematic mappings of other farmed animals [18,19,20,49] which have commonly focused on a specific species, the topic of fish aquaculture covers multiple species. Globally, freshwater fish species currently dominate aquaculture fish production, with freshwater carp and cyprinids constituting over 53.1% of total fish production, followed by miscellaneous freshwater fish species (19.5%), tilapia and other cichlids (11.0%), diadromous salmonids (6.5%) and miscellaneous coastal fish species. By value, the top fish species in the world is reported to be Atlantic salmon, followed by the cyprinids grass carp and silver carp (Hypophthalmichthys molitrix) [2]. The 17 papers identified in this study covered at least 13 species, including the commonly occurring Atlantic salmon, which was represented in three papers. Global aquaculture consists of far more species, however. The different species have different needs and may affect the surrounding environment differently, depending on, e.g., their habitat or feeding regime. It is, therefore, likely that sustainability-related questions may differ from one species to the next. The results of the present study show that there are large knowledge gaps when it comes to different systems and different species.



The social sustainability of fish aquaculture is complex [26]. Social sustainability was covered in 12 of the 17 papers identified, with these papers focusing more or less on conflicts between the fish industry and populations potentially affected by new aquaculture, and on how societies are affected by existing aquaculture. Extrapolation of the results and discussions revealed that all stakeholder groups affected by aquaculture must be involved in policy making in order to avoid unnecessary conflicts and formulate fair and sustainable regulations. Examples of affected groups mentioned in the papers were the industry, which values profit; fishermen of wild fish, who view competition and possible escapes from aquaculture as a problem, and the wider society, which wants to avoid deterioration of the environment and of nearby ecosystems. Some of the papers pointed out that the development of small-scale aquaculture can bring income to smaller communities with livelihood issues. Others pointed out that there is potential to use, e.g., old open pits as dams for fish farming, as compensation for loss of income after closed mines or as a way of managing water resources and reducing the impact of other potentially environmentally damaging activities, such as deforestation. A study in Newfoundland by Rigby et al. [45] claimed that the Canadian aquaculture industry is so potent that environmental and social considerations are disregarded, because regulation of these would risk affecting the economy too much.



Another social sustainability aspect of aquaculture discussed in the selected set of papers was the use of antimicrobials resulting in residues and antibiotic-resistant bacteria in water, which can easily be spread and transmitted to other locations, even when diluted in vast volumes of water. Furthermore, residuals in food products were identified as a direct threat to human health [50,51]. Another significant aspect mentioned was the importance of preserving animal biodiversity. One study pointed out that some aquaculture diminishes wild fisheries through, e.g., habitat modification, collecting and rearing wild fish instead of in-house breeding, introduction of exotic species or pathogens, use of wild fish as fish feed and nutrient pollution [52]. On the other hand, fish aquaculture contributes to food security and provides consumers with an affordable protein source [52]. Animal welfare has previously been suggested to represent a fourth dimension of sustainability or to form part of social sustainability. Interestingly, none of the papers identified mentioned animal welfare and sustainability, while this issue is more commonly mentioned in relation to sustainability among other farm animals [18,19,20,49]. Improving health through preventative management within aquaculture production can improve animal welfare, production efficiency and production economics, through reduced costs and increased productivity [51]. Improved production efficiency can also increase environmental sustainability, as it improves exploitation of resources through, e.g., improved feed efficiency and social sustainability (public health) [51,53]. However, improved animal welfare through, e.g., decreased stocking density will also result in potentially large economic costs, which has been raised as a concern by producers (e.g., [54]).



The environment was mentioned in most of the articles identified, but mainly in a sub-sentence primarily discussing social or economic sustainability. Thus, at first glance, the environmental aspect appeared to be more widely investigated than it actually was (Figure 1). Analyses or modelling of how inferior environments affect the population or adaptations to the environment that must be made when aquaculture is expanded or introduced in new areas are examples of dimensions of environmental sustainability that were taken into consideration in the relevant papers. The sustainability of these systems may be improved, according to these papers; e.g., Calone and co-workers [34] reported that integrated catfish and lettuce cultivation had a lower environmental impact than when cultivation was performed separately, as wastewater was recovered for crop cultivation and then recycled back to the fish tanks. The major conclusion from the 17 papers identified in our systematic mapping was that technical development is possible and necessary from both an environmental and economic perspective. The papers also revealed concerns regarding alien species, competition with existing fisheries and/or deteriorating water quality, but mostly in correlation with failing social sustainability. An example is that aquaponics systems (recirculating productive aquaculture systems) recycle fish waste products, in order to reduce the concentrations of waste in outflow water, thereby reducing the environmental impact through contamination. The existing regulations were said to be often unclear, and some papers expressed concerns regarding the industry having too great an influence, as it can also be an important economic sector in a region. Much knowledge is lacking, but some studies suggested modelling in order to identify suitable areas for the development of aquaculture, so that it can take place in an environmentally sustainable way or adapt to future changes in water temperatures caused by climate change.



