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The terms “offshore” and “open ocean” have been used to describe aquaculture sites that are further from the coast or in higher energy environments. Neither term has been clearly defined in the scientific literature nor in a legal context, and the terms are often used interchangeably. These and other related terms (for example “exposed”, “high-energy”) variously refer to aspects of a site such as the geographic distance from shore or infrastructure, the level of exposure to large waves and strong currents, the geographic fetch, the water depth, or some combination of these parameters. The ICES Working Group (ICES, 2024) on Open Ocean Aquaculture (WGOOA) therefore identified a need to define the terminology to reduce ambiguity for these types of aquaculture sites or more precisely, to: (1) promote a common understanding and avoid misuse for different classifications; (2) enable regulators to identify the characteristics of a marine site; (3) allow farmers to be able to assess or quantitatively compare sites for development; (4) equip developers and producers to identify operational parameters in which the equipment and vessels will need to operate; (5) provide insurers and investors with the terminology to consistently assess risk and premiums; and (6) circumvent the emergence of narratives that root in different cognitive interpretations of the terminology in public discourse. This paper describes the evolution of the use of the term “offshore aquaculture” and define the most relevant parameters to shift to a more definitive and robust term “exposed aquaculture” that can inherently relay clearer information. Adoption of this more definitive definition of “exposed” will allow the user to define a site with more than just distance from shore. Key differences and the importance of these terms are discussed that affect various interest groups. Follow-up articles in this compilation from scientific members of the WGOOA as well as other scientists outside ICES are incorporated that develop a set of definitions and a rigorous exposure index.
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1 Introduction

Aquaculture production in estuarine and coastal habitats has grown substantially over the past 3-4 decades (FAO, 2022), and environmental sustainability has improved (Naylor et al., 2021), and the importance of aquaculture’s contributions to Sustainable Development Goals (SDGs) emphasized (Troell et al., 2023). At the same time, coastal and marine industries of other sectors have also grown (Buck et al., 2004; Wilding et al., 2018; Weitzman et al., 2019). Traditional activities such as shipping (commercial and naval), fishing, mining for oil, gas, and minerals, or tourism have expanded, and new types of activities have emerged (such as different types of renewable energy, etc.) (Kleingärtner, 2018) in this zone referred to as “offshore”. Hence, Smith (2000) has aptly coined this overall development as the “industrialization of the world ocean” and others have referred to it as the marine urbanization (Dafforn et al., 2015) and the “blue acceleration” (Jouffray et al., 2020). These developments have increased competition for space and resources, primarily in less energetic inshore and nearshore waters. In many cases this has led to increased stakeholder conflicts and limited the expansion of marine aquaculture (Holm et al., 2017).

Increased conflicts nearshore have led to the search for sites that will allow for the expansion of aquaculture operations that will increase production by permitting larger sites with more distance between them that will decrease conflicts. For the last 40 years there has been an active scientific and policy forum to a move of marine aquaculture away from the nearshore habitat to more exposed and distant ocean areas. In most of these efforts, the quest to find new concepts for more robust designs and equipment enabled aquaculture to develop in areas with fewer user conflicts. Efforts have not always been fully successful since every site is complex, having different geographic, topographic, physical, geological, chemical, biological, and oceanographic parameters. Nearly all marine aquaculture to date has been concentrated in “sheltered” and/or “nearshore” areas due to the lower hydrodynamic energy in these waters with lower investment capital and operational costs. Aquaculture operations located in such areas require less investment in robust technology and worker safety, generate lower insurance costs, are easier to manage logistically by not requiring expensive wave energy robust service vessels.

Aquaculture farmers, scientists, administrators and policymakers often operate with concepts such as “onshore”, “inshore”, “nearshore”, “offshore”, or “open ocean”, to name a few of numerous terms. Such concepts have been interchangeably used to characterize different types of aquaculture sites referring to farms’ location in relation to the shoreline, aspects of a site such as the geographic distance from shore, exposure to waves and currents, geographic fetch, water depth, or some combination of these parameters. But the industry’s efforts to continue expanding beyond sheltered, nearshore sites have revealed that such concepts and terms are neither very precise nor do they provide clear information about the site’s environmental, technical, economic, and social conditions for aquaculture operations. As a result, too often these concepts are used arbitrarily depending on sectoral perspectives of, for example, scientists, conservationists, fisheries, lawyers, ocean engineers, to name a few. This particularly holds true with regard to the term “offshore” (Froehlich et al., 2017; Morro et al., 2021). Currently, “offshore aquaculture” is predominantly used to describe any farm that could be exposed to strong currents, high waves, and other unfavorable environmental conditions. It is argued here that the present uses of the term “offshore” conflate distance from a coastline with the degree of exposure to adverse environmental, logistical, or other conditions. Distance from the coast has minimal relevance with regard to the equipment or species required, or suited to, the site. Consequently, for the adequate description of aquaculture site conditions to identify suitable aquaculture sites, a more precise terminology is needed to support governments policymakers, administrators, scientists, farmers and other stakeholders in the planning and execution of aquaculture operations.

Outside of the aquaculture fraternity the use of the term “offshore” can cause confusion and uncertainty. First, a generic concept such as “offshore” is difficult to distinguish from other vague concepts such as ‘inshore’, ‘nearshore’, ‘open ocean’, ‘sheltered’ or ‘exposed’, forcing stakeholders to clarify the description of an area in each case. Second, most of these terms do not correspond to legal terms defined in international treaties or national laws. To make matters worse, these terms are often used and interpreted inconsistently by both lawyers and scientists. For example, while Dua (2023) would argue that ‘onshore’ operations include activities or assets located within a country’s borders, lawyers would argue that ‘within a country’s borders’ would also include ‘territorial waters’ as defined by international law, which can extend up to 12 nautical miles (nm) into the sea.




2 Objectives and research requirements

In order to clarify more precisely, we, as members of the ICES “Working Group on Open Ocean Aquaculture” (ICES, 2024), are appointed to scientifically define the terminology of “offshore aquaculture” and “exposed aquaculture” more precisely. The main objectives are to: (1) discuss the understanding, terminology, and linguistic use of the term “offshore” in comparison to the other terms, (2) examine the different published definitions of the terms, and (3) recommend a new term for this kind of aquaculture. Results of this work will better classify aquaculture operations that take place in various zones of the ocean (distant and/or exposed) and clarify the definitions to interest groups of different levels of expertise and origins (farmers and fishermen, scientists, regulators, NGOs, insurers etc.). We aim to develop an ontology for “offshore” and “exposed” aquaculture, encompassing a representation, formal naming, and definition of the categories, properties and relations between the concepts, data and entities that substantiate all domains of discourse (Buttigieg et al., 2013; Arp et al., 2015, 2016).

We argue that a clear interpretation of the terminology will yield the following new advantages to (1) promote a common understanding and avoid misuse of arbitrary classifications which can lead to misinterpretation and confusion among different actors, such as NGOs, licensers, and government agencies; (2) enable regulators to identify the characteristics of a marine aquaculture site; (3) allow farmers to assess or quantitatively compare sites for development; (4) enable developers, equipment suppliers, and producers to identify operational parameters in which the equipment and vessels must operate; (5) provide insurers and investors with the terminology to consistently assess risk and premiums; and (6) circumvent the emergence of narratives that root in different cognitive interpretations of the terminology in public discourse arenas.




