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ABSTRACT 
 

The increasing need to consider multiple pressures and take a more holistic approach to 

management of aquaculture has prompted the development of the Food and Agriculture 

Organization (FAO)’s Ecosystem Approach to Aquaculture (EAA). Carrying capacity (CC) 

has been identified to support more sustainable aquaculture and inform holistic assessment of 

aquaculture across multiple management goals and priorities. Yet, how to integrate 

components holistically, i.e., how a holistic CC approach can be defined, measured, and used 

in policy contexts, is not fully understood. Therefore, the overall goal of this thesis was to 

investigate carrying capacity to support holistic assessment of salmon aquaculture in the 

context of an EAA. This thesis first identifies the opportunities and challenges for 

operationalizing carrying capacity to support more holistic management, building on a 

comprehensive literature review (Chapter 2) and consensus (Delphi) with international experts 

(Chapter 3) in CC and aquaculture. This thesis presents a research agenda to address these 

gaps (Chapter 2) and presents some general guidelines and recommendations to inform a 

holistic assessment of aquaculture (Chapter 3). In addition, this thesis also aims to close the 

gap in understanding social carrying capacity by investigating relevant factors for 

understanding social indicators and thresholds for aquaculture, focusing on salmon 

aquaculture in Nova Scotia. Through quantitative (Chapter 4), and qualitative (Chapter 5 and 

6) perception research, this thesis identifies a suite of individual, contextual, and perceptual 

factors influencing social attitudes towards aquaculture. This thesis highlights that developing 

holistic assessments of aquaculture carrying capacity continues to be complex. The challenges 

and opportunities identified here present a potential role for holistic carrying capacity as an 

approach to planning and decision-making within an EAA. The insights, recommendations, 

and findings from this work advances the development of a process for holistic carrying 

capacity assessment and begin to close the gap on social carrying capacity based on social 

acceptance, values, and integration of trust and legitimacy. Finally, this thesis offers a way 

forward for holistic carrying capacity by outlining a series of interlinked lenses that places 

social values as integral to identifying social, production, physical and ecological limits.  
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CHAPTER 1: INTRODUCTION 
 

1.1 THE NEED FOR SUSTAINABLE AQUACULTURE 

 

Aquaculture, defined as the controlled farming of fish, shellfish, or seaweeds, has grown 

dramatically over the past 30 years, and continues to rise as output from capture fisheries has 

declined (FAO, 2020a). Aquaculture continues to be one of the fastest growing global food 

industries. Aquaculture production now supplies over 50% of the fish for human consumption 

(FAO, 2020a), and is expected to at least double by 2050 (Pernet & Browman, 2021). This 

growth is met with an increase in fish consumption globally at an average annual rate of 3.1% 

between 1961 and 2017, a whole percentage point higher than other animal proteins (FAO, 

2020a). Around the world, over 600 aquatic species were farmed in freshwater, marine, and 

brackish water environments in 2018. However, only a handful of species make up most of 

the production volume (Naylor et al., 2021). Consistent growth of the industry in recent years 

has been driven by strong markets for species like shrimp, bivalves, and salmon. Since 2013, 

salmonids like Atlantic salmon (Salmo salar) have been the single most important commodity 

traded by volume, accounting for roughly 19% of all internationally traded fish products in 

2018 (FAO, 2020a). Consequently, aquaculture has become a promising industry to meet the 

food needs of a growing population and relieving fishing pressure on overexploited wild fish 

stocks.  

 

The effective development and management of salmon aquaculture requires addressing 

numerous challenges across economic, social, and environmental dimensions. The rapid 

growth of aquaculture has generated ecological concerns over the near-field and far-field 

effects of finfish aquaculture including benthic and water quality effects, modification of 

habitat, spread of diseases and invasive species, attraction of wild fish and predators, and the 

reliance on wild fish for feed (Weitzman et al., 2019). Disease outbreaks can also have severe 

economic repercussions for industries and communities, as was demonstrated in the aftermath 

of a series of infectious salmon anemia outbreaks in Chile between 2007 and 2009 (Bachmann-

Vargas et al., 2021). 
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These challenges have manifested significant public concerns in most salmon-farming 

countries, creating issues of public trust and challenging the social sustainability of the sector. 

In many parts of the world, poor social acceptance of aquaculture due to a combination of 

public concerns and mistrust are often considered a barrier to development (Corner et al., 

2018). Nevertheless, aquaculture may promote necessary economic benefits for many areas 

that face economic pressures such as rural employment, youth retention and economic 

stability. Achieving social sustainability recognizes that aquaculture operations should improve 

social well-being and be acceptable to communities and public groups. The growing 

recognition of social sustainability has given rise to a recent discourse around social acceptance 

(SA) and social license to operate (SLO) (Mather & Fanning, 2019). Both terms refer to social 

perceptions and attitudes towards aquaculture, drawing on viewing it as positive technology. 

Social acceptance is broad and multi-faceted reflecting an individual-oriented measurement of 

how operations are viewed. In comparison, SLO is an industry-focused outcome dependent 

on practices necessary to be accepted by both local, regional, and market communities (for a 

review, see Gehman et al., 2017). In this way, understanding what shapes, and motivates social 

acceptance is critical for measuring and managing social impacts and informing more equitable 

aquaculture policy.    

 

Persistent environmental challenges and growing social conflicts of aquaculture reinforce a 

recent recognition of inefficient and insufficient governance, management, and planning 

structures for aquaculture in many parts of the world (e.g., Bush & Oosterveer, 2019; Couture 

et al., 2021). While regulatory structures for aquaculture are often extensive, they are also 

criticized as being complex and fragmented, with multiple regulations across different 

departments and levels of government governing aquaculture (Davies et al., 2019; Liu et al., 

2013; Sanderson & Kvalvik, 2014). This is relevant in Canada, where a complex regulatory 

framework (Noakes, 2018) characterized by a patchwork of governance approaches (Doelle 

& Saunders, 2016) creates challenges for managing a sustainable aquaculture industry (Wiber 

et al., 2021). As a result, a shift from traditional governance mechanisms to those that 

recognize the holistic nature of aquaculture becomes critical for sustainability of the sector.  
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1.2 THE ECOSYSTEM APPROACH TO AQUACULTURE 

 

The increasing need to consider multiple pressures and take a more holistic approach to 

management of marine systems has prompted the development of several ecosystem-based 

management (EBM) strategies like the FAO Ecosystem Approach to Aquaculture (Arkema et 

al., 2006; Soto et al., 2008). The FAO’s Ecosystem Approach to Aquaculture (EAA) is defined 

as “a strategy for the integration of aquaculture within the wider ecosystem in such a way that 

it promotes sustainable development, equity, and resilience of interlinked social and ecological 

systems.” (Soto et al., 2008). The EAA represents a shift in thinking that recognizes that 

humans are an integral part of many ecosystems.  

 

Part of this shift requires approaches that view aquaculture in their coastal regions as coupled, 

social-ecological systems (SESs) (Johnson et al., 2019). The social-ecological system 

framework conceptualizes the “environment” as an open system made up of ecological and 

social processes, integrated through management practices and resource use. Applied to 

aquaculture, this concept recognizes aquaculture activities as the resource use process that 

influences the environment’s provision of ecosystem services to benefit or impact human well-

being (Figure 1.1). Operating across multiple spatial and temporal scales and cycles, the system 

components are influenced by broad-scale forces (political, economic, and biogeochemical) 

and interact through interdependencies and feedbacks (Ostrom, 2009). Applying a more 

systemic worldview can help meet many modern environmental management challenges such 

as those seen with aquaculture (Virapongse et al. 2016).   
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Figure 1.1 System of interactions between economic, societal, and environmental 
attributes of aquaculture. 

 

The EAA presents a holistic and interdisciplinary approach to aquaculture management. EAA 

implementation is supported by various principles, which include adaptive and participatory 

approaches that consider all aspects of aquaculture across multiple temporal and spatial scales 

(Costa-Pierce, 2008). The EAA is guided by three main principles (Soto et al., 2008): 

• Aquaculture development and management should take account of the full range of 

ecosystem functions and services, and should not threaten the sustained delivery of 

these to society 

• Aquaculture should improve human well-being and equity for all relevant stakeholders 

• Aquaculture should be developed in the context of other sectors, policies, and goals 

Despite its inception over 10 years ago, the EAA has had varying degrees of uptake and 

adoption and continues to face implementation barriers and challenges (Brugère et al., 2018). 

Empirical data on both social and ecological processes in a system are needed for successful 

integrated management approaches (Plummer & Fitzgibbon, 2004). Implementing an 

Ecosystem Approach to Aquaculture requires developing holistic tools to help manage and 

develop the salmon aquaculture industry in a sustainable and socially accepted manner.  
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1.3 CARRYING CAPACITY AS A TOOL FOR EAA 

 

To implement the EAA, managers and planners must consider how environmental constraints 

affect aquaculture, the potential socio-economic impacts, and interactions with other activities 

when determining new sites for development and monitoring existing aquaculture sites. In this 

regard, the well-known concept of carrying capacity could be mobilized for the holistic 

assessment of aquaculture to support an EAA (Ross et al., 2013). Within the context of the 

Ecosystem Approach to Aquaculture, carrying capacity (CC) describes the extent of 

aquaculture that could be developed in an area without causing harm to the natural, social, 

cultural, or economic environment beyond “unacceptable” thresholds. As a result, scholars 

often describe four types of carrying capacity (Mckinsey et al., 2006; Ross et al., 2013):  

• Ecological carrying capacity: the magnitude of aquaculture production that can be 

supported without leading to significant changes to ecological processes, services, 

species, populations, or communities in the environment 

• Social carrying capacity: the level of aquaculture that can be developed that is accepted by 

local communities, and does not cause adverse social effects 

• Production carrying capacity: the magnitude of aquaculture activity at which the production 

biomass is maximized  

• Physical carrying capacity: the area geographically available and physically and/or 

chemically suitable for an aquaculture activity 

 
Carrying capacity has been used in a range of disciplines, including tourism and recreation 

(McCool & Lime, 2001; Saveriades, 2000), agriculture (Venkateswarlu & Prasad, 2012), 

population biology (Braithwaite et al., 2012), and aquaculture (Duarte et al., 2003; Ferreira et 

al., 2008; Filgueira et al., 2015a,b). Carrying capacity has become an important part of 

sustainable resource management in Canada and internationally. Carrying capacity can help 

guide the decisions of managers and planners, such as determining suitable sites for fish 

farming development, setting acceptable monitoring thresholds, and making sustainable 

resource management policies (Ross et al., 2013). Yet, a full integration of various types of CC 

is still lacking. Furthermore, a key question remains about how to align CC within aquaculture 

decision-making under the context of EAA.  
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1.4  GOALS AND RATIONALE FOR STUDY 

 
Site selection, approval, and monitoring of aquaculture is supported with tools that provide 

guidelines to manage issues and concerns over sector development. Carrying capacity is a 

potentially powerful tool often considered critical to overall area management but is poorly 

implemented in many areas (Corner et al., 2018). Modern management frameworks recognize 

that sustainable and effective policy decisions should be based on an ecosystem-based 

approach that acknowledge challenges posed by feedback between environmental, social, and 

economic environments. Yet, how the CC approach can be effectively mobilized for holistic 

assessments of aquaculture has not been elucidated. Therefore, the overall goal of this thesis 

was to investigate carrying capacity in support of holistic assessment of salmon aquaculture in 

the context of an Ecosystem Approach to Aquaculture.  

 

This research was guided by the following research questions and sub-questions: 

1. How can carrying capacity be mobilized to support the holistic management of salmon 

aquaculture?  

a. How can the concepts and approaches currently used in carrying capacity 

research be mobilized for a more holistic assessment of aquaculture? 

b. What processes, tools, and information are most suitable for a holistic design 

for aquaculture carrying capacity?  

2. What factors determine the socially acceptable limits of salmon aquaculture?   

a. What factors are most important drivers for public opinions of aquaculture? 

b. What factors influence community acceptance to aquaculture?  

 
This thesis explores both the practical and theoretical challenges and opportunities for carrying 

capacity (CC). A holistic approach has not yet been developed for finfish like Atlantic salmon. 

Where social aspects of aquaculture are a major challenge and remain largely neglected in the 

literature, this research can foster a better understanding of the perceptions of local 

communities to aquaculture, identify conflicts, and help inform decision-makers about social 

acceptance issues (Mazur & Curtis, 2006). This work can further refine the definitions and 

analytical approaches for assessing social carrying capacity. An effective CC framework to 

support EAA principles will engage with novel adaptive and participatory approaches that 

consider all aspects of aquaculture across multiple temporal and spatial scales (Costa-Pierce, 
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2008). Therefore, this interdisciplinary research can offer decision-makers potential guidance 

and knowledge for more holistic decision-making and planning of aquaculture.  

 

This work was motivated by governance challenges and social conflicts with Atlantic salmon 

(Salmo salar) farming in Atlantic Canada, which remained the underlying consideration across 

this research. Therefore, research conducted to investigate factors of socially acceptable limits 

(research question 2) drew on data from Nova Scotia. Still, this work also drew from an 

international panel of experts to identify more generalizable conclusions about CC 

opportunities and challenges. As a result, this work can have applicability to management in 

other areas of the world, where aquaculture is also rapidly developing and where countries are 

increasingly recognizing the need for adopting an Ecosystem Approach to Aquaculture. This 

research can improve the understanding of the approaches for estimating carrying capacity, 

inform planning processes, and help work towards operationalizing an EAA. 

 

1.5 RESEARCH APPROACH AND THESIS STRUCTURE  

 

This thesis consists of five research chapters, each of which is written as a stand-alone article 

that is either already published or in review in a peer-reviewed scientific journal. The research 

in this thesis was guided by a pragmatic theoretical perspective, drawing on a largely 

interpretivist philosophy, focusing on the practical implications of the work. To that end, this 

work applied a mixed-methods research approach, combining multiple quantitative and 

qualitative data collection and analysis to explore the research questions as described above.  

This thesis took an emergent research approach to enable the generalizability of findings to 

theory, whereby insights gained were considered conceptually and reflexively, and each 

research chapter reflects a research process that drew from the findings and conclusions of 

earlier research chapters (Mabry, 2008). Findings of all chapters are summarized in a 

concluding chapter at the end of this thesis, which also provides reflection on the role of 

carrying capacity within holistic aquaculture governance.  

 

Chapter 2 presents a comprehensive review of carrying capacity concepts, applications, and 

measurement tools and offers theoretical insights how CC aligns with holistic ecosystem-based 
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principles. The findings of this chapter present a research agenda that served to guide the 

overall design for the following chapters.   

 

In Chapter 3, a panel of international subject-matter experts elicited and validated a series of 

guidelines and requirements for a useful CC process in light of holistic assessments of 

aquaculture. This resulted in the creation of holistic CC assessment principles, processes, and 

techniques, as well as practical challenges and opportunities for CC.  

 

Understanding gained reflexively in early chapters (Chapter 2 and 3) identified a primary 

knowledge gap related to defining socially relevant indicators and thresholds for CC, 

motivating the development of the second research question. To answer this question, this 

research aimed to contribute to existing theoretical assumptions about what factors influence 

perceptions and attitudes towards aquaculture. Recognizing that investigating drivers of 

perceptions and attitudes must be bounded by specific societal contexts, this thesis explored 

perceptions of salmon aquaculture in Nova Scotia. This thesis applied an analytic 

generalization process (per Yin, 2009) whereby the main goal was to uncover causal relations 

by identifying the essential characteristics of the phenomenon studied. Drawing from theory 

in existing literature and integration of evidence across multiple studies and data sets, this work 

helps build theoretical premises to make assertions about situations akin to the one studied. 

Thus, this thesis makes no claims to generalizability to the population studied (e.g., Nova 

Scotia), but to advance theory on social acceptance. To that end, Chapter 4 details a 

quantitative public survey in Nova Scotia that investigated how differences in demographics, 

values, and knowledge influence public views of salmon farming. In addition, an in-depth 

qualitative approach captured the perceptions and attitudes of citizens and stakeholders in 

three salmon farming communities in Nova Scotia on the operation, management, and 

development of salmon farming (Chapters 5 and 6). Multiple case-study comparisons 

(Chapter 5) present an in-depth exploration of the role of context on shaping perceptions, 

enabling comparative inference in support of generalization (Gobo, 2008). Drawing on the 

same dataset from Chapter 5, Chapter 6 is positioned to identify common attributes between 

different perspectives, providing insights that may advance the conceptual understanding of 

what motivates attitudes towards aquaculture in salmon farming communities. The outcomes 
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of this stage can lead to a better understanding of what may indicate social acceptance and 

lead to the potential identification of social carrying capacity thresholds. 

 

Chapter 7 synthesizes findings from earlier chapters to into a comprehensive overview of the 

conclusions in support of my main research objectives and questions. This section highlights 

the main challenges and opportunities for holistic assessment of aquaculture CC, presenting 

the final vision for way forward for holistic carrying capacity (HCC), and identifies future 

research opportunities. 

 

1.6 STATEMENT OF CO-AUTHORSHIP 

 

The overall conceptualization of this thesis was developed by myself with the guidance of my 

co-authors. Across all research chapters, I designed the research, conducted all data analysis, 

and wrote the majority of the manuscripts. My co-authors provided valuable insight and 

feedback (comments, suggestions, and edits) throughout the conceptualization and writing of 

all research chapters and aided in the preparation of submission for publication. Published 

chapters and chapters in review from this thesis are as follows: 

 

Chapter 2:  
 
Weitzman, J., & Filgueira, R. (2019). The evolution and application of carrying capacity in 

aquaculture: towards a research agenda. Reviews in Aquaculture, 12, 1297-1322. 
https://doi.org/10.1111/raq.12383 

 

Chapter 3: 

 
Weitzman, J., Filgueira, R., & Grant, J. (2021). Development of best practices for more holistic 

assessments of carrying capacity of aquaculture. Journal of Environmental Management, 
287, 112278. https://doi.org/10.1016/j.jenvman.2021.112278 

 

Chapter 4: 

 
Weitzman, J., Filgueira, R., & Grant, J. (2022). Identifying key factors driving public opinion 

of salmon aquaculture. Marine Policy, 143, 105175. 
https://doi.org/10.1016/j.marpol.2022.105175  

 

https://doi.org/10.1111/raq.12383
https://doi.org/10.1016/j.jenvman.2021.112278
https://doi.org/10.1016/j.marpol.2022.105175
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Chapter 5: 
 
Weitzman, J., Filgueira, R., & Grant, J. Context matters: Understanding how local context 

influences perceptions of aquaculture. Ecology & Society [In Review] 
 
Chapter 6:  
 
Weitzman, J., Filgueira, R., & Grant, J. Dimensions of legitimacy and trust in shaping social 

acceptance of marine aquaculture: an in-depth case study in Nova Scotia, Canada. 
Journal of Environmental Science and Policy [In Review] 
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CHAPTER 2: THE EVOLUTION AND APPLICATION OF 
CARRYING CAPACITY IN AQUACULTURE 

 
 

The overall goal of this chapter was to provide the theoretical foundation for comprehensive 

notions of carrying capacity. In this sense, this chapter clarifies the research to help set 

priorities and goals for subsequent chapters. To do so, a comprehensive literature review of 

the carrying capacity concept across disciplines was conducted. This was then put in the 

context of the Ecosystem Approach to Aquaculture to identify challenges and opportunities 

of the concept and identify future research areas. The outcomes from this chapter included a 

theoretical understanding of the relevant concepts and information to apply to a holistic 

carrying capacity framework and research gaps.   

 
Citation:  
 
Weitzman, J., & Filgueira, R. (2019). The evolution and application of carrying capacity in 

aquaculture: towards a research agenda. Reviews in Aquaculture, 12, 1297-1322. 
https://doi.org/10.1111/raq.12383 

 
 
Please note that this chapter appears exactly as it did in the published journal article.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.1111/raq.12383
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2.1 ABSTRACT 

 

Carrying capacity has become a fundamental concept within the context of environmental 

management. Carrying capacity for aquaculture has been studied since the 1960s and has 

attracted a dedicated literature focused on measuring the environmental and production limits 

of aquaculture developments. Nevertheless, management and policy face emerging challenges 

across environmental and social aspects and the growing need to manage multiple objectives 

in increasingly crowded aquatic ecosystems. Therefore, promoting more sustainable 

aquaculture development should consider how the tools, methods, and research used to 

support management and decision-making should advance to meet such challenges. Here, the 

conceptual and practical applications of carrying capacity are reviewed and future prospects 

discussed. Carrying capacity for aquaculture has developed a range of models, indicators, and 

approaches to study the relationships between aquaculture and ecosystem components. 

Carrying capacity supports diverse management objectives to support physical, production, 

ecological and social goals, although greater emphasis has focused on ecological and 

production capacities. This review introduces research needs and strategies to advance 

methods and tools and improve carrying capacity utilization for more holistic, ecosystem-

based aquaculture decision-making. This paper presents a five pillar research agenda for 

carrying capacity that 1) recognizes system complexity and is 2) policy-relevant, 3) adaptive, 4) 

interdisciplinary, and 5) meaningful. By promoting knowledge uptake and addressing literature 

gaps, the proposed agenda could help operationalize a holistic approach to managing for 

aquaculture sustainability. 

 

2.2 INTRODUCTION 

 

Carrying capacity (CC) can be broadly described as the maximum level of use an area can 

tolerate before unacceptable degradation occurs. However, a single overarching definition may 

be inappropriate due to the divergence in applications of the concept across disciplines (Sayre, 

2008). Carrying capacity has become a widely popularized concept in modern environmental 

politics; notably, CC has been considered both the basis for, and a tool to operationalize, 

sustainable development (Daily & Ehrlich 1992; Daly, 1990; Graymore et al., 2010; Sala et al., 

2015). Over the years, the carrying capacity concept has been used to describe the growth 
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limits of natural populations, account for resource use by rising human populations, and make 

environmental management decisions within fields such as tourism, agriculture, and 

aquaculture (Chapman & Byron, 2018).  

 

Within the last 30 years, the global production of aquaculture has rapidly expanded, surpassing 

fisheries in terms of seafood for human consumption for the first time in 2014 (FAO, 2016). 

Aquaculture has become a promising industry to address growing food demands around the 

world (Naylor, 2016). However, industry growth has also been associated with recognition of 

environmental externalities and social conflicts that may influence the capacity of 

environments to provide goods and services in a sustainable manner (Edwards, 2015; 

Primavera, 2006). Regulators and other groups have thus become increasingly interested in 

understanding and evaluating the carrying capacity of aquaculture to support diverse decision-

making goals and management applications, including reducing the industry’s environment 

impact and optimizing production characteristics. Carrying capacity has also been proposed 

as a promising tool to advance holistic ecosystem-based aquaculture management (Ross et al., 

2013). Nevertheless, ecosystem-based approaches to aquaculture have had varying degrees of 

uptake and adoption by groups (Brugère et al., 2018). Furthermore, there remains a lack of 

clear frameworks for operationalizing carrying capacity into holistic decision-making.  

 

The purpose of this review is to critically examine the carrying capacity literature for 

aquaculture and highlight CC methods and capabilities in supporting ecosystem-based 

decision-making. By reviewing the primary and secondary literature, this paper examines the 

theoretical underpinnings and carrying capacity applications across the broader literature and 

explores how carrying capacity has been defined and measured in aquaculture contexts. This 

comparative approach provided the basis to identify common challenges and themes and to 

propose a research agenda to advance carrying capacity utilization in decision-making.  
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2.3 BACKGROUND AND HISTORY 

 
2.3.1  Conceptual evolution and applications of carrying capacity 

 

The carrying capacity (CC) concept evolved concurrently across multiple disciplines, which 

have independently applied the concept to study a range of applications from biology, 

population ecology, human demography, wildlife and resource management, and more 

recently sustainable development (Figure 2.1). Contemporary definitions of carrying capacity 

are often thought to have ancestry in Thomas Malthus’ 1798 Essay on the Principle of Population 

(Malthus, 1986). In 1838, mathematician Pierre Verhulst first defined Malthus’ ideas to fit what 

is popularly known today as the “logistic growth equation” or “logistic growth curve”. While 

Malthus laid the conceptual foundation for CC and Verhulst assigned its mathematical 

formulation, neither ever used the term “carrying capacity” (Sayre, 2008), which was simply 

represented as the upper limit of population growth (K). The earliest articulation of the term 

carrying capacity has been attributed to an 1845 U.S. Secretary of State to the Senate report 

whereby carrying capacity was used to describe the maximum load that a cargo ship could 

carry. According to a review by Sayre (2008), it is likely that the CC concept as a function of 

mechanical attributes of manufactured objects likely predates Malthus. While this literal and 

quantitative application of carrying capacity to physical infrastructure has largely been replaced 

by the term payload in the modern literature (Sayre, 2008), there remain a range of engineering 

and physics literature dedicated to calculating the load-carrying capacity of manufactured 

objects (e.g., Rajput & Sharma, 2018; Su et al., 2009) or current-carrying capacity of physical 

materials (e.g., Kim et al., 2010; Yu et al., 2012). This literal definition is also applied today to 

living systems in biological and medical research, for example, to describe how the oxygen 

capacity of blood relates to animal or human physiology (Dabruzzi & Bennett, 2014; Salazar 

Vázquez et al., 2008; Tufts et al., 2013).
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Figure 2.1  Timeline of major developments in the evolution of carrying capacity  
concepts and applications. 
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In the 1880s, studies began regularly applying carrying capacity to attributes of living systems 

(Chapman & Byron, 2018). Early studies in livestock and rangeland management (e.g., 

Thomson, 1886) represent a shift in thinking away from quantitative physical applications 

towards linking carrying capacity to notions of productivity and the capacity of the land to 

“carry” a population. Since then, carrying capacity has become a popular concept in managed 

environments to support the farming or harvesting of wildlife. In 1922, Hawden & Palmer 

presented the first definition of carrying capacity in the context of rangeland management, 

described as “the number of stock which a range will support for a definite period of grazing 

without injury to the range.” (Hawden & Palmer, 1922). This and other similar definitions 

were applied by other rangeland and livestock management scholars (Seidl & Tisdell, 1999), 

including prominent ecologist Aldo Leopold, whose fundamental textbook Game Management 

(1933) influenced a generation of game managers to manipulate and/or increase the number 

of wildlife an area could produce to remain below carrying capacity (Sayre, 2008). Many CC 

studies are interested in understanding how species use available resources and determining 

the quality of the habitat as proxies for the environment’s capacity (Chapman & Byron, 2018). 

In marine environments, carrying capacity has been studied in the context of fisheries biology 

to estimate catch quotas, investigate how the stocks respond to fishing levels, and understand 

how close a stock is to biological thresholds (e.g., Myers et al., 2001; Vasconcellos & Gasalla, 

2001).  

 

During the early 1930s, ecologists further refined concepts of carrying capacity in a related, 

but separate application more related to conservation and population biology. In 1933, 

Nicholson proposed density dependence as a limiting factor restricting the size of populations 

to fit the logistic growth equation. The concept of limiting factors driving ecosystem processes 

and population growth were refined throughout the following few decades by ecologists and 

wildlife biologists such as Smith (1935), Errington (1934), and Lack (1954). While CC concepts 

had become well established within ecological texts by the 1950s, its popularization as a 

mathematic expression was not officially recognized until Eugene Odum formally linked the 

term carrying capacity to describe K, the upper limit of the logistic growth curve (Odum, 1953). 

Since then, carrying capacity has become popular vocabulary and is today a basic assumption 

of population biology. These applications are often concerned with modelling the growth 

trends of wild populations, including determining the factors limiting growth. For example, 
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carrying capacity has been used to understand species evolution and population dynamics (e.g., 

Hurlbert & Stegen, 2014). It has also become relevant in conservation biology to evaluate 

natural and anthropogenic pressures on vulnerable populations and determine appropriate 

protection measures (e.g., Plumb et al., 2009).  

 

Throughout the 1940s and 1950s, Malthus’s ideas on carrying capacity continued to influence 

generations of Neo-Malthusians concerned with human population growth and the 

consequences of economic development. Vogt’s famous book Road to Survival (1948) captured 

the strains of World War II and popularized the idea that humankind is reaching 

environmental limits imposed by Earth (Sayre, 2008), helping build a distinct paradigm of 

carrying capacity in the context of human populations. At a local level, many studies are 

interested in estimating urban carrying capacity (e.g., Xu et al., 2010; Oh et al., 2005), defined 

comprehensively as “the limit of urban development from environmental impacts and natural 

resources, infrastructure and urban services, public perception, institution setting, and society 

supporting capacity.” (Wei et al., 2015). On a regional level, much research focuses on 

investigating the availability of and constraints on natural resources (particularly food 

resources) to support human populations (Peters et al., 2016; Suweis et al., 2015; 

Venkateswarlu & Prasad, 2012). As early as the mid-1960s, adoption of CC by social scientists 

also prompted decades of applications in recreation and tourism at both local and regional 

scales (McCool & Lime, 2001). In this application, thresholds for carrying capacity are 

commonly measured as a function of the services needed to support tourists and by tourist 

satisfaction (e.g., Saveriades, 2000; Navarro Jurado et al., 2012).  

 

During the 1960s, prominent Neo-Malthusian ecologists warned of the dangers of human 

overpopulation including Garrett Hardin’s “Tragedy of the Commons” (1968) and Paul 

Ehrlich’s Population Bomb (1968). In 1972, Meadows and colleagues propelled human carrying 

capacity into the political agenda in their report Limits to Growth. Since then, carrying capacity 

concepts have shaped, and become central to the field of ecological economics (Sagoff, 1995). 

In a global context, scientists have attempted to calculate the maximum number of humans 

the Earth can support (e.g., Cohen, 1995; Daily & Ehrlich, 1992; Van Den Bergh & Rietveld, 

2004).  This application of carrying capacity has become politically endorsed with concepts 
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such as planetary boundaries framework (Rockström et al., 2009; Steffen et al., 2015) and the 

Ecological Footprint (Rees, 1996; Wackernagel & Rees, 1997). 

 

2.3.2  Carrying capacity in aquaculture 

 

The earliest published study referencing carrying capacity in aquaculture was traced to a study 

on fish ponds in 1963 whereby the addition of fertilizer increased the carrying capacity of 

ponds to hold fish (Yashouv, 1963). Early studies were heavily focused on production aspects 

such as determining the optimal stocking density of ponds (e.g., Latapie et al., 1972). Carrying 

capacity was not applied at the ecosystem-level until 1981 (Incze et al., 1981), but started to 

become a mainstay of aquaculture research in the late 1990s (Chapman & Byron, 2018). Since 

then, carrying capacity approaches have been particularly well-developed by aquaculture 

scientists and managers and applied to a variety of production systems, species, and contexts 

around the world.  

 

Carrying capacity tools and methods have been most extensively developed for bivalve 

aquaculture (e.g., Ferreira et al., 2008; Filgueira et al., 2015a; Kluger et al., 2016ab; Silva et al., 

2011). Several studies have also measured carrying capacity for finfish (e.g., Geček, & Legović, 

2010; Karakassis et al., 2013), although these approaches are most often focused on benthic 

interactions. Much of the focus on bivalves emerged due to their dependence on food sources 

from a healthy environment to support production, which is a lot less emphasized for finfish 

species such as salmon, which rely on the addition of feed to support production. Until 

recently, major concerns for finfish focused on deposition of wastes, which are easier to 

measure than ecosystem-scale interactions like disease transmission and wild fisheries 

interactions. Recent publications have also emerged that deal with multi-species cultures, or 

integrated multi-trophic aquaculture systems (e.g., Duarte et al., 2003; Ferreira et al., 2012; 

Nunes et al., 2003).  

 

Carrying capacity has moved beyond the research arena into practical application in 

management, and has been used by farmers, regulators, and other groups to improve 

aquaculture practices for sustainability (Table 2.1). In different cases, carrying capacity is used 

as both a tool to support decisions (e.g., when measured alongside a larger Environmental 
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Impact Assessment - EIA), or as a process and guiding approach to make decisions about 

development (e.g., to set limits on production). For example, several studies in freshwater and 

brackishwater pond-farming contexts aim to promote fish health by determining production 

levels or site suitability to maintain water quality to account for increased nutrient loads due 

to intense production (e.g., Montanhini Neto et al., 2017; Lorenzen et al., 1997; Triyatmo et 

al., 2018). The thresholds, indicators and outcomes of carrying capacity assessments have also 

been promoted to support both farm-scale and ecosystem-scale policy and decision-making. 

The concept is incorporated into modern management frameworks (i.e., Ecosystem Approach 

to Aquaculture (Ross et al., 2013)), spatial planning (Aguilar-Manjarrez et al., 2017), and 

industry best practices (e.g., ASC, 2017). Carrying capacity estimations are currently most often 

involved in early stages of aquaculture planning and site selection to determine environmental 

suitability and cultivation limits within areas (e.g., DFO, 2015). However, it also supports 

ongoing monitoring programmes by setting thresholds or informing sustainability indicators 

(Cranford et al., 2012; Fernandes et al., 2001). Thresholds can guide licensing decisions; for 

example, siting regulations regarding setbacks and buffers for salt pond aquaculture in in 

Rhode Island, United States were informed by carrying capacity assessments (Dalton et al., 

2017). Additionally, carrying capacity can help reduce environmental effects (for example, by 

feed-related aquaculture effluents) by limiting site licences issued based on assimilative capacity 

(Tacon & Forester, 2003). Various decision-making approaches and management options thus 

deal with carrying capacity for aquaculture development, management, and monitoring (Smaal 

& van Duren, 2019). 
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Table 2.1  Various pathways supporting the practical application of carrying capacity for 
aquaculture management and decision-making 

 
Pathway Examples 

Informing farming practices   

 Maximize production yield Assess costs and externalities 
 Farm design and layout Selecting growing sites 

Inform culture layouts  
 Selection of production characteristics  Determine choice of species 

Select stocking densities 
 Promote species health Optimize water quality 

Reduce risk of disease   
Support for policy and management   
 Data support for management 

frameworks 
Ecosystem Approach to Aquaculture (EAA) 
Integrated coastal zone management (ICZM) 

 Integration with other decision-support 
tools 

Life Cycle Assessments (LCA)  
Environmental Impact Assessments (EIA) 

 Inform site selection and planning Determine environmental suitability  
Choose cultivation limits 

 Support monitoring efforts Determining thresholds, setting Environmental 
Quality Standards  
Selecting ecological/sustainability indicators 

 Inform best practices Best Management Practices  
Performance standards 
Certification standards 

 Guide relevant legislation Policy 
Regulations 

 Guide licensing criteria Planning areas (e.g., Allowable Zone of Effect) 
License issuing  

 

2.4 DEFINING CARRYING CAPACITY FOR AQUACULTURE 
 

In the field of aquaculture, carrying capacity can be understood as the level of aquaculture that 

can be supported without violating the maximum acceptable limits of the farmed stock or 

environment (adapted from Stigebrandt, 2011). This can be measured as a function of either 

biomass, area for aquaculture, number of cages, or number of farms, depending both on the 

relevant CC type and decision-making objectives. The definition of carrying capacity has 

evolved into a more comprehensive four pillar approach that includes physical, production, 

ecological, and social carrying capacities to reflect varying management objectives (Inglis et al., 

2000; McKindsey et al., 2006). Other authors have recognized the nuances of socio-economic 

and environmental trade-offs, leading some authors to independently define economic carrying 

capacity as the biomass investors are willing to offer or maintain (e.g., Gibbs, 2009).  Finally, 
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governance factors have been recognized through the addition of a definition of regulatory 

carrying capacity (Byron & Costa-Pierce, 2013; Ferreira et al., 2013). The various components 

reflect different attributes that humans have decided to value as relevant; as such, all CC 

components reflect to some degree social values. Thus, each CC component has discrete 

inputs into decision-making as each describes different management objectives, scales, and 

interactions between aquaculture and its surroundings, and are thus driven by unique sets of 

forces and measured against distinct indicators (Table 2.2). The following section describes 

how each component has been defined within the aquaculture literature. 
 

Table 2.2  Examples of indicators, data requirements and spatial scales (areas affected) 
relevant to each of the carrying capacity components for aquaculture. Modified 
from Ross et al., (2013). 