The economic aspects raised in the papers identified can be categorised as relating to large- or small-scale production. Development of small-scale aquaculture was reported to have a possible positive impact on rural areas, through job opportunities and increased social sustainability. Large-scale aquaculture was reported to be somewhat unregulated in many areas, which has created conflict with other traders (e.g., fisheries and tourism). The overall conclusion from the papers is that changes are necessary, but may be associated with large costs (at least initially) and must take place in discussion with all affected stakeholder in the immediate area, to ensure that they do not affect the financial sustainability of other affected industries.



Through this systematic mapping of the literature, we provide a basis for discussion regarding the research gaps on sustainability within fish aquaculture. Based on our review of the relevant literature, we identified the following particular research gaps: a lack of studies regarding sustainability, including studies where the three dimensions of sustainability and their inter-correlations are investigated; studies on the full diversity of species used in fish aquaculture, which involves a wide number of species with different production prerequisites; and research on integration of animal welfare within the area of fish aquaculture.



We found that, to date, only a few studies have specifically investigated the sustainability of fish aquaculture (regardless of the sustainability dimension). Therefore, the development of a more holistic sustainability assessment framework that covers all three dimensions is needed in order to facilitate thorough empirical studies on the subject. Further, coverage of all three sustainability dimensions within sustainability studies is needed in order to increase understanding of the interactions between the dimensions, which is critical for the development of sustainable production on all levels. Hence, future research should apply an interdisciplinary approach in order to handle the complex matter of sustainability spanning several scientific fields.



The complexity of sustainability within aquaculture is increased by the large number of species involved and their heterogeneity. This calls for more species-specific research, as it may not be possible to extrapolate findings from one species in one context to other species or other contexts.



Animal welfare is an increasing concern within farm animal production and aquaculture. The importance of fish welfare has been underestimated historically, but it is still surprising that there is no mention of animal welfare with regard to sustainability in published studies on finfish aquaculture. Incorporation of animal welfare issues within finfish aquaculture sustainability may therefore be necessary in order to increase awareness of animal welfare in the finfish production industry.




5. Conclusions


In this study, the scientific literature regarding finfish aquaculture was systematically mapped concerning the three dimensions of sustainable development (environmental, economic and social sustainability). The mapping revealed that only a small fraction (2.6%) of 17 relevant papers identified concerned sustainability. Of these papers, only five covered all three sustainability dimensions within aquaculture, while papers covering one or two of the dimensions were more common. Moreover, correlations such as trade-offs or synergies between the different sustainability dimensions were rarely investigated or discussed. These findings provide an important foundation for discussion and prioritisation of future actions to increase knowledge on farm-level sustainability in finfish aquaculture.
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Figure 1. Number of the finfish aquaculture articles identified (n = 17) covering and/or mentioning the three different dimensions of sustainability. One paper covered only economic sustainability, one paper covered only social sustainability and two papers covered only environmental sustainability. 
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Table 1. Library search terms for environmental, economic and social sustainability.
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	Sustainability Dimension
	Search Terms 1





	Environmental
	(“environmental impact assessment” OR (environment* W/2 assessment) OR (environment* W/2 impact) OR (environment* W/2 protection) OR (climate W/1 change*) OR biodiversity OR ecosystem* OR pollution OR deforestation OR eutrophication OR (habitat W/2 destruction) OR (land W/2 degradation) OR (ozone W/2 depletion) OR “acid deposition” OR (odour W/2 emission) OR “air quality” OR “biochemical oxygen demand*” OR “chemical oxygen demand*” OR (nitrogen W/2 balance) OR (nitrogen W/2 cycle) OR (carbon W/2 cycle) OR eco-toxicity OR “carbon footprint” OR LCA OR “life cycle assessment”)