3 Illustrating the importance to develop generic geographic terms and quantitative criteria

The urgency as to why such a definition is required has been established however two questions remain to be addressed:: “For whom?” and “Which parameters are needed to clearly differentiate new descriptions from current uses of the term “offshore?” For example, Farmer A is located at an exposed, nearshore site with up to 6 meters (m) significant wave heights, while Farmer B is located at a further distance from the coast but in shallower waters, sheltered and with lower wave heights (Table 1). Farmer A invests in robust design and engineering to survive the strong forces of waves and currents. Farmer B has more of a focus on logistics, smart operational features, and the design and engineering needed to overcome issues related to accessibility of the remote farm. Both farmers see their concepts as challenges, although these are fundamentally different development scenarios. Nevertheless, the two farmers have one aspect in common; they are categorized as being part of “offshore aquaculture”. Conversely, if these two farmers engage within, for example policy and licensing procedures, they may warrant very different sets of approval/support conditions under the same “offshore” terminology. This current term’s ambiguity causes potential conflicts and disruptions in the communication processes that hamper advancements in the development.


Table 1 | Representation of the different perceptions of the two farmers “A” and “B”.



In contrast to the term “offshore”, the term “exposed” aquaculture refers to the energetic characteristics of aquaculture sites. Exposed locations are generally understood to be “unprotected” or “not-sheltered” and experience high hydrodynamic energies induced by waves, currents, and winds. Consequently, “exposed” areas can be understood relatively in contrast to “sheltered” areas, as the site has an increased level of energy and exposure as it becomes less sheltered. In addition, exposed sites may also be far from land. Thus, the combination of the degree of exposure and the distance from the coast is an important feature. However, what does the term “nearshore” then mean? – and when is a site considered “sheltered”? The explanation to-date is relatively simple and may appear intuitive, but is in fact very complex. Our rationale to explain this type of aquaculture is that all aquaculture that is not “exposed” is “sheltered”; and that all aquaculture that is not “offshore” is “nearshore”. One cannot describe terms by listing what they do not mean; i.e., only mentioning its antonym. To provide a basic understanding of how different aquaculture sites can vary in two of these main characteristics, distance to shore and energy of the site, four regions, which are not mutually exclusive, are presented in Figure 1, which show how both degree of energy and the distance from shore describes the characteristics of a site: (1) sheltered (protected), (2) exposed, (3) near to land (nearshore), and (4) far from land (offshore).




Figure 1 | Comparison of “sheltered” vs. “exposed” (top) as well as “near to land” vs. “far from land” (bottom) environments along with a selected collection of general and specific descriptions of each.



We develop an analytical approach that de-emphasizes aspects such as distance from shore that focuses and collates the most influential factors when assessing farmer activities. Therefore use the energy levels at farm sites as a proxy for the degree of exposure of aquaculture installations.




4 The evolution of the definition and interpretation of the term “offshore”

Semantically, the term offshore consists of two elements. The word “off” usually indicates a certain degree of separation between different entities (“away from”, “removed from”, “separated”, “not at” etc.). The term “shore”, on the other hand, is most commonly used to describe an area of land that stretches along the edge of a body of water. Merely joining together such relatively straightforward terms, however, does not allow for an objective definition of a specific area at sea. Based on a literal interpretation alone, the exact location, i.e., the geographical line where the shore begins and ends, as well as the distance between that line and a chosen geographical point at sea, lying “off” the “shore”, remains open to interpretation. Accordingly, the term “offshore” has been used traditionally in combination with an action or an installation, which was clearly distant from the shore, but at some undefined distance. Similarly, the content of the term “offshore” was also sometimes shaped by legal/regulatory distinctions of a specific country, i.e., federally managed waters opposed to state managed. Intuitively, “offshore” suggested something that was “far away”. At the beginning of the 20th century, the term “offshore” was also introduced in the economic realm to describe the relocation of financial assets to other national jurisdictions, i.e., some of the Caribbean Island nations (Suss et al., 2002; Gravelle, 2009; Ogle, 2017). Due to the fact that some of these sites are remote islands used by institutions thousands of kilometers away, the term “offshore” acquired the semantic characteristic to describe something very far away – meaning, out of one’s reach or out of sight.

As time progressed, the term “offshore” was also used for the technically rooted exploration and exploitation of marine resources by other economic sectors, for example offshore drilling (Cruz and Krausmann, 2008), offshore oil & gas (Drumond et al., 2018), and offshore hydrocarbons (Makogon, 2010), as well as for other operations, such as offshore servers, offshore wind etc (Blanco, 2009). In particular, the offshore oil industry, with large-scale structures far out at sea, operating at any time of the day or night, armed against all forces of the ocean, with many accessible only by helicopters, emphasizes how inaccessible offshore infrastructures are. However, the basic understanding remains the same, i.e., that all of these operations take place in locations that are geographically distant from the shoreline. Therefore, the main reason for perceiving the term “offshore” with a distance from the coast or an imaginary place far away is due to terminology that is triggered by other offshore undertakings unrelated to aquaculture. This is reflected in the usage of the word “offshore” as a primary or secondary term in published literature.

The Google N-gram Viewer platform is an online search engine that determines the occurrence of any search term based on an annual count of n-grams in printed sources. Using these n-grams, we want to determine in which causal context the term ‘offshore’ has been used in recent decades. Data shown in Figure 2 are based on Michel et al. 2010 for the period from 1970 until 2019. N-grams with the term “offshore” in combination with another term (“offshore” + “X”), such as offshore wind, offshore aquaculture, offshore bank, offshore gas, as well as other combinations are shown. An N-gram is the result of breaking down a text into individual words or fragments, such as word combinations and counted in frequencies (Bohannon, 2010; Michel et al., 2010; Russell, 2011; Lin et al., 2012). There may be some inaccuracy in the Google N-gram Viewer data, especially since words from books are only counted if there are more than 40 entries. Nevertheless, one aspect of the data set is unmistakable: at the beginning of the 1970s, all activities that took place in geographically remote regions were frequently associated with the term “offshore”. For example, the use of the term “offshoring” began in earnest in the 1970s (Metters and Verma, 2008). After a dry spell of about 30 years, the term suddenly became prominent, frequently used to describe the spinoffs of many businesses and company combinations to other countries, typically to leverage cost advantages such as lower labor costs, favorable economic conditions, or tax benefits. There is no question that this term implies “distance”. Therefore, the semantic understanding of that term was shaped many years before the combination “offshore” and “aquaculture” was used.




Figure 2 | Frequency of N-grams in our everyday language used in combination with the word “offshore” in published literature between 1970 and 2019, based on Michel et al. (2010).






5 Present definitions

Present definitions of “offshore” aquaculture and related terms use various combinations of distance from shore, fetch, wave conditions, and water depth.

The term “offshore” is used differently in different sectors. Most wind farm operators, associate distance with the term “offshore” (Böttcher, 2013). In the US, however, “offshore” wind generally encompasses any wind turbine that is not on land (Madsen and Krogsgaard, 2017). It becomes even more confusing in risk and safety groups, who declare that all areas that are “off” the shore are “offshore”, i.e., any amount of separation from the coastline (SOMOS, 2018). Similarly, in international law the term “offshore” does not indicate a specific distance from the shore (Markus, in press). Sailors also like to use the term offshore for those areas where there are severe weather conditions. In US aquaculture, the term “offshore” is often used for areas located outside of state-controlled waters which generally extend to 3 nm. All in all, in the public mind, the term is afflicted with many different confusing definitions. Several distance-based boundaries have legal implications, but none is equated to the term “offshore”. The exclusive economic zone (EEZ) is defined in international law as “an area beyond and adjacent to the territorial sea” which may extend up to 200 nm from a coastal states’ baseline. The territorial sea may extend up to a limit of 12 nm, i.e. it may cover smaller areas (sometimes reaching 2, 6, or 9 nm into the sea, depending on a country’s claims in this regard, e.g., Cicin-Sain et al., 2001). Hansen (1974) summarized the results of a project funded by the US NOAA Sea Grant in 1970 to exploit the oceans away from the coast and defined “Open Ocean Mariculture” as being conducted in unprotected areas, whether near to or far from the shoreline. For offshore kelp farms, Cannon (1980) focused on distance and space; with regard to the US, he defined its EEZ as offshore, i.e., beyond the 3 nm zone and extending outwards to 200 nm. Twu et al. (1986) described “offshore aquaculture” conducted along the southern coast of Korea where, during the winter monsoon, waves could reach a significant wave height of 3 m and wave periods of about 10 s. During summer the entire Korean coastline is found to be vulnerable to typhoon-generated waves of up to 10 m. Muir and Basurco (2000) chose a minimum distance of 2 km from the coast and a depth of 50 m, as well as reduced access due to bad weather conditions (high waves) and the need to incorporate some kind of remote operations such as automatic feeding, remote monitoring, etc. Since the mid-1980s, research on aquaculture in exposed and often distant waters, particularly in the US, increased. Results were communicated to users and other interested parties in a series of four US-based conferences on open ocean aquaculture (Polk, 1996; Hesley, 1997; Stickney, 1998; Bridger and Costa-Pierce, 2003). The first major gathering in Europe took place in Cork (Ireland) in 2004 and was followed by other conferences organised by the European Aquaculture Society (EAS) and workshops (Rosenthal et al., 2012a, b), and a series of events (the Offshore Mariculture Conference by Mercator Media).