Carrying 
capacity  

Management 
objectives 

Data requirements Indicators 
Relevant 

spatial scale 

Physical carrying capacity     
 Assess development 

potential 
Avoid critical habitats 
Manage space conflicts 

Critical habitats 
Space uses 
Hydrodynamics 
 

Water availability and 
quality 
Hydrography 
Water access 

Inlet  
(bay scale) 

Production carrying capacity     
 Optimize production 

yield and species 
growth 

Temperature 
Diet 
Feed regime 
Infrastructure 
Yield costs 
Wind, waves, currents 

Production biomass 
Growth rate 
Food availability  
Investment  
Yield and market 
factors 

Local  
(cage or farm 
scale) 

Ecological carrying capacity     
 Minimize 

environmental impacts 
Feed regime 
Critical habitats 
Wind, waves, currents 
Hydrodynamics 
 

Community structure 
Biodiversity metrics 
Waste deposition 
Eutrophication 
(nutrient levels) 
Organic enrichment 
Dissolved oxygen 
concentration 

Local – Inlet – 
Regional  
(wider 
ecosystem) - 
Global 

Social carrying capacity     
 Reduce social conflicts 

Measure social 
acceptance  

Workforce 
Perceptions 
Access rights 
Access to capital  

Employment and 
income rate 
Acceptability 
Space conflict 
Community values 

Inlet  
(communities) -  
Regional 
(market) - 
Global 
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2.4.1  Physical carrying capacity 

 

The physical carrying capacity of a site is often represented as the geographic area that is both 

available and suitable for aquaculture. It is often expressed either as the number of farms or 

amount of geographic area occupied, sometimes as a percentage of a given area (e.g., Teixeira 

et al., 2018). It is most useful for determining the area available for aquaculture production but 

does not inform on the limits of production. Physical capacity is thus determined largely by 

the physical factors driving the suitability of a site to meet the specific needs of the cultured 

species or production technique (McKindsey et al., 2006). Physical factors may include 

physical properties such as depth, temperature, substrate type, salinity, or oxygen 

concentrations, among others (Ross et al., 2013). Physical carrying capacity is traditionally 

measured by combining hydrographic information (e.g., topography, bottom morphology) 

from available hydrographic charts or models with other physical parameters (e.g., depth, 

salinity, temperature) collected through remote sensing or field sampling (McKindsey, 2013). 

Other authors interject diverse socio-economic properties such as access to resources and 

transportation (e.g., Teixeira et al., 2018) or other uses in the area (e.g., Triyatmo et al., 2018) 

into their physical CC assessments.  

 

Physical carrying capacity is often considered one component of broader site selection criteria 

during early phases of aquaculture development projects. This means that physical carrying 

capacity is often included as a first step before other CC measures, although it can sometimes 

be measured alongside other components (McKindsey et al., 2006; Ross et al., 2013). Physical 

carrying capacity may also be integrated into larger coastal zone management and area planning 

schemes which deal with wider social conflicts and competition among users.  

 

2.4.2  Production carrying capacity 

 

Production carrying capacity is best described as the stocking density at which production 

biomass is maximized (McKindsey et al., 2006). Since the earliest applications of carrying 

capacity for aquaculture were aimed at optimizing yield, production CC has been the most 

well-studied and relevant for economic and farm-scale management (Ross et al., 2013). Some 

interpretations prioritize growth and productivity, defining production CC rather as the 
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magnitude of activity that does not negatively affect growth rates (Carver & Mallet, 1990; 

DFO, 2015). Production CC is thus highly linked to hydrodynamics, food regimes, and the 

physical carrying capacity of an area (Ferreira et al., 2013). Accordingly, many studies aim to 

understand the factors that are relevant to the growth and productivity of the target cultured 

species. For bivalves, this is predominantly addressed by exploring factors influencing food 

availability and/or depletion (e.g., Cranford et al., 2014; Grant & Filgueira, 2011) and the 

resulting potential growth changes (e.g., DFO, 2015). Other studies search for optimal 

densities based on environmental conditions, food requirements (e.g., chlorophyll availability 

for bivalves), and/or hydrographic characteristics (e.g., Shi et al., 2011). Likewise, production 

carrying capacity estimations for finfish have been based on searching for optimal holding 

capacity of cages based on biological and physical parameters such as oxygen concentration, 

water flows, and food conversion, among others (Halide et al., 2009; Tookwinas et al., 2004).  

 

Since production is dependent on the technology and infrastructure of different production 

systems (Gibbs, 2009), some authors include economic parameters that influence yield such 

as investment costs and market factors into their assessments of production CC (Ross et al., 

2013). For example, Halide et al., (2009) supplement production capacity calculations with 

economic appraisals that measure return on investment and break-even points based on 

holding capacity, feed conversion ratio, costs, and fish prices. However, the integration of 

economic factors is not widely practiced and often limited to simple calculations of revenue 

and cost metrics (e.g., Ferreira et al., 2007). 

 

2.4.3  Ecological carrying capacity 

 

Ecological carrying capacity (ECC) describes the maximum density of cultured species that 

does not cause unacceptable ecological impacts (McKindsey, 2013). When defined as the 

ability of the environment to support a given activity without unacceptable change to the 

localized ecosystem, Elliot et al., (2018) argue that carrying capacity can also be considered 

synonymous to the term assimilative capacity. Ideally, ECC should be determined by 

significant changes to ecological processes, species, or communities (Gibbs, 2009). Predicting 

ecological carrying capacity is crucial to assessing and minimizing the potential impact of 

aquaculture development and expansion and can also help identify relevant sustainability 



 

 24 

indicators to evaluate the performance of farms (Gibbs, 2007). Key to this is determining the 

thresholds and criteria that define the level of “unacceptable” environmental change. Several 

scholars have argued that these thresholds should be ideally based on the ecological resilience 

and tipping points of natural ecosystems (Filgueira et al., 2015ab; Kluger et al., 2017) but are 

more often based on established regulatory or private standards (e.g., Bakar et al., 2016; Cai et 

al., 2010). This is often because measuring resilience or tipping points is challenging and 

sometimes impossible without baseline information (Filgueira et al., 2013; Filgueira et al., 

2014).  

 

The definition of ecological carrying capacity infers a focus on recognizing and quantifying 

the interactions of the farming activity with the receiving environment. Compared to 

production carrying capacity which only focuses on the target species, ECC should consider 

the whole ecosystem and the various stages of production (McKindsey et al., 2006). This is 

largely due to the complexity of aquaculture-environment interactions that are relevant at the 

farm, or cage scale, but may also interact with the wider ecosystem beyond the vicinity of the 

farm, producing effects at the far-field (Weitzman et al., 2019). Different production systems 

also face unique challenges relevant at multiple spatial and temporal scales. For example, pond-

based farming systems consist of clear system boundaries with an emphasis on point-source 

ecological interactions within the farm. Alternatively, decisions regarding open ocean net-pen 

aquaculture require consideration of a wider geographic area since net-pen operations are 

influenced by hydrographic processes throughout the coastal area or bay. In addition, the 

environmental effects of aquaculture may be affected by the timing and length of production 

cycles, which can vary based on the species and receiving environment. Studies informing 

ECC should thus consider the spatial extent of effects and the interactions at both the farm 

scale and include wider, bay-scale or regional effects.  

 

 Since the production of cultured organisms may use available resources and add wastes, 

chemicals, or disease agents into the receiving environment, research on ecological carrying 

capacity is thus broadly divided into benthic or pelagic interactions (Geček & Legović, 2010; 

Gibbs, 2009). This research is often carried out by relying on models to run hypothetic 

scenarios or empirical studies conducting field measurements on aquaculture-environment 

interactions. Pelagic interactions include dispersion of wastes that can cause eutrophication or 
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impacts of cultured species on energy flows and other trophic levels. For example, many 

studies estimate or measure the phytoplankton depletion caused by grazing of cultured 

bivalves (e.g., Cranford et al., 2008; Filgueira & Grant, 2009). For bivalves, food-web 

approaches have been developed to predict changes in energy fluxes between trophic levels 

(e.g., Byron et al. 2011a; Jiang & Gibbs, 2005; Kluger et al., 2016ab). While research on 

interactions with other trophic levels has been conducted for species like finfish and 

invertebrates (e.g., Callier et al., 2018; White et al., 2017), these studies are not framed 

specifically around the CC concept. For finfish, water quality is determined as a function of 

both oxygen and nutrient concentrations found within and near farm cages (Stigebrandt, 2011; 

Tett et al., 2011). In freshwater environments, phosphorous loading is often considered the 

limiting factor affecting water quality (e.g., Buyupkapar & Alp, 2006; Montanhini Neto et al., 

2017; Pulatsü, 2003). Benthic interactions are primarily concerned with increased organic 

loading due to biodeposition or excess feed in the case of fish. Research in this area has largely 

focused on modelling patterns of waste dispersion and deposition and their impacts on benthic 

communities (e.g., Corner et al. 2006; Cromey et al., 2002; Weise et al., 2009). Field 

measurements in this area often involve testing the benthic response to different levels of 

organic matter supply and subsequently on different levels of production (e.g., Callier et al., 

2009; Hargrave 2010; Sanz-Lázaro et al., 2011). 

 

Despite the large body of work developing models and indicators of ecological carrying 

capacity, monitoring and modelling for ECC is often limited to few interactions with the 

environment (McKindsey et al., 2006). Carrying capacity modellers often restrict the 

interactions in a need to reduce model complexity and scientific uncertainty (Filgueira et al., 

2013). This is partly because ECC can have wide spatio-temporal variabilities and depend on 

numerous factors unique to specific areas or culture systems, including but not limited to, diet 

of cultured species (Bueno et al., 2016), patterns of primary and secondary production, and 

variations in physical oceanography and limnology (Byron & Costa Pierce, 2013). Certain 

issues such as the spread of disease can greatly affect production and ecological carrying 

capacities but are extremely difficult to model and thus not currently incorporated into ECC 

assessments (Ferreira et al., 2013). While there are recent research efforts in modelling sea lice 

dispersion in aquaculture (e.g., Sandvik et al., 2016), decision-making often relies on other a 

posteriori mechanisms such as monitoring to address these issues. Nevertheless, these 
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limitations result in policy applications and interpretations of ECC that often do not represent 

the whole ecosystem.   

 

2.4.4  Social carrying capacity 

 

Social carrying capacity (SCC) has been defined as the level of aquaculture development that 

can be supported without adverse social effects (Inglis et al., 2000). However, this definition 

does not expand on what defines “adverse” or expands to explain what uses are included in 

this assessment. Dalton et al., (2017) further define SCC as the level of aquaculture beyond 

which environmental and social impacts exceed acceptable levels, measured by community or 

stakeholder satisfaction, desirability, or preferences. Alternatively, social carrying capacity has 

been measured as the agreed-upon level of aquaculture that does not inhibit social uses by 

relevant stakeholder groups (e.g. Byron et al., 2011b). While there has yet to be an agreed-

upon definition for SCC, it certainly involves quantifying both perceived and actual social 

impacts, as well as determining social acceptance of different levels of use or impact.  

 

Social carrying capacity reflects a recognition that aquaculture operates as aquaculture 

ecosystems (“aqua-ecosystems”) that are embedded within a larger social context (Costa-

Pierce, 2010). In this way, aqua-ecosystems operate as complex social-ecological systems (SES; 

Ostrom, 2009) that involve multiple subsystems such as the resource system (e.g., aquaculture), 

resource units (e.g., fish), users (e.g., fish farmers), and governance systems that operate at 

multiple scales. Theoretically, the relevant spatial scale for social carrying capacity often 

emphasizes social interactions within the communities adjacent to aquaculture operations, or 

within the spatial extent of the farm where uses can interact. This is because many ecological 

impacts, user conflicts, and pushback are often felt at the farm and local community level. 

However, due to the governance structures and far-field influences of actors throughout the 

value chain, aquaculture influences social linkages beyond the production system (Bailey, 

2008). Social and economic contribution to national Gross Domestic Product (GDP) or global 

food security illustrates how benefits are dispersed beyond the farm scale or local 

communities. Several stakeholders including government, environmental groups, and research 

are often disconnected from the potential impacts, but may play important roles in 

management. Nevertheless, there is no consensus within the literature as to the relevant spatial 
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scale for SCC assessments. It is therefore likely that the relevant scale for SCC will depend on 

the objectives and local characteristics of each assessment. 

 

SCC for aquaculture has only gained popularity within the last 15 years, and the models, tools, 

and assessments designed specifically to evaluate aquaculture SCC are poorly developed. 

Broadly, assessing the social carrying capacity of an area requires addressing the interests of all 

stakeholders (e.g., shipping, recreation, tourism, fisheries) (Byron & Costa-Pierce, 2013; 

McKindsey et al., 2006). This is especially relevant since Dalton et al., (2017) found variations 

on the estimate for social carrying capacity among stakeholder groups. Where SCC has been 

strongly established in recreation and tourism since the 1960s (Graefe et al., 1984), it is often 

measured against impact indicators such as levels of crime or tourist spending (Navarro Jurado 

et al., 2012), or by indicators related to perceptions and enjoyment (e.g., “encounter norms”; 

Needham et al., 2011). Dalton et al., (2017) also apply a normative evaluation approach to 

infer SCC by measuring perceptions, attitudes and preferences for different types of shellfish 

development in Rhode Island, United States. Most evaluations of social carrying capacity in 

an aquaculture context is currently focused on measuring perceptions and conflicts (Kluger et 

al., 2019) or adjusting ecological models by following a precautionary approach (Melaku Canu 

et al., 2011).  Other models have been more economically oriented including income, profits, 

and production costs (e.g., Byron & Costa-Pierce 2013; Melaku Canu et al., 2011; Nobre et al., 

2009). The use of fuzzy expert systems (McKindsey et al., 2006) or assigning monetary values 

to impacts (NRC, 2009) have been proposed as ways to measure social carrying capacity for 

aquaculture but have yet to be formally studied or applied. In conclusion, the critical limits of 

social change and social carrying capacity indicators in the context of aquaculture have not 

been well defined (Ross et al., 2013). 

 

Previous studies have highlighted some of the complexities of understanding and assessing 

social carrying capacity. For example, social effects can exert downstream and upstream effects 

across multiple users and value-chains, involving potentially large number of stakeholders 

(Little et al., 2013). Studies exploring the support for aquaculture to measure SCC have found 

that perceptions vary based on waterbody, scale of operation, and how the activity is carried 

out (Dalton et al., 2017; Kluger et al., 2019). External forces such as community values, 

economic conditions of the time, and performance of other industries may also influence 
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perceptions and acceptance (e.g., Banta & Gibbs, 2009; Kaiser & Stead, 2002). Finally, social 

carrying capacity depends on managing trade-offs between a range of stakeholders to meet 

social and economic demands (e.g., employment, recreation) and environmental concerns 

(e.g., protected species) (McKindsey, 2013).  

 

While social carrying capacity has been the least well-studied carrying capacity component for 

aquaculture, it has also been considered the most critical for management. Social impacts and 

conflicts are often the limiting factor in development scenarios (Banta & Gibbs, 2009) and at 

the forefront of decision-making in the European Union, the United States and Canada 

(Ferreira et al., 2013). Therefore, defining and incorporating social carrying capacity for 

aquaculture management has been considered an ongoing challenge and priority (Byron et al., 

2011b; Filgueira et al., 2015a; Gibbs, 2009). 

 

2.5 ESTIMATING CARRYING CAPACITY IN AQUACULTURE  

 

Estimating carrying capacity encompasses determining the relationship between the farming 

activity and the quality of the ecological, social, or economic environment. When used to 

inform decision-making, there are often several steps before the assessment of CC begins, 

such as determining objectives and priorities with stakeholders. Beyond that moment, the 

operationalization of carrying capacity comprises three primary steps (Figure 2.2). The first 

step involves determining agreed-upon indicators that identify changes to the state of the 

ecological, social, or economic environment that are then to be measured against the pressures 

that aquaculture exerts upon them. This involves choosing from a suite of possible interactions 

by focusing on the most salient, often limiting factors (e.g., food availability for production 

CC). The second step consists of understanding and quantifying the relationship between the 

farming activity and state indicators. This information can then be fed into predictive models 

or empirical studies to determine what levels of production correspond to the aforementioned 

aquaculture activities. The third step includes calculating the maximum safe pressure of 

activities (biomass, stocking density, or size and number of farms) that maintains state 

indicators below or above a given level or threshold. Across these steps, researchers and 

planners employ a suite of tools, approaches, and methods to determine these relationships 

and indicators, and ultimately calculate carrying capacity. 
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Figure 2.2  Conceptual framework for carrying capacity, depicting the relationship 

between pressure and state changes, with numbers denoting the major steps 
involved in estimating carrying capacity for aquaculture (modified from Tett 
et al., 2011). 

 
2.5.1  Indicators 

 

Sustainability indicators provide a quantifiable metric against which public policy issues can be 

measured (Hezri & Dovers, 2006). They are generally simplified to imply a set of assumptions 

or modelled behaviour representing a wider phenomenon (Valenti et al., 2018). Sustainability 

indicators for aquaculture can be used to navigate different development choices and evaluate 

the effectiveness of choices (Valenti et al., 2018). Indicators are also necessary in threshold-

based management because they help determine progress towards unwanted tipping points 

(Foley et al., 2015). Consequently, long-term monitoring programmes rely on indicators to 

measure effectiveness, environmental quality, and compliance with regulations.  

 

Managers and decision-makers can use indicators in the determination of carrying capacity, or 

use carrying capacity research to develop environmental indicators for valued ecosystem 

components. For example, Pearson & Rosenberg (1978) modelled benthic community 
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changes along a gradient of organic enrichment, leading Hargrave et al. (2008) to propose 

biogeochemical indicators (such as pH, redox potential, and free S2-) to measure thresholds of 

benthic health. Management frameworks in several countries such as Canada, New Zealand, 

and the United States now rely on free S2- to monitor and evaluate benthic health (Wilson et 

al., 2009). Other studies rely on functional indicators to directly measure carrying capacity. 

Numerous indicators related to ecosystem health, production performance, and socio-

economic considerations have also been developed for aquaculture (Cranford et al., 2012; see 

Table 2.2). For example, Karakassis et al. (2013) developed an indicator for production CC 

based on distance from shore, depth, and exposure of the farm site. Easy to use indicators are 

especially relevant where extensive long-term studies are not feasible (Gibbs, 2007).  

 

While indicators are essential to monitoring efforts, reliance on indicators alone has been 

criticized. Ideally, indicators should be chosen that are relevant to the system and effects, 

proven effective and accurate, quantifiable, feasible, and policy-relevant (Cranford et al., 2012). 

In the context of carrying capacity, indicators should explicitly link to processes that operate 

at the thresholds of systems. However, there may be measurement errors or ambiguity with 

proposed indicators (Gibbs, 2007). Managers should be careful relying on too few CC 

indicators, as no single indicator can represent the complexity of natural systems (Cranford et 

al., 2012). Furthermore, there is a lack of CC indicators for important processes, as well as 

operational thresholds for many indicators (Cranford et al., 2012). In particular, the lack of 

social carrying capacity indicators and the need for social monitoring systems has been raised 

throughout the literature and is a continued challenge (Costa-Pierce, 2008). This will pose 

limitations to effective ecosystem-based management (EBM) which will need indicators that 

describe the status of multiple SES components (Borja et al., 2016). 

 

2.5.2  Models 

 

Models are simplified representations of the variables, relationships, and processes in the 

environment. CC models for aquaculture range from simple mathematical expressions to 

farm-scale models of production, to complex processes involving multiple interactions at the 

ecosystem-scale. Model complexity revolves around both the type of information (e.g. 

variations in biogeochemistry and hydrodynamics) and how models handle space and time 
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(variations across both scale and resolution). Models are especially useful in carrying capacity 

studies since they can define ecological thresholds and indicators (Cranford et al., 2012) and 

run simulations to depict hypothetical scenarios related to different levels of production or 

environmental conditions (Byron & Costa-Pierce, 2013; Nobre et al., 2010). Models may also 

be used to run optimization tools to explore facets of resilience and thresholds that are integral 

to decision-making (Filgueira et al., 2013). While models must be carefully validated through 

case studies and trials, models are particularly relevant since they allow decision-makers to 

determine thresholds and test the limits of production without needing to manipulate the real 

environment.   

 

The least complex models are static mathematical expressions that depict simple relationships 

between cultured organisms and the surrounding environment. They include indices that 

reflect a combination of indicators against which aquaculture activities may be compared 

(Cranford et al., 2012). For example, many studies use “Dame indices” for food depletion 

(Dame & Prins, 1997) to explore ecological and production carrying capacities (e.g., Cranford 

et al., 2008; Gibbs, 2007). Their popularity is largely due to their practicality, simplicity, and 

low data requirements (Cranford et al., 2012; Filgueira et al., 2015a). Other mathematical 

models include simple energy budget models that reflect production characteristics and focus 

on growth in relation to food supplies and consumption patterns at the individual and farm-

scale (e.g., Grant & Bacher, 1998). This category of models also includes widely used growth 

functions such as the thermal-unit growth coefficient (Iwama & Tautz, 1981) often applied to 

production of pond aquaculture (Jobling, 2003). Despite their wide application, indices and 

simple growth models have limited relevance since they do not provide information on spatial 

or temporal variability (Cranford et al., 2012; Filgueira et al., 2015), representing snapshots in 

time of a single homogenous area.  

 

However, the dynamic nature of the ecosystems in which aquaculture is embedded has driven 

to the development of dynamic models at both the farm- and wider ecosystem-scales. Farm-

scale models are often concerned with individual growth and production carrying capacity. 

Production models (“bio-energetic” models) have been well developed to predict individual 

growth of cultured species based on food supplies, following either the empirical scope for 

growth approach (Winberg, 1960) or more mechanistic dynamic energy budget (DEB) 
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approach (Kooijman, 2010). These farm-scale models often include a hydrodynamic sub-

model to account for the effects of water circulation on food supplies (Bacher et al., 2003; 

Ferreira et al., 2007). While most farm-scale models are concerned with production CC, several 

depositional models have been applied to estimate ECC at the local scale. Depositional models 

have been applied consistently and considerably developed since the 1990s to predict the fate 

of organic materials from culture sites to the benthos, and consequently to explore benthic 

impacts (Chen et al., 1999; Cromey et al., 2002; Silvert 1992). These include the finfish waste 

model DEPOMOD (Cromey et al., 2002), which has also been adapted for shellfish (Shellfish-

DEPOMOD) in Canada (Weise et al., 2009). These models can be coupled with 

hydrodynamics to explore the fate and dispersion of particulate wastes (e.g., Corner et al., 

2006; Pérez et al., 2002) and quantify local assimilative capacity (e.g., Bravo & Grant, 2018). 

Despite growing concerns over potential far-field dispersion of wastes, far-field finfish 

depositional models are uncommon (Ferreira et al., 2013). 

 

To manage increasingly complex interactions of cultured species and their aquatic 

environments, modelling the interrelations of multiple processes over wider regional or 

ecosystem-scale has become increasingly common. For example, the popular EcoPath with 

Ecosim has been used to calculate the energy transfer between cultured organisms and other 

trophic levels (Byron et al., 2011abc; Jiang & Gibbs, 2005; Kluger et al. 2016ab; Xu et al., 

2011). In freshwater environments, phosphorous budget models such as the one proposed by 

Dillon & Rigler (1975) has been applied to predict the impact of aquaculture on water quality 

and estimate ecological carrying capacity (e.g., Buyukcapar & Alp, 2006; Pulatsü, 2003). 

EcoPath with Ecosim and budgets lack spatial resolution, neglecting spatial variability within 

the model domain, which has been criticized (Grant & Filgueira, 2011). New developments 

such as Ecospace, a spatial and temporal dynamic module for EcoPath, could overcome these 

limitations. In general, ecosystem models can be differentiated based on their spatial resolution 

into simple box-models which divides the study area into few large homogeneous areas, or 

fully spatial models which divide the area into hundreds or thousands of separate areas 

(Filgueira et al., 2015a). Fully spatial models are considered desirable to inform site selection 

and marine spatial planning since they can more accurately describe complex hydrographic 

patterns (DFO, 2015). The fine-scale resolution of fully-spatial models is particularly 
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important since it enables the investigation of both local and ecosystem-scale effects, and the 

feedbacks between cultured species and their environment (Guyondet et al., 2010). 

 

Many models to support ecosystem-scale CC estimations are spatially-resolved, including a 

hydrodynamic component to capture both the bathymetric and morphological features of the 

seabed, as well as patterns of water circulation. Ecosystem-scale models include dispersion 

models adapted at the wider bay-scale to explore dispersal patterns of nutrients, organic 

wastes, and chemicals for aquaculture (Bakar et al., 2016; Tett et al., 2011). Many shellfish 

models predict changes in food depletion, namely phytoplankton (Bacher et al., 1997; Filgueira 

& Grant, 2009), or complex biogeochemical models which include wider effects on nutrients, 

phytoplankton and zooplankton, sometimes including detritus (Filgueira et al., 2014; Grant et 

al,. 2008). In recent years, bioenergetic models such as DEB models have been coupled with 

biogeochemical and hydrodynamic models to predict the interactions and feedbacks between 

cultured species and wider ecosystem-scale dynamics (Bueno et al., 2017; Dabrowski et al., 

2013; Guyondet et al., 2010). Coupling individual growth models to ecosystem functioning 

and hydrodynamics can help estimate optimum production yield (Dowd, 1997) and predict 

the impacts of aquaculture on the wider ecosystem (Dowd, 2005). Therefore, many complex 

ecosystem-models are relevant for supporting both production and ecological carrying 

capacity, given their shared hydrodynamic and biogeochemical processes (McKindsey, 2013). 

 

 2.5.3  Spatial tools 

 

For the last 20 years, aquaculture decision-making and development have progressively applied 

spatial tools such as Geographic Information Systems (GIS) (Aguilar-Manjarrez et al. 2010; 

Nath et al. 2000). Production and ecological carrying capacity models can be integrated within 

spatial analysis and GIS to varying degrees (Aguilar-Manjarrez et al., 2010). Spatial tools have 

been particularly relevant to visualize results from particulate waste dispersion models, 

hydrodynamic models, and growth models. In these applications, the model is often run 

offline and the GIS platform is used to visualize results and integrate with other layers of 

information (e.g., Triyatmo et al., 2018). Spatial modelling environments that integrate multiple 

models onto a Graphical User Interface have been developed that can be used by non-experts 

to estimate carrying capacity and guide site selection, optimize yield, or determine production 
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densities (McKindsey, 2013). In this way, these tools are key in the context of aquaculture site 

selection (e.g., Gimpel et al., 2018; Longdill et al., 2008) and physical carrying capacity (e.g., 

Silva et al., 2011). Coupling carrying capacity information with GIS platforms can support 

coordinated planning and enable integration with wider decision-criteria (Teixeira et al., 2018). 

Silva et al. (2011) created a GIS site selection approach specifically designed to integrate 

carrying capacity with other suitability criteria. In this way, GIS platforms have enabled CC 

models to be incorporated into Environmental Impact Assessment (EIA) processes, site 

planning, and production monitoring (Corner et al., 2006; Pérez et al. 2002).  

 

 Incorporating spatial dimensions into social CC has been challenging since it is often difficult 

to define the spatial boundaries of many social issues related to aquaculture (McKindsey et al., 

2006). As a result, applying spatial tools like GIS to help define social use limits and identify 

SCC criteria has not yet been extensively applied in aquaculture (Kapetsky et al., 2013), or even 

in more well-developed SCC disciplines (e.g., recreation – Beeco & Brown, 2013). 

Nevertheless, spatial analysis of socio-economic changes due to aquaculture could help 

quantify space and use conflicts to support multiple-use planning (e.g., Michler-Cieluch et al., 

2009) and lead to a better understanding of stakeholder values with regards to resource use 

(e.g., Joyce & Canessa, 2009). 

 

2.5.4  Stakeholder involvement 

 

In the context of aquaculture carrying capacity, stakeholder involvement can refer to 

participation of interest groups (industry, locally affected communities, relevant government 

agencies, etc.) within either relevant research or decision-making processes. Engagement with 

a diversity of stakeholder perspectives is essential for effective environmental management of 

social-ecological systems (Virapongse et al., 2016). Broadening stakeholder participation in 

aquaculture decision-making can promote more sustainable and equitable development by 

favouring vision sharing and stakeholder interaction (Byron & Costa-Pierce, 2013; Reed, 2008; 

Soto et al., 2008). Methods to involve stakeholders can take many forms, but often rely on 

consultation with experts, assessing stakeholder or community perceptions, or developing 

working groups with stakeholders. These approaches are seldom explicit to the determination 
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of CC but are rather conducted alongside and incorporated into site selection or decision-

making frameworks (e.g., Teixeira et al., 2018; Vianna & Filho, 2018).  

 

Within aquaculture CC, stakeholders are primarily involved during the design of CC research 

and assessments. For example, some research has measured expert and local community 

priorities and understandings to identify relevant indicators and criteria (Melaku Canu et al., 

2011; Teixeira et al., 2018; Vianna & Filho, 2018). Participation with experts in a range of 

disciplines can also help researchers better understand the processes relevant to the proposed 

area and determine relevant assessment criteria. Stakeholder participation to gather ideas and 

expectations about aquaculture development has been used to select scenarios to be compared 

in carrying capacity modelling and to understand potential conflicts and considerations for CC 

assessments (e.g., Byron et al., 2011b; Ferreira et al., 2008; Melaku Canu et al., 2011; Nobre et 

al., 2010). Approaches to measure perceptions can also identify stakeholder values related to 

definitions of “acceptable” thresholds, which are relevant for all components of CC (Ferreira 

et al., 2013).  

 

Stakeholders are less often involved in CC research as the subject of study. This type of social 

research is especially relevant in the context of social carrying capacity. Measuring perceptions 

about the impacts of development or activity are the foundation of SCC assessments in 

tourism management (e.g., Leujak & Ormond, 2007) but have also been applied in a few cases 

in aquaculture. For example, Dalton et al. (2017) applied a normative approach to determine 

stakeholder perceptions about different levels of aquaculture development in Rhode Island. 

Stakeholder perceptions are not frequently measured as part of the calculation of physical, 

ecological, or production carrying capacity with few exceptions. For example, Triyatmo et al. 

(2018) combined physical factors with land uses identified from stakeholder interviews and 

surveys for determining the suitability of the area for aquaculture, which they use to define 

carrying capacity. Nevertheless, understanding the needs, conflicts, and perceptions of all 

relevant stakeholders is considered essential to measuring carrying capacity (McKindsey et al., 

2006). 

 

While participatory approaches seldom contribute to calculations of carrying capacity in 

aquaculture, stakeholder participation can support the integration of CC assessments into 
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wider decision-making and site selection processes. For example, Karakassis et al. (2013) 

applied a stakeholder approach to make management decisions based on production carrying 

capacity scenarios for fish farming decision-making in Greece. Others have gathered feedback 

on models and carrying capacity to assemble information on acceptance in decision-making 

processes (Byron et al., 2011b; Vianna & Filho, 2018). This type of early involvement of 

stakeholders with modelling efforts can increase understanding and acceptance of CC results 

(Byron et al., 2011a). When uncertainty is large or when data availability is limited, relying on 

expert judgement (Best Expert Judgement (BEJ) approaches; Elliot et al., 2018) can offer an 

interesting alternative to intensive data collection. While BEJ could help identify the severity 

of the effects of aquaculture on CC indicators in the absence of adequate data, there is 

currently little research on the usefulness or credibility of BEJ methods to inform CC for 

aquaculture. 

 

2.5.5  Integrated approaches 

 

Integrated approaches describe methods, frameworks, or tools that aim for interdisciplinarity, 

addressing multiple components of carrying capacity or considering several driving forces. The 

integration of ecological, social, and economic components in management contexts is often 

approached in a simplified way, or part of a larger decision-making process (e.g., Pastres et al., 

2001; Solidoro et al., 2003). In the context of aquaculture, there have been efforts to create 

integrated site selection frameworks (e.g., Benetti et al., 2010) that relate multiple components, 

but not necessarily exclusively in the context of carrying capacity. Nevertheless, integrated CC 

approaches could promote vision sharing, support more comprehensive scenario analysis, and 

help understand system complexity (Melaku Canu et al., 2011). 

 

In the context of carrying capacity, integrated frameworks have primarily dealt with 

assimilating ecological and socio-economic considerations (e.g., Byron et al., 2014; Melaku 

Canu et al., 2011) within models (Ferreira et al., 2007) or broader site selection frameworks 

(Silva et al., 2011; Teixeira et al., 2018). At the farm-scale, the FARM model (Ferreira et al., 

2007) has been applied to numerous shellfish species and culture systems (Ferreira et al., 2008; 

Saurel et al., 2014) to estimate growth, predict ecological impacts of eutrophication, and 

integrate economic considerations for production. Likewise, the MARKET model combines 
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the demand for products, production and cost factors, species growth parameters, and 

environmental conditions (Nobre et al., 2009). Comprehensive approaches that integrate 

multiple carrying capacity components are extremely relevant for site selection and decision-

making but have only been attempted in few studies (e.g., Byron et al., 2011b; Silva et al., 

2011). Integrated approaches have been developed beyond the context of aquaculture (e.g., 

Borja et al., 2016). For example, the Natural Capital Project developed a multi-tiered modelling 

tool called InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs – Tallis & 

Polasky, 2009) to inform management and policy about alternative development scenarios on 

economy, environment, and human well-being. While not oriented towards carrying capacity 

per se, these types of tools could fill the gap by addressing similar issues and support for 

ecosystem-based management.   

 

2.6 ALIGNING CARRYING CAPACITY WITH EAA 

 

Effective environmental management increasingly relies on monitoring and measuring social-

ecological systems to avoid crossing tipping points under the context of carrying capacity 

(Kelly et al., 2015). Carrying capacity supports numerous decision-making processes (Table 

2.1) and is often seen as a practical entry point to operationalizing the ecosystem approach to 

aquaculture (Aguilar-Manjarrez et al., 2017). In 2006, the FAO proposed the Ecosystem 

Approach to Aquaculture (EAA) as an ideal management approach to reach sustainable 

aquaculture development. The EAA is defined as “a strategy for the integration of the activity 

within the wider ecosystem such that it promotes sustainable development, equity, and 

resilience of interlinked social-ecological systems.” (Soto et al., 2008). The EAA builds off 

other ecosystem-based management (EBM) frameworks and shares several guiding principles 

(Arkema et al., 2006; Long et al., 2015). Three principles are fundamental to the EAA, which 

proposes that aquaculture should be developed to a) provide sustained delivery of ecosystem 

services to society, b) improve human well-being and equity and c) consider other sectors and 

goals. The harmonization of environmental, social, and multi-sectoral planning objectives 

fundamental to EAA can effectively be mapped onto the four carrying capacity components 

(Figure 2.3). 
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Figure 2.3 Harmonization of four types of carrying capacity to the ecosystem approach 

to aquaculture (green) (modified from Ferreira et al., 2013). 

 

While various studies and evaluation methods have quantified carrying capacity, many 

approaches only focus on a single CC component and are not optimized for specific decision-

making processes, challenging successful implementation of modern management frameworks 

(McKindsey et al., 2006). For example, despite its inception 10 years ago, the EAA has had 

varying degrees of uptake and adoption and continues to face implementation barriers and 

challenges (Brugère et al., 2018). To date, only a few studies have attempted to adapt CC 

models and frameworks to support EAA principles (Byron et al., 2011ab; Kluger et al., 2016b), 

or integrate within broader decision-support systems (e.g., Hermawen, 2018; Silva et al., 2012). 

Furthermore, few jurisdictions explicitly include carrying capacity as a necessary step in their 

regulatory frameworks (Holmer et al., 2008).   

 

From the review of the carrying capacity literature, five research areas are proposed to address 

knowledge gaps and foster more useful CC information to support EBM objectives. This 

research agenda should also promote credibility, legitimacy, relevance, and iterativity to 

encourage carrying capacity effectiveness and uptake in decision-making (Sarkki et al., 2015). 

This section thus reflects on the five pillars and identifies strategies and actions to address the 

challenges and operationalize carrying capacity for aquaculture decision-making.  
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2.6.1  Recognizing system complexity 

 

EBM approaches like EAA recognize aquaculture as dynamic and complex systems (Soto et 

al., 2008). Estimating aquaculture carrying capacity is complex in part due to the many poorly-

understood interactions between components in the social-ecological system (SES). For 

example, the interactions between cultivated and non-cultivated species, as well as between 

cultivated species and their physical and chemical environment are not well understood 

(Duarte et al., 2003). Carrying capacity evaluations of a SES are also influenced by interactions 

between aquaculture and other users and industries within the same water body. For example, 

few studies consider the competition or interactions between activities (Teixeira et al., 2018). 

Nevertheless, integrating aquaculture into the planning of increasingly crowded spaces will 

require knowledge of the effects of aquaculture with other aquatic users (Dempster & 

Sanchez-Jerez, 2008).  

 

The complexity of an aquaculture SES also is partly due to spatial and temporal variations with 

both ecosystem processes and components. Due to both regulatory and ecological processes, 

CC components often operate over multiple spatial scales (Table 2.1). Since aquaculture can 

interact with the environment in both the near-field and far-field, a complete assessment of 

carrying capacity should thus account for both local and system scales (e.g., Ferreira et al., 

2008; Guyondet et al., 2010). Carrying capacity research has suggested a greater need to 

evaluate and incorporate far-field effects (Ferreira et al., 2013) and account for interactions 

between local and remote forcings (Dowd, 2005). Spatial resolution is also important for 

carrying capacity estimation; while local farms may produce effects at the bay-scale, whole-

system approaches may ignore important variabilities at smaller scales (Duarte et al., 2003). 