	Economic
	((aquacultur* W/2 development) OR (aquacultur* W/2 production) OR (farm* W/2 comparison*) OR (farm W/2 entrant*) OR (farm W/2 result*) OR (farm W/2 development) OR production OR diversification OR intensification OR “technical efficiency” OR “economic efficiency” OR “eco-efficiency” OR profit OR econom* OR return OR ”economic viability” OR ”economic performance”)



	Social
	((attitude* W/2 work) OR labour OR labor OR (quality W/2 life) OR “living condition*” OR “rural welfare” OR (work* W/2 condition*) OR “rural development” OR “social welfare” OR “social security” OR “social service*” OR “social equity” OR (health W/2 service*) OR “social status” OR (women W/2 status) OR “equal right*” OR equality OR (rural W/2 employment) OR livability OR “health equity” OR “labour rights” OR “labor rights” OR “social justice” OR “social capital” OR (community W/2 development) OR (community W/2 resilience))







1 For the searches in Web of Science Core Collection and CABI: CAB Abstracts, the Boolean operator NEAR was used, while for the search in Scopus, the Boolean operator W was used. *: is a symbol for truncation of word in library search.
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Table 2. Inclusion of different sustainability aspects in the set of 17 relevant papers identified.
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Paper

	
Aim

	
Key Words




	
Social Sustainability

	
Economic Sustainability

	
Environmental Sustainability






	
Baldan et al., 2018 [31]

	
Modelling to identify areas suitable for aquaculture depending on climate change

	

	
Growth

	
Organic waste load




	
Brattland, 2013 [32]

	
Investigation of effects of fishers’ ecological knowledge and its influence on policy making

	
Conflicts/decision making fishermen/

aquaculture

	

	
Ecological knowledge




	
Bunting & Shpigel, 2009 [33]

	
Bio-economic modelling of integrated systems

	

	
Internal rate of return

	




	
Calone et al., 2019 [34]

	
Improving water management in aquaponics systems

	

	

	
Water usage




	
Chen et al., 2015 [35]

	
Environmental assessment through life cycle analysis (LCA)

	

	
Production level, feed conversion ratio, oxygen consumption, labour

	
LCA analysis




	
Cowx, 2015 [36]

	
Exploration of changes to assist planning and management

	
Employment, revenue, social benefits

	

	




	
Fenemor et al., 2008 [37]

	
Modelling tools for integrated catchment management

	
Job numbers

	
Gross output

	
Water flow, nitrogen load, sediment yield, carbon sink rate, nitrogen yield




	
Floysand & Jakobsen, 2017 [38]

	
Investigation of change through technology

	
Rural development narrative

	
The global demand narrative

	
Environmental degradation narrative




	
Hamouda et al., 2005 [39]

	
Examination of strategic conflicts over aquaculture development

	
Threats to human rights, resource conflicts

	
Aquaculture expansion

	
Resource conflict, environmental impact




	
Hermansen & Heen, 2012 [40]

	
Socioeconomic effects of climate change

	
Management regimes, employment

	
Productivity index, production growth

	




	
Iagaru et al., 2015 [41]

	
Rural development

	
Promote rural tradition, encouraging entrepreneurship

	
Diversification of the rural economy

	




	
Lefrancois et al., 2010 [42]

	
Reducing phosphorus discharge through a novel sediment retention system

	

	

	
Phosphorus




	
Otchere et al., 2004 [43]

	
Investigation of the possibility to use open pits for aquaculture

	
New income

	
Economic diversification, income/employment

	
Low risk of escapes,

unclean water




	
Padula et al., 2012 [44]

	
Levels of residues in yellowtail kingfish

	
Food safety,

market access

	

	
Various environmental toxins




	
Rigby et al., 2017 [45]

	
Examination of cycles of growth and crisis within Newfoundland aquaculture

	
Corporate social responsibility

	

	
Genetic pollution, infectious disease




	
Spanu & Florea, 2018 [30]

	
Review of existing situation in Giurgiu county, Romania

	
Guaranteed payment, optimal hygiene and control procedures, non-discriminatory treatment to all trading partners, traceability

	

	
Biodiversity, ecological aquaculture, balanced exploitation




	
Suryanata & Umemoto, 2005 [46]

	
Environmental planning

	
Social and cultural issues (e.g., integrity, communication, values and vision)

	
Economic issues (e.g., market competition and impact on fish price, local and export market)

	
Environmental impacts (e.g., impact on coral reefs, bacteria and disease)
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