The conference in Cork gave rise to a definition based on a four-tier classification system. It equally focused on distance and a lack of shelter but was adapted primarily to the coast of Ireland A modified site classification system originating from the Norwegian Aquaculture Site Classification Scheme and ranging from class 1 (sheltered) to class 4 (offshore), based solely on a site’s significant wave weight (Ryan, 2004). Definitions that followed accepted Ryan’s definition with additional parameters, such as Drumm (2010) who developed requirements for equipment and servicing vessels to survive and operate in severe sea conditions. HR (2011) used the EEZ to define “offshore”. Lovatelli et al. (2013) identified a minimum distance of 2 km (approx. 1.1 nm) from shore and a depth of 50 m and deeper. Bak et al. (2020) defined sites as offshore when located >3nm from the shore regardless of local water depth, while nearshore was defined as <3nm distant from shore, being sheltered in <50m depth and exposed >50m depth. Buck and Langan (2017) and Buck et al. (2018) defined the term “EEZ-Aquaculture” to distinguish it from “coastal aquaculture”. These were all valuable attempts at a better explanation and preliminary definition of the terms, but these works still reflect the need to find a more suitable definition, since none of the available definitions provides a clear-cut and holistic view on the multidimensional question of “offshore” terminology. However, despite recent and ongoing developments (EU-funding, development of robust technologies in Norway and elsewhere, conferences on “open ocean aquaculture”), the term “offshore aquaculture” remains unclear. In Table 2, further terms are described, which should serve to complete the common terms related to the location of a farm in the sea. Figure 3 underpins this overview. The need and time are now to define aquaculture in exposed, hostile, and highly energetic environments in greater scientific detail, aiming at multidimensional descriptors that enable state-of-the-art definitions for complex siting questions.


Table 2 | Further definitions of terms in addition to “offshore” and “exposed”, which serve to complete the common terminology in connection with the location of an aquaculture operation in the sea.






Figure 3 | Illustration of the different aquaculture terms that have to do with a location description. * = red dotted line shows where the offshore area starts towards the open ocean; ** = by “Inlet” is meant any kind of body of water as an arm of the sea inland, such as fjords, bays, estuaries, lagoons, etc.; CA, Coastal Aquaculture; EEZ, Exclusive Economic Zone; EEZ A, EEZ Aquaculture; InA, Inshore Aquaculture; NearA, Nearshore Aquaculture; OA, Offshore Aquaculture; OnA, Onshore Aquaculture; OOA, Open Ocean Aquaculture.






6 Distinction between “offshore” and “exposed”, and its relevant parameters

The resulting challenge is how to compile a uniform set of scientific standards from these rather incomplete and legally non-binding definitions. Whether a legally binding definition can develop from this sooner or later cannot be predicted in the current state. This can only be decided once the terminology has been implemented and is therefore not part of this publication. An often-used classification to describe the conditions of a location are its geophysical and oceanographic characteristics and their parameters. Identifying these is complex as different clusters of parameters need to be considered. There are many publications on the parameterization of the term “offshore” or “exposed” aquaculture. Froehlich et al. (2017) examined a wide range of peer-reviewed and grey literature; they made a structured parameter list based on the number of mentioned parameters. But their classification was not unique as additional parameters were identified previously by Hansen (1974), Cannon (1980), Twu et al. (1986), Ryan et al. (2005), Drumm (2010), Lovatelli et al. (2013), Buck and Langan (2017), and Buck et al. (2018).

Figure 4 provides, in six groups, parameters that we have synthesized, and commonly agreed upon in the published literature as suitable descriptors of the offshore character of sites used for aquaculture operations. Parameters are grouped into (1) oceanographic data, (2) descriptors of water column, (3) operation and location parameters, (4) technology, (5) licensing and qualification, and (6) other relevant descriptors. The grouped parameters are weighted or correlated, discussed in depth, and also provide a basis for the additional works presented in this special issue.




Figure 4 | Parameters/factors that will impact performance and characteristics of aquaculture carried out in “exposed” and/or “offshore” waters. Parameters were extracted from the common literature (e.g. Hansen, 1974; Cannon, 1980; Twu et al., 1986; Ryan et al., 2005; Drumm, 2010; Lovatelli et al., 2013; Buck and Langan, 2017; Froehlich et al., 2017; Buck et al., 2018) and coincide with the authors’ experience of carrying out aquaculture in exposed and/or remote locations.



Important questions relate to what importance should be given to the different parameters in Figure 4 and which of these are the most crucial for the diverse types of species and farming systems (for example of fish, crustaceans, bivalves, or macroalgae) at a given site. Engineers developing technologies could identify different parameters than those chosen from farmers, insurance companies, lawyers/regulators, or other stakeholders. However, in order to organize a classification, it is necessary to identify different target groups that are active in either “offshore” and/or “exposed” aquaculture. Hence, in order to produce a classification of “exposed aquaculture”, the perspectives of different aquaculture related stakeholder groups must be integrated, requiring a multi-actor approach.

There is a plethora of parameters which pertain to the distinction of both “offshore/nearshore” and “exposed/protected” (Figures 1, 4), but these are not intrinsic to a definition. Parameters show trends across these two continuums, but the implications of these trends may vary depending on target culture species, which is important to understand for planning and management. For example, open ocean sites typically have a higher capacity to assimilate nutrients, which can allow for higher stocking densities in cage farming and larger biomasses without significantly increasing the impact on the environment in terms of fed aquaculture (Welch et al., 2019), but may imply different challenges in terms of management of the ecological carrying capacity for extractive species (Filgueira et al., 2015; Smaal and van Duren, 2019). It is therefore preferable to regulate production densities at sheltered and exposed locations differently to maximize the value of the resource. For example, Fujita et al. (2023) point out how SalMar’s Ocean Farm 1 plans to measure the effects of their offshore farm on the benthic environment using hyperspectral imaging, a technique that has not been necessary for commercial nearshore farms.