However, ignoring wider interactions with approaches that only consider the farm-scale may 

miss important external forces and may make carrying capacity a less useful concept for 

inclusion in regional planning. Wider scales become integral to assess the interactions and 

cumulative effects of multiple farms in an area (Symonds, 2011). Temporal variations may also 

exist due to the natural effects of seasonality on patterns of food availability, temperature, and 

hydrodynamics, or production effects due to variations in harvesting schedules (McKindsey 

et al., 2006). Interactions with other coastal users may also have temporal variabilities due to 

seasonality of activities (e.g., tourism, fisheries). Adequate consideration of space and time 
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variations have only been explicitly considered in a few studies in the context of both 

aquaculture (e.g., Dabrowski et al., 2013; Thomas et al., 2011) and the wider CC literature 

(Chapman & Byron, 2018).  

 

Recognizing system complexity will require moving beyond current carrying capacity estimates 

which often prioritize few interactions and single CC components. Participatory working 

groups and BEJ approaches can help decision-makers understand the impacts of aquaculture 

activities on the wider area, including multiple users and activities (Elliot et al., 2018; Singh et 

al., 2017). To help decision-makers better understand system functioning and more accurately 

evaluate trade-offs between alternative development scenarios, Nunes et al. (2011) and 

Ferreira et al. (2008) propose running multiple models that operate at different space, time, 

and complexity scales. This could be supported by advancing virtual technologies and GIS to 

define spatial boundaries and incorporate multiple spatial scales (Kapetsky et al., 2013). Yet, 

incorporating complexities into CC assessments can be challenging; for example, it often 

requires a greater understanding of the biology of other species and diverse potential driving 

forces. This may often not be practical as remote sensing and field studies can be expensive, 

and models often require specific expertise and data that may not be available. Since many of 

these interactions remain unknown or difficult to quantify, applying precautionary limits to 

tipping points can help decision-makers account for system complexity without directly 

measuring it (Filgueira et al., 2013).  

 

2.6.2  Responding to policy needs 

 

Leveraging carrying capacity for decision-making means that assessments should respond to 

policy needs and priorities, therefore increasing the relevance of both knowledge and decision-

making (Sarrki et al., 2015). The policy context includes incorporating local regulatory regimes 

into carrying capacity assessments to account for a wider range of governance factors that can 

influence carrying capacity. For example, overarching planning and zoning regulations can 

limit where activities can be placed, restrict stocking densities, and guide culture practices, even 

before completing any formal carrying capacity assessment. Regulations and private eco-

certification standards can also set environmental thresholds and criteria integrated in CC 

assessments (Ferreira et al., 2013). These sometimes indiscriminate thresholds and criteria may 
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limit carrying capacity below calculations of ecological or production carrying capacities 

(Montanhini Neto et al., 2017). This can happen when environmental quality standards set by 

policy makers are based on not only scientific and environmental considerations, but also 

political and social trade-offs (Bermudez, 2013). Therefore, management-oriented CC should 

recognize that carrying capacity knowledge, models, and indicators depends on local policy 

realities including available infrastructure and resources, priorities, and understandings 

(Turnhout et al., 2007). This requires carrying capacity indicators, thresholds, and criteria that 

are not only ecologically relevant but also align with management objectives. 

 

Understanding policy needs and priorities will rely on meaningful stakeholder engagement 

throughout the carrying capacity assessment process. While decision-making often involves 

setting priorities and values before pursuing CC issues, participatory processes are not yet 

widely applied to carrying capacity assessments, despite the recognized benefits to decision-

making. Enhancing the use and development of policy-relevant indicators and methods will 

require both continued quality control, but also stakeholder acceptance (Turnhout et al., 2007). 

Carrying capacity indicators should therefore be developed by a joint process involving both 

scientists and policy stakeholders (Hezri & Dovers, 2006; O’Ryan & Pereira, 2015). 

Stakeholder engagement is often recognized as a priority within modern ecosystem-based 

management and effective marine spatial planning policies (Pomeroy & Douvere, 2008). 

Ultimately, stakeholder engagement can improve the perceived credibility and legitimacy of 

carrying capacity estimations and the associated decision-making or site selection process 

(Sarkki et al., 2015).  

 

2.6.3  Applying adaptive framework 

 

Environmental decision-making must often deal with great uncertainty, especially given data 

scarcities, complex and dynamic systems, and emerging concerns such as climate change 

(Polasky et al., 2011). Adaptive management and the precautionary approach are highly 

promoted to address sustainability of aquaculture and promote ecosystem-based management 

(Soto et al., 2008) and coastal marine planning (Halpern et al., 2012). Likewise, the concept 

and application of carrying capacity has been previously criticized due to its common 

interpretation as a static, fixed value (Arrow et al., 1995; Seidl & Tisdell, 1999).  
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Carrying capacity seldom accounts for cumulative or long-term temporal changes that 

influence the estimation of carrying capacity (Gibbs, 2009). For example, long-term 

environmental responses due to climate change or other factors may influence the 

susceptibility of CC components to altered production levels or methods (e.g., Melaku Canu 

et al., 2010; Guyondet et al., 2015). In addition, technological and scientific developments in 

aquaculture feed, infrastructure, and equipment continue to improve resource efficiency and 

profitability and reduce many environmental impacts (Edwards, 2015; Murray & Munro, 

2018). Finally, changing environmental and socio-economic conditions, shifting priorities, and 

new knowledge on aquaculture can shift social perceptions (Gibbs, 2009). As thresholds for 

the acceptability of changes relevant to SCC and ECC will be set by those making decisions 

and relevant societal values, these may also change with changes in political parties, individuals 

in power, or shifting views. This means that thresholds for carrying capacity may change over 

time. Adjusting carrying capacity through an adaptive lens can thus develop CC as a variable 

concept, accounting for dynamic changes in the socio-economic and biophysical environment. 

This could  develop carrying capacity as a variable concept needed to promote a revitalized 

EAA (Brugère et al., 2018), and help align aquaculture decisions to future environmental and 

climate change scenarios. 

 

Tailoring CC to adaptive decision-making should involve consideration of uncertainties, 

predicted long-term changes, and new information and environmental changes. One potential 

way to account for these long-term changes would be applying thresholds of potential concern 

that operate along a continuum of change rather than a fixed value to allow for adjustments 

(Cranford et al., 2012). Ideally, carrying capacity estimations should be re-run throughout 

development stages rather than limited to original site selection processes prior to 

development. This recognizes that certain environmental and social interactions will not be 

evident before farms are established (Dempster et al., 2005). However, re-running CC 

assessments is often impractical due to financial, infrastructural, or data constraints. Therefore, 

the dynamic nature of carrying capacity can rather be addressed by adding precautionary limits 

around CC parameters (Filgueira et al., 2013; Gibbs, 2009). While this has been addressed in 

few studies (e.g., Filgueira et al. 2015b), there is the need for a more consistent application and 

thorough analysis of uncertainty in the context of adaptive management. Another strategy to 
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support an adaptive approach to CC is more common application of stakeholder involvement 

methods or BEJ approaches to gather information in areas with paucity of data or uncertainty 

(Elliot et al., 2018). Stakeholder engagement and participation are integral to adaptive 

management frameworks (Williams, 2011) and thus necessary components of adaptive 

carrying capacity. Finally, future research on long-term or cumulative changes in the context 

of carrying capacity (e.g., Guyondet et al., 2015) can also help prepare adaptive responses that 

can be integrated in the context of a wider coastal planning or ecosystem management. 

 

2.6.4  Embracing interdisciplinarity  

 

Integrated approaches can promote a holistic perspective addressing healthy natural and social 

system within which aquaculture operates (Borja et al., 2016). Operationalizing EAA will thus 

require not only multi-component carrying capacity but rather an integration of components. 

This acknowledges that aquaculture management should recognize the interaction of multiple 

dimensions of SES including species biology, environment, policy, and surrounding markets 

(and perceptions) (Broitman et al., 2017). 

 

One of the most challenging aspects of CC lies in understanding, recognizing, and integrating 

interactions between the four CC components (Figure 2.4; Gibbs, 2009). Carrying capacity 

components may be linked by shared data requirements and indicators due to broader 

environmental dynamics. As a result, practitioners often model production and ecological 

carrying capacity together. For example, the Norwegian MOM system (Modelling-Ongrowing 

fish farms-Monitoring) helps decision-makers set production limits based on the preservation 

of the supporting water quality and benthic integrity (Ervik et al., 1997; Stigebrandt et al., 

2004). However, connections between CC components can create strong feedbacks which are 

seldom explicitly considered in CC assessments. For example, it has long been recognized that 

determinations of thresholds and what constitutes “acceptable change” inherent to all CC 

components are a function of social values and cultural considerations (McKindsey et al., 2006; 

Wagar, 1974; Whittaker et al., 2011). Integrated carrying capacity is thus an enduring challenge 

due to complex relationships between ecological processes, social development goals, policies, 

and economic activities (Ma et al., 2017). Creating integrated approaches is also difficult due 

to scale mismatches between environmental, social, and political drivers and priorities 
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(Virapongse et al., 2016). One necessary step is advancing integrated CC frameworks that 

combine multiple tools, indicators, and disparate data types of various CC components (Borja 

et al., 2016; Ferreira et al., 2013). An integrated approach should also consider external drivers 

such as markets and climate change (Gibbs, 2009). Integration will thus require 

interdisciplinary approaches and tools that quantify ecological and social carrying capacity in 

tandem, recognizing feedback loops to other components (Filgueira et al. 2015a; Ferreira et 

al., 2008). This can help build a platform that meets the computational needs to support an 

EAA (Nunes et al., 2011).   

 
Figure 2.4  Examples of the interactions between carrying capacity components, 

highlighting specific feedbacks/guidance between components. 

 

Beyond the field of aquaculture, recent research in urban and coastal planning has investigated 

frameworks for comprehensive carrying capacity, although they remain mostly conceptual 

(e.g., Liu & Borthwick, 2011; Zhiming et al., 2018; Tian & Sun, 2018). A potential lens to 

integrate multiple components of carrying capacity is through an ecosystem services (ES) 

approach, which accounts for a diverse range of impacts of activities on human well-being. 

Within the last decade, the ES approach has witnessed a rich and evolving literature within 

environmental management and sustainability (McDonough et al., 2017). It is regularly 

supported as a tool for integrated coastal management and ecosystem-based management (e.g., 

Arkema et al., 2015). The ES framework has also been considered to integrate economic and 
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social components into carrying capacity estimations, although methodologies to do so are 

not yet well-developed (Wengpeng et al., 2018). Liu and Borthwick (2011) proposed a 

comprehensive CC model by adding “ecosystem services capacity” as one component of a 

holistic “carrying capacity of the environment” to account for changes in the environment’s 

goods and services. In an aquaculture context, studies are starting to incorporate ES 

evaluations linked to carrying capacity estimations. For example, Teixeira et al. (2018) 

estimated the change in the value of provisioning services given different development 

scenarios and physical CC. Measuring the carrying capacity beyond which ES flows are 

degraded could be a fundamental next step in linking ecosystem services with overarching 

sustainability goals (Schröter et al., 2017).  

 

2.6.5  Curating meaningful information 

 

An expanding range of policy fields including medicine, social policy, environmental 

management, and conservation recognize the need to base decisions on sound science (Dicks 

et al., 2014). Despite progress in this area, curating meaningful information will require filling 

knowledge gaps relevant to the aforementioned research pillars. One recurring challenge 

across the CC literature is the misrepresentation of important ecosystem processes and lack 

of indicators that reflect the complexity of SES (Borja et al., 2016; Ferreira et al., 2013; Gibbs, 

2009; Goss-Custard et al., 2002). Most research has been developed in the context of bivalve 

aquaculture, with limitations for finfish species. Carrying capacity for bivalve aquaculture has 

predominantly focused on food availability, despite other prominent factors that can influence 

carrying capacity. For example, few food-web approaches (e.g., Sequeira et al., 2008) consider 

appropriate temporal and spatial aspects of wild species interactions (Ferreira et al., 2018). 

Species like bivalves can also play multiple roles in the ecosystem by altering nutrient dynamics 

in such a way that could be to the benefit or detriment of other trophic levels (Gibbs, 2007). 

Carrying capacity approaches should thus consider ways to incorporate both “positive” and 

“negative” feedbacks from aquaculture (Smaal & van Duren, 2019). Other interactions such 

as the spread of disease, harmful algal blooms, and invasive species are politically relevant 

issues but are lacking within the carrying capacity literature.  
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More importantly, despite recurring calls to incorporate social factors in aquaculture (Teixeira 

et al., 2018), few studies aim to understand social limits of aquaculture (Needham et al., 2011). 

Furthermore, in many cases, empirical data on SCC is not currently used to set regulatory 

limits for aquaculture (Dalton et al., 2017). While numerous studies in recent years focus on 

the human dimensions of aquaculture, few studies focus on the concepts of “limits” or 

“thresholds”, which are the foundation of carrying capacity. Nevertheless, social studies that 

measure priorities, uses, and perceptions can serve to incorporate social factors such as multi-

use conflicts into CC assessments (e.g., Triyatmo et al., 2018) and can help identify relevant 

CC indicators (e.g. Kluger et al., 2019). Furthermore, social carrying capacity will require a 

better defined and standard approach as none currently exist (Byron & Costa Pierce, 2013). 

This is important given the growing relevance of aquaculture’s contributions to the economy, 

food security, and social development within sustainable development policies (Béné et al., 

2016). 

 

“Evidence-based” policy relies on meaningful and credible science that is perceived to be 

technically and scientifically accurate by relevant stakeholders (Cash et al., 2003). Achieving 

effective evidence-based policy has been challenging because the information and models 

available are often insufficient to accurately describe the suite of potential social and ecological 

interactions (Dempster & Sanchez-Jerez, 2008). Many monitoring and assessment methods 

require large environmental data sets which are often time-consuming and costly to acquire. 

These methods should thus be optimized for data poor environments (Filgueira et al., 2013; 

Silva et al., 2011). Greater adoption of virtual technologies like GIS and remote sensing can 

support more informed decision-making processes in data-scare environments through cost-

effective data gathering (Ferreira et al., 2013). To respond to data scarcity, drawing from expert 

opinion and diverse stakeholder knowledge (including local and traditional knowledge) can 

enable decisions even without the adequate information (Bermudez, 2013). In data-poor areas, 

due to the lack of information, BEJ could indeed become a very relevant tool.  
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2.7 DISCUSSION  

 

Questions about the limits of the natural and social environment have long been important in 

guiding discussions around how to achieve accountable resource management and sustainable 

development (Haines-Young et al., 2006). Carrying capacity’s popularity as both a theoretically 

simple and quantifiable concept has incited its indiscriminate application across almost every 

level of biological organization and system scale (Chapman & Byron, 2018; del Monte-Luna 

et al., 2004). Throughout the years, the continued influence of carrying capacity concepts on 

multiple scholars across a range of academic disciplines attests to the concept’s flexibility, 

robustness, and conceptual strength. Carrying capacity for aquaculture is now a relatively 

mature field of study and use. The last 40 years have witnessed a suite of definitions, tools, 

and methods for estimating CC in aquaculture. Carrying capacity has been developed 

considerably within aquaculture to quantify the potential biomass of species for culture, 

determine optimal sites for production, and understand the impacts of culture production on 

the surrounding environment. Carrying capacity for aquaculture recognizes multiple 

management objectives and offers methods to evaluate ecological, social, governance, and 

economic interactions. These strengths highlight a promising role for carrying capacity to 

guide planning, management, and monitoring processes that respect limits of aquaculture’s 

complex social-ecological system.  

 

Despite these strengths, this paper has identified gaps in both the study and application of CC 

to inform holistic decision-making. For example, most CC research has prioritized 

environmental and production aspects of bivalve aquaculture, with a large focus on developing 

environmental models. Partly due to data limitations and usability issues, carrying capacity is 

less often applied in policy contexts than popular management tools like Environmental 

Impact Assessments. Given the research gaps and challenges with knowledge uptake, this 

research has proposed a 5-pillar research agenda. The operationalization of this agenda will be 

based on selecting strategies to improve knowledge utilization and focus on a shift in thinking 

that frames CC around a holistic, systems perspective that is amendable to the Ecosystem 

Approach to Aquaculture (see Appendix A). Notably, research on social use limits and 

advancing methods for BEJ are important areas of focus needed to support a holistic 

perspective of CC. Due to information scarcity and data limitations, advances in GIS and 
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participatory processes like BEJ can also offer cost-effective approaches to gather information. 

Nevertheless, it is essential to recognize that CC should only be one of many tools to support 

holistic management and development decisions. This research agenda rather seeks to provide 

a guide for decision-makers and scientists to advance the knowledge and tools to support more 

holistic management that considers limits of complex social-ecological systems.  

 

While the proposed agenda offers a way forward for CC to better support decision-making, 

defining the specific decision-support role for CC is not straightforward. The literature 

revealed quite often a degree of vagueness in the definitions of CC and differences in 

interpretations of the concepts. For example, both environmental capacity, and assimilative 

capacity have all been used to describe specific aspects of ecological carrying capacity, leading 

some authors to merge definitions into a single ECC definition (e.g., see Elliot et al., 2018). 

Additionally, physical carrying capacity is often used interchangeably with suitability of the site 

for the purposes of informing site selection (e.g., Triyatmo et al., 2018). While this vagueness 

can be interpreted as intentional to enable flexibility to support diverse socio-economic and 

environmental contexts, it also raises questions about the methods and criteria used to assess 

different components. Ultimately, definitions and measures of CC are intrinsically intertwined 

within social values. Since CC is often used to inform “thresholds” for management, what 

people consider “acceptable thresholds” are ultimately founded on social values which can 

vary with diverse stakeholder groups (Dalton et al., 2017). This can create challenges and can 

raise important questions regarding biases of interest groups in areas. Indeed, setting 

acceptable thresholds, selecting relevant definitions and criteria likely reflect societal 

understanding of the concept, and may reflect how it is needed and applied in different areas. 

In this paper, we have shown that in many contexts, CC has been applied as both a tool to 

understand natural limits, and as a conceptual guide to make management decisions. It 

becomes apparent that the role of CC is likely a question of wider decision-making and 

governance and should reflect societal objectives and values.  

 

Nevertheless, the role of CC in decision-making contexts should be made explicit to reduce 

confusion and encourage consistency. Its use in decision-making contexts should be 

predicated on clear delineation of the wider management objectives as well as the specific 

definitions related to different CC aspects. In particular, it will become increasingly important 



 

 49 

to clarify the definitions and uses for social carrying capacity, as it is the least well-defined CC 

component. Selecting specific tools, criteria and strategies are also likely to be contingent and 

context-specific. Around the world, aquaculture developments face unique issues and 

challenges, leading to different prioritization of CC components for decision-making. It is also 

important to recognize likely trade-offs between research actions. For example, policy needs 

may demand trade-offs between complexity, data requirements, and ease of use. Still, decision-

makers and researchers can prioritize certain actions to address multiple pillars simultaneously 

(Table 2.3). For example, CC processes that include stakeholder perceptions and expert 

opinion can help generate meaningful information, respond to policy needs, and support 

adaptive carrying capacity. Ultimately, moving forward with the presented strategies could help 

align CC to guide the development of the aquaculture industry in a societally endorsed and 

environmentally responsible way. 

 
Table 2.3  Summary of research actions that could support the proposed research 

agenda for aquaculture carrying capacity. 

 
 
 
 
 
 
 
 
 

 Research pillars 
Research actions Recognizing 

system 
complexity 

Responding to 
policy needs 

Applying  
adaptive 

framework 

Embracing 
interdiscipl-

inarity  

Curating 
meaningful 
information 

Wider stakeholder involvement  x x x x 
Coupled assessments with GIS x   x x 

Advancement of fully-spatial 
dynamic models 

x  x  x 

Running multiple models at 
different (space/time) scales 

x   x  

Coupling CC within the 
decision-context using multiple 
knowledge sources (e.g., BEJ) 

x x x x x 
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2.8 CONCLUSION 

 

This paper presents an historical overview of the carrying capacity literature and its uses in 

aquaculture to better understand how it has developed and identify challenges and 

opportunities for holistic decision-making. Carrying capacity’s varied applications across 

diverse fields, as well as its conceptual simplicity and flexibility, and its recent attention in 

aquaculture offer opportunities to capture multiple objectives related to sustainable resource 

management. This paper presents a specific research agenda to operationalize EBM that 

focuses on previously established principles and knowledge uptake. Advances in GIS and 

participatory processes like expert judgement offer cost-effective approaches to gather 

information. The literature also identified key conceptual challenges related to the conflation 

of definitions and the inherent linkage to social values, leading to broader questions on the 

use of CC as a tool or a wider decision-making framework. Indeed, the debates on carrying 

capacity for holistic aquaculture decision-making point to tensions on how CC is understood 

and applied, and on its ability to be practically used in management or decision-making 

contexts. These tensions could be partly resolved by engaging with the proposed research 

agenda.  
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CHAPTR 3: DEVELOPING HOLISTIC CARRYING 
CAPACITY BEST PRACTICES 

 
 

This chapter presents the findings from expert-consensus research aimed at gathering 

perspectives from global aquaculture and carrying capacity experts to develop a set of best 

practices and guidelines in support of holistic carrying capacity assessment. This work 

identifies the practical and theoretical challenges and opportunities of tools, methods, and CC 

concepts for holistic assessments. The outcomes of this chapter were used to inform the 

development of research carried out in subsequent research chapters.  

 

This research was approved by Dalhousie Research Ethics Board (REB file # 2019-4756) and 

followed all ethical protocols, including participant anonymity and confidentiality. Research 

documents, including consent forms, interview schedule, questionnaires, and detailed results 

from each round can be found in Appendix B. 

Citation:  

Weitzman, J., Filgueira, R., & Grant, J. (2021). Development of best practices for more 
holistic assessments of carrying capacity of aquaculture. Journal of Environmental 
Management 287, 112278. https://doi.org/10.1016/j.jenvman.2021.112278  
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3.1 ABSTRACT 

Carrying Capacity (CC) has emerged as a potential tool to sustainably manage human activities 

such as aquaculture. However, interdisciplinary and integrated frameworks for holistic CC 

assessments are still missing. The goal of this study was to generate expert consensus on best 

evaluative practices for holistic CC assessments of ocean-based salmon aquaculture. To 

achieve this goal, a 3-round Delphi study was conducted with 21 aquaculture and carrying 

capacity experts from around the world. Experts emphasized that the holistic CC process 

should i) engage all stakeholders in the process, ii) consider the combination of social, political, 

ecological, and economic aspects, iii) respond to changes over time, iv) consider multiple 

spatial and temporal scales, and v) be understandable and clear to all stakeholders involved. 

Furthermore, the expert panel emphasized the need for a cyclical and dynamic process that 

allows for the incorporation of feedback in the planning stages, embracing adaptive 

management. Due to the early stages of truly holistic assessments, the experts recognized 

challenges related to knowledge uncertainties and lack of approaches to integrate socio-

economic data with ecological and physical data, potential conflicts arising from a multi-

stakeholder process, and ill-equipped governance structures. The proposed guidelines and 

framework could help address some of the conceptual and procedural barriers to 

implementing holistic assessments into decision-making and may position CC as a useful 

decision-support tool for governments seeking sustainable aquaculture management.  

3.2 INTRODUCTION 

With rapidly growing aquaculture production around the world (FAO, 2020a), increased 

recognition of environmental, economic, and social consequences and challenges of farming 

practices has promoted shifts towards more holistic approaches to managing for sustainability 

(Costa-Pierce, 2010; Johnson et al., 2019; Krause et al., 2015). Modern holistic approaches 

recognize marine aquaculture systems as integrated social-ecological systems (SESs) requiring 

multi-scale, interdisciplinary, and adaptive management strategies (Johnson et al., 2019; 

Partelow et al., 2018). Management approaches that embrace holistic thinking like the FAO 

Ecosystem Approach to Aquaculture (EAA) (Soto et al., 2008) have been supported as the 

optimal way forward. These approaches, however, have faced implementation barriers, in part 
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due to challenges over competing development objectives, poor governance structures, and 

insufficient knowledge to assess and manage aquaculture in a more holistic way (Brugère et 

al., 2018).  

To advance the EAA, carrying capacity (CC) has been recognized as an important tool for 

assessing the ecological, production and social sustainability of aquaculture (Ross et al., 2013). 

Broadly, the concept of carrying capacity recognizes the presence of limits to growth, both for 

our ecological and social environment. Carrying capacity has long been applied to test for 

unsustainable ecosystem effects across a range of disciplines (for a review, see Chapman & 

Byron, 2018), for example to measure the effects of rising human populations (e.g., Świąder 

et al., 2020) and environmental resource use (e.g., Liu et al., 2020) and emissions across value 

and supply chains of products, companies and cities (e.g., life cycle assessment (LCA); Bjørn 

et al., 2020). Carrying capacity has become an encompassing approach that can reflect varying 

components of the SES. Four main “types” of carrying capacity are often reported 

(McKindsey, 2006), including: physical (limits set by the physical space required for marine 

farms), production (the stocking density to achieve maximum production levels), ecological 

(the level of aquaculture above which unacceptable environmental impacts become apparent), 

and social (the level of farm development above which unacceptable social impacts manifest) 

carrying capacity. Other authors have proposed other types, such as regulatory CC (Byron & 

Costa-Pierce, 2013; Ferreira et al., 2013) or economic CC (Gibbs, 2009) to recognize the role 

of other factors in the aquaculture SES. These varying definitions reflect the flexibility of the 

CC concept and its potential application to a range of decision-making contexts and objectives. 

Thus, CC could theoretically be invoked to assess aquaculture operations with a more holistic 

view of the range of impacts on the environment and society.  

Indeed, carrying capacity has been widely applied in aquaculture to serve a range of research 

and decision-making contexts (Weitzman & Filgueira, 2020). Yet, CC assessments for 

aquaculture are rarely implemented in a systematic or consistent way. It is a diverse concept 

that has been traditionally applied to assess production and ecological aspects of aquaculture, 

such as whether potential or current practices are operating at levels to optimize cultured 

species health, favorable water quality, or adequate production yield (for a review see 

Weitzman & Filgueira, 2020). Only recently has carrying capacity research aimed to define 
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social and economic aspects (Ruiz-Chico et al., 2020a,b; Kluger et al., 2019; Krause et al., 2019; 

Johnson & Hanes, 2019). Yet, assessments rarely integrate multi-stakeholder and participatory 

approaches that would be essential for incorporating social carrying capacity (Kluger & 

Filgueira, 2020). Furthermore, despite recognition of the multiple types of carrying capacity, 

existing frameworks often suggest a hierarchical structure for determining carrying capacity 

(e.g., McKindsey et al., 2006). These approaches treat different aspects as independent, and 

few existing CC approaches consider the feedbacks and interdependencies of ecological, 

biophysical, and socio-economic factors (Weitzman & Filgueira, 2020). Such interdisciplinary 

and multi-stakeholder approaches naturally increase the complexity of CC estimations, making 

holistic approaches conceptually and logistically challenging (Anaïs et al., 2020; Kluger & 

Filgueira, 2020). While previous work suggested that CC could help operationalize the EAA 

(Weitzman & Filgueira, 2020), research on how a holistic approach to CC assessment can be 

put into practice does not yet exist. 

This study seeks to develop a set of general principles and best practices to form the basis for 

a shared framework of holistic carrying capacity assessments of aquaculture as it relates to 

ocean-based salmon aquaculture. Salmon aquaculture was chosen as it represented 46% of the 

farmed finfish produced in the ocean in 2018 (FAO, 2020b). Given the diversity of ways that 

carrying capacity has been applied to aquaculture, a framework could serve as a general 

reference document for decision-makers and stakeholders, providing guidance on how CC 

can act as a tool to operationalize the EAA. To do so, this research applied a 3-stage Delphi 

consultation exercise to determine what experts in aquaculture research and management 

consider best practice for a holistic assessment of carrying capacity. The objectives of this 

work were to: 1) identify essential principles for guiding a more holistic vision of CC; 2) 

generate recommendations and considerations for key features of the assessment process and 

methods; and 3) discuss challenges and opportunities for the effective implementation of CC 

in aquaculture decision-making. Holistic CC has been previously explored through reviews 

(e.g., Anaïs et al., 2019; Weitzman & Filgueira, 2020), or specific applications for bivalve 

aquaculture (e.g., Byron et al., 2014), yet this is the first to rely on the expertise of practitioners 

and researchers to develop common best practice. By drawing on known expertise, this 

research can help identify practical challenges and opportunities develop recommendations 

that would be more useful in decision-making contexts.   
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3.3 METHODS 

A Delphi study was used to develop best practices for holistic carrying capacity assessments 

based on expert opinion. In classic Delphi designs, experts undergo multiple rounds of 

questionnaires to reach a consensus (McKenna, 1994). Summaries of group findings are 

provided to participants between subsequent rounds. The Delphi technique is an iterative 

consensus-based technique considered useful for complex multi-faceted problems in 

sustainability (MacMillan & Marshall, 2006; Martin et al., 2011). It has been used in ecology 

and conservation issues to help identify indicators, develop policies, and aid in decision-

making (Mukhergee et al., 2015). The Delphi technique has also been applied to aquaculture 

to investigate potential for specific aquaculture technologies (Bunting, 2008) and to evaluate 

the overall constraints and opportunities for the aquaculture industry (Hishamunda et al., 

2009). The iterative nature of the method means questions can be formulated based on earlier 

responses, exposing experts to potential topics they may have not considered before 

(McKenna, 1994). Due to its anonymous nature, Delphi is also advantageous to other group 

decision-making techniques since it is comparatively free from social pressures that can lead 

to biased conclusions such as groupthink, halo effect, and dominance effects (Mukhergee et 

al., 2015).  

This study conducted a modified Delphi approach comprising one round of semi-structured 

interviews (scoping round) and two subsequent rounds of questionnaires (convergence 

rounds) with experts between May 2019 and August 2020 (Dalhousie University Research 

Ethics Board file # 2019-4756). Compared to classical Delphi studies, this study applies a 

modified design (Hasson & Keeney, 2011) where the wording of questions and lists evolved 

across rounds in response to expert feedback. This precludes systematic assessment of changes 

in consensus but was chosen to reflect more relevant outcomes for management.  

3.3.1  Selecting expert participants 

Purposive sampling was used to assemble a heterogeneous panel of experts with aquaculture 

and carrying capacity. Participants selected were at least one (or more): (i) subject-matter 

experts or experienced researchers with knowledge of carrying capacity methods and/or 

assessing aquaculture, (ii) experienced practitioners involved in assessments of aquaculture 
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systems or conducting carrying capacity assessments, or (iii) individuals working for, or with, 

governance/decision-making agencies relevant to aquaculture management and development. 

In this way, experts were involved with either producing or using carrying capacity knowledge 

and information to inform aquaculture decision-making.  

Initially, 45 experts were identified through a detailed search of relevant literature, key 

membership associations and through referrals from known content specialists. Snowball 

sampling was used to identify additional participants. Twenty-one experts agreed to participate 

in Round 1, including experts from four sector groups (academia, private research groups, 

government, and consulting) across North America, Western Europe, and Latin America 

(Appendix B.10). While no participants were from Asia or Africa, participants from all major 

salmon-producing countries including Canada, Norway, United Kingdom, and Chile were 

represented (FAO, 2020a). Of the original twenty-one participants, sixteen completed Round 

2 and thirteen participants completed Round 3, resulting in a minimum 75% participant 

retention rate between each round. It can be difficult to retain participants due to the time 

commitments, but this study sustained participation above a recommended 70% retention rate 

(Hasson et al., 2000). Participants were most representative of research and academic sectors, 

although over 80% of participants expressed high levels of expertise on decision-making. 

Participants also consisted balanced interests and expertise, with greater experience of 

environmental than social interactions with aquaculture (Appendix B.10). 

3.3.2  Data collection  

Broadly, questions were based on existing literature (Round 1) and participant responses 

(Rounds 2 and 3). Round 2 sought expert consensus and Round 3 was used to ask further 

questions on emerging themes not considered in the original set of questions. The first round 

consisted in person and telephone semi-structured interviews designed to gather detailed views 

on carrying capacity and holistic decision-making for salmon aquaculture. Questions covered 

a variety of carrying capacity themes aimed at soliciting opinion and open comment based on 

expert’s knowledge and experience with aquaculture management and carrying capacity. The 

first round asked experts: 1) to consider the role of carrying capacity within a holistic decision-

making context, and the challenges to implementation; 2) to list issues and relevant 
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information needed to assess different components of CC; and 3) to suggest methods and 

approaches to measuring information relevant to the CC process. Several major themes 

emerged from responses provided in Round 1 interviews, which were organized into 

subthemes and synthesized into a list of considerations that provided the basis for Round 2. 

The second round consisted a questionnaire containing 19 questions, divided into four 

sections: guidance for framework and evaluation process of CC, relevant information and 

issues, selecting indicators and defining thresholds, and tools and approaches for measuring 

CC. Most questions asked experts to state their level of agreement, importance, suitability, or 

relevance to a list of considerations based on a 5-point Likert-scale. Open-ended questions 

asked experts to offer comments or expand on their responses. Responses were synthesized 

to generate a series of generalized recommendations and specific considerations for Round 3.   

The questionnaire for the third round summarized a completed list of guiding principles, 

recommendations, and considerations for a holistic carrying capacity framework. The 

questionnaire contained both closed- (Likert scale and agree/disagree) and open-ended 

questions. The questionnaire was divided into four sections: 1) re-assessment of elements 

unclear from Round 2 (3 questions); 2) editing suggestions on recommendations that reached 

a high level of consensus in Round 2 (14 recommendations); 3) opinions on elements that did 

not achieve high consensus in Round 2 (15 recommendations); and 4) preference for a shared 

framework design.   

3.3.3  Data analysis 

Interviews from the first round were electronically transcribed and qualitative analysis using 

NVivo qualitative data analysis software [version 12 PRO] identified overarching themes and 

sub-themes. Themes were identified using inductive coding from transcripts. Themes and sub-

themes were then translated into lists of options for rating in subsequent rounds.  

In Rounds 2 and 3, rankings were analyzed, and consensus determined to extract 

recommendations and considerations that were the most relevant or important. Since best 

practices were drawn from Round 1 responses, there is an underlying assumption that all 

considerations will be relevant. This study thus defined consensus a-priori to be achieved when 
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the ratings of 75% or more experts fell within a 2-point rating on the 5-point Likert scale. In 

this context, only those recommendations and considerations which experts rated in the 

“high” category (ratings 4 or 5 on Likert-scale) were included. There is no universal measure 

or definition of consensus in Delphi studies. When based on percentage agreement or 

proportion of ratings within a range, authors have recommended proportions ranging from 

50% to 90%, but the median threshold for consensus often lies at 75% (Diamond et al., 2014). 

A cut-off point of 75% was selected to generate a synthesized set of best practices representing 

only the most relevant, important considerations. Quantitative analysis used the R statistical 

software [version 4.0.0] to provide descriptive statistics including central tendencies, 

frequencies, and proportions. 

3.4  RESULTS AND DISCUSSION 

Based on expert suggestions and opinions, this paper presents a shared framework for holistic 

CC assessments, defined as a set of guiding principles, recommended best practices and broad 

implementation steps that can help guide decision-makers evaluate aquaculture’s carrying 

capacity for more holistic management. First, five guiding principles are proposed for 

successful application of holistic assessments of aquaculture CC. To implement these guiding 

principles, a series of best practices and a step-wise process are proposed to help CC evaluators 

and decision-makers conduct holistic CC assessments. Finally, this paper discusses the overall 

opportunities and challenges of implementing holistic CC assessment within current decision-

making regimes.  

3.4.1  Guiding principles for holistic carrying capacity assessment  

During Round 2, experts identified five key principles as the most important for effective 

holistic CC processes (Table 3.1). First, holistic CC assessments should be interdisciplinary 

by considering all aspects of the social-ecological system. This is a pillar of a holistic 

management and for adopting the EAA, acknowledging that aquaculture management should 

recognize the interaction of multiple dimensions including the surrounding environment, 

policy, and socio-economic contexts (Broitman et al., 2017; Soto et al., 2008). This has been 

an enduring challenge with CC assessments, which have struggled to define and evaluate social 

and economic aspects of aquaculture (Weitzman & Filgueira, 2020).  
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Table 3.1  Experts perceptions on the principles to guide a framework for holistic 
carrying capacity assessment, organized according to frequency of expert 
rating. 

Principles Description 
% of experts rating 
“highly important” 
(Round 3) 

Being interdisciplinary consider all aspects: physical, ecological, 
social, economic, political, governance 

100.0 

Being adaptive and iterative respond to changes over time 92.3 
Being transparent and clear understandable and includes all necessary 

information for all relevant stakeholders 
92.3 

Consider multiple scales space and time 84.6 
Being inclusive/participatory engaging all relevant stakeholders in process 76.9 

Second, adopting integrated perspectives into CC begets the need for an inclusive and 

participatory approach that engages a range of relevant stakeholders in the CC process. 

Experts expressed that having stakeholders become a part of the process can help stakeholders 

understand the process, increasing the chance for success and uptake. Participatory methods 

were also emphasized when thinking about social carrying capacity, as experts noted that social 

limits can only be evaluated through a discursive process that discusses trade-offs. 

Participatory approaches have been considered essential for more accountable and sustainable 

resource management, increasing the quality and legitimacy of environmental decisions (Reed, 

2008).   

Third, a more holistic, systems-approach to CC necessitates considering multiple spatial and 

temporal scales. During interviews, several experts firmly held that evaluating CC of a single 

site is insufficient to consider the full range of impacts or interactions of aquaculture within 

the wider SES. Other management approaches based on ecosystem perspectives have similarly 

recognized that ecosystem processes operate over a range of spatial and temporal scales 

(Arkema et al., 2006; Kirkfeldt, 2019). Addressing the impacts of multiple farms in an area has 

been a consistent challenge for environmental assessments of aquaculture operations, 

sometimes resulting in a failure to recognize operations that have reached or exceeded the 

regional area’s carrying capacity (King & Pushchak, 2008). Furthermore, the dynamic nature 

of the marine environment entails that changes over time and the effects of aquaculture on 

wider spatial scales are required for a holistic view of aquaculture’s impacts to the social-

ecological system. 
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Given the existing temporal dynamics relevant to CC, the fourth principle was for CC 

assessments to be adaptive and iterative, meaning that a framework ensures processes for 

feedback and adaptation in response to changes. Experts agreed (84.6%) that CC assessments 

should be re-evaluated following initial site development (for example, with lease renewals). 

This reflects the criticism of the CC assessment as a “static” process which is often only 

conducted to show a snapshot of the ecosystem conditions at early site selection or original 

leasing procedures (e.g., Smaal & Van Duren, 2019). Adaptive management, and similar 

applications of the precautionary approach, have been staple principles of ecosystem-based 

management deemed essential for incorporating uncertainties and dynamic changes of 

ecosystems (Long et al., 2015).  

The four above principles reflect some common key principles that have emerged in the 

literature for more holistic, ecosystem-based management (e.g., Long et al., 2015). In addition, 

when considering the role of implementing CC assessments into decision-making contexts, 

experts highlighted the need for the process to be transparent and clear. It was considered 

important for creating a common understanding of the goals and outcomes of such an 

assessment, and establishing adequate buy-in for a complex, multi-stakeholder process. 

Coherent procedures and transparency about the processes can build participant trust and 

improve the credibility and legitimacy of the assessment process (Sarkki et al., 2015). In 

conclusion, these five guiding principles can help guide the use and design of a holistic 

framework for more consistent application of carrying capacity to aquaculture decision-

making.  

3.4.2  Best practices for holistic carrying capacity assessments of salmon aquaculture 

Implementing the guiding principles requires embracing best practices for successful holistic 

assessment of aquaculture carrying capacity. Experts agreed that best practices should advise 

on four main aspects related to the evaluation of CC within holistic assessments:  

1. Definitions of concepts and terms (87.5%)  

2. Inclusion of relevant scale(s) (81.3%) 

3. Depth and breadth of stakeholder involvement (92.3%)  

4. Identifying and assessing carrying capacity (93.8%)  
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Based on a synthesis of findings from Round 2 and 3, experts agreed on a series of guiding 

recommendations (bolded in text) and specific considerations (italicized in text) that support 

the implementation of recommendations. A final list of 10 recommendations fitting within the 

four aspects all achieved consensus by experts and represent the synthesized list of most 

important best practices to guide CC assessment (Table 3.2; see Appendix B.11 for more 

description). These best practices set the specific roadmap for how CC assessments can adhere 

to the general guiding principles (Table 3.1). 

Table 3.2  Recommendations for designing holistic carrying capacity assessments for 
aquaculture based on expert consensus. See Appendix B for details. 

 *Based on consensus on multiple items  
 
 
3.4.2.1 Definitions of concepts and terms  

To ensure CC assessments are clear and understood by stakeholders, experts agreed (87.5%) 

that it was highly important to define and refer to the essential concepts related to the 

Aspect of CC Recommendation Consensus 
Definitions of concepts and terms   
1 It is essential to define and refer to concepts related to the assessment, including 

carrying capacity, indicator, and acceptable change (threshold) 
Round 2 -  87.5% 

Inclusion of relevant scale(s)   
2 Assessments should include all scales relevant to the social-ecological system. Reached in Round 2*  
3 The scales included in the assessment should be determined by the specific goals 

and contexts of the carrying capacity assessment 
Round 3 - 92.3% 

Depth and breadth of stakeholder involvement   
4 Carrying capacity assessments should be designed to engage the relevant 

stakeholders to participate throughout the CC process as appropriate 
Round 2 – 75.0%  

5 Carrying capacity assessments should clearly define the roles and responsibilities of 
each stakeholder, recognizing that not all stakeholders will have the same 
responsibilities. 

Round 2 – 81.0% 

Identifying and assessing carrying capacity    
6 Carrying capacity assessments should focus on selecting as few, important 

indicators as relevant to the assessment objectives and priorities 
Round 2 - 76.9% 

7 Indicators to include should be selected by balancing trade-offs in cost, relevance, 
reliability, and complexity 

Round 2 – 80.0% 

8 Carrying capacity assessments should use both a combination of universal 
indicators and context-specific indicators 

Round 3 - 92.3% 

9 Multiple types of thresholds are potentially relevant for CC assessment, but will 
vary depending on the indicator chosen 

Round 3 - 92.3% 

10 A holistic assessment of carrying capacity requires using a combination of 
quantitative and qualitative tools and information 

Reached in Round 2* 
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assessment. Four terms emerged as most important, including carrying capacity (87.5%), 

types of carrying capacity (75.0%), acceptable change (81.3%), and indicator (87.5%). In 

interviews and open-ended comments, experts suggested that other terms may be relevant, 

including sustainability and scale. In part, the various uses and applications of the CC concept 

over the years has led to much of the confusion and lack of consistency in applications of CC 

(Chapman & Byron, 2018; Weitzman & Filgueira, 2020). A common understanding of what 

exactly we are measuring the carrying capacity “of”, and how “acceptable” is defined can help 

decision-makers provide more consistent CC assessments suited to particular management 

contexts.  

Based on agreement of experts (84.6% agreement) during Round 3, a common definition for 

holistic carrying capacity assessment for aquaculture was proposed as: “an evaluation of 

proposed and/or current aquaculture operations against the acceptable limits, as defined 

through consultation with stakeholders, of the components of the social, ecological, and 

economic environment in which aquaculture is embedded.”. Likewise, expert consensus was 

not reached as to the appropriateness of any of the proposed overarching definitions for 

different types of aquaculture carrying capacity (e.g., physical, production, social, ecological) 

adapted from the existing literature (Appendix B.12 ). In particular, the panel prominently 

disagreed on the suitability of an overarching definition for carrying capacity, as well as 

defining physical CC, and social CC. Experts highlighted that the definitions provided were 

too vague, requiring more detailed explanation and further specificity. This precludes a shared 

set of definitions at the framework level; rather, contending that relevant terms should be 

defined on a case-by-case assessment basis. However, including critical assessment-specific 

aspects goes against mainstream thinking of providing strong and rigid definitions that can be 

extrapolated to multiple contexts (e.g., DFO, 2015). As a result, this suggests that a holistic 

CC assessment would not necessarily produce a single calculation expressed explicitly in terms 

of stocking density or area, as has been traditionally expressed in many CC definitions (e.g., 

McKindsey et al., 2006). In this way, modifications to the definitions are likely needed to reflect 

the purpose of the CC assessment and suit different user-groups involved in the assessment.  
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3.4.2.2 Delineation of appropriate scale(s) 

While most traditional CC assessments for salmon farming have focused only on evaluating 

aquaculture at the farm-scale using the concept of assimilative capacity (e.g., Bravo & Grant, 

2018; Yokoyama et al., 2004), considering multiple scales was a critical guiding principle 

towards a holistic CC assessment. This study proposes defining different types of scales into 

scale “domains” including local, large, regional, national, and global areas (Table 3.3). Given 

the interdisciplinary nature of a holistic assessment, the specific units or boundaries of these 

domains will vary. For example, the “local” domain for production aspects considers 

operations at the farm or individual cage scale, while “local” in terms of social carrying capacity 

may rather involve political jurisdictional boundaries that define a community. As a result, it 

may be most appropriate for holistic assessments to define relative scales based on area 

“domains” rather than to apply a specific absolute scale in geographic or ecological units.  

Table 3.3  Different ways that scales may be defined for salmon aquaculture for five 
major scale domains. 

Type of scale Local area Large area Regional area National 
area 

Global 

Ecological scale Salmon cage or farm Basin, bay 
(“ecosystem”) 

Multiple bays Industry-
wide 

 

Jurisdictional scale Community or 
municipality 

Cluster of 
communities, 
county etc. 

Large zone for 
aquaculture, or 
province 

Country   

Geographic scale < 1km2 10 - 20 km2 100s - 1000s 
km2 

  

During Round 2, experts were asked to comment on the relevance of each scale domain for 

evaluating the different aspects of carrying capacity (Figure 3.1). Both the local and large area 

domains were considered highly relevant to assessment of all carrying capacity types. The local 

area has traditionally been the focus of carrying capacity assessments and remains eminent for 

many aquaculture issues. For example, social conflicts are often particularly localized, dealing 

with issues around user conflicts, provision of local employment, property rights, community 

well-being, and effects on local environments (Billing, 2018; Salgado et al., 2015). In addition, 

studies have demonstrated that benthic impacts are most relevant right near the farms, and 

generally only observed within 20-50m of cages (Filgueira et al., 2017; Kalantzi et al., 2013). 

Including the large area domain was also highly important across all CC types, since 

aquaculture activities at the farm-level can have repercussions at the ecosystem-level 
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(Weitzman et al., 2019), for example by facilitating spread of disease to wild populations (e.g., 

Krkošek, 2017) or increasing coastal nutrient enrichment (e.g., Sarà et al., 2011). Setting the 

boundary at the large area domain is often necessary to include many relevant stakeholders 

who else would be left out with a restricted local focus. Experts also saw a role for carrying 

capacity assessments at the regional area domain, although consensus was only achieved for 

its high relevance for social carrying capacity. For social aspects, the scale may extend further 

than ecological aspects since discussions of what is acceptable and how benefits or impacts 

are distributed may be relevant at both the community and the wider policy context (e.g., 

regional and/or national level) (Kluger & Filgueira, 2020). In summary, in addition to the local 

area scale (farm, cage, community etc.), the physical, production, social, economic, and 

ecological aspects of the large area domain (at the wider basin or bay-scale) need to be 

considered in CC assessments. As a result, experts agreed that assessments should include 

all scales relevant to the contexts of the particular social-ecological system. 

Furthermore, experts agreed that evaluators should rather select scales for assessment as 

determined by the specific goals and local contexts (92.3% agreement). In conclusion, 

this study suggests that local and large area scales are key, but depending on local settings and 

goals of the assessment, these aspects should rather be flexible, and properly defined in a given 

CC assessment.   
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Figure 3.1  The expert ratings with the highest number of responses for the relevance of   
   scale domains to different aspects of carrying capacity. Larger bubbles  
   represent higher levels of relevance, with filled circles (black) representing  
   ratings where consensus where consensus was reached. 

3.4.2.3 Including and engaging stakeholders 

Stakeholder involvement is an integral part of various stages of an inclusive and participatory 

CC assessment process. Stakeholders can include anyone with an interest in the outcomes of 

the project, entities leading the assessment, CC evaluators, experts and scientists, special 

interest groups and local communities. Experts highlighted that carrying capacity 

assessments should be designed to engage stakeholders to participate throughout the 

carrying capacity process as appropriate (75.0% of participants). This means that CC 

assessments should be designed to include processes to ensure the participation and 

engagement of all stakeholders at each stage and step of the process. This reflects a growing 

desire to adopt participatory processes and stakeholder engagement recognized for more 
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accountable aquaculture and marine planning (Galparsoro et al., 2020; Tiller & Richards, 2015; 

Tompkins et al., 2008). Often, CC evaluators and decision-makers need to follow engagement 

procedures outlined in existing legislation and consider factors such as time and resources. As 

a result, any standardized guidance for who and how to engage would need to be developed 

when adapting a CC framework for more national or regional governance levels.  

This study identified several considerations for selecting relevant stakeholders in holistic CC 

assessments. First, a high level of consensus was reached (94.0% of participants) that actors 

involved in the carrying capacity process should represent diverse knowledge forms and disciplines. 

Incorporating complex social-ecological dynamics will ultimately require interdisciplinary 

research teams to adequately consider all necessary components. This means that CC 

assessments should include input and expertise from a balanced distribution of social, 

economic, and ecological disciplines, relevant to the goals of the assessment. In addition, 

where applicable, experts noted that this may include knowledge gained by locals and/or 

indigenous groups, recognizing that managing complex social-ecological systems can benefit 

from incorporating multiple knowledge systems (Armitage et al., 2009). Second, the selection 

and engagement of stakeholders should include consideration for their individual stakes, as well as 

their demonstrated investment and interest in participating (92.3% agreement). Including considerations 

of “why” and “for whom” the assessed aquaculture activities are taking place has been 

suggested as important for socially-sound and equitable aquaculture decision-making (Krause 

et al., 2015). Third, experts agreed (84.6% agreement) that stakeholders included in carrying capacity 

assessments should correspond to the relevant scale(s) of the assessment. For example, if an assessment is 

more heavily focused on local area processes, engagement should emphasize local 

stakeholders. This is important as not to miss principal stakeholders, which can help re-orient 

aquaculture expansion for community well-being and equity (Campbell et al., 2021) by 

potentially reducing potential power inequalities between groups, such as reducing the 

influence of large vocal groups. Together, these considerations suggest that the identity of 

stakeholders and their involvement in the CC process will be highly context-dependent and 

ultimately relate to the goals of the assessment.  

Recognizing that not all stakeholders will have the same responsibilities, experts agreed (81.0% 

agreement) that carrying capacity assessments should clearly define the roles and 
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responsibilities of each actor and stakeholder group. Clearly defining the roles and 

responsibilities early in the process can help identify where power differences may exist and 

provide clarity to stakeholders about the intended outcomes of the process. This can also help 

develop a well-designed, context-specific approach to engagement important for project 

support and successful implementation (Reed et al., 2018). However, experts expressed 

different opinions on the involvement stakeholders should have related to different roles and 

responsibilities in the CC process (Figure 3.2). Experts expressed difficulties selecting the 

specific degree of involvement of each stakeholder, since the way that stakeholders are 

involved, and their roles and responsibilities will vary depending on the contexts, purpose of 

the CC assessment, and/or indicators chosen. As a result, consensus on the specific roles and 

responsibilities of individual stakeholder groups was only achieved in a few cases. Experts 

agreed that government and researchers should have high degree of involvement, and 

particularly so related to leading CC assessments and monitoring and evaluation. This would 

suggest that experts highly endorse the primary role of CC being to support legislative activities 

like site selection and obtaining or renewing leases and licenses. While experts suggested in 

Round 2 that all stakeholder groups should be highly involved in both selecting indicators, as 

well as setting acceptable thresholds, in Round 3, experts only reached consensus that 

consultation and discourse among all stakeholders was highly important for two parts of the 

CC assessments: first, while setting assessment goals and priorities, and second, when selecting 

relevant indicators. Involving variety of stakeholders and interests during indicator selection 

can help ensure that aspects that have important social or ecological consequences are 

adequately considered and incorporated (Anaïs et al., 2020), but the lack of consensus 

highlights the difficult task of stakeholder engagement (Reed, 2008; Reed et al., 2018). As a 

result, stakeholders should be identified and engaged early and throughout the CC process, 

but not necessarily to the same degree at all stages.  
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Figure 3.2 The expert ratings with the highest number of responses for the degree of 
involvement regarding how each stakeholder group should be involved in 
various roles regarding CC assessment. Larger bubbles represent higher levels 
of involvement, where filled circles (black) are those ratings where consensus 
was reached. 

3.4.2.4 Identifying and assessing carrying capacity  

During carrying capacity assessments, indicators reflect either the pressures or condition of 

key variables and are measured to identify a violation of carrying capacity limits. Identifying 

these pressures and issues is the first step in defining which indicator or indicators will be 

assessed during CC evaluation (Tett et al., 2011). During Round 2, experts identified a variety 

of issues and pressures highly important for understanding production, physical, ecological, 

and social carrying capacities in relation to ocean-based salmon farming (Appendix B.12 ). 

However, experts highlighted that factors and issues (especially those for social and ecological 

CC) will likely be different depending on whom is consulted and the specific circumstances, 

such as the definition of acceptability and purpose of the CC assessment, reinforcing the idea 

of the relevance of local settings. As a result, individual CC assessments may benefit selecting 
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from a large list of potential indicators on a case-by-case basis through a participatory process 

involving a variety of stakeholders and interests. 

Recognizing that a holistic assessment could potentially include a variety of indicators, experts 

agreed that assessments should practically focus on selecting few important (or key) 

indicators to reduce complexity of assessments. Experts agreed that it was highly important 

that the selection of indicators consider four main considerations. First, indicators should focus 

on issues that are predicted to be higher risk or impact (85.7% agreement). To some degree, this 

consideration assumes the need for a process to define and understand the risk factors 

(likelihood and severity of impact) of given indicators. Second, indicators selected should 

prioritize changes that can be directly attributable to aquaculture (86.7% agreement). This 

acknowledges that indicators should ideally be sensitive to the change they are measuring 

(Rice, 2003), and specific to link to aquaculture operations in the given area. Third, experts 

also considered it moderately important that the set of indicators allow measurements across large 

areas (80.0% agreement). This is consistent with the importance of both the local and large 

area scale domains for holistic assessment. Fourth, carrying capacity assessments should 

ensure that indicators chosen link to the management objectives and societal priorities relevant to the 

given context (80.0% agreement). This final consideration recognizes that useful indicators 

need not only be scientifically robust, but also relevant to policy and management (Cranford 

et al. 2012). In this way, experts have highlighted that good indicator selection criteria include 

both scientific and systematic relevance and credibility, with the addition of the relevant spatial 

scale, a consideration which is not usually included in the selection of indicators (Rector et al., 

2022). In addition to these most salient considerations, other criteria may be applied, 

recognizing that a wide series of criteria and frameworks have been applied to indicator 

selection (Niemeijer & de Groot, 2008; Rice, 2003). 

While the criteria above help guide the selection of individual indicators, experts also agreed 

that a complete set of indicators for any given CC assessment must also balance 

features such as cost, relevance, reliability, and complexity (80% agreement). Trade-offs 

in these features and the above-mentioned criteria may sometimes be necessary given 

constraints on the availability of data, expertise, time, and money. Identifying these types of 

trade-offs are important for generating useable scientific knowledge in decision-making 
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(Sarkki et al., 2014). The relative weights of each of these features will thus be an important 

part of the CC assessment scoping.  

In Round 3, experts reached a consensus (92.3% agreement) that carrying capacity 

assessments should use a combination of universal and context-specific indicators. 

Universal indicators include those well-established and are generally applicable to multiple 

contexts and areas (e.g., unemployment rate). Universal indicators may be considered reliable 

and measurable since they have a proven track record. For example, the level of free sulfides 

in the sediment is a well-established indicator of benthic health linked to aquaculture 

(Hargrave, 2010) that is frequently used in environmental monitoring programs (Wilson et al., 

2009) and certification standards (e.g., ASC, 2019). Universal indicators are useful to compare 

assessments and can help assessments draw from existing data being regularly collected and 

monitored. However, experts remarked that universal standards may not acknowledge local 

conditions or socio-economic contexts. For example, indicators developed to measure soft-

bottom sediment community health may not be appropriate in hard-bottom substrates (e.g., 

Hamoutene et al., 2016). As a result, context-specific indicators that can be developed 

iteratively with stakeholders may be necessary to capture the specificities of the local context.  

Once relevant indicators have been selected, carrying capacity evaluations will calculate 

whether the measured indicator level is acceptable or not, indicating a potential violation of 

carrying capacity (Tett et al., 2011). Different types of thresholds can be applied, ranging from 

“absolute” thresholds, which reflect a natural (or biological) tipping point in the system, to 

“relative” thresholds, which reflect what is acceptable, as determined by societal norms, 

perceptions, or goals. Both absolute and relative thresholds may also be further categorized as 

dynamic “flexible” thresholds presenting a range of values for indicators (e.g., Thresholds of 

Potential Concern; see Cranford et al., 2012), or “precautionary” thresholds as a level lower 

than calculated threshold (e.g., Hargrave, 2002). Experts recognized that all types of 

thresholds could be highly suitable for evaluating carrying capacity but would differ 

depending on the indicator in question and assessment goals and objectives. Where 

data and knowledge may be lacking, experts highlighted that precautionary thresholds were 

highly suitable for holistic CC assessments (80.0% agreement) since they can allow carrying 

capacity estimations to incorporate uncertainties or errors in data. During Round 1 interviews, 
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experts highlighted that what is determined as thresholds, regardless of the type, must 

ultimately be based on what is “acceptable”, and thus a product of societal values relative to 

the local context, and the goals and objectives of the assessment. In this way, stakeholder 

engagement at this stage is critical, as Kluger and Filgueira (2020) suggest that local limits 

should be constructed based on joint societal discourse.  

Over the years, various tools and approaches have been utilized to assess and evaluate diverse 

indicators and thresholds relevant to aquaculture carrying capacity (Weitzman & Filgueira, 

2020). Experts were asked to comment on a number of these methods, and rate how suitable 

each was for assessing some, or multiple CC components of salmon aquaculture (Table 3.4). 

Experts identified ecological modelling as a key tool for assessing environmental effects, as 

several models have already been well-developed for production and ecological carrying 

capacity (Filgueira et al., 2015). In recent years, dynamic models have become particularly 

relevant to account for temporal changes in the ecosystem (for a review, see Ross et al., 2013). 

On the social side, both qualitative and quantitative social research tools were often 

highlighted as critical for evaluating social and economic impacts of aquaculture. While some 

models and tools to determine socio-economic aspects of carrying capacity have been 

developed, they are rarely applied to aquaculture systems or carrying capacity (Kluger & 

Filgueira, 2020; Smaal & Van Duren, 2019). As a result, experts agreed the need for research 

to advance the qualitative and quantitative methods to determine social aspects of CC to 

support comprehensive CC assessments (93.3% agreement, and 86.7% respectively). This 

supports recent efforts to quantify the social dimensions of aquaculture in efforts to 

operationalize social and economic pillars of sustainable aquaculture (Krause et al., 2015; 

Krause et al., 2020). Finally, experts identified the relevance of risk management, expert 

judgement, and scenario building, which can be applied to different aspects of the SES. 

Experts identified risk assessments as a good step to identify relevant indicators during the 

indicator selection process. Risk assessments are also a method for easily incorporating 

precautionary measures, such is being done in the risk assessment procedures of Canada’s 

FARM aquaculture management plan (DFO, 2019). Scenario-building was highly suitable for 

holistic CC to both evaluate different management scenarios (Filgueira et al., 2014) and 

incorporate stakeholder participation (Tiller et al., 2013) for more comprehensive planning 

outcomes. Expert judgement approaches which rely on expert and stakeholder input can 
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enable decisions in paucity of data (Elliot et al., 2018), and was consistently emphasized as a 

critical part of CC assessments to identify needs and indicators and validate data.  

Table 3.4  Examples of benefits and drawbacks of various tools for use in holistic 
assessment of carrying capacity assessment of aquaculture. 

Tool Benefits Drawbacks 
Suitability 
(% agree) 

Models – 
production and 
ecological 
models  

• Good tools to understand 
repercussions of impacts on 
some parts of the system 

• Can be visually explicit 
• Offer clear messages for 

decision-makers 
• Useful to develop and evaluate 

management scenarios  

• Data intensive  
• Often static (e.g., EcoPath) 
• Many complex and not readily 

applied or understood  
• Often require substantial 

expertise to apply and interpret  

Production - 
High (80.0%) 

 

Ecological - 
High (93.3%) 

Risk 
assessment 

• Can help identify relevant 
indicators and limiting factors  

• Good for low data availability 

• Requires expertise and 
subjective judgement 

High (93.3%) 

Scenario 
building 

• Build and reassess different 
scenarios 

• Potential for participatory 
interaction and evaluation of 
social aspects 

• Time and resource intensive 
(especially if highly 
participatory) 

High (75.0%) 

Mapping (GIS) • Good communication tools  • No all CC components equally 
suitable (e.g., social) 

Medium 
(80.0%) 

Expert 
judgement 

• Help identify needs in a more 
comprehensive assessment 

• Help validate and/or 
contextualize data 

• Good in data-poor contexts 

• Challenging to reduce bias 
• Potential for low availability of 

experts 
• Success will depend on trust of 

expertise  

High (80.0%) 

Qualitative 
surveys 
/interviews 

• Rich and local contextual data 
sets to integrate complexity of 
social aspects 

• May be time and money 
intensive  

• Unclear how to integrate with 
other CC estimates 

• Difficult to generalize  

Medium 
(86.7%) 

Quantitative 
social research  

• Can provide long-term data on 
socio-economic conditions  

• Require large data sets 
• Lack of existing quantitative 

methods to estimate social CC 
• Count-based metrics may be 

inappropriate for social CC 

Based on 
comments in 
Round 2 
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Still, advances in methods to combine social, economic, and ecological CC were considered 

imperative for more holistic CC (93.8% agreement). Experts agreed that mapping tools are 

moderately relevant for CC since they are effective at exploring spatial and temporal aspects 

of aquaculture across vast data types and sources (Falconer et al., 2020). Experts also noted 

that they could be good communication tools (Gangnery et al., 2020) that are simple to apply 

and easily understood by users and decision-makers, which could help improve the uptake of 

carrying capacity approaches in decision-making contexts. However, mapping tools might only 

be relevant for physical and ecological aspects of a holistic approach and are currently limited 

by data requirements (Falconer et al., 2020).  Methods to map social conflicts and values have 

improved (Brown et al., 2020), especially related to broader marine spatial planning (e.g., 

Noble et al., 2019), yet are rarely applied to aquaculture contexts (Falconer et al., 2020). 

Furthermore, other approaches such as life cycle assessment (LCA) and ecosystem service 

valuation have potential to integrate multiple SES aspects within CC assessments, although 

consensus was not reached as some experts identified that these approaches are not ready for 

operationalization.  

Experts expressed that different tools would have their respective challenges and limitations 

(see Table 3.4). Often, selecting the appropriate tool will be highly context-dependent and 

experts expressed that CC assessments should rather select form a range of tools to fit the 

specific assessment needs. Experts identified four considerations as highly important to guide 

the selection of tools (Table 3.5), including the goals of the given assessment, the indicator(s) of interest, 

the availability of resources (cost, data, time, and expertise), and the communicability of the tools. 

These considerations suggest that CC frameworks could benefit from case-specific guidance 

on the resource needs, outputs, and goals of different tools to help CC evaluators select the 

most relevant tools for their given context. This diversity also reflects the complexity of 

evaluating multiple indicators across a range of spatial scales for a holistic, interdisciplinary CC 

assessment. As experts noted, many of these methods would be used concurrently to address 

different aspects of aquaculture operations. As a result, experts agreed that a holistic 

assessment of carrying capacity will require the utilization of a combination of 

quantitative and qualitative tools to collect and assess various ecological, hydrographic, and 

socio-economic data sets. As one expert expressed, “I can't think of one human activity where 
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you don't need multiple tools to solve the problem from the kitchen to the garage to managing 

the environment.”. 

 Table 3.5  List of criteria ranked most important for guiding the selection of 
appropriate tool(s) to use in holistic carrying capacity assessments. 

 
 
 
 
 
 
 
 
 
 

 
3.4.3  Building a process for holistic carrying capacity assessments  

To facilitate the implementation of the principles and best practices, experts provided 

feedback across Delphi rounds to develop a final three stage, eight-step process for holistic 

CC assessment (Figure 3.3). The development of this process was designed to be broad, 

presenting an overarching structure applicable to different contexts and assessment goals. The 

initial planning stage involves steps associated with setting the overall goals of the assessment, 

identifying the stakeholders, and determining specific priorities and definitions. In this process, 

stakeholders are defined and engaged early in the process to foster the appropriate inclusion 

of all necessary individuals and expertise. In this way, assessments can ensure that stakeholders 

are engaged throughout the carrying capacity process. The analysis stage includes identification 

and definition of indicators and thresholds, and the subsequent evaluation of aquaculture 

against the determined indicators and thresholds. The final sharing and learning stage includes 

communicating of assessment outputs with relevant stakeholders, and a review step. The 

process was proposed as iterative in nature, with the last review step connecting to early steps 

to evaluate findings against assessment goals based on feedback from stakeholders. As one 

expert noted, “going through the CC assessment process may identify that the original purpose 

of assessment is not achievable or beyond scope of available data/information.”. As a result, 

this process resembles the basic structure of many adaptive management cycles (Schreiber et 

al., 2004) showing that the process is dynamic, continuously revisiting chosen indicators and 

Tool-selection 
criteria Description 

% of experts 
rating “highly 
important”  

Assessment goals The objectives and priorities outlined in the CC 
assessment  92.3 

Indicator(s) chosen The indicator(s) that are chosen to be analyzed 
in the assessment 84.6 

Communicability Ability of tool to communicate outputs to 
assessment stakeholders and intended audiences 84.6 

Resource availability Resources, including time, money or 
personnel/expertise needed to apply the tool  84.6 
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thresholds and responding to changing contexts. This also follows adaptive protocols 

proposed in other ecosystem-based marine planning approaches such as Integrated Coastal 

Zone Management (ICZM) (e.g., Forst, 2009) and marine spatial planning (MSP) (e.g., 

Douvere & Ehler, 2011).  

Figure 3.3  Step-wise process to guide the assessment of holistic carrying capacity for 
aquaculture. 

Experts were asked to comment on the steps they felt were important to emphasize. Three 

steps were more frequently mentioned in open-ended comments: scoping, threshold 

definitions, and evaluation. One expert expressed that proper and inclusive scoping was 

essential because it sets the parameters and extent of the CC assessment. A clear understanding 

of the overall objectives can improve the legitimacy of the process and is crucial for properly 

identifying relevant indicators in subsequent steps. As another expert emphasized, "what are 

you trying to measure, conserve, preserve, protect? Because without that understanding of 
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what your goal is, how do you know which is the right metric or the threshold?”. Six experts 

indicated the importance of defining and measuring thresholds, with one expert mentioning 

that “at the end of the day, all arguments will be based on disagreements about what the 

acceptable limits will be.”. In addition, this step should be emphasized because this will be 

both the most challenging due to data limitations and the need for broad 

engagement/consensus-building to set limits. Likewise, the evaluation step was emphasized 

due to challenges with lack of knowledge on what levels of aquaculture correspond to 

maintaining indicators below acceptable limits. In addition, evaluation is critical to provide 

feedback and embrace adaptive management (Douvere & Ehler, 2011). However, while many 

models and indicators are being developed to assess different aspects of CC, many are not yet 

ready for regular use and implementation (Cranford et al., 2012), making application and 

consensus in the analysis stage difficult. As a result, knowledge uncertainties and potential 

conflicts during these critical stages may compromise the effectiveness of the CC process.  

3.4.4  Implementing a holistic CC approach for aquaculture  

Most participants viewed a holistic approach as the preferred and ideal management system 

for aquaculture. One expert described the Ecosystem Approach to Aquaculture (EAA) as a 

“common sense” approach, which has only recently been formalized in a way to start thinking 

operationally about it (Brugère et al., 2018; Rodriguez, 2017). Likewise, experts expressed that 

carrying capacity fits well within the aquaculture policy process and may be most appropriate 

for early planning such as initial site selection and scoping (93.8% agreement) and obtaining 

leases and licensing for new development (93.8% agreement). Experts also endorsed that 

assessments of CC can help visualize risks and opportunities of aquaculture towards 

management that takes a more systems-perspective approach, such marine spatial planning 

(e.g., Gimpel et al., 2018). Yet, applying the theoretical aspects of the EAA to management 

and carrying capacity is complex (Arkema et al., 2006; Brugère et al., 2018). Experts attributed 

the difficulties to both internal barriers (theoretical and practical challenges with the CC 

process) and external barriers (wider political, governance and social/cultural factors), as well 

as logistical barriers (lack of accessibility of tools and data) that can influence the uptake, 

implementation and success of holistic CC assessments in decision-making (Table 3.6) 
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Table 3.6  Barriers and challenges to implementing more holistic vision of carrying 
capacity into aquaculture decision-making. 

 
3.4.4.1 Internal barriers 

The difficulty experts faced agreeing on a common definition for many of the concepts and 

terms of carrying capacity illustrates the conceptual barriers that prevent its consistent 

application and implementation in decision-making. Indeed, many of the CC concepts and 

terms have had variable use in different contexts (for a review, see Weitzman & Filgueira, 

2020), leading to confusion around what is being measured and why. During interviews, 

several experts expressed that many approaches incorporate CC but do not exclusively label 

them in such terms. The best practices in this study suggest that greater guidance on providing 

definitions that are context-based, user-generated and specific may reduce confusion and 

improve the ease of applying holistic CC assessments. In addition, defining the scale-domain 

INTERNAL BARRIERS EXTERNAL BARRIERS 

Logistical barriers: 

• Comprehensive approaches data-intensive and time-consuming to apply 
• Limited funds (capacity) for carrying capacity assessment 

Conceptual barriers: 

• Vague and inconsistent definitions and 
understanding 

• Complexity and ambiguity of scales 
• Focus on farm-centered approach 

 

Institutional barriers: 

• Needed data may not be collected 
• Aquaculture not always properly 

allocated in governance  
• Holistic approach not legislated 
• Scale of processes often larger than 

mandated to manage 

Procedural barriers: 

• Lack of tools and guidelines  
• Lack mechanism to determine 

appropriate scale and stakes for 
processes  

Attitudinal barriers: 

• Other political priorities might 
outweigh holistic approaches 

• Challenges achieving multi-stakeholder 
consensus 

• Bias in social assessments 

 

Knowledge barriers: 

• Poor research on many aspects of 
social-ecological system  
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early in the CC process can clarify the role of the assessment and guide the indicator selection. 

Emphasis on scoping during carrying capacity assessments is integral to creating a common 

language among stakeholders and can reduce confusion about the goals of the assessment.  

Experts also identified procedural barriers that stem from a lack of adequate processes to apply 

a holistic framework for carrying capacity. While aquaculture decision-making is embracing 

more holistic management approaches, this has been largely done in a very piecemeal way, 

often lacking integration and/or coordination. To help address procedural barriers, this 

framework presented a practical step-wise process for conducing CC assessments in a more 

holistic way. In addition, the considerations for engaging stakeholders, choosing relevant 

indicators, and selecting appropriate tools may create some consistency in the procedures for 

holistic aquaculture CC.  

3.4.4.2 External barriers 

While carrying capacity has long been employed in aquaculture decision-making (Weitzman & 

Filgueira, 2020), experts voiced that poor knowledge and lack of data creates knowledge barriers 

to implementing a more holistic approach to CC. During Round 2, experts highly endorsed 

the need for more research on the societal benefits and risks of aquaculture (93.3% agreement), 

and social perceptions (87.5% agreement). Several experts advocated approaches that focus 

on the social aspects of aquaculture, seeing this aspect as critical roadblock in questions about 

sustainability. As one expert explained, “Science is great at performing an autopsy. It’s not so 

great at keeping the patient alive.”. Yet, practical definitions of social carrying capacity are still 

in their infancy (Kluger & Filgueira, 2020; Smaal & Van Duren, 2019) and there is not yet a 

consensus on available indicators or thresholds. In addition, experts identified that moving 

forward with a more holistic approach to carrying capacity in line with an ecosystem approach 

to aquaculture would require research to prioritize understanding both aquaculture’s impacts 

on the environment beyond the farm-scale (81.3% agreement) and assess the cumulative 

effects of aquaculture of multiple farms in an area (100% agreement). Yet, the added 

complexity of incorporating multiple scales and considering a larger array of indicators requires 

a greater understanding of the system, which is not often well-known. 
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In addition, experts identified that institutional barriers exist due to underlying governance 

structures are often not suited to holistic management. The EAA is a holistic, wide concept 

which rarely fits in within rigid and siloed legislative frameworks. This makes it extremely 

challenging to create practical steps when there is no overlying structure of how to manage 

cooperatively or assess impacts cumulatively. Another challenge emerges as governments or 

industry often only collect or monitor information limited to legislative requirements, missing 

much appropriate information to answer holistic questions. In addition, many areas do not 

have permanent or regular monitoring program for many key indicators or elements. For 

example, Canada’s Aquaculture Monitoring Standard only requires operators to consistently 

monitor benthic indicators on salmon farms (DFO, 2018). Finally, implementing a holistic 

approach based on the EAA stimulates conversations about social and environmental well-

being beyond the realm of aquaculture, but deal with wider global food systems and a 

cumulative view of managing for the environment. Only in some jurisdictions are ideas around 

Integrated coastal zone management (ICZM) and Marine Spatial Planning (MSP) starting to 

become operational (e.g., Collie et al., 2012; European Commission, 1999; Nowlan, 2015; 

Tiller et al., 2012). In conclusion, re-structuring of governance mechanisms may be necessary 

to fully implement a holistic CC approach in line with the EAA. As a result, a practical 

approach to holistic CC may have to work with existing management structures which may be 

inherently unsuited to implement a broader view of governance. 