Establishing definitions that allow for the clear partitioning of sites as one category or another also enables the analysis of trends in other parameters across the spectrum of site types. Parameters that describe the water column with reference to species suitability, such as oxygen (particularly important for fish), chlorophyll (secondary site quality characteristic for filter feeders, such as mussels and oysters), nutrient concentrations (relevant for macroalgae) or temperature (all species), are essential in the context of site selection criteria studies for the evaluation of the biological production potential and must never be neglected. Nevertheless, these parameters are not the typical barriers to practicing aquaculture in relation to “offshore” or “exposed” environments (even though we know that nutrient concentrations, for example, can decrease with distance from the coast to the open ocean in many marine bodies of the world, e.g., Cravo et al., 2003; Aziz et al., 2019). Similarly, “other factors” (see Part 6 in Figure 4) should not be underestimated, as fouling (Bannister et al., 2019; IOC-UNESCO and GEF-UNDP-IMO GloFouling Partnerships, 2020), predators (Freeman, 1996), or conflicts (Buck et al., 2004; Hipel et al., 2018) with other users are known to have a significant effect on the success of aquaculture operations in nearshore and/or protected areas. Additionally, the concept of synergies in terms of multi-use (for example, offshore wind farms [OWF] and aquaculture) of areas is of increasing interest globally (Buck and Langan, 2017) and, in particular, low-trophic aquaculture (LTA) in OWF can make a significant contribution to achieving the Sustainable Development Goals of the United Nations (Maar et al., 2023; Troell et al., 2023).

Similarly, other parameters in Figure 4 all have their specific importance for the success of a commercial aquaculture farm, but are more general than specific to offshore or exposed areas. In the first instance, a site is defined according to the most important parameters (depth, wave height, current velocity) that will determine how it is farmed, distance from shore and energy environment (i.e., classified as “offshore/nearshore” and “exposed/sheltered”). It is important to characterize and describe the site according to all the other parameters afterwards, as they will still impact the suitability of the site and the species and equipment chosen to farm there.

This work has surfaced and is agreed upon amongst a substantial number of authors from various disciplines, the two parameters “wave” and “current” in all their facets (height, frequency, velocity, direction). It is therefore necessary to work out a way to use these parameters as a basis to discuss a definition of the terms. Although it is known that the depth of a site will have a significant effect on the expression of the wave (Lojek et al., Heasman et al., in press), we consider the depth as a secondary effect in this publication, as the wave data itself is sufficient to describe the degree of exposure of the site.




7 Discussion

Members of the ICES Open Ocean Aquaculture Group (WGOOA; ICES, 2024) have defined a terminology to distinguish “offshore aquaculture” from “exposed aquaculture” more precisely by developing an index that better describes the degree of exposure (see Lojek et al., in press). We suggest that the definition of “offshore” versus “nearshore” and “exposed” versus “sheltered” be defined exclusively according to the distance from shore based on visibility and the wave and current conditions respectively, creating discrete categories for each term. We establish clear site descriptions as an “exposed-offshore site”, and an “exposed-nearshore site”. Other adjectives describing different parameters (such as temperate or oligotrophic, high/low saline or eutrophic, etc.) would only be applied during specific discussions evaluating the site.

As part of a more accurate description on exposure, the physical attributes can now be associated with engineering (structural requirements, robustness of equipment, vessel design, technology); logistics (requirements to operate in that physical environment); biology (potential cultivated species at the site); health and safety (improved requirements, vessel/equipment design and automation); operations and management (vessel size, site access and visit frequency, seeding and harvest windows); social and environmental license (acceptability associated with the site); economics (cost of engineering, logistics and production relative to species yield and value) and policy and regulation (all the above) are more tangible.

Finally, we want to clarify the question of what should be understood by the term “offshore aquaculture”. How can the term be defined, and what does this mean for current and future aquaculture?

In addition to all these facets, there is always the idea that the distance a service vessel has to travel from the port to the aquaculture operation should be considered in the “offshore” definition. After all, long travel distances play a significant role in the economic feasibility of an aquaculture enterprise, which are influenced by high costs incurred by staff, fuel, etc. Thus, long distance travel routes to the farm site may also be due to designated shipping routes, where vessels rarely reach a destination via the bird’s-eye route, but take longer due to other navigational barriers such as shoals, rocks, nature conservation areas, intensively used commercial shipping routes, etc. An aquaculture enterprise can be 500 m off the coast but many nautical miles from the nearest port “offshore”? Here we need to understand an essential difference between “long travel time” and “offshore”, because “offshore” is precisely “off the shore”, i.e., for example a few kilometers perpendicular to the coastline, and should not be confused with “off-port”, i.e., several kilometers away from the port. So how do we classify, for example a shellfish operation far from the harbor, which is in fact only 500 m off the coast, and, how do we distinguish it from those that exist, for example, several nautical miles towards the “open ocean”? In this case, we would call the site that is 500 m away from the coast “inshore”, “near the coast” or “nearshore”, because only the distance to the port is the cost driver here, not the distance to the sea. Here, the 500 m specifies the degree to which the farm is offshore, not the distance to the harbor. One exception to this guiding principle is proximity to small islands that do not provide any meaningful operational advantage. A site that is far from the mainland but near to some small, uninhabited islands, or where these islands have no influence on operations (landing of products, crew changes, bunkering, etc.) could still be considered offshore.

A definition that would make the most sense for us to apply is a farm that is operated out of sight - and from our point of view this farm is “offshore”. Of course, this kind of approach depends on many factors, namely how high the farm’s superstructure is, for example a mussel backbone vs. Ocean Farm 1 (Buck et al., 2018) or the height of the person standing on the beach and looking towards the sea, because stature certainly conditions how far a person can see - especially if, opposite a calm sea, a wave now integrates, which can block the view. A range could be given based on an average human height of 159 to 170 cm and an average height of aquaculture facilities (100 cm), so the calculated distance for a facility out of sight would be approximately 3 nm, based on an observer standing at sea level at the edge of the coast (see Figure 3). This definition does not employ a highly technical approach as is taken with the “exposure” definition, but this is appropriate for “offshore” since it is already in use by a larger number of different stakeholders and has a less direct impact on farm operations, equipment choice, and economics. If the term “offshore” is used it should refer to the distance only, unrelated to the requirements of an aquaculture site and/or the exposure of that specific site. Further, the effort to measure and communicate the precise distance of a farm from shore is not excessive (for example Farmer A can describe their farm as “an exposed farm that is for example 8 nm from shore”). As such, a precise and consistent use of the term is less necessary, yet still provides value to a maturing industry that needs to partition and discuss its sub-sectors.

The 3 nm distance is also used in many legislative contexts. It is consistent with the historical limit of territorial seas under which many countries recognized control up to 3 nm from the baseline from the 1600s until the 1958 Geneva Convention on the Territorial Sea and the Contiguous Zone (Swarztrauber, 1970). This 3 nm limit still separates state and federal waters in the USA, where waters beyond this limit are legally the “Outer Continental Shelf” (BOEM, 1953).




8 Conclusions and recommendations

The previously used definitions or characterizations of “offshore” or “open ocean” aquaculture have been unable to be established as generally accepted definitions. While some terms were established to demonstrate a particular point at sea or create a framework for analysis, they were never intended nor adequate for widespread adoption (Lovatelli et al., 2013; Morro et al., 2021). Therefore, the question arises how this newly proposed terminology will be adopted by the various user groups (farmers, scientists, engineers, insurers, NGOs, etc.; see Section 2) or, at best, be accepted. The need for a clearly defined terminology stems from those user groups, as a precise universally accepted, standardized definition has been unresolved for decades and consequently terms have been used somewhat arbitrary (Buck and Langan, 2017; Froehlich et al., 2017).

We present a strict definition of “exposed” aquaculture primarily focused on the physical attributes of a site and the parameters of “depth”, “waves”, and “currents” in all their facets are considered to be the principal considerations. The effects of all other factors characterizing a site (see Figure 4) are considered subordinate to these oceanographic parameters. Thus, this work advocates that the terms “exposed/sheltered” can be defined in such a way that discussion about the nature of the site in question is unambiguous. In contrast, such understanding enables the terms “offshore/nearshore” to be utilized more accurately to simply describe a farm’s distance from shore. Consequently, an “offshore” site with a certain degree of exposure, must be described using both terms: i.e., a site that is far from the coast and additionally exposed to harsh weather conditions is an “exposed offshore” site. In conclusion, although we maintain that “offshore” is a continuum, which can be quantified, we recommend that whenever a specific threshold must be defined, a distance of 3 nm from shore (not port) should be used (Figure 3).