Effective multi-stakeholder carrying capacity assessments may also face attitudinal barriers 

stemming from different values and priorities, and conflicting agendas and biases. For 

example, buy-in from involved stakeholders and governments will be critical for the successful 

implementation of the CC process but has been a persistent challenge to more holistic 

approaches to management (e.g., Gelcich et al., 2018). In some cases, implementing a holistic 

approach or changing the status-quo may not be a political priority. Other challenges stem 

from the inherent potential for bias and personal agendas in approaches to assess social 

aspects. For example, in some cases, social research may capture the views of a small number 

of powerful and vocal individuals or groups, potentially misrepresenting the majority views 

(e.g., Mustafaraj et al., 2011). Personal agendas and political interests make multi-stakeholder 

processes complex and difficult to achieve consensus or set a common vision on priorities, 
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indicators and selecting thresholds. As a result, highly participatory and interdisciplinary CC 

assessments will be inherently more complex and challenging to implement. 

3.4.4.3 Logistical barriers 

Implementing an interdisciplinary, adaptive, and participatory systems-approach to CC 

capacity will undoubtedly be time, resource, and expertise-intensive. To minimize this internal 

barrier, this study has presented several tools that may be suitable when data and/or resources 

are limited. Yet, governments often lack the capacity (adequate funding or resources) to 

effectively understand, manage, or monitor for all the components of a holistic approach. 

During this study, experts often highlighted the need to balance cost and data availability when 

selecting appropriate indicators and tools. Still, governments may need to invest additional 

funding and resources into making more comprehensive CC assessments a reality. In this way, 

logistical challenges will continue to pose an external barrier to comprehensive assessments of 

carrying capacity. Logistical barriers such as these are indeed common to implementing any 

new approach and have been a persistent challenge to implementing the EAA (Brugère et al., 

2018). 

3.5 CONCLUSIONS 

While several recent studies have contributed to the debate on carrying capacity for 

aquaculture (Kluger & Filgueira, 2020; Smaal & Van Duren, 2019; Weitzman & Filgueira, 

2020), this is the first to generate consensus on best evaluative practices for holistic assessment 

of aquaculture CC. This study developed a series of guiding principles, recommendations, and 

considerations among a panel of diverse and experienced researchers and practitioners. The 

proposed step-wise process is best utilized in combination with recommendations and 

considerations for a shared framework for CC assessments. This study was limited to a 

primarily Western expertise, focusing on marine fish cage-culture systems, recognizing that 

these assessments and issues are highly variable with different types of aquaculture. Yet, the 

guidance provided in this paper was synthesized to reflect very broad-scale considerations for 

further development of a common framework for holistic CC of aquaculture. Since the 

process would depend highly on the context and local conditions, a strict protocol is not 

appropriate. How outputs contribute to practical decisions in the policy process (such as 
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informing licensing or planning decisions) would need to be adjusted to reflect local 

conditions, environments, and cultured species. It should be emphasized that local contexts, 

conditions, and governance factors are critical, and that these best practices should guide 

framework development adapted to specific national, or regional contexts to be more useful 

in decision-making.  

With growing policy recognition for more systems-perspectives decision-making for 

aquaculture, a holistic framework for CC could offer governments and decision-makers a 

strong tool to support more sustainable aquaculture management and planning. The general 

framework shares commonalities with existing holistic planning frameworks (e.g., ICZM, 

MSP), and consequently could be applied to assess CC in relation to other management 

problems. Yet, the implementation of holistic CC within decision-making may continue to be 

challenged by external factors including lack of knowledge, the influence of attitudes and 

political buy-in, and ill-equipped governance structures. Thus, more critical discussions on 

how aquaculture is allocated with governance systems and how decisions are made regarding 

management of food systems will continue to be an important step towards more holistic and 

sustainable aquaculture.  
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CHAPTER 4: KEY FACTORS DRIVING PUBLIC OPINION 
OF SALMON AQUACULTURE 

 

 

The overall goal of this chapter is to understand differences in perceptions among the general 

public across Nova Scotia and to identify the most influential factors influencing positive or 

negative opinions of aquaculture. This chapter investigates the role of multiple variables on 

attitudes, utilizing ordinal regression models to identify the most relevant variables.   

 

This research was approved by Dalhousie Research Ethics Board (REB file # 2020-5070) and 

followed all ethical protocols, including participant anonymity and confidentiality. Appendix 

C also provides recruitment documents, including recruitment materials (C.1-C.2), consent 

page ( 

C.3) and research documents including survey (C.4), and survey results (C.5-C.8). A map 

showing the distribution of survey results across Nova Scotia is provided in Appendix C.9 
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4.1 ABSTRACT 

 

Salmon farming has become a controversial topic, with public opposition and conflicts 

challenging the sustainability of the sector. As a result, a deeper understanding of public 

perceptions and factors influencing opinions becomes critical for developing sustainable and 

socially acceptable aquaculture. Based on previous social acceptance literature, this research 

aimed to investigate the influence of potential motivators on opinion towards salmon 

aquaculture. In a case study of rural and urban Nova Scotians, 495 people provided their 

perceptions of salmon aquaculture. Moreover, geographical factors, socio-demographics, and 

contextual factors were investigated. Geographic differences in factors and attitudes across 

urban and rural groups suggest an important mediating influence of residence type (urban and 

rural) on opinion. Ordinal regression analysis found that opinion was primarily influenced by 

individual characteristics and perceptual variables, i.e., age, environmental value orientation, 

salmon consumption patterns, perception of risks, and trust in government. Of minor 

importance were exposure and knowledge of salmon farming. The model indicates 

respondents who are older, have strong relational values with the ocean, high perception of 

risks and are distrustful of government are more likely to express negative attitudes towards 

aquaculture. This study emphasizes the need to recognize that opinion is nuanced, and deeply 

socially situated, based not only on individual trade-offs between economic benefits and 

environmental risks, but also on environmental values and relationships and trust regarding 

how aquaculture is managed. Further, this study highlights the importance of building public 

trust with decision-makers, along with continued mitigation of risks, in fostering more socially 

acceptable salmon aquaculture.  

 

4.2 INTRODUCTION  

 

Over the last 20 years, aquaculture has been the fastest growing food production sector. Since 

2013, farmed salmon has become the largest single fish commodity by value (FAO, 2020a). 

However, the rapid expansion of salmon aquaculture has raised several concerns for the 

public, and in many places has become controversial (Young et al., 2019; Osmundsen & Olsen, 

2017). The sustainability of the sector thus relies on integrated approaches to governance and 
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management that consider interacting environmental, economic, and social aspects (Costa-

Pierce, 2010; Soto et al., 2008). Understanding the social risks and benefits of aquaculture 

operations is relatively understudied but is increasingly considered necessary to make more 

informed decisions about development in ocean spaces (Krause et al., 2020; Ruiz-Chico et al., 

2020a). Yet, a crucial part of achieving social sustainability requires that stakeholders, 

communities, and the public perceive aquaculture to be socially acceptable.  

 

Previous studies have started to investigate social acceptance towards aquaculture through 

public perception research aimed to understand differences in negative and positive opinions. 

Many of these studies report an overall low awareness, and primarily positive perception of 

salmon aquaculture by the general public (Feucht & Zander, 2017; Froehlich et al., 2017), 

although opposition and conflicts have been reported across local communities, 

environmental NGO and stakeholders in salmon farming areas (e.g., Fløysand et al., 2016; 

Salgado et al., 2015). Previous perception research has begun to recognize geographic 

variability in attitudes at national and regional levels (e.g., Flaherty et al., 2019; Froehlich et al., 

2017). Still, much existent survey research aims to provide representative overviews of public 

attitudes at regional and/or national spatial resolutions (e.g., Hynes et al., 2018; Ruiz-Chico et 

al., 2020a), and are often based around large urban centres removed from salmon farming 

operations. However, much of the policy debate and conflict around aquaculture occur at the 

local level, often in rural coastal communities. As a result, previous research may not fully 

capture the views and perspectives of those most vocal against salmon farming, or those living 

in rural areas where salmon farming is taking place. As different regions capture different 

socio-demographic and contextual settings, it becomes important to include diverse settings 

in understanding opposition and social acceptability of aquaculture.  

 

Through the concept of social acceptance, this study takes an exploratory approach to 

understanding determinants of public opinions towards salmon aquaculture. While there is 

growing insight on public attitudes towards aquaculture, few empirical studies have explored 

the basis for and the factors influencing opinion, especially among opponents. This study aims 

to address this gap by assessing public perceptions of salmon farming across urban and rural 

areas and explore the main factors influencing opinion using Nova Scotia, Canada as a case 

study. Nova Scotia was chosen since it has several salmon farms across coastal rural areas. 
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Nova Scotia is also one of Canada’s most rural provinces, with 43% of Nova Scotians in 2016 

residing in rural communities with populations less than 1,000 (Statistics Canada, 2017). 

Government commitment to the development of the industry is quite strong and recently 

there has been interest in expansion. However, strong opposition has been present (Young & 

Matthews, 2010), and disputes over regulation, management, and sustainability have been 

prominent since the early 2000s (Kraly et al., 2022). Thus, salmon farming in Nova Scotia 

presents a valuable case study for exploring opposition and investigating social acceptance and 

its drivers. By identifying key variables influencing opinion, this study can offer insight into 

developing a conceptual framework for understanding social acceptance in aquaculture.  

 

4.2.1  Social acceptance and potential influencing factors  

 

In a policy setting, social acceptance is often defined to reflect public support towards projects, 

but is used as an umbrella term to reflect overall positive opinions of groups of individuals, 

and to differentiate between supporters and opponents. Social acceptance has been widely 

studied across a range of environmental sectors, including energy (e.g., Ribeiro et al., 2018; 

Wüstenhagen et al., 2007), mining (e.g., Mercer-Mapstone et al., 2017; Moffat & Zhang, 2014), 

water recycling (Ross et al., 2014), waste treatment (Milutinovic et al., 2016), and recently 

aquaculture (Bailey & Eggereide, 2020; Dalton & Jin, 2018; Hynes et al., 2018; Ruiz-Chico et 

al., 2020a). Previous authors have offered multiple conceptual frameworks for social 

acceptance (for a review, see Cohen et al., 2014), although none currently exist for aquaculture. 

For example, Devine-Wright (2008) recognizes three categories of factors influencing 

acceptance, including personal (demographics), social-psychological (perception and 

experiences) and contextual (siting, development). The present study draws from existing 

conceptual frameworks across other resource sectors, combined with insight from perception 

research in aquaculture to explore potential factors on the acceptance, or opinion, towards 

aquaculture.  

 

A review of literature suggests that a combination of external conditions, individual 

characteristics, and attitudinal factors could influence opinion towards aquaculture (Dalton & 

Jin, 2018), although few studies have empirically investigated these associations. First, the 
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geographic location of individuals may influence their opinion on aquaculture (Berenguer et 

al., 2005; Dalton & Jin, 2018). For example, previous research found that urban population 

have higher levels of environmental concern than rural residents (e.g., Stigka et al., 2014; Yu, 

2014). In many cases, rural residents are often more directly affected by projects like 

aquaculture and have previously been found to have more resistance to projects in their area, 

a condition colloquially known as the NIMBY (Not In My Backyard) effect (Ertör & Ortega-

Cerdà, 2015; Froehlich et al., 2017).                      

 

Second, individual traits, including socio-demographics such as gender and age have a long 

empirical tradition for explaining environmental attitudes and concern in multiple sectors 

(Dietz et al., 1998; Zelezny et al., 2000). Some studies have found that age, education, and 

employment have had some influence on opinion towards aquaculture (e.g., Hynes et al., 2018; 

Krøvel et al., 2019; Thomas et al., 2018). Likewise, differences in opinion about aquaculture 

have been observed across gender and income levels in Spain (Ruiz-Chico et al., 2020b). 

 

Third, according to the “Value-Belief-Norm” (Stern, 2000) model of environmental 

behaviours, attitudinal factors include individual values, referring to a guiding principle and/or 

measure, associated with a given worldview or cultural context that denotes a preference for a 

particular state of the world (Pascual et al., 2017). Over the years, values have been linked to 

environmental behaviours (Dietz et al., 2005), and remain a focus of studies in resource and 

management sectors (e.g., Gatersleben et al., 2014; Kreller, 2021). For example, the New 

Ecological Paradigm (NEP) is a commonly applied scale used to measure environmental 

concern through a series of value statements (Dunlap, 2008). Yet, different types of values can 

be identified. Instrumental values are values attributed to the environment to achieve a particular 

end of use (Pascual et al., 2017). Comparatively, intrinsic values relate to the inherent value that 

the environment has independent of any human evaluation. These values have recently been 

distinguished from relational values, which arise a result of a relationship with the environment 

(witnessing, enjoying, using etc.) encompassing sense of place, feelings of well-being, and 

cultural or personal identities (Chan et al. 2016; Pascual et al. 2017).  

 

Fourth, previous experiences and engagement with aquaculture can influence acceptance. In 

technology applications for wind and hydrogen power, studies have found positive 
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relationships between knowledge and acceptance (Huijts et al., 2012). Experiences might make 

individuals more familiar with technologies, as some studies found that those living close to 

existing developments are more likely to be supportive (e.g., Van der Horst, 2007). Likewise, 

Hynes et al. (2018) suggest that more positive perceptions, and greater knowledge of 

aquaculture in Norway compared to Ireland may be due to higher familiarity and exposure 

with the industry. In contrast, Sinner et al. (2020) found that individuals who had more 

engagement with finfish aquaculture in New Zealand had lower acceptability.  

 

Fifth, the relationship between trust, risk, and acceptance has been well explored in risk 

communication literature related to new technologies and water management (Huijts et al., 

2012; Ross et al. 2014). Trust has been found to increase overall acceptance in technology 

applications (Huijts et al., 2012) and resource sectors such as mining (Mercer-Maptone et al., 

2018; Moffat & Zhang, 2014). Lack of trust towards government and industry has been 

considered the basis for many conflicts in aquaculture, especially at the local level (e.g., Bailey 

& Eggereide, 2020; Mazur & Curtis, 2006).  

 

Finally, public perceptions towards risks and benefits have long been a well-established factor 

influencing opinions and acceptance in environmental issues (Huijts et al., 2012; Ross et al., 

2014). Likewise, public attitudes and stakeholder support for aquaculture expansion have been 

linked to perceptions towards environmental and economic risks (e.g., Chu et al., 2010; Bailey 

& Eggereide, 2020; Freeman et al., 2012; Whitmarsh & Palmieri, 2009). Furthermore, concerns 

over a multitude of environmental, social, economic, and political risks about salmon 

aquaculture have been consistently reported in the media, ranging from concerns over disease 

and parasites, interactions with wild salmon populations, adequate public consultation, to 

regulation and policy oversight, among others (Kraly et al., 2022; Olsen & Osmundsen, 2017; 

Rickard et al., 2018).  

 

4.2.2  Research objectives  

 

This exploratory research seeks to further the understanding of aquaculture opposition and its 

drivers by investigating how public perceptions vary across potential explanatory variables. 
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The overall objective of this study is to identify potential factors of public opinion of salmon 

farming. This work is guided by three overall research questions:   

 

1. What are the prominent public perceptions of salmon farming and potential variables 

influencing opinion? 

2. Are there differences in perception variables between urban and rural areas?  

3. In what ways do perception variables influence negative opinions of salmon farming?  

 

4.3 METHODS 

 

4.3.1  Data collection 

 

Perceptions about aquaculture were collected via a public survey conducted across Nova 

Scotia over a four-month period from May 1 to August 31, 2020 (Dalhousie Research Ethics 

Board file # 2020-5070). The research design purposefully sought to reflect the opinion of an 

interested sample of the public and capture negative views of aquaculture. This study was 

exploratory in nature, and thus the target population included individuals with an interest in, 

and opinion of, salmon farming in Nova Scotia. Therefore, the results of this survey were 

meant to capture views of a population with formed opinions to aquaculture in Nova Scotia, 

and not to be representative of all Nova Scotians. The survey was hosted online with the 

software Opinio (survey software hosted by Dalhousie University). Internet-based surveys are 

common in social science research and have been used previously to investigate perceptions 

towards aquaculture (e.g., Alexander et al., 2018; Chu et al., 2010).  

 

A multi-modal recruitment strategy combining advertisements across social media, flyers, 

newspapers, and social-network mailing lists was employed to attain representativeness of an 

interested and informed target population. This survey recruited participants opportunistically 

through semi-regular announcements (about every two weeks) on multiple social media 

platforms (Facebook, Instagram, Twitter). In recent years, social media has become a common 

platform for public discussions around controversial issues (Marres & Moats, 2015), including 

aquaculture, and thus a suitable platform to recruit an interested target population. Social 
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media recruitment also enabled social sharing/snowballing to reach a broader audience of 

interested population. In addition, multiple local, professional and society groups (for example, 

local environmental non-profit organizations) were invited to advertise the survey in their 

mailing lists to access a larger volume of relevant potential respondents. Finally, advertisement 

flyers in high-traffic areas (city of Halifax, and Dartmouth, Nova Scotia) and local news outlets 

supplemented recruitment to reach a broader geographic and demographic audience. While 

online surveys have sampling and data integrity limitations (Page Hocevar & Flanagin, 2017), 

internet-based surveys are beneficial for exploratory research since they can capture special 

interest groups (Lehdonvirta et al., 2021), making this approach desirable for capturing and 

analyzing negative views.  

 

The survey consisted of 21 questions, featuring Likert-scale questions (strongly disagree, 

disagree, neither agree nor disagree, agree, strongly agree), polar questions featuring a neutral 

option (yes, no, don’t know), and categorical questions (Appendix C.5). A total of 495 

respondents (over the age of 18, living mostly full-time (94.9% of participants) in Nova Scotia) 

completed the survey voluntarily and anonymously. The sample was stratified into two 

populations based on place of residence (urban or rural). A sample of 267 for urban and 228 

for rural allowed a 95% confidence of +/- 6.0% and +/- 6.5% accuracy in survey results 

respectively. All questions were answered by more than 97% of participants, except four 

questions related to socio-demographics (Appendix C.6 ). 

 

4.3.2  Variables explored  

 

Public opinion of salmon farming was used as a corollary to explore social acceptance, and 

was measured across three items. First, participants rated their general opinion on salmon 

farming from very negative to very positive. Then, participants were asked to state their level 

of agreement regarding their support for salmon farming development in Nova Scotia, and 

finally, their perception of the trade-offs between benefits and impacts.  

 

The explanatory variables were selected to reflect the effect of potential motivators of 

acceptance in the literature, as described in section 4.2.1 (For full list, see Appendix C.5). The 
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effect of location was measured with geographic variables including coastal living habits 

(distance of home to the ocean and ocean visibility) and place of residence (urban or rural). 

The effect of individual characteristics on opinion were explored through several demographic 

variables (age, gender, education, and household income) and employment in a marine sector. 

The effect of personal value system was explored by eliciting the level of agreement of 

participants towards a series of 13 statements representing two intrinsic, two instrumental, and 

7 relational values, in addition to two well-tested statements from the New Ecological 

Paradigm scale (Dunlap, 2000). To test the effect of familiarity and exposure on opinion, 

participants self-rated their interest in, and knowledge about aquaculture. Exposure included 

both local fish farm exposure (visited farm or have a salmon farm where they live) and fish 

consumption patterns (degree of fish consumption and choice of salmon). The effect of trust 

was tested by investigating the confidence of respondents towards three key actors involved 

in aquaculture management: regulators (government), salmon farming companies, and the 

scientific community. Finally, to explore the effect of perceived risks from aquaculture, 

participants were asked to rate whether they think aquaculture creates negative or positive 

impacts on 16 socio-economic and ecological issues. 

 

4.3.3  Data analysis  

 

Results were analyzed using SPSS (version 27). Descriptive statistics provided summaries of 

participant responses to variables tested. Principal Components Analysis (PCA) was employed 

to understand the distinctiveness of environmental value orientation among participants. 

Visualization of a scree plot and calculation of eigenvalues over 1 were used to select the 

components that explain how the data are clustered (Cattell, 1966; Tabachnick & Fidell, 2007). 

To ensure the data was likely factorizable, the overall Kaiser-Meyer-Olkin (KMO) measure 

and Bartlett test of sphericity were calculated. A Varimax orthogonal rotation was employed 

to aid interpretability, forcing variables into the relevant components (Thurstone, 1947). 

Geographic differences among perception variables were tested with non-parametric chi-

square tests of homogeneity and Mann-Whitney U tests (Appendix C.7), with post-hoc 

analysis using z-tests of proportions with Bonferroni correction. The level of significance was 

set at 0.05 for all statistical tests. 
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The potential influence of explanatory variables was explored by calculating association 

coefficients for Somers’ D (for ordinal measures), Cramer’s V (for categorical measures), and 

Kendall’s Tau-b (for continuous measures). In addition, Mann-Whitney U and Kruskall-Wallis 

tests were calculated to identify group differences among variables. Then, ordinal regression 

models were fit to predict negative opinions towards salmon aquaculture based on several 

explanatory variables and identify the most influential explanatory variables on opinion. All 

variables with significant associations and group differences were selected as potential model 

variables. Variables were sequentially eliminated based on significant p-values (< 0.05) and 

lowest Akaike Information Criterion (AIC) to find the most parsimonious model that best 

predicts negative opinions to salmon aquaculture. For the conciseness of the paper, only the 

model with the best-fit is explained below.  

 

4.4 RESULTS  

 

4.4.1  Descriptive analysis – comparing perceptions 

 

4.4.1.1 Location characteristics 

 

The geographic distribution of respondents revealed a tendency towards coastal living habits 

(Table 4.1 ). Coastal living was especially prominent among rural respondents (p < 0.05), with 

a statistically higher proportion of rural respondents with an ocean view (57.5%; p < 0.05) and 

those who lived at, or within 500 metres of the ocean (59.6%; p < 0.017).  
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Table 4.1  Summary of participant characteristics (N = 495). Asterisks indicate 
statistically significant differences in proportions between urban and rural 
responses with p values < 0.05. 

Variables Category 
 % 

Urban 
(n = 267) 

Rural 
(n = 228) 

Location characteristics     
* Ocean visible from home Yes 39.1 57.5 
  No 60.9 42.5 
* Distance of home to ocean Within 500 metres 31.9 59.6 
  500 m to 1 km 26.2 7.9 
  More than 1 km 41.2 32.4 
Individual characteristics     
 Gender Female 58.9 56.2 
  Male 41.1 43.8 
* Age 18 - 34 37.3 10.5 
  35 - 54 24.2 20.0 
  55 and older 38.5 69.5 
 Education High school or less 8.2 7.9 
  Secondary degree  55.1 58.8 
  Post secondary or 

professional degree 
38.2 29.4 

 Annual household income 
(CAD) 

$39,000 or less 19.1 16.2 
 $40,000 to $79,000 30.3 30.3 
 Above $80,000 38.2 29.4 
 Employment in a marine 

sector 
Yes  
No 

39.0 
61.0 

34.6 
65.4 

 

4.4.1.2 Individual characteristics  

 

Demographics of the two samples were similar (Table 4.1 ), except for a significant difference 

in age distribution (p < 0.05), with statistically significant higher proportion of rural 

respondents over 55, and higher proportion of urban individuals between 18 and 24 (p < 

0.017). Most respondents had some form of post-secondary education, many holding 

advanced degrees (30.8% of participants). More than one third (35.6%) of respondents 

reported an annual household income (in CAD$) above $80,000. Over a third (37%) of 

participants indicated that they or an immediate family member were employed in a marine 

sector, including primarily fishing (38%) and marine research (28%), but also marine 

conservation, aquaculture, and coastal tourism, among several others (Appendix C.6 ). 
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4.4.1.3 Values orientation  

 

To explore the effect of personal value system on opinion, respondents rated their level of 

agreement surrounding 13 value statements about the ocean (Figure 4.1), with only a few 

statements with statistical differences between urban and rural groups (Appendix C.7). There 

was general consensus on the importance of personal relationships with the ocean, with 84% 

or more of participants agreeing with all relational value statements. In addition, respondents 

generally favoured the intrinsic right of nature to exist over the intrinsic right of humans to 

modify the ocean. Yet, many respondents also believed in the instrumental value of the ocean 

related to supporting economic development.  

 

 

 

 



 

94 

 

 
Figure 4.1 Respondent ratings towards various value statements about the ocean. 

Diamonds indicate median responses. Asterisks indicate significant 
differences between urban and rural groups (p < 0.05). Note: mentions 
of 2% or less are shown as coloured bars. 

 
A Principal components analysis (PCA) was run on value statement responses (see Figure 

4.1) to explore and identify patterns in how people value the ocean. PCA results were validated 

through inspection of the correlation matrix (all items had at least one correlation coefficient 

greater than 0.3), a KMO measure of 0.841 and statistically significant Bartlett test of sphericity 

(p < 0.001). The PCA revealed two distinct components relating to how participants sorted 

their values about the ocean, accounting for 52.8% of the total variance (Table 4.2). The 

interpretation of the data was consistent with different value types people hold towards the 

ocean, with relational values emphasizing the relationship with the ocean strongly loading on 



 

95 

 

Component 1 (“Relationship”), and instrumental and NEP values, emphasizing the human 

use of the ocean, strongly loading on Component 2 (“Use”).  

 

Table 4.2  Results of a rotated Principal Components Analysis (PCA) on 12-items, 
showing loading coefficients for each item on two extracted components 
(from N=475 participants). Blanks represent non-significant component 
loadings (< 0.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

*The value statement about the relational value on community identity was removed since it had a communality 
measure < 0.3, indicating it is poorly related to other items (Tabachnick & Fidell, 2007). 
 
 

4.4.1.4. Familiarity and exposure to aquaculture 
 

Participants expressed moderate levels of knowledge about salmon farming, yet relatively high 

levels of interest in learning more about it (Figure 4.2). In general, respondents from rural 

areas believed they were more knowledgeable than urban respondents (p < 0.05). Both urban 

and rural participants want to learn more about aquaculture, with no statistical difference 

between groups (Mann U = 27915.5, p = 0.241). Respondents obtain information about 

salmon farming from multiple sources (Appendix C.6 ), with environmental NGOs and 

scientists being the most frequently reported sources. Still, news, government, and industry 

were also referenced by over 50% of respondents. 

Items (Values)* 
Components 

Relationship  Use 
Relational - Self identity .811 

 

Relational - Harm to other people .784 
 

Relational - Responsibility and stewardship .733  
Relational - Importance of place .726 

 

Relational - Wild places .726  
Relational - Health and well-being .690 

 

Intrinsic - Nature's rights .606 
 

Instrumental - Economic development  .817 
NEP - Limits of nature  .696 
Instrumental - Use and loss  .673 
NEP - Balance of nature  .667 
Intrinsic - Human's rights  .573 
   
Eigenvalues 4.06 2.28 
% of variance 33.8% 19.0% 
Cumulative %  52.8% 
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Figure 4.2  Urban and rural respondents reported A) degree of existing knowledge about 
salmon farming (n = 491) and B) degree of interest (n = 490) in learning 
more. Diamonds represent median values. 

Both urban and rural respondents consume fish on a regular basis, with over half (55.2%) 

eating fish once a week or more (Figure 4.3A). There was no difference in the proportions of 

fish consumption patterns among urban and rural participants (p = 0.494). More than half 

(55.4%) of participants consume wild-caught salmon, but only one-quarter consume farmed 

salmon (25.3%) (Figure 4.3B). Generally, more urban participants (32.7%) consumed farmed 

fish compared to rural participants (16.7%), a significant difference in proportions (p < 0.05). 

Over one quarter (26.0%) of respondents do not eat salmon.  

 
Figure 4.3  Consumption patterns of urban and rural respondents based on A) how 

often respondents eat fish (n = 494) and B) whether respondents eat 
different types of salmon (n = 495). Diamonds indicate median response. 
Asterisks represent significant differences in proportions (p < 0.05) between 
urban and rural respondents. 
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Almost half of the respondents live in salmon-farming communities (42.9%) (Appendix C.7). 

A larger proportion of rural respondents (60%) live with salmon farms in their area, compared 

to only 28.0% of urban respondents (p < 0.05). Still, many urban respondents were unaware 

of whether their area had a farm (28.4%). Further, approximately 57% of participants had 

never visited a salmon farm, independent of location (p = 0.984). 

 

4.4.1.5. Trust 

 

To examine the relative level of trust of respondents towards actors, respondents were asked 

to rate how they felt towards statements concerning the status of scientific understanding, 

government management, and industry accountability (Figure 4.4). Overall, most respondents 

did not think there is sufficient scientific understanding of the industry’s impacts, with no 

statistically significant difference between urban and rural respondents (Mann U = 31813.0, p 

= 0.055). Most respondents were distrustful of both government and industry, which was 

more pronounced among rural respondents compared to urban respondents (p < 0.05).  

 
 
Figure 4.4  Response of rural and urban respondents to statements related their trust in A) 

Science, B) government, and C) industry related to salmon farming (n=484). 
Diamonds indicate median response, while asterisks indicate statistically 
significant differences between respondents (p < 0.05). The original phrasing 
for A and C were reversed for clarity. 
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4.4.1.6. Perceived risks  

 

Participants were asked to rate whether they believed aquaculture had a positive or negative 

effect on various aspects of the social, economic, and ecological environment (For full ratings, 

see Appendix C.7). Across most ecological and socio-economic aspects, respondents 

perceived primarily negative impacts due to aquaculture (Figure 4.5). Positive impacts were 

predominant only regarding how aquaculture provides towards employment and income 

(44.0% positive), and for its contribution to Nova Scotian and/or Canadian economy (40.1% 

positive). For all aspects, significantly more rural participants perceived negative impacts from 

aquaculture than urban (Figure 4.5; p < 0.05). Given the similarity in responses across 

impacts, a new variable was generated representing the average response across all perceived 

impacts. This new scale had adequate internal consistency, measured by a Chronbach’s alpha 

of 0.962, where alpha values above 0.7 indicate that the set of items measure the same concept 

or dimension (DeVellis, 2003).  
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Figure 4.5 Percentage of urban and rural respondents perceiving “very negative” 
impacts of salmon aquaculture on various socio-economic and 
environmental aspects. 

 
4.4.2.  Opinions of salmon farming and their drivers 

 

4.4.2.1 Acceptability of aquaculture 

 

Respondents had predominantly negative views of salmon farming across all opinion variables 

(Figure 4.6). Differences in how urban and rural respondents view aquaculture were 

significant across all opinion measures, with more negative views in rural participants (p < 

0.05). A high Chronbach’s alpha (0.940) indicates that general opinion, development of the 

industry, and trade-offs all adequately measure the same phenomenon (i.e., social acceptance). 
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Given the similarity in participant responses, responses to general opinion of salmon farming 

(Figure 4.6A) were used for exploratory analysis. 

 

 
 
Figure 4.6  Urban and rural respondents’ ratings towards variables measuring opinion to 

salmon farming (n = 485). Diamonds indicate median responses, while 
asterisks denote a statistically significant difference between groups (p < 
0.05) Note: two levels of legends based on wording of questions. 

 

4.4.2.2 Identifying factors influencing opinion 

 

To explore the influence of explanatory variables on public opinion, measures of group 

differences association were calculated (Table 4.3; Appendix C.8). Opinion varied 

significantly across many explanatory variables, but not always between all groups within the 

variable. For example, public opinion was similar across both moderately and highly 

knowledgeable respondents, with post-hoc analysis revealing significant differences in opinion 

scores only between poor knowledge and moderate/high knowledge levels (p < 0.001). In 

addition, public opinion was similar for respondents who were distrustful and trustful of 

science, but significantly different compared to undecided individuals (p < 0.001). Along with 

identifying group differences, measures of association provide a preliminary indication of the 

level of influence of explanatory variables on opinion. Six variables had weak levels of 

association (> 0.2), indicating that variables may have a small influence on opinion. Ten 

variables had moderate associations with opinion and are considered those most relevant for 

understanding opinion. 
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Table 4.3 Opinion response across various explanatory variable, with coefficients of 
association (n = 485). Only variables with significant associations and group 
differences are displayed (p < 0.05). Bolded values highlight associations above 
0.2 (below which are considered negligible as per Prion & Haerling, 2014). 
Asterisks indicate continuous variables, so levels are not displayed.  
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A cumulative odds ordinal logistic regression with proportional odds was run to identify the 

most prominent drivers of opinion on aquaculture (measured from positive to negative). All 

16 explanatory variables from Table 4.3 were originally modelled, and subsequently removed 

to find the most parsimonious model that identified the most important acceptance factors 

(Table 4.4). The final best-fit model to the observed data (χ2(877) = 355.749, p = 0.406) 

significantly predicted the dependent variable over and above the intercept-only model (χ2(9) 

= 377.360, p < 0.001). The assumption of proportional odds was met (i.e., that each 

independent variable has an identical effect at each cumulative split of the dependent variable), 

as assessed by a full likelihood ratio test (χ2(9) = 13.492, p = 0.142). Tests to see if the data 

met the assumption of collinearity indicated that multicollinearity was not a concern (for all 

variables, Tolerance > 0.1, VIF < 10). While many cells were sparse with zero frequencies 

(66.7%), the model adequately explained negative opinions of aquaculture, accounting for 

70.7% of the variance (Nagelkerke R2).  

 

Table 4.4   Cumulative odds ordinal regression statistics for the prediction of negative 
opinions to aquaculture based on seven explanatory variables (N = 447). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*p < 0.05, ** p < 0.01, *** p < 0.001 

Explanatory 
variable Levels  Odds Ratio 

95% Confidence Interval 

Lower Upper 

Age    
 18 to 34 0.375* 0.183 0.770 
 35 to 54 0.362* 0.162 0.808 
 Over 55 1   
“Relationship” value scores 1.438* 1.042 1.985 
“Use” value scores 0.585* 0.395 0.866 
Wild salmon consumption    
 Yes 2.244* 1.173 4.291 
 No 1   
Farmed salmon consumption    
 Yes 0.289*** 0.149 0.559 
 No 1   
Trust in Government    
 Distrustful 3.166* 1.128 8.887 
 Undecided 1.527 0.535 4.357 
 Trustful 1   
Perceived risks 

 
6.621*** 3.985 11.000 
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Seven explanatory variables had statistically significant effects on the prediction towards public 

opinions of salmon farming, including: age, “relational” value scores, “human use” value score, 

wild salmon consumption pattern, farmed salmon consumption pattern, trust in government, 

and perceived risks (Table 4.4). Age was inversely associated with opinion, with young (18-

34) and middle-aged (35-54) individuals 62.5% and 63.8%, respectively, less likely to have 

negative opinions of aquaculture than participants over 55. An increase in resonance for 

“relationship” values was associated with an increase in the odds of considering salmon 

farming to be more negative. In contrast, an increase in resonance towards “use” values was 

associated with more positive opinions (Table 4.3), and a significant decrease in the odds of 

feeling more negative towards salmon farming. Farmed salmon consumption was inversely 

associated with opinion (Table 4.3), with farmed salmon consumers being 71.1% less likely 

to have more negative opinions than those who do not eat farmed salmon. Comparatively, 

wild salmon consumers were 2.244 times as likely to hold more negative opinions towards 

aquaculture than those that do not eat wild salmon. Trust in government was a significant 

variable influencing opinion, with those distrustful of the government being 3.166 times as 

likely to hold more negative opinions of aquaculture compared to those who are trustful of 

government. The odds of those who were undecided about their trust in the government 

feeling more negative towards aquaculture was similar to that of those are trustful of 

government (odds ratio =1.527 (95% CI, 0.535 to 4.357, p = 0.429). Higher average perception 

of aquaculture risks was associated an increase in the odds of considering salmon farming to 

be more negative. 