The establishment of specific definitions for these terms, particularly to distinguish “exposed aquaculture” from “offshore aquaculture”, comes at an appropriate and crucial time in industry development, as there are several open ocean farms operating in different regions of the world today. Though, the continuous implementation of term dissemination can only be achieved through an ongoing dialogue and a common roadmap orientated towards stakeholder/user groups and has to (1) go far beyond scientific publications, (2) support and awaken an understanding for the introduction of this terminology, and (3) use and disseminate the defined terms correctly at different levels (ICES, FAO, NGOs, peer-reviewed and grey literature, research projects and reports, company catalogues, technical and conferences papers, and many more).

Our vision for where and how the industry will continue to develop is well established, based on a substantial amount of real-world experience, and reflects empirical data that is oceanographic, operational, and financial in nature. Significant growth is anticipated in most of these regions which will need to be supported by focused R&D efforts (and funding opportunities), regulatory environments that encourage such growth, and interactions between various stakeholders which can be facilitated by specific and well-defined terminology. We hope that these definitions and the discussion presented in the Special Edition will be useful in progressing the collective understanding of aquaculture in exposed sites, the environments that this industry sub-sector operates in, and the challenges and opportunities created.

Finally, the question arises as to how this new terminology, as we understand and propose it, will reach the various user groups (farmers, scientists, engineers, insurers, NGOs, etc.; see Section 2) and, at best, be accepted. It is important that the user groups understand the motivation behind the steps we have taken, as this is the only way that the terms will become part of the general linguistic usage of these user groups in the future.

Firstly, it should be emphasized that the need to give the terms a clear definition stems from these user groups themselves. The question of a precise universally accepted, standardized definition has been unresolved for decades and the use of the terms has been somewhat arbitrary for just as long (Buck and Langan, 2017; Froehlich et al., 2017).

Nevertheless, there needs to be a common roadmap for how the user groups (1) learn about these efforts (not every user reads scientific publications), (2) support the understanding of this terminology, and (3) use and disseminate the defined terms correctly at different levels (ICES, FAO, NGOs, journals and grey literature, research projects, reports, company catalogues, technical papers and conferences, and many more) in the future.

The solution can only lie in the continuous implementation of term dissemination, and acceptance can only be achieved through an ongoing dialogue at the above-mentioned levels. The process will certainly take a few more years, but the foundation has been laid and will be disseminated, at least among the authors of this article.

The authors understand if some stakeholders find it difficult to accept or apply this terminology. Many farmers farm and do not go into the clarification of terms. Costs may also be incurred if, for example, print media has to be changed or advertising adapted. Nevertheless, we want to encourage the industry to develop an understanding of why terminology is important (see Section 2). Understanding comes first; direct implementation can follow.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Author contributions

BB: Conceptualization, Data curation, Funding acquisition, Methodology, Project administration, Writing – original draft, Writing – review & editing. HB: Writing – original draft, Writing – review & editing. AB: Writing – original draft, Writing – review & editing. MC: Writing – original draft, Writing – review & editing. BC-P: Writing – original draft, Writing – review & editing. TD: Writing – original draft, Writing – review & editing. JF: Writing – original draft, Writing – review & editing. HM: Writing – original draft, Writing – review & editing. DF: Writing – original draft, Writing – review & editing. NG: Writing – original draft, Writing – review & editing. JH: Writing – original draft, Writing – review & editing. WI: Writing – original draft, Writing – review & editing. GK: Writing – original draft, Writing – review & editing. TM: Writing – original draft, Writing – review & editing. NP: Writing – original draft, Writing – review & editing. TS: Writing – original draft, Writing – review & editing. BS: Writing – original draft, Writing – review & editing. ÅS: Writing – original draft, Writing – review & editing. MT: Writing – original draft, Writing – review & editing. DW: Writing – original draft, Writing – review & editing. SV: Writing – original draft, Writing – review & editing. KH: Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Likewise, this project was supported by the OLAMUR project with 25 partners from eight nations dealing with the issues of technical implementation in the wind farms, as well as site selection, LTA performance, environmental monitoring and much more. The OLAMUR project is funded by the European Union under grant number 101094065. The Dutch participant was supported through the Dutch Ministry of Agriculture, Nature and Food Quality, BO-43-119.02-004. In addition, the New Zealand participant was supported through MBIE CAWX2102, Nga Punga o te Moana program, New Zealand. Other contributions have been supported by the SFI EXPOSED research center, financed by the partners and the Research Council of Norway under grant number 237790. The German partner NG was partially supported by a grant of the Lower Saxonian Ministry of Science and Culture (76251-17-5/19) and Volkswagen Foundation.




Acknowledgments

This publication was prepared within the scope of the WGOOA (Working Group on Open Ocean Aquaculture) of the intergovernmental science organization ICES (International Council for the Exploration of the Sea - Copenhagen/Denmark). 





Conflict of interest

HB and HF were employed by SINTEF Ocean. TS was employed by Innovasea. JF was employed by Longline Environment Ltd. BC-P was employed by Ecological Aquaculture International, LLC. AB was employed by AquaRange Research LLC. TD was employed by Kelson Marine Co. JH was employed by Offshore Shellfish Ltd. And BS was employed by American Mussel Harvesters, Inc.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

 Arp, R., Smith, B., and Spear, A. D. (2015). Building ontologies with basic formal ontology (Cambridge/Massachusetts (US), London, England: MIT Press). doi: 10.7551/mitpress/9780262527811.001.0001

 Aziz, A. A., Suratman, S., Kok, P. H., and Akhir, M. F. (2019). Distribution of nutrients concentration in the upwelling area off the east coast of Peninsular Malaysia during the Southwest Monsoon. Malaysian J. Analytical Sci. 23, 1030–1043. doi: 10.17576/mjas-2019-2306-11

 Bak, U. G., Gregersen, Ó., and Infante, J. (2020). Technical challenges for offshore cultivation of kelp species: lessons learned and future directions. Bot Mar. 63, 341–3553.

 Bannister, J., Sievers, M., Bush, F., and Bloecher, N. (2019). Biofouling in marine aquaculture: a review of recent research and developments. Biofouling 35, 631–648. doi: 10.1080/08927014.2019.1640214

 Blanco, M. I. (2009). The economics of wind energy. Renewable Sustain. Energy Rev. 13, 1372–1382. doi: 10.1016/j.rser.2008.09.004

 BOEM (1953). Outer continental shelf lands act (Washington D.C., US: Bureau of Ocean Energy Management (BOEM), Department of the Interior), 3.

 Bohannon, J. (2010). Google books, wikipedia, and the future of culturomics. Science 331, 135. doi: 10.1126/science.331.6014.135

 Böttcher, J. (2013). Handbuch offshore-windenergie (München, Germany: Oldenbourg Wissenschaftsverlag), 89. doi: 10.1524/9783486717761

 Bridger, C. J., and Costa-Pierce, B. A. (2003). Open ocean aquaculture: from research to commercial reality (Baton Rouge, LA, USA: The World Aquaculture Society), 351.

 Buck, B. H., Krause, G., and Rosenthal, H. (2004). Extensive open ocean aquaculture development within wind farms in Germany: the prospect of offshore co-management and legal constraints. Ocean Coast. Manage. 47, 95–122. doi: 10.1016/j.ocecoaman.2004.04.002

 Buck, B. H., and Langan, R. (2017). Aquaculture perspective of multi-use sites in the open ocean: the untapped potential for marine resources in the anthropocene (Cham, Switzerland: Springer), 404. doi: 10.1007/978-3-319-51159-7

 Buck, B. H., Troell, M., Krause, G., Angel, D., Grote, B., and Chopin, T. (2018). State of the art and challenges for multi-trophic offshore aquaculture. Front. Mar. Sci. 5. doi: 10.3389/fmars.2018.00165

 Buttigieg, P. L., Morrison, N., Smith, B., Mungall, C. J., and Lewis, S. E. (2013). The environment ontology: contextualizing biological and biomedical entities. J. Biomed. semantics 4, 43. doi: 10.1186/2041-1480-4-43

 Buttigieg, P. L., Pafilis, E., Lewis, S. E., Schildhauer, M. P., Walls, R. L., and Mungall, C. J. (2016). The environment ontology in 2016: bridging domains with increased scope, semantic density, and interoperation. J. Biomed. semantics 7, 57. doi: 10.1186/s13326-016-0097-6

 Cannon, H. W. (1980). Energy from open ocean kelp farms (Forest Grove, US: Office of Technology Assessment), 116.

 Cicin-Sain, B., Bunsick, S. M., DeVoe, R., Eichenberg, T., Ewart, J., Halvorson, H., et al. (2001). Development of a policy framework for offshore marine aquaculture in the 3–200 mile US ocean zone. Report of the centre for the study of marine policy (Newark/Delaware, US: University of Delaware), 166.

 Cravo, A., Madureira, M., Rita, F., Silva, A. J., and Bebianno, M. J. (2003). Nutrient concentrations in coastal waters: Impact of the Guadiana River. Cienc. Marinas 29, 483–495. doi: 10.7773/cm.v29i4.167

 Cruz, A. M., and Krausmann, E. (2008). Damage to offshore oil and gas facilities following hurricanes Katrina and Rita: An overview. J. Loss Prev. Process Industries 21, 620–626. doi: 10.1016/j.jlp.2008.04.008

 Dafforn, K. A., Glasby, T. M., Airoldi, L., Rivero, N. K., Mayer-Pinto, M., and Johnston, E. L. (2015). Marine urbanization: an ecological framework for designing multifunctional artificial structures. Front. Ecol. Environ. 13, 82–90. doi: 10.1890/140050

 Drumm, A. (2010). Evaluation of the promotion of offshore aquaculture through a technology platform (OATP) (Ireland: Marine Institute), 46.

 Drumond, G. P., Pasqualino, I. P., Pinheiro, B. C., and Estefan, S. F. (2018). Pipelines, risers and umbilicals failures: A literature review. Ocean Eng. 148, 412–425. doi: 10.1016/j.oceaneng.2017.11.035

 Dua, A. (2023). Onshore vs offshore software development: difference and what to consider (Mohali Punjab (India): Offshore Development Center. Your Team in India, Signity Solutions).

 FAO. (2022). The state of world fisheries and aquaculture 2022. Towards blue transformation (Rome: FAO). doi: 10.4060/cc0461en

 Filgueira, R., Comeau, L. A., Guyondet, T., McKindsey, C. W., and Byron, C. J. (2015). “Modelling carrying capacity of bivalve aquaculture: A review of definitions and methods,” in Encyclopedia of sustainability science and technology. Ed.  R. Meyers (Springer, New York, NY). doi: 10.1007/978-1-4939-2493-6_945-1

 Freeman, K. (1996). An examination of biological and other factors affecting mussel aquaculture development in the Scotia-Fundy Region of Nova Scotia Vol. 2125 (Halifax (Canada): Canadian Technical Report of Fisheries and Aquatic Sciences), 32.

 Froehlich, H. E., Smith, A., Gentry, R. R., and Halpern, B. S. (2017). Offshore aquaculture: I know it when I see it. Front. Mar. Sci. 4. doi: 10.3389/fmars.2017.00154

 Fujita, R., Brittingham, P., Cao, L., Froelich, H., Thompson, M., and Voorhees, T. (2023). Toward an environmentally responsible offshore aquaculture industry in the United States: Ecological risks, remedies, and knowledge gaps. Mar. Policy 147, 105351. doi: 10.1016/j.marpol.2022.105351

 Gravelle, J. G. (2009). Tax havens: international tax avoidance and evasion. Natl. Tax J. 62, 727–753. doi: 10.17310/ntj.2009.4.07

 Hansen, J. A. (1974). Open sea mariculture – perspectives, problems, and prospects (Stroudsburg: Oceanic Foundation. Dowden, Hutchinson & Ross, Inc. Stroudsberg, Penn John Wiley and Sons), 410.

 Hesley, C. (1997). “Open Ocean Aquaculture ‘97: charting the future of ocean farming,” in Proceedings of an International Conference. 353 (Maui, Hawaii: Maui, University of Hawaii Sea Grant College Program).

 Hipel, K. W., Fang, L., and Xiao, Y. (2018). Managing conflict in aquaculture. Mar. Economics Manage. 1, 1–19. doi: 10.1108/MAEM-06-2018-001

 Holm, P., Buck, B. H., and Langan, R. (2017). “Introduction: new approaches to sustainable offshore food production and the development of offshore platforms,” in Aquaculture perspective of multi-use sites in the open ocean: The untapped potential for marine resources in the Anthropocene. Eds.  B. H. Buck, and R. Langan (Cham, Switzerland: Springer), 1–20.

 HR. (2011). “H.R.2373 - National Sustainable Offshore Aquaculture Act of 2011,” in 112th congress, Bill No. 2373, 1st Session in the house of representatives. (Washington, US: House Natural Resources).

 ICES. (2024). Working group on open ocean aquaculture (WGOOA) (Copenhagen, Denmark: International Council for the Exploration of the Sea – ICES). Available online at: https://www.ices.dk (Accessed 24th April 2024).

 IOC-UNESCO and GEF-UNDP-IMO GloFouling Partnerships. (2022). Best practices in biofouling management. Vol. 1: biofouling prevention and management in the marine aquaculture industry (Paris: IOC-UNESCO and IMO).

 Jouffray, J. B., Blasiak, R., Norström, A. V., Österblom, H., and Nyström, M. (2020). The blue acceleration: The trajectory of human expansion into the ocean. One Earth 2, 43–54. doi: 10.1016/j.oneear.2019.12.016

 Kleingärtner, S. (2018). “A short history of seas and oceans,” in Handbook on marine environment protection - science, impacts, and sustainable management, vol. II . Eds.  M. Salomon, and T. Markus (Cham, Switzerland: Springer), 519–532.

 Lin, Y., Michel, J.-B., Lieberman Aiden, E., Orwant, J., Brockman, W., and Petrov, S. (2012). “Syntactic annotations for the google books N-gram corpus,” in Proceedings of the System Demonstrations. (Stroudsburg (US): The Association for Computational Linguistics).

 Lovatelli, A., Aguilar-Manjarrez, J., and Soto, D. (2013). Expanding mariculture farther offshore: Technical, environmental, spatial and governance challenges. FAO Technical Workshop 22–25 March 2010, Orbetello, Italy (Rome, Italy: Aquaculture Branch. FAO Fisheries and Aquaculture Department), 73.

 Maar, M., Holbach, A., Boderskov, T., Thomsen, M., Buck, B. H., Kotta, J., et al. (2023). Multi-use of ocean space: Integration of offshore wind farms with low-trophic aquaculture shows great potential to support the global sustainability goals. Nat. - Commun. Earth Environ. 4, 447. doi: 10.1038/s43247-023-01116-6

 Madsen, B., and Krogsgaard, P. (2017). Offshore wind power 2010. Archived june 30, 2011, at the wayback machine (BTM Consult).