 

4.5  DISCUSSION  

 

This study assessed public perceptions of aquaculture to investigate opinions on salmon 

farming and identify the most relevant factors predicting public opposition. This research 

presents one of few survey methodologies to gauge general public opinion and is one of few 

to empirically explore a range of potential perception variables for aquaculture (e.g., Freeman 

et al., 2012; Krøvel et al., 2019). This stands apart from earlier public perception research that 

has focused on analysing public opinion by consumers (e.g., Ruiz-Chico et al., 2020a,b; 

Whitmarsh &Palmieri, 2011) or through media portrayals (e.g., Froehlich et al., 2017; 
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Osmundsen & Olsen, 2017; Thomas et al., 2018). Using a case study of Nova Scotia, Canada, 

these results reflect a sample of the population that was largely in opposition, both towards 

salmon aquaculture as an industry and towards local development in the province. This is 

consistent with negative public perceptions of salmon farming reported across Canada (e.g., 

Flaherty et al., 2019; Kraly et al., 2022), despite positive opinions being common across other 

salmon-producing countries (Froehlich et al., 2017). Findings from this research embody the 

perspectives of a specific portion of the population and should not be interpreted to represent 

all Nova Scotians. Although respondent demographics were consistent with age and gender 

distributions across urban and rural Nova Scotia, respondents exhibited higher education and 

income levels than the demographic distribution of Nova Scotia. Findings also represent a 

primarily coastal demographic, with nearly half of respondents having ocean views. 

Furthermore, while salmon farms are only present in a few areas across Nova Scotia, nearly 

half of respondents lived in communities with exposure to salmon farms and responses were 

characterised by those who were knowledgeable about aquaculture. Since this research aimed 

to investigate potential motivators and reasons for opposition, the study was purposefully 

designed to capture the views of an interested population. As a result, the non-probabilistic 

online survey approach taken was a suitable method for exploratory research of this nature, 

acknowledging and incorporating self-selection and other sampling biases of the method 

(Lehdonvirta et al., 2021).  

 

This research is one of the first to investigate how public perceptions of salmon farming vary 

spatially between urban and rural areas. Findings show that people living in urban areas were 

more supportive of salmon aquaculture than people from rural areas. While greater opposition 

in rural population is consistent with what is often considered a NIMBY (not in my backyard) 

perspective, these findings show that urban and rural differences are difficult to interpret on 

their own, but rather reflect an amalgamation of a more nuanced, diverse set of features across 

values, trust, demographics, and perceptions. Therefore, opponents in rural areas should not 

necessarily be labelled as “NIMBYs”, as it is an overly simplistic, and sometimes pejoratively 

applied concept to capture the diverse views represented (Devine-Wright, 2009). Urban 

respondents were generally younger, supportive of instrumental values, more likely to 

consume farmed salmon, and had greater recognition of economic benefits from aquaculture. 

Rural respondents were generally older, had significantly more negative perception of risks, 
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and lower levels of trust towards government and industry than urban respondents. Familiarity 

was also directly related to geographic area as rural respondents had higher exposure to salmon 

farms in their area, and perceived greater levels of knowledge about aquaculture than urban 

respondents. These findings reflect other social acceptance literature that demonstrates 

significant differences between urban and rural communities (e.g., Stigka et al., 2014). These 

findings suggest that attitudes to aquaculture vary spatially, although residence type was not a 

significant predictor in the regression analysis. Therefore, this suggests that place of residence 

is not an ultimate driver of opinion, but rather reflect an amalgamation of other acceptance 

factors and reflect different social and demographic contexts of populations. Likewise, other 

authors argue that geographic location is indirectly associated with opinion by reflecting the 

external physical, economic, and social features of an individual’s surrounding (Berenguer et 

al., 2005; Dalton a& Jin, 2018). Therefore, residence type may not be a suitable explanatory 

variable for opinion but can still act as an indicator to reflect the different characteristics of 

the individuals living there. This underscores the importance of including both urban and rural 

perspectives in understanding public social acceptability and navigating aquaculture conflicts. 

 

Age was a significant predictor of opinion, with younger age groups (18-34 and 34-54) having 

more positive opinions towards salmon farming than older (above 55) individuals, 87.7% of 

whom had negative opinions. While previous studies have found that age influenced opinion 

of aquaculture (Krøvel et al., 2019; Thomas et al., 2018), these studies found that older people 

had more positive opinions. These findings may partly reflect other social, demographic, and 

geographic variabilities in responses, as age distribution varied significantly across urban and 

rural groups. Another potential explanation for more negative opinions among older 

individuals draws on the concept of “Shifting Baseline Syndrome”, whereby each generation 

perceives the state of the ecosystem in their childhood as normal (Pauly, 1995). This has been 

argued to explain generational differences in attitudes towards environmental changes across 

a range of issues, such as fisheries science, climate change, and conservation (Soga & Gaston, 

2018). Since salmon farming in Nova Scotia was minimal until the 1990s and 2000s, older 

individuals would have grown up in the absence of salmon farms as part of their baseline 

norm. Given that younger people were more likely to support aquaculture, opinions of 

aquaculture may slowly improve in the future. However, preferences and perceptions are not 
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static, meaning continual research and monitoring is required if acceptability is to be 

implemented into aquaculture governance.  

 

While social values are increasingly being studied to investigate opinions towards 

environmental policy issues such as energy technologies (e.g., Johansson & Laike, 2007) and 

climate change (e.g., Nilsson & Biel, 2008), this study was the first to explore the connection 

between personal value systems and acceptability in aquaculture. Participants exhibited a 

strong resonance for a relational connection with the ocean and coast, reinforcing studies from 

other sectors that maintain that perceptions are often mediated by relational values associated 

with the relationships of people with each other and their environment (Chan et al., 2016; 

Klain et al., 2017). Concurrently, an anthropocentric perspective, whereby nature is valued 

because of benefits it can provide humans, was apparent by participants who agreed on the 

instrumental values of the ocean, especially to support economic development. The ordinal 

regression model revealed that the likelihood of opposing salmon aquaculture increased with 

higher perceptions of the “relationships” values provided by the ocean but decreased with 

higher perception of the “use” values of the ocean.  The strong influence of both value types 

on opinion maintains ongoing arguments considering multiple social values as an essential part 

of environmental management and decision-making (Arias-Arévalo et al., 2017; Ives & 

Kendal, 2014; Pascual et al., 2017). At the same time, it also highlights the need to further 

investigate how other personal motivations such as sense of identity (e.g., Gatersleben et al., 

2014), goals, and personal or social norms (Huijts et al., 2012) may influence opinions of 

aquaculture.  

 

While opinion varies in response to individual characteristics, social acceptance is often 

discussed in terms of contextual variables reflecting individual attitudes regarding their 

experiences and perceptions of salmon farming. Experience with salmon as a food product 

was an important driver of acceptance, with salmon consumption patterns significantly 

predicting opinion among respondents. While consumer studies have long identified a market 

segmentation between consumption of wild and farmed salmon, this study further points to 

the relationship between social acceptance and purchasing behaviours. In recent years, 

consumer purchasing behaviours have been linked to perceived environmental performance, 

which has been argued as more important than aspects such as quality (Bronnmann & Asche, 
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2017; Whitmarsh & Palmieri, 2011).  This could identify a potential role for market-based 

governance mechanisms such as eco-certification to help improve public perception of farmed 

products (e.g., shellfish; Gray et al., 2021). However, certifications may not fully capture 

concerns about aquaculture, especially among local stakeholders (Weitzman & Bailey, 2018). 

For example, salmon consumption choice and patterns have also been linked to moral and 

ethical concerns over fish production methods, including issues of trust and concerns about 

nature (Schlag & Ystgaard, 2013). Regardless, these findings suggest that understanding social 

acceptance is not only relevant for policy and development but also has implications for 

consumer behaviours and market acceptance.   

 

This study found only a marginal effect of other experience variables like aquaculture exposure 

and knowledge on opinion. Negative opinions were somewhat more prominent among 

respondents living in communities with exposure to salmon farms, consistent with findings 

from other salmon-farming areas (e.g., Katranidis et al., 2003). However, this variable was not 

included in the final regression model, indicating that other factors are more important in 

influencing attitudes towards aquaculture, which follows mixed results on the influence of 

geographic proximity on acceptance (e.g., Johansson & Laike, 2007; Warren et al., 2005). It 

also highlights the potential oversimplification of NIMBY perspectives in explaining 

opposition to aquaculture. In fact, some scholars have proposed evaluating spatial patterns of 

acceptance to emotional and psychological attachment to a specific location rather than 

exposure per se (Devine-Wright, 2009).  

 

Regarding knowledge, it has been assumed that knowledge leads to more positive opinions, 

with communication and education about aquaculture often being promoted to improve social 

acceptability (Kaiser & Stead, 2002; Thomas et al., 2018). Yet, this study found high levels of 

perceived knowledge associated with both positive and negative opinions of aquaculture. 

Furthermore, visiting a salmon farm had no influence on opinion, despite many respondents 

(42.6%) reported having had visited a farm. As a result, strategies for improving public trust 

and opinion focusing solely on increasing exposure and knowledge for aquaculture may not 

be sufficient. Nevertheless, education efforts may still be valuable at helping individuals decide 

about aquaculture, as the percentage of respondents feeling neutral of aquaculture decreased 

with increasing knowledge. These findings support a potential indirect, moderating effect of 
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knowledge and experience on public opinion (e.g., Huijts et al. 2012), although the relationship 

between familiarity and other factors requires further investigation. 

 

Overall, trust played a role on opinion to aquaculture, with distrust in government being a 

significant predictor of negative opinions. Likewise, other studies have emphasized poor trust 

in government as an important conflict in aquaculture, highlighting changes to regulatory and 

management processes as a priority (Carr, 2019; Mazur & Curtis, 2006; Salgado et al., 2015). 

Findings from this study suggest that public conflict, and therefore social acceptance, is deeply 

intertwined with environmental justice concerns related to aquaculture decision-making 

processes (Ertör & Ortega-Cerdà, 2015). The significance of trust in governance and 

procedural justice in social acceptance are also consistent across other areas such as renewable 

energy technology (Segreto et al., 2020) and mining (Moffat & Zhang, 2014). As a result, 

efforts to both understand the factors that influence trust and improve government trust may 

be necessary for improved acceptance of aquaculture. In addition, this might require a shift 

beyond a current emphasis on government-led approaches to aquaculture governance. For 

example, stakeholders have criticized the dual role of the government as both regulator and 

promoter in Canada (Maxwell & Filgueira, 2020; Rigby et al., 2017). Poor confidence in state-

led governance of aquaculture has led to a rise in private governance mechanisms such as 

third-party certification (Bush et al., 2013), as well as an interest in greater community 

empowerment. Institutional settings that can accommodate interests and influence of beyond-

government actors may therefore open avenues for managing conflicts and improving trust 

(Vince & Haward, 2017). 

 

Finally, respondents had an overall high negative perception of ecological and social risks, 

which was a strong predictor of opinions to salmon farming. Most respondents felt salmon 

farming created multiple ecological risks, but most prominently to the habitat beneath farms, 

spread of disease and pests, for sensitive species and wild salmon populations, which is 

consistent with reported issues portrayed in the Canadian media (e.g., Kraly et al., 2022; 

Weitzman & Bailey, 2019). Findings were also consistent with other studies that have found 

that diverse aspects of environmental risk and justice considerations contribute to opposition 

(e.g., Ertör & Ortega-Cerdà, 2015). Yet, respondents also identified several socio-economic 

risks such as negative impacts to the visual character of the coast, coastal access, and risks to 
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coastal tourism and capture fisheries. Likewise, socio-economic concerns over area-use 

conflicts and distribution of socio-economic benefits have been identified by stakeholders in 

other parts of the world (e.g., Bailey & Eggereide, 2020; Krøvel et al., 2019). Despite overall 

negative perceptions, results indicate a recognition of positive economic benefits, highlighting 

the continued priority for minimizing environmental risks but also maintaining economic 

benefits (Whitmarsh & Palmieri, 2011; Whitmarsh & Wattage, 2006). These findings continue 

to illustrate that attitudes to aquaculture are largely influenced by a nuanced perception of 

trade-offs in the weight people attach to economic benefits against perceived environmental 

degradation (e.g., Chu et al., 2010; Krøvel et al., 2019). Continued research, improved 

management and practices, and heightened communication of multiple risks and benefits will 

likely be important for sustainable and socially acceptable aquaculture.  

 

4.6 CONCLUSIONS 

 

This study investigated social acceptability of salmon farming by exploring a range of variables 

to test what shapes negative public opinion of aquaculture, using Nova Scotia as a case study. 

To our knowledge, this is the first study to explore how public opposition unfolds 

geographically across such small spatial resolutions rather than focusing on local case studies 

or media portrayals. Findings suggest that public opinion of aquaculture is mediated by a 

variety of geographic conditions, individual characteristics, and context-dependent variables. 

The formation of attitudes is therefore nuanced, with influencing factors being diversified and 

dependent on local contexts (Fournis & Fortin, 2017). The ordinal regression model identified 

the variables having the largest influence towards more negative opinions of salmon farming, 

indicating that opinion can largely be predicted through a combination of socio-demographic 

characteristics, values, salmon consumption patterns and perception of risks and how they are 

managed. Importantly, this study is the first to document the influence of ecosystem values 

on aquaculture perceptions, supporting findings in the energy sector suggesting that 

worldviews and values are one of the most important predictors of attitudes (e.g. Sposato & 

Hampl, 2018). Opposition to aquaculture is therefore dependent not only on perception of 

risks but also reflects individual constructs like value systems, and perceptions of how 

aquaculture is implemented (i.e., trust in actors). This study highlights the importance of 
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recognizing that social acceptability of aquaculture is multi-faceted, and deeply socially 

situated. Further examination into how geographic, individual, perceptual, and socio-

demographic factors interact to shape opinion is needed to better understand the nature of 

social acceptance of aquaculture. Still, given the emerging field of social acceptance of 

aquaculture, these findings offer new insights into key variables that could support future 

development of a conceptual framework for social acceptance in aquaculture. Since this study 

comprises a biased subset of the population, inferences about raw perception data should not 

be generalized. Similar research designs could, however, be valuable for understanding public 

opinion and social acceptance across other types of aquaculture or other marine resource-

based sectors. In conclusion, policy and decision-makers aiming to foster more sustainable 

salmon aquaculture that is socially acceptable may consider the trade-offs between 

environmental, social and economic effects, addressing issues of trust, and catering solutions 

to reflect local and potentially divergent societal values. 
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CHAPTER 5: THE ROLE OF CONTEXTUAL FACTORS ON 
LOCAL PERCEPTIONS OF SALMON AQUACULTURE 

 

 

The overall goal of this chapter is to understand perceptions among local stakeholders in three 

salmon-farming communities in Nova Scotia, and the influence of those perceptions on their 

attitude towards salmon farming. This chapter aims to investigate differences between local 

case study areas and explore the role of context in shaping perceptions. This cross-case analysis 

was subsequently used to identify factors that influence those perceptions and attitudes.  

 

This research was approved by Dalhousie Research Ethics Board (REB file # 2020-5071) and 

followed all ethical protocols, including participant anonymity and confidentiality. A 

methodological flowchart outlining this study can be found in Appendix D.1. Appendix D 

also provides recruitment documents, including recruitment e-mail (D.2) and the research 

summary and consent document (D.3), and research documents including questionnaire (D.4), 

interview schedule (D.5), and detailed coding results (D.6-D.8). Appendix D.9 presents 

additional information from secondary data sources which were used in building case studies 

to contextualize interviews but were not included in publication due to publication length 

constraints. Appendix D.10  provides a summary of key findings from questionnaire data used 

to contextualize interview responses. 

 

Citation:  
 
Weitzman, J., Filgueira, R., & Grant, J. (in review). Context matters: Understanding how 

local context influences perceptions of aquaculture. Ecology and Society.  
 

Please note that this chapter appears exactly as it was submitted for the journal article 

currently under review. 
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5.1 ABSTRACT 

 

While aquaculture continues to grow worldwide, environmental and social challenges have 

made its sustainability an important public issue. Thus, understanding social aspects of 

aquaculture, including community perceptions and attitudes can help inform more sustainable 

decision-making. While existing literature identifies spatial differences in opinions across areas, 

the role of context in shaping and influencing perceptions and attitudes has not been 

empirically explored. This research aims to fill this gap through a case study comparison of 

perceptions and preferences towards marine salmon farming in three rural salmon-farming 

communities in Nova Scotia, Canada where the industry has both been present, and publicly 

controversial. Qualitative interviews illustrate a complex discourse around salmon farming, 

with arguments, conflicts, and perceptions manifesting differently across each case study area. 

Differences across areas support ongoing arguments on the importance of considering local 

contexts in understanding social acceptance. Comparative analysis of perceptions across case 

study areas suggests that participants evaluate aquaculture based on different histories and 

experiences, values and beliefs, and relationships with place unique to their area. These 

findings have broader implications for understanding how attitudes towards aquaculture form 

and can help guide decision-makers in planning for societally endorsed and equitable 

aquaculture.  

 

5.2 INTRODUCTION 

 

Aquaculture is one of the fastest-growing global food industries, with production expected to 

at least double by 2050 (Pernet & Browman, 2021). Yet the rapid growth of the industry has 

spurred environmental and social challenges and thus the sustainability of the sector has 

become an important public issue. Social aspects of aquaculture have become important 

considerations in the management of aquaculture, especially in line with the United Nations 

(UN) Sustainable Development Goals (UN, 2015), “Blue Growth” (FAO, 2015), and 

ecosystem-based management approaches (Krause et al., 2020). Still, social aspects of 

aquaculture have only recently been investigated in the literature, largely focusing on consumer 

preferences (e.g., Whitmarsh & Palmieri, 2011), media portrayals (e.g., Froehlich et al., 2017; 
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Kraly et al., 2022), and perceptions of stakeholder groups (e.g., Hynes et al., 2018; Thomas et 

al., 2018). At the general level, public opinion surveys suggest public support in many countries 

(e.g., Froehlich et al., 2017). At the local level, however, conflicts and opposition have been 

reported in many salmon farming areas (e.g., Maxwell & Filgueira, 2020; Salgado et al., 2015), 

creating controversy that may challenge the development of the sector (Young et al., 2019). 

This mismatch in opinion emphasizes the distinction between the public and local residents 

and stakeholders, who are most directly affected by local developments. Therefore, a focus on 

community perceptions is particularly relevant for understanding potential social impacts of 

aquaculture.  

 

As social research in aquaculture is relatively new, existing research has focused more on 

describing the perceptions of aquaculture rather than providing substantive explanations of 

what motivates and influences perceptions. Previous empirical research suggests the 

importance of individual factors such as perceived risks and benefits, knowledge, and trust on 

perceptions towards aquaculture (Hynes et al., 2018; Mazur & Curtis, 2008; Sinner et al., 2020). 

Other studies have alluded to the relevance of other factors including community values, 

economic conditions, and the performance of other industries (Banta & Gibbs, 2009; Kaiser 

& Stead, 2002). These studies highlight the complexity of factors motivating the formation of 

attitudes, often recognized to be diversified, dynamic, and dependent on both individual and 

local contextual factors (Wüstenhagen et al., 2007).  

 

While empirical research studying the role of contextual factors on perceptions has been 

common in other sectors (e.g., energy; Wiersma & Devine-Wright, 2014), few studies have 

explored the ways that these factors shape, motivate, and influence perceptions and opinions 

towards aquaculture. This research uses case studies from salmon farming in Nova Scotia, 

Canada to examine the attitudes towards salmon farming across three rural areas including 

communities around Digby, Shelburne, and Liverpool to investigate factors associated with 

those attitudes. Social responses to aquaculture are explored in the context of different 

histories of the industry, demographic and economic characteristics, and personal or shared 

values. This research sought to answer two primary questions: 
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1. How do participants in three rural areas in Nova Scotia perceive salmon farming 

in their areas? 

 

2. How do contextual factors contribute to perceptions of salmon farming?  

 

Comparing priorities, preferences, and perceptions of three different salmon farming areas 

can help identify key patterns in social acceptance that occur in different contexts and build a 

stronger understanding of how public response to aquaculture unfolds in local communities 

where the industry is present. 

 

5.3 METHODS 

 

Conducted from an interpretivist perspective (Schwartz-Shea & Yanow, 2013), this research 

was designed as a multiple case study comparison (Yin, 2009) involving data collected from 

participants across three salmon farming areas in the western region of Nova Scotia, Canada 

(Figure 5.1 ). The multiple case study approach was chosen as it is valuable for building theory 

and providing rich contextual data (Stake, 2006). To enhance the validity and credibility of 

results, multiple measures were used to triangulate relevant themes and observations (Yin, 

2009), including questionnaires and interviews (primary data), as well as secondary data sources 

(documents and media) (Appendix D.1). The community-studies were chosen because many 

aquaculture conflicts occur and are mobilized at a community level, and although public 

attitudes are certainly important and have been studied, exploring contextual drivers of 

perceptions fits better with a local approach. The case study sites described below were 

selected since they are all coastal rural communities where salmon farming has operated for at 

least 20 years and where conflicts around salmon aquaculture have been debated in public 

forums and media, as well as mobilized by organized advocacy groups. Yet, sites were chosen 

due to a pre-supposition that they have different experiences with, and ultimately attitudes 

towards salmon aquaculture. 
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Figure 5.1  Map of case study regions (inserts), showing population densities (per 

square kilometre) and location of salmon farms within the case study 
areas: A) Digby area, B) Shelburne, and C) Liverpool. Population 
density obtained from boundary open data and final counts from 
Canadian 2016 Census. 

This study was conducted between May to October 2020 with ethics approval from Dalhousie 

University (REB#2020-5071), applying a qualitative approach drawing from semi-structured 

interviews and questionnaires with 24 participants in three salmon farming areas in Nova 

Scotia: Digby (9), Liverpool (7), and Shelburne (8). This study applied purposeful participant 

selection to identify individuals with distinct views and experiences of aquaculture, and diverse 

interests in aquaculture, including residents (8), local (municipal) government officials (6), 

members of community and environmental interest groups (4), commercial fishers (3), and 

tourism and business operators (3). The interviews were performed one-on-one via a phone 

or video-call and lasted about one and a half hours.  
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The interview questions drew on previous understanding of factors influencing perceptions in 

both the aquaculture literature (e.g., Mazur & Curtis, 2008; Whitmarsh & Palmieri, 2009) and 

other resource sectors (e.g., Moffat & Zhang, 2014), as well as social conflicts expressed in the 

media (e.g., Kraly et al., 2022). The participants were guided through four sections of questions 

(Table 5.1 ), beginning with a discussion around the participant’s backgrounds, including their 

connections to the ocean and priorities for coastal development. Second, questions explored 

participants’ experiences with, and understanding of, the current aquaculture industry, 

including feelings about engagement and their relationships with industry and government. 

Third, perceptions around various potential risks and benefits of salmon aquaculture captured 

the perceived challenges and opportunities of the industry. Finally, questions around 

participant preferences and priorities for aquaculture development in the area explored specific 

attitudes towards aquaculture. 

 

Table 5.1  Relevant topics guiding questionnaire and interview discussions. 

Section Topic 
Background and priorities Introduction with participant 
 Importance of coastal and ocean spaces 
 Priorities for coastal development in area 
Experiences and interactions Degree of interaction with industry  
 Stakeholder engagement and communications 
 Trust of industry and government  
 Knowledge of salmon aquaculture 
Industry perceptions Overall opinion towards aquaculture 
 Perceptions of risks and benefits 
Future of the industry  Development options for the industry 
 Improvements and paths forward  

 

A probing questionnaire was first distributed that consisted of closed survey questions to get 

participants to consider specific topics under each key area and offer additional detail to 

interview responses. The interviews then guided participants through a series of open-ended 

questions, allowing the participants to bring up new issues or topics. The interviews were 

audio-recorded with prior consent from the participants and manually transcribed, assigning 

numeric identification codes to transcripts for anonymity of the participants.  
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Once the interviews were transcribed, a combination of deductive and inductive coding was 

carried out using NVivo 12 PRO. First, initial coding segmented groups of text into deductive 

codes based on the questionnaire topics and open coding based on emergent themes and 

patterns, without trying to limit or narrow the list of codes (Van den Hoonard, 2012). Second, 

the previous coding was re-examined with a more descriptive lens to identify themes that 

linked topics across case study areas. Third, coding was re-refined by creating a descriptive 

matrix comparing themes across case study areas to reveal nuances in topics and themes across 

areas. Themes were further refined by drawing on case study data including secondary data 

and questionnaires (Appendix D.9). 

 

5.3.1  Background and study site 

 

5.3.1.1 Aquaculture in Nova Scotia  

 

The aquaculture industry in Nova Scotia includes a variety of finfish and shellfish species and 

has grown in tonnage and value since the mid-1990s driven largely by increased markets for 

high-value species such as Atlantic salmon. In 2020, salmon production in Nova Scotia was 

valued at $68.7 million, contributing 76% of the total value of aquaculture products in the 

province (Province of Nova Scotia, n.d). While salmon farming gradually increased throughout 

the 2000s, a moratorium in 2013 prohibited the installation of new finfish and shellfish farms 

in Nova Scotia. Following subsequent regulatory changes, the moratorium was lifted for 

finfish farms in 2017, while no new sites have yet been approved. In 2020, there were 36 

licensed ocean finfish aquaculture sites across Nova Scotia, employing a total of 288 full and 

part-time employees Province of Nova Scotia, n.d).   

 

5.3.1.2 Case study descriptions 
 

The case study locations represent areas where salmon farming has been operating for over 

20 years but have different intensities of salmon farming and histories with the industry (Table 

5.2).  
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Table 5.2  Socio-demographic and salmon farming characteristics present in each case 
study area. Statistics from 2021 Census. 

  Digby Shelburne Liverpool  
Town 

of 
Digby 

Municipality 
of the 

District of 
Digby 

Town of 
Shelburne 

Municipality 
of the 

District of 
Shelburne 

Liverpool Region of 
Queens 

Municipality 

Population size 2001 7242 1644 4336 2546 10422 
Land area (square km) 3.16 1654.59 8.75 1816.71 3.59 2387.52 
Population density 

      

(per square km) 634 4.4 187.9 2.4 708.5 4.4 
Population % change -2.9 1.9 -5.7 1.1 -0.1 1.2 

(2016 to 2021) 
      

Median age 55.2 53.6 50.8 54.4 53.2 55.6 
First salmon farm 1995 1991 2000 
Number of active leases 8 4 1 
Size of lease (hectares) 1.5 to 42.2 8 to 28 4 
 

The Digby area is in Western Nova Scotia, and includes the historic Town of Digby, and the 

rural communities within the Municipality of the District of Digby. Strong tidal currents (tidal 

range of about 22 feet) bring in abundant plankton communities, making the area prime for 

large aggregations of birds and large marine mammals such as whales. Historically, the Digby 

area has relied on traditional industries including fishing and forestry, and is situated within 

Canada’s most lucrative lobster fishing zones. Digby is also a popular international tourist 

destination, famous for its scallops, whale watching, and drawing people into its natural beauty 

and historic villages that have remained largely unchanged. The geographical area of Digby is 

the most active for salmon farming in the province, which have been operating since the mid-

1990s.  

 

Shelburne Harbour is a deep harbor nestled in Nova Scotia’s South Shore region. Nearby 

population centers include the Town of Shelburne and numerous small rural communities 

within the Municipality of the District of Shelburne. The coastline along the bay consists of 

wetlands, beaches, and salt marshes that provide ideal habitat for migratory birds, including 

the endangered Piping Plover. Shelburne Harbour hosts moderate tides (7.9 foot tidal range), 

and is considered one of the world’s best natural harbors, providing safe ice-free passage for 

a number of vessels. Employment in the Shelburne area is primarily fishing, as Shelburne 
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Harbour provides port access to Nova Scotia’s second-largest lobster fishing zone. The Town 

of Shelburne is a historic area, with many buildings dating back to when Loyalist settlers 

arrived in 1783. Salmon farming first began in Shelburne Harbour in the 1990s, with three 

small sites operating near the Town of Shelburne by 2000.  

 

Liverpool Bay is located on Nova Scotia’s South Shore, including the Liverpool community 

and surrounding rural communities in the Region of Queens Municipality in Queens County, 

Nova Scotia. Liverpool Bay is home to several fish species that support commercial and sport 

fishing, as well as several important bird species. On the eastern side of the bay lies Beach 

Meadows Park, a popular recreational beach area and an important wetland habitat for the 

endangered Piping Plover. Liverpool Bay is an outflow of the Mersey River, one of Nova 

Scotia’s remaining wild salmon rivers. Liverpool Bay is an important fishing area for species 

including herring, lobster, scallop, and mackerel. Tourism has become increasingly important 

in Liverpool, drawing in tourists to enjoy its numerous beaches, coastal parks, and lighthouses. 

Salmon farming in Liverpool Bay consists of one small salmon farm that has been in operation 

since 2000 and is currently undergoing an application for expansion.  

  

5.4 PERCEPTIONS ACROSS CASE STUDY AREAS 

 

Perceptions within each case study area reflected a complex discourse around aquaculture 

manifesting a range of positive to negative attitudes towards aquaculture. Thematic coding 

identified three main categories of contextual factors that motivate and underly the 

perceptions and attitudes towards aquaculture across case study areas, including: 1) history and 

experiences; 2) values and beliefs; and 3) relationships with place (see Appendix D for the 

detailed list of themes). How the main perceptions and attitudes towards aquaculture differed 

across contextual factors are described in the following section (Table 5.3).  
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Table 5.3  Summary of the main features of contextual factors in each case study area. 

 Digby Shelburne Liverpool 

History and 
experiences 

• Entrenched in early 
opinions 

• Indirect interactions 
(processes not people) 

• Environmental 
consequences of other 
industries  

• Industry has had time to 
evolve 

• Promises and 
expectations 

• Recent changes as a 
platform 

Values and 
beliefs 

• Community 
empowerment  

• Conservation and 
tradition • Community empowerment 

• Long-term future  • Long-term environmental 
health • Self-sufficiency 

• Supporting livelihoods  • Sustainability and balance 

Relationship 
with place 

• Place of living and 
working • “Lifeline” of community • Ocean as an aesthetic 

“asset” 
• Priority for economic 

growth and diversity • Natural and unspoiled • Priority to revitalize 
community 

• Protection of diverse 
habitats and resources 

• Priority to preserve image 
and traditions 

• Use based on visual 
character and 
environmental health 

 

5.4.1  Perceptions in the Digby area  

 

5.4.1.1 Current perceptions shaped by historic comparisons  

 

When describing perceptions of salmon farming in Digby, the participants frequently reflected 

on past experiences and events. Some participants noted that strong opposition among some 

community members has been present since the beginning of the industry. Some participants 

recognized that when aquaculture first came, limited scientific knowledge about the area or 

about salmon farming impacts led to poor siting and operational decisions; mistakes that were 

used to justify negative perceptions.  

 

Contrarily, some participants felt that the government and industry have “learned” from past 

mistakes, acknowledging that the industry is improving its communication with the public and 

becoming a better corporate and community partner. One participant linked this change to 

having time to reflect and adapt, and that improvements were part of “the evolution of the 

industry and evolution of a company.”. The participants’ responses suggest that industry 
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changes have been noticed in the community and are partly responsible for positive opinions 

about aquaculture.  

 

Early mistakes had a lasting impression on several participants. One participant noted that 

despite improvements in the industry, their trust had still not recovered due to previous 

experiences, which could be a response in part built on the culture of the area: “The amount 

of detail that people remember around here it boggles the mind. So, you screw us over, we are 

going to remember it.”. Some participants recognized growing hostility over aquaculture, in 

part leading to a form of “entrenchment of opinions” within the community. Some 

participants noted that salmon aquaculture has thus become quite emotional for many, 

creating tension between friends and neighbors and creating community splits that “physically, 

emotionally, spiritually, [it] takes a toll.”.   

 

When asked about the confidence in governments to manage aquaculture, the participants 

often drew on historical experiences across multiple sectors. Several participants noted feeling 

“forgotten” and “pushed aside” by both federal and provincial government agencies. For 

example, some participants referred back to the government’s history of management conflicts 

in wild fisheries (e.g., Davis & Bailey, 1996), reflecting a growing mistrust in government. 

 

5.4.1.2 Perceived impacts on local livelihoods 

 

In Digby, the ocean is intrinsically linked to livelihoods and community prosperity: “[The 

ocean] is my livelihood. The economic driver for the whole southwest end of Nova Scotia is 

the fishery itself. It's the economic lifeblood of the Maritimes really.”. The participants in 

Digby often built their arguments around how aquaculture negatively or positively impacts 

local livelihoods. Many participants highlighted the benefits of employment and economic 

spinoffs from aquaculture to the area. The participants noted that the industry seemed to be 

good employers and that employees enjoyed their jobs. These benefits were often linked to 

opportunities to support rural livelihoods by helping diversify income beyond wild fisheries 

and support the need for economic development. However, the potential economic benefits 

of aquaculture were criticized due to low pay and benefits. Others highlighted that the local 
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economic benefits and jobs created could be greater and were never as many as the industry 

claimed.  

 

Arguments related to the wild fishery were intertwined with concerns over the long-term 

prosperity of the region: “If the fisheries go down, we stop.”. Conflicts with aquaculture 

emerged regarding concerns with traditional fishing, particularly the encroachment of fishing 

grounds. Even among supporters, ensuring access to fishing grounds was seen as important 

for aquaculture governance. Further, environmental impacts were often connected to risks to 

commercially important species such as lobster. Finally, visual impacts and access to the waters 

and beaches were also emphasized in relation to the effect on marine tourism, another relevant 

local livelihood.  

 

5.4.1.3 Valuing community and long-term prosperity  

 

In Digby, values of long-term prosperity emerged when considering the potential impacts of 

salmon farming. The participants emphasized their values towards safeguarding the ocean and 

coastal areas to support traditional livelihoods long-term:  

 

There's huge concerns, whether it’s from the fishermen, or whether it’s from 

people in our area that are concerned because if everything is used, there is 

nothing left for the future, nothing left for the grandchildren or anyone… 

 

For supporters, aquaculture was seen as a part of a long-term future for the economy and food 

security. However, others believed salmon farming poses unacceptable risks to maintaining a 

future for existing livelihoods like wild fisheries. For these participants, the values held by 

government were not believed to adequately consider the long-term future of communities, 

nor sufficiently protect existing livelihoods from aquaculture risks.  

 

Several participants highlighted that the provincial government is biased to benefit the industry 

not citizens, which was seen by some as a consequence of its dual role as both promoter and 

enforcer. The participants also linked their mistrust of government to the government’s active 
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support for the industry, including creating grants and supporting research programs, poorly 

enforcing regulations, and providing subsidies for fish mortalities.  

 

The participants in Digby noted that the government’s engagement is a “manipulative”, 

“ministerial act with no meaning”, which would need to be substantially improved to better 

represent, respect, and empower communities, and ultimately fulfill existing regulations. Some 

participants expressed sentiments that the government is deceitful and dishonest, reflecting a 

perception of communications from the government to be anything but forthcoming or 

transparent. Consultation processes were perceived to exclude relevant stakeholders, but 

should include wild fisheries representatives among a broader panel of community members, 

emphasizing that decision-making processes should empower the people affected by 

aquaculture. Some participants emphasized an erosion of trust in government beyond 

aquaculture, stemming from the government’s economic growth mindset over community 

well-being. In this way, perceptions of salmon farming were also intertwined with confidence 

in the government respecting community values. 

 

5.4.2  Perceptions in Shelburne 

 

5.4.2.1 Preservation of place and community   

 

In Shelburne, the participants expressed how community identity and livelihoods were 

intrinsically linked to the conservation of the ocean, stating that “life depends on the water” 

and that the ocean is “our lifeline”. In particular, they described how lobster and groundfish 

fisheries have been the essential building blocks of the economy in the area. As one participant 

described, “when the fishermen are doing well, everyone does well.”. Others drew on aspects 

related to the natural beauty of the area, describing the ocean as a “natural”, “unspoiled” 

environment that was considered an important driver for tourism, recreation, and migration 

to the area.  

 

The heritage of Shelburne, including the fishing history, was the foundation for narratives 

about the importance of preservation of local livelihoods and the environment. Some 
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participants describe a sense of “holding on to the past” in Shelburne that could influence 

how some people will react to potential opportunities from aquaculture or other industries, as 

these initiatives would “destroy(s) the feel of the place.”:  

 

I think some of the locals are quite vocal, but then they're quite the same people 

who are quite vocal about everything. You know, they, they don't want oil, they 

don't want fish farms, they don't want anything really. They just kind like to be 

back into the 17th century until it comes to needing groceries, electricity... 

 

The participants perceived that salmon farming could threaten existing fisheries and tourism 

industries; for example, through aesthetics, further impacting these traditional livelihoods.  

 

Some participants described the importance of the relationships within the community, 

describing it as a “sleepy town”, with lots of small businesses and a close-knit community that 

helps each other. Over the years, the participants recognized social tensions driven by a divide 

in opinion on salmon farming, creating conflicts between neighbors and friends. As a result, 

the clear divide in the community opinions on aquaculture has for many impacted the 

relationships and sense of community people have, further influencing any vision of moving 

forward with aquaculture.   