 Makogon, Y. F. (2010). Natural gas hydrates – A promising source of energy. J. Natural Gas Sci. Eng. 2, 49–59. doi: 10.1016/j.jngse.2009.12.004

 Metters, R., and Verma, R. (2008). History of offshoring knowledge services. J. Operations Manage. 26, 141–147. doi: 10.1016/j.jom.2007.02.012

 Michel, J.-B., Shen, Y. K., Aiden, A. P., Veres, A., Gray, M. K., Pickett, J. P., et al. (2010). Quantitative analysis of culture using millions of digitized books. Science 331, 176–182. doi: 10.1126/science.1199644

 Morro, B., Davidson, K., Adams, T. P., Falconer, L., Holloway, M., Dale, A., et al. (2021). Offshore aquaculture of finfish: Big expectations at sea. Rev. Aquaculture 14, 791–815. doi: 10.1111/raq.12625

 Muir, J. F., and Basurco, B. (2000). Mediterranean offshore Mariculture. Méditerranéennes: Série B. Etudes et Recherches No. 30. Centre International de Hautes Etudes Agronomiques Méditerranéenes (CIHEAM) (Zaragoza (Spain): Instituto Agronómico Mediterráneo de Zaragoza (IAMZ), 215.

 Naylor, R. L., Hardy, R. W., Buschmann, A. H., Bush, S. R., Cao, L., Klinger, D. H., et al. (2021). A 20-year retrospective review of global aquaculture. Nature 591, 551–563. doi: 10.1038/s41586-021-03308-6

 Ogle, V. (2017). Archipelago capitalism: tax havens, offshore money, and the state 1950s–1970s. Am. Historical Rev. 122, 1431–1458. doi: 10.1093/ahr/122.5.1431

 Polk, M. (1996). Open ocean aquaculture. Proceedings of an international conference, may 8-10, 1996 (Portland, Maine: UNHMP-CP-SG-96-9, Portland, New Hampshire/Maine Sea Grant College Program), 642.

 Rosenthal, H., Costa-Pierce, B. A., Krause, G., and Buck, B. H. (2012a). Bremerhaven Declaration on the Future of Global Open Ocean Aquaculture, Part I: Preamble and Recommendations. Aquaculture Forum on Open Ocean Aquaculture Development - From visions to reality: the future of offshore farming (Bremerhaven (Germany): European Union (European Fisheries Fund – EFF), Ministry of Economics, Labor and Ports (Free Hanseatic City of Bremen), The Bremerhaven Economic Development Company Ltd.), 4.

 Rosenthal, H., Costa-Pierce, B. A., Krause, G., and Buck, B. H. (2012b). Bremerhaven Declaration on the Future of Global Open Ocean Aquaculture - Part II: Recommendations on Subject Areas and Justifications. Aquaculture Forum on Open Ocean Aquaculture Development - From visions to reality: the future of offshore farming (Bremerhaven (Germany): European Union (European Fisheries Fund – EFF), Ministry of Economics, Labor and Ports (Free Hanseatic City of Bremen), The Bremerhaven Economic Development Company Ltd.), 8.

 Russell, M. (2011). Google N-Gram database tracks popularity of 500 billion words (Huffington Post).

 Ryan, J. (2004). Farming the deep blue. board Iascaigh Mhara technical report, 82 pp.

 Ryan, J., Mills, G., and Maguire, D. (2005). Farming the deep blue. Report. (Dublin, Ireland: Marine Institute), 82.

 Smaal, A. C., and van Duren, L. A. (2019). “Bivalve aquaculture carrying capacity: concepts and assessment tools,” in Goods and services of marine bivalves. Eds.  A. Smaal, J. Ferreira, J. Grant, J. Petersen, and Ø Strand (Springer, Cham). doi: 10.1007/978-3-319-96776-9_23

 Smith, H. D. (2000). The industrialization of the world ocean. Ocean Coast. Manage. 43, 11–28. doi: 10.1016/S0964-5691(00)00028-4

 SOMOS. (2018). Technical Standards for Safe Production of Food and Feed from marine plants and Safe Use of Ocean Space. Second Workshop 9-11-2017, SOMOS - Den Haag (The Netherlands: SOMOS secretariat. Ijmuiden), 22.

 Stickney, R. R. (1998). “Joining forces with industry - open ocean aquaculture,” in Proceedings of the Third Annual International Conference. 152 (Corpus Christi, Texas: Corpus Christi, Texas Sea Grant College Program).

 Suss, E. C., Williams, O. H., and Mendis, C. (2002). Caribbean offshore financial centers: past, present, and possibilities for the future. MF working paper WP/02/88 (Washington, US: Western Hemisphere Department, International Monetary Fund), 33. doi: 10.5089/9781451851175.001

 Swarztrauber, S. A. (1970). The three-mile limit of territorial seas: a brief history – Part I. Bibliography: l. 492-564. Thesis. Faculty of the School of International Service of The American University, American University, United States Navy, Washington DC, 280.

 Troell, M., Costa-Pierce, B., Stead, S., Cottrell, R. S., Brugere, C., Farmery, A. K., et al. (2023). Perspectives on aquaculture’s contribution to the Sustainable Development Goals for improved human and planetary health. J. World Aquaculture Soc. 54, 251–342. doi: 10.1111/jwas.12946

 Twu, S. W., Kao, R. C., and Hwung, H. H. (1986). On a wave dissipation method for offshore aquaculture areas. Aquacultural Eng. 5, 271–286. doi: 10.1016/0144-8609(86)900

 Weitzman, J., Steeves, L., Bradford, J., and Filgueira, R. (2019). “Far-field and near-field effects of marine aquaculture,” in World seas: an environmental evaluation, 2nd ed. Ed.  C. Sheppard (Cambridge (US): Academic Press), 197–220.

 Welch, A. W., Knapp, A. N., El Tourky, S., Daugherty, Z., Hitchcock, G., and Benetti, D. (2019). The nutrient footprint of a submerged-cage offshore aquaculture facility located in the tropical Caribbean. J. World Aquaculture Soc. 50, 299–316. doi: 10.1111/jwas.12593

 Wilding, T. A., Black, K. D., Benjamins, S., and Campbell, I. (2018). “Mariculture,” in Handbook on marine environment protection - science, impacts, and sustainable management, vol. I . Eds.  M. Salomon, and T. Markus (Cham, Switzerland: Springer), 97–114.




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Buck, Bjelland, Bockus, Chambers, Costa-Pierce, Dewhurst, Ferreira, Føre, Fredriksson, Goseberg, Holmyard, Isbert, Krause, Markus, Papandroulakis, Sclodnick, Silkes, Strand, Troell, Wieczorek, van den Burg and Heasman. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/faquc.2024.1428056_cover.jpg
& frontiers | Frontiers in Aquaculture

Resolving the term “offshore aquaculture”
by decoupling “exposed” and “distance from
the coast”





OEBPS/Images/faquc-03-1428056-g001.jpg
Degree of energy

Distance from coast

Moinsioconftions:
Wave condiions(eremevalues,
longlastg gty i some cases)
+ Current condiions (ntreme vaues,
longlastog gty i some case)

Moinsioconsiions:
P —
+ Rogultor resime

Saferoperations
(1) Sheltered

(3) Near toland

Generalfactors

Specificfactors

Effects

Solutions applied

sifects

Solutions applied

Riskier operations
(2) Exposed

(4) Far from land






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Resolving the term “offshore aquaculture” by decoupling “exposed” and “distance from the coast”

      

        		

          1 Introduction

        



        		

          2 Objectives and research requirements

        



        		

          3 Illustrating the importance to develop generic geographic terms and quantitative criteria

        



        		

          4 The evolution of the definition and interpretation of the term “offshore”

        



        		

          5 Present definitions

        



        		

          6 Distinction between “offshore” and “exposed”, and its relevant parameters

        



        		

          7 Discussion

        



        		

          8 Conclusions and recommendations

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/faquc-03-1428056-g003.jpg
] I | Highsea

(interational waters)
“This region is exposedin most cases or
tends to have increased exposure at
certain times of the year

from 12 nm
0200 nm

210u1 J2)12Ys J0 22URYD

but does not necessarily have to

g
H
g
S
g
H
H
3
2
3
2

-- :I* Can be exposed (at certain times),

:|» Is sheltered in most cases

(including inlets), but can be
seawater and brackish exposed (at certain times)
water inlets only Inlets**

|






OEBPS/Images/table2.jpg
Term  Description

Costil “Cosal aquaculure” dscribes peratons in the coatalse, usualyrfered o a the "ertorial sea”. These arcas can range from the constine t the
Aquacture | adjscent EEZ, but mstly rfesto narshore nvironments, Caastal aquscltar threfoe covers broad area, as it inchuds all aress where inshare and
(antonym:  nearshore aquaculur takes place and, in rather arecass,ofshore aquaculue. Nevertheless, a disintion i genraly made between the two terms,
EEZA) | namely that "cosstal aquaculture” s carid out close 10 the coat and "ofhore aquacultre” in open e aressfuther away from the cosst.

Ihore | The xact distance tha inshore” s from the coatine can vary considerably and depends on various factors, These vary grealy depending on the wser and
Aquacuture | how “inshore” s used i context. n principle, thee is o st distance that s generally considered o b “inshore” s this depends on th pariculr aciviy
antonym: o ares of ntret Generally speskin, “inshore” efrs towters that are relatiel clos to th cosst, ften ot deep, s appased to “ofkbore” which

ox', describes areas more distant from the coast. However, 0 b cea about the antonym “ofihore”,“inshore” should definiely be i the trritoril sea and ata
ooa! Short distance from the cossline, s cersin parameters tand outin proximity to the coast: (1) controlof environmental condiions can be caried out

more casil, (2) which leads 103 simpler OSM, 3)du to th shor distance, the siling o the fem s ofshorter dation, which () resuls inlover costs,
and (5)th imcstment in 2 more stable technology can be lower,a th weather and vave/current conditonssre wsualy s challenging compred to
ofihor locatons. Often howeser, 100 many frms are bult i fvorabl inshore locations, which in urn exceed the ecological carying cpaciy. Inshore
activiis take plce within the coastal scs.

Nesrshore  “Nearshore’, ik “nshore” refers o operations that ake plac i wters i the immediae viinty of the cosst, I th contest o aquaculure, “nearshore”
‘Aquacture | thas refrs t faming actvite in wter close tothe cosst, which may be shallower nd cloer toshore. Again, ther i no lar distanceto the costline
antonym:  thatcan be defined as “ncsshore”,and thi n tun depends on the type of activiy. Th terms “nshore” and “narshore”ar thercfre often wsed
OA.QOA  inerchangeably butcan hae slighty ifrent meanings depending on the context. However, there may be some diferences: Whik “inshore aquaculture”
can efe speciically o waters that ar vy clos 1o shore, posiblyin shalo bays, stuaies o ntetdal zones, “nearshore aquacutur” would encompass
a slighly wider spatal area and reee 1o watrs that are el close 0 shore,but ot necssarily s marrowly defned a “nshore”. The same applics to
water depth, s “inshor” i ofen deinedss having a shlloer vaterdepth, “Nearshore” ould thereorereer to watrs tha may be sighty deepeebut
are stll o 1o th coust. s important 0 ot tht thes ferm ca be nterpreted diferently n different regions and contexts. In many cases, they are:
used s inerchangesble tems o gencrlly reer 1o the proximity o aquaculure activitis t the coast, Neverthelss,“searshore” aquaculure would
argusbly be located behind inshore” aquacutu shen viewed from thecossline, posibly with some oselp. As shown in Fgore 5, “nearshore” activies
ke plce ithin the tertorial scs.

Foreshore | The term “foreshore” reers o the part of a s and shore ara thatle between the high and low td ln, i the culitoral zone i th clasic s
Aquaciture | Aquaculure s thas practicedin ths zone, whichisexposed o the tids (fr example some oyserfams and pile cultues for muscls). “Foreshore”

(antonym: activities take place within th cosstal sea (se Fire 3,
on,

o0A,

EE2A)

Onshore ~Onshore aquacultur” i synonymous with land-bssed aquaculure snd refers 0 any farm that s located on land or within a iy sl wter body (i

(antomym: ponds, bt ot lake) This incldes indoor farms (RAS', pRAS, or lowtheough) or utdoor farms (ponds o raceways). The sze of watebody that would
any other  diferentiae onshore squiacltue from production in a ke o othr endose wate body s outsde the scope ofthis acle.

defined
here)

o0a ~Open Ovean Aquaculure” (OA)rfers 0 the orming of aqutic spcis tha takes plac in open oceans, a5 opposd {0 tradiional methods hatare
(antonym:  caried ot near the coast o n protectd marine wate bodies. Very ffen, thes arcas are dcper than those i the in- or narshore. OOA aims [0 uilze
inshore, | th space beyond coastines o enabe the production of marine organisns with high biomass yikds. I contrst to casstal aquaculur faciltis where
constl, environmental impscts and spac constrsnts can play  role, open okcan squsculure potentaly offesmore space for the culivation ofthe frmed speccs

nesrshore | organisms, The ar chalknges and concerns associaed with OO, ncding environmental impacts, potental et on il populations sesbed

aquacaltor) | polltion and socil accetabily sues.
“The terms “open occan squicltur” and "offhore aqusclture” s often used inerchangesbly, but may have sight diflcrencesdepending on the speciic
contest,In general,bothrefer to squacultue n open waters,fr from the cost, hosser, there e some difrcnces: From  spatial pespective OOA
emphasiesfarming i th apen oceans, in most cases very fa rom th cosst and beyond the 12 am zone. The trm “ofishore aquaculure” refrs (o 3
Shorter disance from the cost which s beliee should be set st 3 . This means that in some countris, “ofshore aquacoltue” can tak plce in the
territoral s, beyond the 3 nm mark nd up 0 12 . Regarding the depth, OOA specifclly targets frminin decp watrs charsclertic o open
oceans,while “fihore squaculture”can b conducted i both,rltsely shallow or deeper arcs.

EEzA EEZ aquacalture” describes aquacaltue ativites i th exclusive cconomic zon. In countic whre the EEZ begin 12 nm seawards from the biscline
(antonym: clse to cost, efforsto pracic aquaculure are o i the research sttus. & speciltype of aquaultue he s the combination of ofhore wind aems
coustl (W) and aquacultue,which s Known as “mult-use” In those countis for example the USA, where the FEZ liscithr 3 or 9 m off he coasts

squacaltore) | (haslines.there aresleady commerclly opersted aquaculure fams.

Sheltred | “Sheltered aquaculture” efrsto aquacultre ativites that take place in proectd or shelered water bodies Thess nvironments offs naural o atficial
(antonym: protetion fromthe fftsof seong currcats, high aves idal influnces or other extseme enizonmentl condions.Shele can be provided by location
exposed (bays,Iagooms,ctc), by atural stuctures (snds,refs,cc) or by atficil structure (e, harbor,etc). Ofen the erm “protected” s used as.a

aquacaltore) | synonym, but this eads to misunderstandings,a “protectod aquacaltre” cn aso mesn (1) that speial messues are taken o prosec the environment
from the potental impacts of aquacultre, and (2)that aquacultre activiies are protected by speciallws or regultions o ensur tht hey are operated
sustainaby and have o negativ impct on the environment o other intrests. To avid this uncersinty, aquaculure that s proteted by i ocation
hould b lbelled xclsively 35 “Shelered Aquacutur”. Thee actvite ke place prodomminantly in the oastal 5.

'BEZ.A. Exclusive cconomic zone squaculiur; O, Ofihore Aquaculiure; OOA, Open Occan Aquaclture; RAS, Resrelaing Aquacalire Syt pRAS, parl Rechrelaing
bopserdiesnidy
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