 

5.4.2.2 A history of unmet expectations 

 

In Shelburne, the participants described disappointment and conflicts with the industry over 

a history of unmet promises and expectations. After the collapse of Atlantic groundfish in the 

1990s, aquaculture became the “new hope”, with many youth taking aquaculture courses with 

the aspirations for careers. In 2012, Cooke Aquaculture announced plans to build a processing 

plant in the area, promoting the benefits of jobs and income to the area. These plans, 

supported by government funds, were abandoned in 2016 amidst delays and political 

constraints. The participants expressed their frustration as the hope was never realized, feeling 

that communities and governments have been consistently misled by industry. For some, 

disappointment and frustration deteriorated their confidence in government, feeling that 
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government does not prioritize the community since the money given to the industry was 

never put back into the community, resulting in a “black mark on the whole aquaculture 

industry.”.  

 

For some participants, direct interactions with the industry were not a primary motivator to 

perceptions, as the perceptions were based more on how the industry fits in with the 

community. One participant noted direct interactions with the industry have been good, 

referring to helpful conversations with employees. Yet, some participants perceived an 

unwillingness of the industry to care about the local environment (e.g., by not taking 

accountability for debris) or community (e.g., by not having open communication). Some 

participants also recognized the opportunity of salmon farming for local employment, but also 

had concerns over whether the industry is contributing to the well-being of the community, 

e.g., poor employment benefits and limited financial benefit into the community.  

 

5.4.2.3 Community, political, and industry motivations 

 

The participants emphasized that salmon farming gets wrapped up in wider political mindsets 

about economic development, which are not perceived to prioritize safeguarding the marine 

environment. In addition, current management approaches were perceived to be based on a 

flawed notion of the ability to control nature. These perceptions reflected environmental 

values that emphasized the importance of conserving the environment, which was believed to 

be the centre of all benefits people receive from the ocean.  

 

In Shelburne, the participants felt they were not receiving answers to their questions, which 

was linked to an industry culture that values secrecy under the premise that information is 

proprietary. Furthermore, the participants expressed perceptions that industry attitudes were 

contemptuous and uncaring during community engagement. Open and transparent 

communication were emphasized as necessary improvements for the industry and essential 

for building trust. Some participants recognized that showing respect for the community 

would require that a company does not try to “muscle their way into somewhere”, reflecting 

perceptions over the philosophy and ethics of aquaculture companies.  
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The perceptions in Shelburne often related to broader beliefs of salmon farming as a “big 

business”, which “come[s] in and kind of ravish[es] the area, tak[ing] what they want and 

leav[ing].”. The participants illustrated how people are a bit resentful of foreign companies, 

passed on past experiences in other industries such as wild fisheries. These perceptions also 

reflect broader negative perceptions of all extractive industries: “And it's not uncommon. It 

happens everywhere in the world where the industry wants to take advantage of the natural 

resources of the place.”.  

 

Political processes were often perceived to provide no incentive to meaningfully consider 

community perspectives. The participants linked these perceptions to wider political system 

flaws, including political motivations (e.g., getting votes) and the expertise of those in power 

(i.e., past industry professionals) that manifested a feeling that aquaculture policy is “driven by 

stakeholders rather than people that matter.”. For some participants, engagement processes 

are merely a “manipulation of the process”, as participants are “rarely engaged in any way, 

shape or form, other than to be told in a patronizing way that we [government] have things 

under control.”. The participants in Shelburne emphasized how processes inadequately 

consider local knowledge, e.g., of local fishers, which was deemed to be essential for building 

trust with communities. Similarly, the participants expressed frustration over the government’s 

perceived unwillingness or lack of commitment to provide true and accurate information to 

the public. Several participants noted that education and communication processes were key 

for building public trust, recognizing uncertainty, and acknowledging the lack of knowledge 

about aquaculture in the area. Many had little direct experience with aquaculture in Shelburne, 

as their understanding of the industry was based on its history in other places, stemming from 

what they were told by friends, family, and media.  
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5.4.3  Perceptions in Liverpool 

 

5.4.3.1 Recent changes as a platform for conflicts 

 

Some participants perceived that the public conflicts around salmon farming only recently 

emerged, despite the industry being in the area for 20 years. However, plans for expansion in 

Liverpool may be acting as a platform to bring up wider environmental issues about salmon 

farming: 

 

It has been there for a lot of years, and nobody said anything about it, but the 

fact that it's the opportunity for it to be expanded has now put it into focus... It's 

just raised the issue for everything around salmon farming. 

 

For some participants, the industry has substantially overcome its “growing pains” during the 

early years of the industry and is actively working to continuously improve its practices. Some 

participants also noted good experiences with industry personnel, perceiving the industry to 

be accountable for past mistakes and forthcoming with information.  Others noted that these 

conflicts were emerging amidst recent social and economic changes in the area, driven in part 

by changing attitudes toward a more self-sufficient environmentally focused community 

identity.  

 

Along with social changes, the area has experienced economic changes in many traditional 

industries in the area. Participants described the area as once being “hopping” with economic 

activity, but it was hit hard by the groundfish collapse in the mid-1990s, and the closing of 

Bowater Paper Mill in 2012. These examples were used to highlight participants’ deteriorated 

trust in both the provincial and federal government’s ability to protect existing industries. Since 

then, the area has shifted away from traditional industries toward an increasingly important 

tourism and eco-tourism industry.  
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5.4.3.2 Industry as “neighbors”  

 

The participants in Liverpool described their relationships with the ocean as linked to their 

own and their community identity and well-being. The coastal areas in Liverpool were 

described as one of the province’s “most beautiful assets”, “gorgeous”, and “rugged”. As a 

result, the participants felt that salmon farming interferes with both their vision and experience 

of the area since salmon farming is “right in the middle of everything that we love.”. Recently, 

the Municipality underwent a branding to the “Queen’s coast”, reflecting how important the 

community feels about the ocean. 

 

In addition, perceptions around salmon farming were intertwined with broader community 

priorities towards revitalizing Liverpool. For example, some participants felt aquaculture might 

conflict with opportunities to grow the local population provided by the active coastal housing 

sector, potentially impacting community well-being. Critics highlighted the noise, debris, and 

slime on the rocks caused by the farm as potential detractors to attract new residents. Yet, 

others did not believe these visual impacts have dissuaded people from moving or visiting the 

area. While the participants recognized that direct local employment benefits were low, some 

felt that aquaculture can increase supply-chain business opportunities and income generation 

to help revitalize Liverpool as an economic center. In addition, some participants felt that 

lobster fishermen could benefit from a potentially higher abundance of lobster near salmon 

pens. 

 

Other responses in Liverpool perceived the industry as a “poor neighbor”, feeling that the 

industry does not contribute to local community well-being. In this way, perceptions of salmon 

farming were linked to broader questions about the need for making decisions for community 

needs rather than solely economic growth: “Why introduce [salmon farming] more to a small 

little province when it doesn't fit our image?... Like it's so disrespectful of, of what we are 

wanting for our community and our province.”. Several participants criticized that the money 

from aquaculture leaves the community or province, as the salmon farming company in the 

area was from another province. Employment that the industry provides was also perceived 

to not stay in the community, as participants felt the employees do not live in the area. 
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Distribution concerns were also mobilized to argue against potential food benefits as one 

participant claimed that salmon is mostly exported.  

 

5.4.3.3 Perceptions based on interpretations of values 

 

Perceived impacts of aquaculture built on shared values about transparency and open 

communication. Several participants expressed frustration about their voices not being heard, 

with others feeling public engagement processes were “restrictive” regarding who participates. 

One participant described the public consultation process as a “publicity event”, expressing 

how the industry skirted around questions with no real desire to answer questions. In this way, 

industry and government cultures and priorities were perceived to inadequately consider local 

needs and desires for transparency and communication. 

 

Some participants believed the information they wanted was “hidden away” and not easily 

accessible, which was linked to a sense of disempowerment: “Well, I think, I think public input 

and consultation is so very important because we're the ones that can be impacted by whatever 

decision…”. For some, increased transparency and communication were suggested to help 

people make informed decisions based on more than potential misinformation they hear in 

the media. The participants thus emphasized the need for open, proactive communication to 

the public by government and industry, especially about how decisions are made and the siting 

process. 

 

However, for others, increased transparency was perceived as insufficient since they did not 

trust that the government or industry will do what they say. Some participants felt 

governments ignored advice or scientific evidence, drawing on reasons such as evidence not 

fitting “the model the government wanted”, or because the goal was simply to maximize 

profits. Likewise, industry was felt to not be genuine about demonstrating that it cares about 

the environment, only driven by values of profit or when negative impacts affect their 

operations or productivity, such as during mortality events.  
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Perceptions about salmon farming were frequently juxtaposed with broader values about 

sustainability expressed by many Liverpool participants. Many participants highlighted that 

“sustainability was king”, recognizing a perceived global shift in social values towards 

sustainability.  

 

Some participants described sustainability as a balance between environmental, economic, and 

societal goals and impacts, recognizing a place for aquaculture within broader sustainable 

development goals and local rural development. For these participants, the need for 

governments to rigorously monitor and enforce salmon aquaculture to ensure “win-win” 

scenarios between different goals was emphasized. These participants felt that the companies 

are genuinely working towards sustainability by applying best practices with the goal of not 

harming the environment. 

 

A second understanding of sustainability emerged as dependent on the environment at the 

center. Some participants perceived that salmon farming impacts marine habitats, in particular 

wild populations of sensitive species (like wild salmon) and commercial species (especially, 

lobster). Likewise, this understanding of sustainability was evident across participants who 

desired more information about the environmental risks of salmon farming. Yet, other 

participants saw salmon farming as sustainable, claiming that evidence does not support 

negative environmental impacts. Some participants even highlighted potential environmental 

benefits of aquaculture, drawing on examples of wild salmon re-stocking efforts currently 

underway locally and within Atlantic Canada (Smith, 2019).  

 

5.5 THE ROLE OF CONTEXT ON PERCEPTIONS OF AQUACULTURE 

 

While the interviews revealed some common arguments and conflicts across the case study 

areas, the different ways in which those arguments manifested across the areas emphasize the 

important role that local context plays in shaping perceptions, and ultimately, attitudes about 

salmon farming. An appreciation of context should thus be incorporated in decision-making 

as more than just the overall setting of an area, recognizing that contextual factors directly 

influence how individuals perceive and understand aquaculture, including its risks and benefits. 



 

131 

 

Perceptions across the case study areas revealed that, to varying degrees, all three categories 

of contextual drivers influenced how respondents perceived salmon aquaculture in their areas, 

including history and experiences, values and beliefs, and relationships with place (Figure 5.2). 

While each contextual factor is described below as separate, it needs to be recognized that 

“context” is inherently dynamic and that factors can overlap and interact with one another. 

Indeed, values are often considered to emerge from the relations between nature and society 

(e.g., Acott & Urquart, 2018) and values can vary situationally (Stern, 2000). Further, historical 

factors influence the connections individuals have with their environment and community, 

with the accumulation of experiences over time building and changing an individual’s “sense 

of place” (Hay, 1998; Stedman, 2003).  

 

 
Figure 5.2  Framework of conceptual drivers of aquaculture perceptions. 

 

5.5.1  History and experiences  

 

This research revealed a diversity of ways historical contexts influence perceptions about 

salmon aquaculture and identified relevant factors, including the industry’s history and 

participant’s experiences with the industry, political history and past conflicts, local socio-

economic changes, and wider environmental changes. Industry experiences and history were 
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strongly linked to a participant’s perceptions about aquaculture, especially in areas with long 

interactions with aquaculture. However, this study reinforces conflicting findings in the 

literature, where greater exposure and familiarity with aquaculture can be linked to both 

positive (e.g., Hynes et al., 2018) and negative perceptions (e.g., Sinner et al., 2020) of the 

industry.  In this study, frequent exposure to local industries over time was linked to positive 

opinions about aquaculture, especially where experiences were based on personal connections 

and changes were perceived to improve aspects that are valued by individuals. Contrarily, this 

study found greater exposure to local industries can lead to negative opinions and deterioration 

of trust if the participants feel they are consistently treated unfairly or if promises are not met 

over time. Historical influences on perceptions illustrate that public response to aquaculture 

is a process (e.g., Wolsink, 2018) that evolves with new events, historical and social conditions, 

and experiences. 

 

The influence of previous experiences on perception agrees with earlier work suggesting that 

past practices can tarnish the industry’s reputation (e.g., Alexander, 2022), making it 

challenging to re-build trust. Further, findings from this study indicate that practices impacting 

the industry’s reputation can come from industry practices in other areas, not only from local 

farms. For example, the participants in Shelburne reported low aquaculture knowledge, yet 

reportedly drew on mediated experiences and impressions based on the history of operations 

elsewhere communicated by media to form their perceptions about the risks and benefits of 

aquaculture.  

 

Across the case study areas, histories of different natural resource conflicts were also 

highlighted. In some areas, these conflicts resulted in major economic and social repercussions 

that changed the social fabric and economic profile of communities. In many cases, 

participants mobilized these conflicts to reflect on their eroded trust in government. The 

presence of long-standing natural resource conflicts suggests a sort of “legacy issue” of 

environmental conflicts that form a setting under which any industry, including aquaculture, 

is perceived within communities (Alexander, 2022; Salgado et al., 2015). As a result, pre-

existing levels of trust shaped by historical factors can influence the confidence in the actions 

of government or industry. 
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Perceptions about aquaculture were also partly shaped by the environmental and socio-

economic changes in an individual’s life. Historical changes in the size and distribution of 

natural populations of commercially important species such as lobster, and formerly wild 

Atlantic salmon (Dadswell et al., 2022), were linked to the participants’ desire to protect 

existing industries from salmon farming. For some participants, changing environments, 

including increased storms and climate change are felt to be heightening issues of salmon 

farming escapes, disease, and mortalities. As a result, perceptions of environmental changes 

were used in arguments that salmon farming presents an added threat to the resilience of 

vulnerable ecosystems.  

 

5.5.2  Values and beliefs  

 

In the context of this study, values can be described as a principle associated with a given 

worldview, a preference regarding how the world should work, or the importance of 

something that people uphold for itself or others (Pascual et al., 2017). This study has shown 

that social response to aquaculture was influenced by an interacting set of values about 

environment use, social and economic development, and governance decisions, reflecting 

broader dialogues around natural resource management influenced by beliefs and values about 

how humans use the natural environment (Mazur & Curtis, 2008) and how decisions are made 

for the well-being of societies. These findings support ongoing discussions within social 

acceptability literature that places values as a central motivating factor in people’s response to 

environmental management (Stankey & Shindler, 2006). 

 

Values are not specifically place-bound and are assumed to be relatively stable and enduring. 

Yet, values are “contextual” in that they can be spatially distinct and can be highly individual 

but may also be shared between networks of groups and/or communities (Kenter et al., 2015). 

In Digby, environmental values were linked primarily to resource availability, alongside social 

values of employment and livelihoods. Comparatively, in Shelburne, environmental values 

about conservation are related to broader questions of human well-being. Values in Liverpool 

centered around an appreciation of the environment as part of the community’s image and 

governance systems that empower the voice and decisions of communities. These differences 
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demonstrate the contextual nature of values that emerge in specific locations, and influence 

perceptions about salmon farming in different ways, which has been observed in other sectors 

(Williams & Schirmer, 2012).  

 

The participants expressed multiple values in their discourses around salmon farming, with 

sustainability being the most prominent, despite slightly different interpretations of the 

concept, including sustainability as a) the long-term productivity of resources, b) a systemic 

view of balancing social, economic, and ecological goals, and c) the resilience of socio-

ecological systems where the environment is at the center (White, 2013). The findings suggest 

that whether aquaculture was considered “sustainable” was a strong predictor of opinion but 

varied based on different interpretations of the term. Likewise, multiple understandings of 

sustainability were linked to conflicting, often contradictory perceptions of aquaculture risks 

in Norway (Lindland et al., 2019), suggesting that how sustainability is measured may influence 

the perceived legitimacy of aquaculture. Similar to sustainability, the manifestation of other 

values was not necessarily linked to the participants’ decisions to support or oppose 

aquaculture. For example, in Liverpool, critics reflected beliefs that a vital community 

depended on community empowerment in decision-making while supporters believed vital 

communities depended on attracting marine economic development, including aquaculture. 

This example illustrates how the participants make judgements about aquaculture based on 

different meanings of community vitality, influenced by the values they consider important.  

 

The participants perceived differences between industry, government, and community values, 

leading to an emergent sense of “us versus them” linked to fundamental values rather than 

specific impacts, experiences, or interactions. The participants often described government 

and industry motivations and values as contrary to their own, or those that form community 

identities. For example, in both Liverpool and Shelburne, the government’s growth mindsets 

and economic priorities were not seen to coincide with self-sufficiency and preservation values 

held by locals. Similar to findings elsewhere (e.g., Ford et al., 2022; Lindland et al., 2019) a 

sense of distrust emerged as the participants felt government and industry did not respect the 

community’s interests or values, suggesting a legitimacy-gap based on a disjointed 

understanding of what is valued (Boltanski & Thévenot, 2006).    
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5.5.3  Relationships with place and community 

 

Perceptions toward salmon farming were often linked to contextual factors related to the ways 

participants expressed their place-specific connections with their area, including their image 

and vision for their environment and community. Likewise, recent research suggests that the 

extent to which one considers their connections with nature as part of their image of “self” 

can influence the types of environmental concerns and situations that motivate behaviors 

(Aguilar-Luzón et al., 2020). The findings in this study also support ongoing narratives on the 

influence of place attachment and place identity as motivators of societal perceptions and 

attitudes to aquaculture (Alexander, 2022; Ford et al., 2022). 

 

Across all case study areas, emotional connections between participants and their local 

environments were expressed, encompassing notions of place attachment. Some described 

their intimate connections with the ocean and emotional attachment to coastal areas. For 

others, the ocean is felt to be intrinsically intertwined with the “fiber of the people who live 

here”, and the industries it supports (such as fisheries) were perceived to be inseparable from 

people’s prosperity and survival. Therefore, a strong sense of place attachment was linked to 

place meanings described by the links between marine spaces and use, livelihoods, and mental 

well-being. In this way, the places and their ascribed meanings become influential so that place 

and identity become intertwined (Devine-Wright, 2009). As a result, place attachments and 

connections with community and personal identities make the contextual history of “place” 

important for understanding conflicts and social risks of aquaculture (Ford et al., 2022).  
 

Different meanings of place and priorities for an area manifested different perceptions towards 

aquaculture. For example, concerns over the productivity of marine resources and 

concomitant effects on local livelihoods dominated perceptions in Digby. The participants in 

Liverpool engaged in discussion around the distribution of economic benefits and how the 

industry can contribute to revitalizing the local community. The participants in Shelburne 

expressed how salmon farming does not fit with a wider sense of preservation of history and 

tradition within the community. In this way, some participants felt salmon farming detracts 

from what makes the ocean and coastal spaces “special” to communities. As a result, a 

common theme that emerged across opponents was that aquaculture does not fit with the 
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vision and image people have about their environment and community. In contrast, 

participants with positive perceptions often noted that salmon farming has been in the area 

for over 20 years and suggested that its existence is already intertwined with the image of the 

place. Similarly, the fit between industry activities and community aspirations has also been 

found in other aquaculture areas (e.g., Alexander, 2022) and in other sectors such as mining 

(Prno, 2013). Therefore, the findings from this work suggest that perceptions of the industry, 

and interpretation of risks and benefits are intertwined with perceived disruptions to place 

identity (Devine-Wright, 2009).   

 

5.6 CONCLUSIONS 

 

The case studies demonstrate the complexity of experiences and perceptions of the salmon 

farming industry in Nova Scotia, illustrating that contextual factors are important drivers of 

the understanding and perceptions of aquaculture. In summary, the perceptions reflect a 

multifaceted discourse over salmon farming impacts and management influenced by local 

relationships, wider values, and history across multiple scales. While specific perceptions and 

conflicts cannot be generalized to reflect all Nova Scotians or all communities, the goal of this 

multiple case approach was inherently to generalize to a set of theoretical assumptions about 

what influences perceptions, and are thus useful in this regard. The framework of contextual 

factors influencing community perceptions that emerged from the qualitative analysis of 

perceptions across case study areas form potentially generalizable knowledge about how 

perceptions, and attitudes towards aquaculture form. Ultimately, understanding what drives 

judgments of societally responsible aquaculture should thus recognize that perceptions, public 

trust, and attitudes are inherently contextual. 
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CHAPTER 6: LOCAL RESPONSES TO SALMON 
AQUACULTURE: DIMENSIONS OF CONFLICT AND 

CONTROVERSY 
 

The overall goal of this chapter is to understand differences in perceptions among residents 

and key stakeholders in salmon farming communities in Nova Scotians and the influence of 

those perceptions on their attitude about aquaculture. This chapter explores differences 

among groups with different responses to aquaculture, from opposition to support, to identify 

the factors that influence those decisions. Ethics and research documents are located in 

Appendix D. A full list of themes and topics used to inform the analysis is described in 

Appendix D.11. A summary of key perceptions along major themes across groups with 

different responses can be found in Appendix D.12. 

 

Citation:  
 
Weitzman, J., Filgueira, R., & Grant, J. (in review). Dimensions of legitimacy and trust in 

shaping social acceptance of marine aquaculture: an in-depth case study in Nova 
Scotia, Canada. Journal of Environmental Science and Policy.  

 

Please note that this chapter appears exactly as it was submitted for the journal article 

currently under review.
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6.1  ABSTRACT 

 

A major challenge facing sustainable aquaculture governance are disputes raised by social 

conflicts, highlighting the need to better understand and incorporate social dimensions into 

more holistic planning and policy. This study applied an in-depth qualitative approach to 

investigate key drivers that influence social acceptance of salmon aquaculture, drawing from 

interviews in coastal communities in Nova Scotia, Canada. From interviews, four main 

perspectives towards the planning, management, and development of salmon farming 

emerged, revealing a complex discourse of conflicts and controversy. This study argues that 

social responses to aquaculture are driven by perceived legitimacy and trust of the sector. 

Conflicts over the perceived legitimacy of policies and processes emerged, including 

arguments around what motivates and informs decision-making and how participants are 

involved in decision-making processes. In addition, conflicting paradigms of knowledge and 

perceived fairness in engagement processes highlighted the need for transparency, 

communication, and relationship-building. Controversy over a diversity of perceived 

environmental and social impacts reflected nuanced perceptions of how aquaculture 

contributes to individual and community well-being. This study also found perceptions of 

legitimacy to be deeply intertwined with evaluations of trust in government, industry, and 

science, which is a key predictor of social responses. Understanding these perceptual factors, 

separately and with their interdependencies, can provide decision-makers with insights to 

guide their regulatory, operational, and engagement processes. Ultimately, this work can serve 

to facilitate a better understanding of the motivators behind public responses to salmon 

aquaculture which can help bring social considerations into more holistic aquaculture 

governance.  

 

6.2  INTRODUCTION 

 

While aquaculture is often considered crucial for meeting rising food demands, it is 

increasingly considered a “wicked” problem for governance, which needs to manage a 

contention over diverse issues including ecological and socio-economic impacts and user 

conflicts (Osmundsen et al., 2017). With increasing recognition of the desire to move towards 
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more holistic management approaches like the Ecosystem Approach to Aquaculture (Brugère 

et al., 2018), there is an increasing necessity to consider social dimensions in aquaculture 

planning and policy (Krause et al., 2015). This recognition has in part given rise to a discourse 

about concepts such as social acceptance of aquaculture (Mather & Fanning, 2019).  

 

Social acceptance (SA) reflects social attitudes on the operation, management, and impacts of 

specific projects. Beyond aquaculture, the study of SA is a well-established field of study of 

environmental policy and practice, with international research on the acceptability of contexts 

including mining (e.g., Moffat & Zhang, 2014), energy production (Gaede & Rowlands, 2018), 

wind farms (Wüstenhagen et al., 2007), land use (Busse & Siebert, 2018), forestry (Ford & 

Williams, 2016), and wildlife conservation (Stankey & Schindler, 2006). In a policy setting, 

social acceptance refers to the broad acceptance of an activity by a range of groups, a 

combination of interrelated aspects of market acceptance, socio-political acceptance, and 

community acceptance (Wüstenhagen et al., 2007). Social acceptance also has a more 

psychological definition that reflects a judgmental process by which individuals form opinions 

about current operations and judge whether they are favourable considering other alternatives 

(Brunson, 1996). These definitions reflect more recent discussions in the literature, where 

social acceptance has been argued to be not an outcome, but a complex and dynamic process 

(Wolsink, 2018). Furthermore, these definitions highlight a behavioural component of SA and 

underscores a suite of factors that influence judgements.  

 

Social acceptance research broadly seeks to understand the perceptions, opinions, and 

attitudes of people, and how they influence their behaviours. The distinction between social 

acceptance and its associated terms can be unclear in the SA literature (Busse & Siebert, 2018) 

and warrants definition. In this study, perceptions reflect the general way an individual 

understands aquaculture or an aspect of aquaculture (for example, perception of risks and 

benefits). Related to perceptions, opinions reflect the beliefs individuals have formed on a 

particular aquaculture topic. Attitudes describe an individual’s negative or positive evaluations 

of an issue or topic concerned with aquaculture. Attitudes influence behaviours about 

aquaculture, which in this study are described as the actions individuals take regarding 

aquaculture, or the outward expression of attitudes. In this way, this paper separates attitudes 

from social response, the latter referring to the behaviour to support or oppose aquaculture.  
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An important part of understanding social acceptance relates to analyzing factors influencing 

positive and negative attitudes toward aquaculture, and how those factors contribute to 

individuals’ behaviour to support or oppose aquaculture. Behaviours are complex, and likely 

a result of various intricate interactions between multiple factors. For example, acceptance 

may depend on the ability of aquaculture to meet social and economic demands (e.g., 

employment, recreation) and environmental concerns (Kluger et al., 2019). Further, trust, 

relationships, and interactions with local companies and governments have been strongly 

linked to social acceptance (Segreto et al., 2020), and are often mapped as a necessary 

component of achieving SA (Moffat & Zhang, 2014; Thomson & Boutilier, 2011). In addition, 

studies across resource and technology sections often recognize the importance of contextual 

factors like experiences and values, which are highly place-specific, on social acceptance (Kim 

et al., 2014, Wiersma & Devine-Wright, 2014). Therefore, an important aspect of SA unfolds 

at the community level, reflecting a localized process mobilized by local stakeholders 

(Wüstenhagen et al., 2007).  

 

Community acceptance is relevant in discussions about ocean-based salmon aquaculture, 

where strong local opposition has emerged in many places around the world. In Canada, 

salmon farming has long been a controversial issue, with competing arguments and claims 

made by governments, stakeholders, and residents (Young & Matthews, 2010). In Atlantic 

Canada, governments have supported aquaculture development since the 1980s, seeing 

opportunities for rural economic development, especially in the face of declining employment 

from fisheries and forestry (Young & Matthews, 2010). However, rapid expansion of the 

industry was met with local concerns among residents, fishers, and environmental groups (e.g., 

Walters, 2007). As a result, salmon farming has been a primary sector in Atlantic Canada for 

exploring societal perceptions and attitudes (e.g., Flaherty et al., 2019; Maxwell & Filgueira, 

2020; Trueman et al., 2022). 

 

While social acceptance research is already a well-established field in many resource sectors, 

there is comparatively little empirical work regarding SA of aquaculture. Yet, research 

investigating how groups of individuals make social acceptability choices and what drives those 

behaviours is becoming increasingly critical to wider discussions about sustainable aquaculture 

(e.g., Krause et al., 2015; Mazur & Curtis, 2008). Conflicts around salmon farming in Nova 



 

141 

 

Scotia, Canada, thus provide an opportunity to better understand community acceptance of 

aquaculture. This study explored perceptions and attitudes of salmon farming in three rural 

communities in Nova Scotia to investigate the key drivers and motivators that influence social 

responses to aquaculture. This research adds to existing research by exploring a range of 

perceptual factors on the attitudes towards aquaculture and can lead to a better understanding 

of the conflicts and arguments responsible for attitudes. In addition, this work can build a 

stronger foundation for developing frameworks to explain how public response to aquaculture 

unfolds in communities where the industry is present.  

 

6.3 METHODOLOGY 

 

6.3.1  Context: Salmon aquaculture in Nova Scotia 

 

Salmon aquaculture in Nova Scotia has grown in both production and value since the 1990s. 

Favourable natural environments around the province, as well as easy access to international 

markets, have made Atlantic provinces like Nova Scotia prime areas to support an increased 

industry (ACOA, 2004) and an untapped opportunity for coastal and rural economic 

development (e.g., Ivany et al., 2014). Despite a five-year moratorium on new aquaculture 

farms in Nova Scotia between 2013 and 2017, regulatory and operational changes prompted 

a restored interest in the expansion of the industry. Since the moratorium was lifted, the 

province has received several applications for site expansions, installation of new sites, and 

exploring options for new companies in the area.  

 

Yet, conflicts and criticisms among community, environmental, and interest groups have 

accompanied the growth of the salmon aquaculture industry. For example, organized advocacy 

groups have mobilized campaigns, organized events, and petitions against open-net pen 

salmon farming. Concerns over the environmental sustainability of aquaculture, including 

concerns related to marine benthic habitat, fish health, and welfare, and risks to wild fish from 

disease and salmon escapes have contributed to public appeals for major overhauls of Nova 

Scotia’s regulatory system (Doelle & Lahey, 2014). These conflicts have captured substantial 

media attention, reflecting a growing controversy around multiple issues (Weitzman & Bailey, 
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2019). As a result, potential salmon farming expansion in the province has set a platform for 

a renewed interest in social impacts and conflicts between government, industry, and social 

goals.  

 

Aquaculture governance in Nova Scotia can be challenging, representing a patchwork of 

regulations and systems across departments and scales (Doelle & Saunders, 2016). At the 

federal level, the Fisheries Act provides the overarching framework for environmental 

assessment for aquaculture under the Department of Fisheries and Oceans (DFO). Through 

a memorandum of understanding, the provincial Minister of Fisheries and Aquaculture is 

given jurisdiction over the regulation and management of aquaculture operations within Nova 

Scotia, including administering aquaculture licences and leases. In the case of new, or 

amendments to, marine licences or leases, applications undergo an adjudicative process by a 

three-person independent Aquaculture Review Board. This process also includes provisions 

for public engagement, including the requirement of a public meeting during scoping and a 

public hearing no more than 30 days before the final decision. Regarding aquaculture, 

communities are only involved through formal engagement processes throughout the 

adjudicative process since municipalities do not have jurisdictional authority in the ocean, and 

consequently over marine aquaculture.  

 

6.3.2  Research design and data collection  

 

This study applied a grounded theory approach to understand what motivates and shapes 

social responses to aquaculture. This study was carried out with ethics approval from 

Dalhousie University (REB#2020-5071). Applying a qualitative approach drawing from 

thematic coding of interviews, the objective was not to provide empirical measures of what 

influences attitudes, but rather to analyze the perceptions expressed through in-depth 

interviews to better understand the underlying reasoning.  

 

Semi-structured interviews were carried out between May and October 2020, with 24 

participants in three salmon farming areas in Nova Scotia: Digby, Liverpool, and Shelburne. 

These areas all comprise rural coastal communities in western Nova Scotia, where vocal 
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conflicts against open-net pen salmon farming have captured media attention and manifested 

in the formation of active anti-salmon farming groups. This study applied a purposeful 

sampling of participant selection to identify individuals with distinct experiences, views, and 

interests in aquaculture, including residents (8), local (municipal) government officials (6), 

members of community and environmental interest groups (4), commercial fishers (3), and 

tourism and business operators (3). All interviews were performed one-on-one over a phone 

or video-call and lasted about one and a half hours each.  

 

Semi-structured interviews asked the participants a standard set of questions to center the 

discussions but were also broad and open allowing for follow-up questions and allowing both 

consistency and flexibility during data collection (Creswell, 2013). The analysis of attitudes 

drew from questions focused on four key areas including: experiences with and understanding 

of salmon aquaculture, trust in the actors in the industry, perceptions of the various risks and 

benefits, and preferences and priorities for aquaculture development in the area.  

 

6.3.3  Data analysis 

 

Once interviews were transcribed, a combined process of deductive and inductive coding was 

carried out using NVivo 12 PRO. First, open coding of transcripts divided sections of texts 

into codes representative of the full breadth of potential topics around aquaculture. Codes 

were conceptually categorized to identify topics and themes across the transcripts. Axial 

coding was used to find relationships between categories and identify additional sub-

categories. An iterative review of the transcripts across multiple rounds of coding refined the 

themes and topics in the final codebook (Appendix D.11). Consistent with a grounded theory 

approach, the final codebook was used as an interpretive framework for data analysis 

(Creswell, 2013). The topics and themes were used to identify commonalities in perceptions 

and attitudes across participants to describe the main perspectives towards salmon farming. 

Comparison of the codes across interview groupings (categorizing social responses as either 

support or opposition) was used to identify insights and common factors influencing different 

social responses. The transcripts were re-examined across response groupings to investigate 

how the most prevalent themes manifested within each grouping of attitudes, which can help 



 

144 

 

advance theory on what motivates attitudes and identify key perceptual factors. Unique 

attributes, while interesting, inhibits generalizability (Kennedy, 1979) so this study focused on 

the most common attributes shared among perspectives to help build theoretical premises 

which can be positioned to give rise to assertions about situations akin to the one studied.  

 
6.4 ATTITUDES TOWARD SALMON FARMING  

 

Based on the in-depth interviews, four different perspectives emerged reflecting different 

perceptions and attitudes about salmon farming (Table 6.1 ). While this study details the four 

perspectives as distinct, they should be understood as a continuous spectrum of responses 

from opposition to support. This section describes the experiences, arguments, and 

perceptions unique to each perspective, drawing on relevant participant quotations.  

 
Table 6.1  Summary of main perspectives about salmon farming. 

 

6.4.1  The “Not good anywhere” perspective 

 

Several participants expressed negative attitudes about salmon aquaculture within broader 

arguments about natural resource management, sustainability, corporate motivations, and 

approaches to governance, and defined the “nature of the industry” as inherently problematic. 

Perspective 
(number of 
participants)  

Main viewpoint towards aquaculture Response 
category Preferences 

“Not good 
anywhere” 

(7) 

Problematic nature of the industry, intertwined 
with criticisms beyond aquaculture that 
included government and corporate 
motivations 

Oppose Land-based 

“Not good 
here” 

(5) 

Not a good fit for the area, reflecting a clash of 
local desires and values against government 
and industry motivations and processes 

Oppose Land-based or 
improvements 

“Tolerable” 
(5) 

Benefits need to be weighed against impacts, 
with improvements to resolve uncertainty 
about the industry 

None (i.e., 
unaligned) 

Improvements 
needed 

“Moving 
forward” 

(7) 

Opportunities support industry growth, if done 
sustainably and not at the expense of the 
environment and community 

Support Conditional 
increase 
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The participants claimed salmon farming to be unsustainable because of a cumulation of 

incidents around the world and scientific evidence of its adverse effects.  

 

Perceptions of aquaculture risks were intertwined with wider concerns over the use and care 

for the environment. Some participants used concerns over the impacts of domesticated or 

genetically modified salmon escapes on wild populations to show how “man is always thinking 

they are smarter than nature.”. Disease and animal welfare concerns were deemed part and 

parcel of poor domestication processes and intensive farming seen among other animal-

rearing industries (like poultry and dairy). Others considered salmon farming as a manipulation 

of the natural processes: “I don't see these as salmon… The same way growing meat in a Petri 

dish, this is not natural.”. The participants described how this reflects a broader belief of issues 

within current political and economic systems that do not thinking holistically about the 

environment. 

 

Criticisms of the motivations and mindsets of large corporations also characterized this 

perspective. Some participants felt the industry held a demeanor of contempt towards 

community concerns, driven by a lack of incentive to be forthcoming and truthful. Likewise, 

participants perceived the industry to harbour disdain towards regulations and environmental 

protection, leading to loss of perceived accountability of the industry. Some felt that the 

industry will act in a deceitful or secretive way to achieve its goals, driven by a principle of 

“maximizing profits at all costs”.  

 

These participants expressed strong criticisms of the influence of industry on governance, 

including opinions that government policies and procedures were biased to industry interests. 

Concerns over the dual mandate of the government to regulate and promote the industry were 

reflected in what one participant refers to as “hand in glove” action. The creation of bias was 

thought to be related to individuals in decision-making roles having industry backgrounds, a 

feature also shared with other industries like forestry.  

 

This perspective emphasized governance issues beyond aquaculture and criticized broader 

ways that governments use and manage natural resources. Some participants linked their 

attitudes of aquaculture to examples from other industries where government management 
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has failed to predict and respond to nature in managing resources. In this way, concerns 

around salmon farming were seen as a product of a flawed policy system based on a growth 

mindset, which manifested in low confidence in government priorities for social or community 

well-being: “This government has to start planning without expansion in mind. That isn't the 

goal - the goal is happiness, quality of life and standard of living.”.  

 

Many participants were pessimistic in their assessment of whether decision-makers could 

implement effective solutions to build a sustainable salmon farming industry. This perspective 

questioned the necessity of salmon as a food product, arguing that salmon farming was not 

part of the solution for either global or local food security, noting how salmon is an elite, 

expensive and luxury product not accessible to many Nova Scotians. Rather, all participants 

believed salmon farming operations needed to be completely removed from the coastline, with 

land-based aquaculture the only way forward for the industry.  

 

6.4.2  The “Not good here” perspective 

 

Several participants emphasized concerns over the local impacts, believing that salmon 

farming was not a good “fit” for the area. These participants expressed concerns over where 

farms were placed and believed current sites to be shallow and not receive adequate flushing, 

leading to concerns over animal welfare, marine habitat degradation, and consequences to wild 

populations. Several participants also expressed conflicts with other marine users, especially 

wild capture fisheries and tourism. These expressions suggested a perceived need to protect 

community livelihoods and well-being, much of which depends on maintaining the aesthetic 

and supportive values of the marine environment.  

 

These concerns also included expressions that salmon farming does not fit into the broader 

culture of the place and does not represent what the community wants for the future. In this 

way, high levels of place attachment served to motivate opposition to aquaculture, as 

aquaculture was often seen to pose a threat to the community and place: “[For] everyone that 

I know… income depends almost entirely on the fishery. So, it [impacts on fisheries from 

salmon farming] would entirely wipe out income completely. It's so close to home that it does 
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get emotional.”. Concerns over foreign ownership emerged, juxtaposed with a community 

culture of supporting small local businesses, and more natural, self-sufficient lifestyles. In some 

ways, participants perceived local salmon companies as “outsiders”, with little willingness to 

meaningfully consider or contribute to the well-being of local communities. There also 

emerged a desire to attract job opportunities and diversify employment locally, but salmon 

farming was not considered “part of that mix”, especially given the belief that the industry 

only provided few poor-quality jobs.  

 

Another central theme surrounded low confidence in how the provincial government makes 

decisions, engages the community, and enforces and monitors the industry. Many perceived 

government decisions to be motivated by economic growth rather than science and evidence. 

The participants reflected on experiences where they felt pushed aside when presenting the 

government with evidence against salmon farms. 

 

In addition, the participants perceived the government to have poor decision-making 

processes, leading to poor siting decisions and overall management. The participants had little 

confidence in the government’s ability to enforce regulations, believing the government to not 

adequately punish the industry for regulatory violations. Insufficient communication and 

engagement processes were highlighted, with many participants perceiving the government to 

not be doing enough to meaningfully consider the community in decision-making. These 

participants advocated for community empowerment: “I think that the community… we have 

a voice, you know, it's, the government does have, shouldn't be allowed to make decisions for 

a community that clearly does not want open pen fish farms.”.  

 

This perspective was also characterized by reference to experiences with local industry 

operations. These participants perceived the industry as not accountable, forthcoming, or a 

good community partner. The participants felt that the industry does not take accountability 

for the marine pollution and debris that wash up along the shoreline. Some participants 

referenced incidents where the industry has operated beyond lease boundaries, reflecting a 

perception of the industry going about its business with a brazen attitude.  
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Consequently, many participants were pessimistic about the future of the sector, but 

recommended a shift to land-based, seeing it as an opportunity to create win-win scenarios for 

the local environment and community. As one participant described, “Get it away from the 

coast cause it's just ruining our coasts.”. However, others suggested improvements, including 

open and transparent communication and rigorous environmental assessments.  

 

6.4.3  The “Tolerable” perspective 

 

A third perspective emerged among respondents who manifested a complex discourse about 

weighing benefits and risks, presenting a neutral position on aquaculture. Benefits recognized 

by participants revolved mainly around future local and global needs. Globally, participants 

advocated food security benefits, especially given a growing population. Locally, participants 

acknowledged the potential of aquaculture for employment and economic benefits to 

communities. 

 

Yet, this group also expressed negative perceptions of the socio-economic benefits 

aquaculture affords to communities. They highlighted concerns about the overexploitation of 

the local area that can sometimes happen with foreign industries: “So it isn't, I don't even 

know if I have a negative attitude towards fish farming. I think I just have a negative attitude 

toward the 'Grab and go' thing that sometimes happens.”. 

 

The participants reflected on experiences of broken promises and unmet expectations as 

reducing confidence in the industry and the government’s commitment to the communities. 

For some, this manifested as low trust in government as an institution, based on experiences 

with other industries, such as fisheries. In relation to aquaculture, some perceived a lack of 

company accountability, exemplified by beliefs that companies do not do enough to remove 

litter that washes ashore from farms. As a result, the participants emphasized the need for 

industry to become better community partners and work with communities to create win-win 

scenarios.  
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Central to this perspective was a sense of uncertainty around the industry and its governance. 

Many participants identified a range of potential environmental impacts of salmon farming, 

but many admitted they knew little about it, drawing from examples in other areas and the 

media, but recognized they had little direct interactions with the industry. Some participants 

recognized that few direct experiences with the industry can lead to uncertainties and fear 

around the impacts of the industry. Thus, the participants believed improvements in education 

and communication were necessary for the industry:  

 

I think that if they maybe explain their objectives and what they are doing with 

this fish and their plans are for the future. Maybe if they explained things a little 

bit better to everybody, people might settle in with a little bit more. 

 

In particular, several participants wanted more information about environmental risks, how 

governments make siting and policy decisions, and about economic benefits to communities.  

 

6.4.4  The “Moving forward” perspective 

 

Supporters of salmon farming embodied a perspective focused on both local socio-economic 

benefits and global food security opportunities from salmon farming. The participants 

expressed excitement over the potential benefits of expansion, and the possibility to create 

jobs and support economic spinoffs in the area, where there is a need for economic 

development. Globally, salmon aquaculture was seen to support protein needs now and in the 

future. The perceptions reflected a sense that aquaculture was needed if people want to 

continue eating fish.  

 

These participants recognized that industry changes over the years have led to significant 

positive improvements. The participants recognized the industry’s “growing pains” at the 

infancy of the industry in Nova Scotia. For these participants, the industry has worked hard 

to improve communication, conduct research, and change practices and technologies in 

response to issues and community concerns. In addition, some participants recognized that 

governments have made substantial regulatory improvements, although they highlighted the 
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need to continue improving regulations, especially by simplifying and standardizing them. In 

addition, participants also identified that it was critical that industries work with fisheries 

interests and that siting decisions do not interfere with traditional fishing grounds.   

 

The participants often linked positive attitudes to good personal interactions with the industry. 

The industry was portrayed as genuine and forthcoming with information, with participants 

describing the industry as open to questions, and wanting to be part of the community: 

 

I think they do listen, at least in my experiences... [the industry] is a great advocate 

for caring for his workers, for caring what the community think and want. And they 

want to be part of the community.  

 

This perspective considered aquaculture a sustainable industry and argued that there is little 

evidence to support major environmental risks for aquaculture locally. For these participants, 

current sites were considered adequately located to support salmon growth without 

environmental harm. In addition, the participants felt the industry was operating farms well, 

reflected in their confidence in current regulations: “There are small issues but no real negative 

impacts. Because if you do everything right in terms of husbandry, stocking density, etc. you 

don’t have negative impacts.”.  

 

These participants addressed criticisms of fisheries impacts, drawing from statistics on the 

continued profitability and population status of wild stocks. Drawing from experiences, these 

participants argued that not all fishers are affected by, or oppose aquaculture, and others in 

fact benefit from increased lobster catches near cages. Rather, they believed much of the 

criticism towards aquaculture is based on misinformation and other factors such as attitudes 

towards any change in people’s community or environment. Still, the participants highlighted 

the sector should continue increasing oversight, reducing risks, and conducting scientific 

research. 

 

 

 



 

151 

 

6.5 IDENTIFYING FACTORS DRIVING SOCIAL RESPONSE 

 

6.5.1  Perceptual factors around legitimacy   

 

Three main dimensions of legitimacy emerged from thematic coding describing participant 

attitudes towards aquaculture, including input legitimacy, throughput legitimacy, and output 

legitimacy (Table 6.2). In recent years, research has begun to consider legitimacy concepts for 

analyzing complex social conflicts and exploring social acceptance of the industry and its 

governance (e.g., Bjørkan & Eilertsen, 2020; Sønvisen & Vik, 2021). Likewise, this study 

demonstrates conflicting perceptions of legitimacy across perspectives (Appendix D.12), 

reinforcing the utility of legitimacy as a frame to operationalize social acceptance as embedded 

within particular social contexts (Washington & Zajac 2005; Zimmerman & Zeitz, 2002).  

 

Table 6.2  Main themes emerged from interview coding, categorized within three main 
dimensions of governance legitimacy. 

Dimensions of 
legitimacy Themes Examples 

Input legitimacy: 
 

based on perceptions related to 
the procedures, processes, and 
policies that feed into decision-

making processes 

Evidence behind decisions “I've been up there with the suits, they think they 
are the experts, but WE are experts, we’re the ones 
living next to it for 20 years.”  

Priorities and motivations  “They go ahead and do whatever they want…It's a 
private company… They will do what they wanted 
to fit their business model…” 

Industry oversight  “But if they follow the rules and do what they're 
supposed to do, I can't see where its impacting 
anything.”  

Who makes decisions  “…it's a flawed system. It's not supervised… and it 
seems to be driven by the stakeholders rather than 
the people that matter.”  

Throughput legitimacy: 
 

the ways that people are 
involved in the policy process, 

involving knowledge and 
engagement 

Transparency and availability of 
information 

“So they hide the renewal down a deep rabbit hole 
on the website of NSDFA. Like it's not, it's not 
bright and top and center…”  

Reliability of information “They [the government] let the media outline it. 
And media… they usually don't agree. They slant 
it…”  

Community and stakeholder 
engagement  

“Um, so it's, as far as I'm concerned, the industry 
seems to take a 'pound sand' attitude about 
community engagement.”  
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6.5.1.1 Input legitimacy – Policies and procedures  

 

Participants commonly focused their arguments about aquaculture on several themes 

regarding the legitimacy of policies and procedures and manifested questions around how 

decisions are made (Table 6.2). Increasingly, aspects of governance have become more 

prominent in public conflicts of aquaculture (Condie et al., 2022; Ertör & Ortega-Cerdà, 2015; 

Salgado et al., 2015). In addition, these findings are consistent with emerging discourses of 

mistrust towards regulative agencies and the need to reform many policy processes (Billi et al., 

2022).  

 

One topic of contention revolved around how governments use evidence in their decisions. 

While the participants agreed that scientific research and evidence-based decision-making were 

paramount, differing views emerged on how effectively science was being applied, reflecting 

polarized views among participants (e.g., Condie et al., 2022). In this study, opponents 

perceived governments to be ignorant of scientific findings that may denounce the industry, 

reflecting concerns of a broader regulatory environment in Canada that has not responded 

effectively to results of scientific analysis (Soomai, 2017). A perceived tendency of 

governments to ignore science in decision-making was often linked to eroded trust in 

government and industry science, leading to arguments that decisions should be based on 

rigorous, independent scientific evidence. In comparison, positive attitudes manifested as 

confidence in the scientific evidence used in decision-making, with supporters believing that 

decisions undergo multiple rounds of consultation so that evidence is “under the radar” 

Output legitimacy: 
 

relates to the outcomes of 
policies and procedures (e.g., 
the social and environmental 

impacts of aquaculture) 

Environmental impacts   “It's not a matter of if it's just when the bottom 
will become polluted…it's a real mess.”  

Material well-being  
(economic and health impacts) 

“It would certainly be wonderful to get one of 
these companies in and build a 2-3 billion dollar for 
GDP.”  

Subjective well-being  
(experience, aspirations, 
spiritual) 

“…when it started to smell, the kids couldn't go on 
the beach anymore…”  

  Relational well-being 
(concerning personal and social 
relations) 

“The most negative impact…was the way that [the 
industry] went about dividing the community.”  

Distribution of risks and 
benefits 

“They [industry] are great at wanting to employ 
people but not throw their money around the 
community.”  
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multiple times. In addition, this study found competing values over including experiential 

knowledge of local experts in decision-making. These arguments reflect differing 

epistemologies of science for aquaculture planning, which has been linked to conflicts in 

perceptions in aquaculture in New Zealand (McGinnis & Collins, 2013).  

 

One major theme put forward by opponents reflected the priorities and motivations behind 

policy decisions, which were perceived to ignore broader environmental impacts and social 

well-being. This study reinforces findings in other salmon farming areas (e.g., Ford et al., 2022; 

Lindland et al., 2019), where communities have criticized economic motivations and growth 

priorities of government and industry. In addition, these criticisms were linked to a sense of 

distrust, as participants felt government and industry did not respect the community interests 

or values, suggesting a legitimacy-gap based on perceived disagreements regarding what is 

valued (Boltanski & Thévenot, 2006).    

 

Perceptions of industry oversight emerged in relation to how governments oversee the 

aquaculture industry to protect the environment and public interest. In the present work, 

disagreements emerged over the ability of governments to meet regulatory expectations 

through monitoring and enforcement, which the participants considered critical for ensuring 

sustainability. These findings further support ongoing public criticisms, which are demanding 

stronger and more stringent regulatory oversight (see Mather & Fanning, 2019). In addition, 

conflicts over the content of regulations emerged, with opponents perceiving regulations as 

not the claimed “gold standard”, criticizing perceived deficits in the government’s process for 

Environmental Impact Assessments (EIA), as well as a lack of transparency and inadequate 

communications. These findings are consistent with research from Norway, where poor 

content legitimacy of regulations and policies has related to low acceptance of aquaculture 

(Bjørkan & Eilertsen, 2020; Sønvisen & Vik, 2021). Conversely, supporters recognized 

regulatory changes in the province (e.g., Withers, October 2015), leading to the perception of 

substantive improvements and positive attitudes towards aquaculture regulation.  

 

Social responses were also driven by arguments around who makes decisions, reflecting 

perceptions of procedural fairness and participatory governance. Perceptions of bias and 

misrepresentation manifested concerns over distribution of power into the hand of industry, 



 

154 

 

with opponents feeling decisions are driven by industry desires more than desire of 

communities. These concerns were also linked to criticisms regarding the dual role of 

government acting as both regulator and promoter of the industry, a longstanding source of 

conflict across Atlantic Canada (e.g., Doelle & Lahey, 2014; Maxwell & Filgueira, 2020; Rigby 

et al., 2017). Others highlighted structural issues with having government positions held by 

previous industry members. These concerns manifested a sense of “bias” and poor legitimacy 

of policy processes, since neutrality of policy makers is as a key component of procedural 

legitimacy (Tyler, 2007). In addition, opponents linked their feelings of distrust, of being 

ignored, and unfairness of government and industry to a perceived exclusion of citizens and 

relevant stakeholder groups during aquaculture decision-making. Complaints about fair and 

participatory governance for aquaculture have likewise motivated opposition movements in 

Europe (Ertör & Ortega-Cerdà, 2015). Furthermore, opponent perspectives encapsulated 

issues beyond aquaculture but related to decentralized community planning, reflecting a desire 

for communities to have greater power in determining what types of industries are best for an 

area. These issues are consistent with growing resistance against top-down management for 

more integrated, holistic marine planning in coastal Nova Scotian communities (Wilson & 

Wiber, 2009). Yet, supporters refuted the shift towards more bottom-up management 

approaches, stating this approach is driven by people who have little understanding and 

awareness of aquaculture issues.  

 

6.5.1.2 Throughput legitimacy—Engagement and information  

 

The findings from this research suggest that social responses to aquaculture are driven both 

by how people access and trust information about aquaculture, and how individuals are 

engaged during decision-making (Table 6.2). Likewise, social acceptance research has 

identified links between attitudes developed through experiences and knowledge (e.g., Stankey 

& Schindler, 2006), reflecting ideas about the legitimacy of governance throughputs, or how 

people perceive the way they are engaged (Schmidt, 2013). These findings also corroborate 

discussions of the importance of transparency, inclusiveness, accountability, and openness in 

mediating the legitimacy of governance throughputs (Taylor, 2019). 
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This work reinforces the critical role that transparency of information plays in the social 

acceptance of aquaculture (Trueman et al., 2022), leading to more accountable and legitimate 

governance (Schmidt, 2013). Opponents highlighted the lack of access to reliable, independent 

information about aquaculture, reflecting resistance movements in other salmon farming areas 

(e.g., Baines & Edwards, 2018; Ertör & Ortega-Cerdà, 2015). Conversely, supporters perceived 

information to be available, though often provided through personal experiences and dialogue; 

these participants thus raised issues of making the public aware of information, emphasizing 

the importance of education and awareness-raising. In addition, the participants stressed that 

their perceptions around transparency were also influenced by the way governments and 

industry communicate information, highlighting the importance of improving clarity and 

minimizing confusion in the effectiveness of transparency (Fox, 2007). 

 

These findings illustrate that social responses to aquaculture were intertwined with perceptions 

of the reliability of information about aquaculture. The relevance of this theme reinforces the 

link between legitimacy of information and knowledge and social acceptance (Cullen-Knox et 

al., 2017), where the “effectiveness” of evidence-based decision-making relies on perceptions 

of credibility, relevance, and legitimacy of scientific knowledge (Cash et al., 2003). For 

example, the opponents expressed little trust in the information made available by the 

government and industry, which was often perceived as “propaganda” for the industry. In 

addition, different perceptions on the legitimacy and trust towards information suggest that 

for some individuals, awareness-raising and transparency alone will not necessarily generate 

positive attitudes. Yet, all perspectives presented rational arguments based on “objective and 

factual knowledge”, emphasizing how conflicting paradigms of knowledge can influence social 

responses (Aestre & Vik, 2013). Yet, scientific knowledge can become politicized, as interest 

groups can “cherry-pick” information and mobilize scientific findings to support conflicting 

positions on aquaculture (Sønvisen & Vik, 2021). This process of “cherry-picking” may 

contribute to misinformation, which was quoted by both supporters and opponents as a 

challenge for the industry. Several participants criticized the role of media, both news media 

and social media, which is reportedly spreading misinformation about the industry and its 

benefits and risks. Yet, many participants referred to media as sources of information, 

suggesting a complex role of media in social conflicts, which has been previously recognized 

in aquaculture debates in Atlantic Canada (Maxwell & Filgueira, 2020; Trueman et al., 2022). 
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Negative perceptions were not always embedded in deficits in public understanding or lack of 

knowledge, but in affective responses to how individuals are communicated with and engaged. 

Some participants expressed how communication alone is meaningless if the government and 

industry are not open and inclusive, giving locals the opportunity to speak and be heard. 

Likewise, social acceptance literature across other resource sectors considers procedural 

fairness, that is processes that allow citizens to express their views, intertwined with trust and 

acceptability of processes (e.g., Huijts et al., 2012; Mercer-Mapstone et al., 2018). In addition, 

how industry and government respond to public concerns was a common theme raised by 

opponents, who described feeling “handled” or “manipulated” by government and industry, 

and frustrations over concerns “laying on deaf ears”, built from experiences of in-action 

following public criticism. Conflicts also involved fairness in the ability of different interest 

groups, including citizens and key stakeholders (like fishers) during engagement processes. 

Responses were also driven by conflicting views on the quality of interpersonal relationships 

between aquaculture (industry and government) and community during engagement. Many 

opponents perceived industry and government to be contemptuous and disingenuous, 

contrasting with positive interactions expressed by supporters, who perceived the industry and 

government to be genuine, open, and forthcoming. These findings echo conflicting views on 

engagement in aquaculture in other areas (e.g., Billing, 2018; Sinner et al., 2020), reinforcing 

the need for positive, respectful relationships between community and industry actors. 

Reflecting findings from other sectors (e.g., mining; Mercer-Mapstone et al., 2018; Moffat & 

Zhang, 2014), these results suggest that both the extent and quality of contact are key 

predictors of social responses, emphasizing the importance of the nature of relationships on 

building trust and driving social acceptance for aquaculture (Baines & Edwards, 2018). 

 

6.5.1.3 Output legitimacy–Perception of impacts and outcomes 

 

The perceptions reflected various themes related to output legitimacy as reflecting a complex 

process of weighing perception of risks and benefits, in addition to judgements on whether 

they are deemed appropriate based on what societies want and value (Table 6.2). These 

findings reinforce perception of risks and benefits as an important driver of social response, 
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supporting other social acceptance studies in aquaculture (e.g., Bailey & Eggereide, 2020; 

Freeman et al., 2012; Mazur & Curtis, 2006; Whitmarsh & Palmieri, 2009).  

 

Perceptions of environmental risks of salmon farming was a recurring theme shaping diverging 

attitudes to aquaculture among participants. The emphasis of potential environmental impacts 

such as impacts on wild marine species and habitats from disease, escapes, and fish waste 

reflect well-known conflicts around salmon aquaculture around the world (Cullen-Knox et al., 

2019; Olsen & Osmundsen, 2017; Rickard et al., 2018; Krøvel et al., 2019). Likewise, this was 

reflected in the importance placed on environmental impact assessments to mitigate potential 

risks, underscoring the importance of planning for, and minimizing risks to the marine 

environment in improving the perceived legitimacy of aquaculture. 

 

Moreover, social responses to aquaculture exhibited complex arguments over the 

consequences of environmental and social impacts on individual and community material, 

subjective, and relational well-being. These findings underscore the importance of ongoing 

work investigating how to incorporate well-being into aquaculture decision-making 

(Alexander, 2022; Krause et al., 2015), advocating a focus away from governance mechanisms 

that prioritize economic growth through the “Blue Economy” to more holistic priorities of 

well-being encapsulated by the “Blue Communities” approach (Campbell et al., 2021).  

 

Perceptions of aquaculture’s influence on material well-being encompassed conflicting 

arguments around economic benefits, including direct employment and potential economic 

spinoffs, emphasizing social responses as intertwined with whether aquaculture acts as a 

potential provider to communities and reinforcing the importance of socio-economic impacts 

in perceived legitimacy of aquaculture (Bjørkan & Eilertsen, 2020). In addition, conflicting 

ideals about aquaculture’s potential impact on other livelihoods, including concerns over 

fisheries displacement, marine access, and visual impacts, reflected similar concerns over 

aquaculture expansion at the expense of other social and economic activities in other areas 

(e.g., Ertör & Ortega-Cerdà, 2015). An important part of material well-being also manifested 

as conflicts around the role of aquaculture as a food system, echoing broader contention over 

the health benefits of salmon (Amberg & Hall, 2008), and how aquaculture can address food 

security amidst increasing global demands for seafood (Belton et al., 2020).  
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In addition, the participants also expressed concerns regarding the impacts on subjective (that 

is spiritual, emotional, or mental) well-being. For example, aesthetic concerns were often 

linked to people’s non-instrumental uses of the environment for recreation or enjoyment, 

encompassing aspects such as sense of place, spiritual, and cultural heritage (e.g., Cooper et 

al., 2016). For example, a prominent criticism of opponents revolved around their perception 

of the industry as not being a legitimate user of the environment, since the industry was 

perceived to interfere with how they experience and value the environment. These concerns 

support ongoing discussions within broader social acceptance literature placing values as a 

central motivating factor in people’s attitudes towards environmental governance outcomes 

(Stankey & Shindler, 2006). In addition, perception of benefits was influenced by how 

participants felt they contributed to individual and community aspirations for the area, a 

feature previously found in other salmon farming areas (e.g., Alexander, 2022).  

 
A recurring theme also emerged over aquaculture’s impacts on relational well-being, as 

conflicts around aquaculture impact relationships between individuals. For example, several 

participants believed aquaculture to create community impacts by generating social tensions 

and creating a process of “othering”, a form of cultural differentiation, that is, the increased 

differences between various groups in a community (Vanclay, 2002). As some participants 

described, these conflicts have impacted relationships within the community, thus community 

cohesion and overall sense of social well-being.  

 

Another relevant feature related to perceived output legitimacy of salmon aquaculture emerged 

out of conflicts underlying the desire for fair distribution of risks and benefits. For example, 

while many participants recognized positive economic impacts of aquaculture, the fairness in 

the distribution of economic benefits was a more relevant driver for acceptance, and a major 

criticism raised by opponents. Distribution of benefits has likewise been recognized as an 

important facet of conflicts in other salmon farming areas (e.g., Ertör & Ortega-Cerdà, 2015; 

Sinner et al., 2020), which similarly recognizes that focusing on purely material benefits such 

as contribution to Gross Domestic Product (GDP) is unlikely to build public confidence in 

aquaculture. In addition, opponents criticized that through government subsidies and 

incentives, government and taxpayers are paying for the industry and their mistakes, while also 

receiving very little tax revenues from fish farms, leading to unjust distribution of benefits 
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(e.g., Ertör & Ortega-Cerdà, 2015). These findings reinforce conclusions from wind energy 

developments (Gross, 2007) that found that unjust distribution of benefits can create a 

perception of financial “winners and losers” and damage the social well-being of communities. 

As a result, this study supports findings from other sectors emphasizing that factors related to 

distributional justice and distributive fairness are a key component of the social acceptance of 

aquaculture (Huijts et al., 2012; Wüstenhagen et al., 2007; Zhang et al., 2014).   

 
6.5.2  Perceived trust 

 

Perceptions of trust emerged as the primary driver and determinant of differences in attitudes, 

suggesting trust as a key perceptual factor of social response. Likewise, trust has been regarded 

as a primary motivator for social acceptance in aquaculture (Alexander, 2022; Freeman et al., 

2012; Mazur &Curtis, 2008; Tiller et al., 2017) and other resource sectors (e.g., Ford & 

Williams, 2016; Huijts et al., 2012; Ross et al., 2014). This study considers trust as a cross-

cutting issue, as it was influenced by other elements (like the assessment of risks, fairness, and 

awareness), and likewise also influenced them. Pre-existing, and sometimes prejudiced, 

opinions about individuals and institutions (Evans & Revelle, 2008) can also influence 

perceptions of trust. For example, a history of conflicts in other industries can erode 

institutional trust in government (Salgado et al., 2015), while beliefs about corporations can 

influence the trustworthiness of large aquaculture companies (Ford et al., 2022). Moreover, 

perceptions of throughput legitimacy based on how individuals are engaged influenced trust 

between individual persons, which emerged as an important motivator in people’s response 

to aquaculture, supporting the important role of relationship building for effective decision-

making (Parkins & Mitchell, 2005; Moffat & Zhang, 2014). Perceptions of trust can also shape 

and motivate other perceptual factors. For example, trust in scientific information and actors 

communicating scientific information may lead to more positive evaluations of risks and 

benefits (Huijts et al., 2012), creating dynamic interplays between output legitimacy and trust. 

Taken together, these findings emphasize the critical need for governments and industry to 

build and maintain trust for more legitimate aquaculture decision-making.   

 

This study identified several themes relating to the trustworthiness of the procedures 

underlying aquaculture governance, suggesting that institutional trust was a key factor in 
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driving social responses to aquaculture. This study thus supports arguments that institutional 

trust may be more important than interpersonal trust between individuals in legitimate 

planning and decision-making (Parkins & Mitchell, 2005). Opponents expressed strong 

distrust in government decisions. Their arguments remarked on both perceived failures to 

enforce the regulations that govern the industry and in themes related to challenges with 

governance structures, often extending to other resource sectors as well. Yet, supporters had 

high perceived confidence in government, citing regulatory changes as a major driver of built 

confidence. While industry trustworthiness was also a point of contention between opponents 

and supporters, perceived trust was similar for both industry and government, highlighting the 

interconnectedness of actors within the sector. The trustworthiness of other actors may also 

apply to understanding social acceptance (e.g., Alexander, 2022), as the participants in this 

study criticized the role of media and NGOs in shaping the information that people receive. 

In conclusion, perception of procedural legitimacy is a relevant determinant of trust, ultimately 

guiding people’s responses to aquaculture.  

 

6.6 UNDERSTANDING SOCIAL ACCEPTANCE IN AQUACULTURE  

 

The in-depth interviews with residents and stakeholders in three salmon farming communities 

revealed a diversity of perceptions about the management and potential impacts of salmon 

aquaculture, manifesting as four diverging perspectives towards aquaculture. Likewise, recent 

research has identified a range of differing views and conflicts within communities amidst the 

expansion of salmon aquaculture (Froehlich et al., 2017; Lindland et al., 2019; Young et al., 

2019), reinforcing ongoing debates on the controversial nature of salmon aquaculture (e.g., 

Condie et al., 2022; Young & Matthews, 2010). Conflicts, concerns, and priorities were not 

homogeneous, even among those with similar overall opinions, suggesting that decision-

makers should acknowledge a continuous spectrum of perspectives towards aquaculture. 

These findings recognize that the controversy over aquaculture symbolizes more than just 

attitudes about salmon farms; rather, the controversy incorporates a suite of wider public 

issues, such as animal rights, food safety and security, corporate power, and community 

empowerment (Ladd, 2011). Further, social responses expressed nuanced considerations of 

how aquaculture supports individual and social well-being, reflecting not only the physical 
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manifestations of impacts (in terms of relocation, employment etc.) but also the meanings, 

perceptions, and social significance of changes. Accordingly, policies that consider different 

understandings of value and well-being domains may contribute to more legitimate planning 

for aquaculture. 

 

Comparison of salmon farming perspectives within Nova Scotia communities revealed 

perceptual factors around trust and legitimacy as the most relevant attributes explaining 

differing attitudes shared among perspectives (Figure 6.1). By identifying a diversity of 

perceptual factors that shape attitudes toward aquaculture, this work can inform further 

development of conceptual models for social acceptance and understand the key drivers of 

social responses. Framing of perceptions around legitimacy proved useful to organize 

emergent themes related to participant’s perceptions of how decisions are made, how 

stakeholders are engaged and informed, and how benefits and costs from aquaculture are 

distributed. This conceptual model also recognizes feedback across components of legitimacy, 

contending that each component of legitimacy, on its own, is insufficient to evaluate social 

responses to aquaculture. Likewise, legitimacy is deeply intertwined with evaluations of trust 

in government, industry, and science, which is a key predictor of social responses. While this 

model only considers perceptual factors, other factors may affect social response to salmon 

farming, such as individual traits (e.g., socio-demographic variables) and contextual factors. 

Nevertheless, this conceptual model can help clarify the relative importance and interactions 

between perceptual drivers of social acceptance in aquaculture and help inform the design of 

more sustainable and legitimate aquaculture governance.   
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Figure 6.1  Conceptual model of perceptual factors and how they interact to influence 
social response to salmon farming. 
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CHAPTER 7: CONCLUSIONS  
 

7.1 INTRODUCTION  

 

Aquaculture continues to be an important sector to address growing global food demands and 

support economic growth and improved livelihoods. Aquaculture presents opportunities to 

meet the United Nations (UN) Sustainable Development Goals (SDGs) of reducing hunger, 

supporting well-being, and promoting sustainable economic growth. Thus, implementing 

sustainable aquaculture is central to achieving many SDGs (FAO, 2017), but may require a 

shift towards more systems-thinking governance and management (Stead, 2019). In response 

to the rapid growth of aquaculture and the need to manage the interactions of aquaculture 

with other resource users and ecosystems, the FAO developed the Ecosystem Approach to 

Aquaculture (EAA) as a systems-approach strategy for integrating aquaculture within wider 

ecosystems such that it promotes sustainable development, equity, and resilience of interlinked 

Social-Ecological Systems (SES) (Soto et al., 2008). Despite the inception of EAA over ten 

years ago, it has had a varied uptake in decision-making contexts and continues to face 

challenges in tackling complex governance issues, in part due to limited capacity to incorporate 

and implement the range of conceptual and technical knowledge demanded of such an 

approach (Brugère et al., 2018). Despite the challenges, implementing EAA could be 

operationalized through more holistic assessments of aquaculture that consider inter-linkages 

between social, economic, and environmental sustainability and well-being.  

 

Developing an integrated view of carrying capacity (CC) may serve as a valuable way to 

implement a holistic approach to aquaculture assessment, offering a tool to assess whether 

aquaculture activities are within the acceptable physical, production, ecological, and social 

thresholds relevant to operationalizing the EAA (Ross et al., 2013). Yet, the full integration of 

different carrying capacity components does not yet exist, and it remains poorly understood 

whether such an approach can tackle complex governance issues of SES or align with EAA 

principles. In addition, little research has investigated social aspects of aquaculture, and how 

to define, measure, and incorporate social considerations into carrying capacity.  
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The overall objective of this thesis was to investigate carrying capacity for the holistic 

assessment of salmon aquaculture in the context of an Ecosystem Approach to Aquaculture. 

To achieve this objective, this research aimed at answering two overarching questions: 

 

1. How can carrying capacity be mobilized to support the holistic management of 

salmon aquaculture?  

 

2. What factors determine the socially acceptable limits of salmon aquaculture?   

 

The results from this thesis highlight that carrying capacity for more holistic assessment of 

salmon aquaculture is a dynamic, interdisciplinary, and complex topic that will continue to 

require conceptual and technical knowledge to effectively implement into decision-making. 

This concluding chapter first discusses the strengths and weaknesses of existing carrying 

capacity applications to discuss the potential role of CC in more holistic aquaculture 

management. Then, this chapter situates the overarching results of this thesis within the 

context of closing the gap towards a better understanding of how to define, measure, and 

consider social carrying capacity. This chapter subsequently synthesizes the findings and 

considerations across the thesis chapters to discuss a path forward for integrating holistic 

carrying capacity (HCC) into aquaculture planning and decision-making, highlighting 

considerations of multiple limits embedded within a context of social values and relevant 

policy settings. This chapter concludes with a summary of the research limitations of this thesis 

and an agenda for future research opportunities and needs.  

 

7.2 THE ROLE OF CARRYING CAPACITY 

 

7.2.1  Opportunities and challenges  

 

The last 40 years have witnessed a suite of definitions, tools, and methods for estimating CC 

in aquaculture, marking what can now be considered a mature field of study (Chapter 2). 

Carrying capacity’s varied applications across diverse fields, as well as its conceptual simplicity 

and flexibility, and its recent attention in aquaculture settings offer opportunities to capture 
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multiple objectives related to sustainable resource management (Table 7.1). Carrying capacity 

has been developed considerably within aquaculture to quantify the potential biomass of 

species for aquaculture, determine optimal sites for production, and understand the impacts 

of culture production on the surrounding environment (Chapter 2). Carrying capacity for 

aquaculture can recognize multiple management objectives (Table 2.1) and the field of study 

offers several well-developed methods to evaluate ecological, social, governance, and 

economic interactions (Chapter 2). In particular, the extensive research into defining indicators 

and tools for production and physical aspects of carrying capacity present useful and robust 

measures to assess the environmental suitability for sites and the economic viability of 

aquaculture projects. Likewise, ongoing research is working towards supporting many of the 

necessary research pillars identified as important in aligning carrying capacity for an EAA 

(Chapter 2). For example, ongoing CC research has expanded models to include a wider set 

of considerations, such as disease (Ferreira et al., 2021). In addition, multiple tools already exist 

that are highly suitable for measuring different aspects of carrying capacity (Table 3.4; Chapter 

3), and that continued advances in models and Geographic Information Systems (GIS) 

applications (e.g., Taji et al., 2022; Tsiaras et al., 2022) are making significant contributions to 

improving the reliability and usefulness of carrying capacity estimates. While social carrying 

capacity (SCC) remains largely in a development stage (Anaïs et al., 2020), ongoing research is 

working to develop SCC tools and measures; for example, using media analysis to scope for 

social priorities (Kluger et al., 2019), and surveys to create an index of social acceptance to 

measure social carrying capacity (Ruiz-Chico et al., 2020c). These strengths highlight a 

promising future role for carrying capacity to guide planning, management, and monitoring 

processes for many parts of the social-ecological system in which aquaculture is embedded. 
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Table 7.1   Summary of opportunities and challenges for mobilizing carrying capacity for 
holistic assessments of aquaculture. 

 

 Opportunities Challenges 

Conceptual • Rich research area with extensive 

supporting literature 

• Vague and inconsistent definitions, 

and application of CC concepts 

 • Conceptually simple, well-

understood across many fields 

 

Policy-relevance • Supports practical pathways into 

many decision-making processes 

• Needed data often not collected 

 • Fits well in early planning (e.g., site 

selection, license applications) 

• Many policy procedures not 

equipped for holistic CC 

considerations 

Logistics • Availability of tools to choose 

from given logistical constraints 

• Many tools are expensive, time-

consuming and data intensive 

Procedures 

available 

• Suite of well-developed indicators 

and tools (e.g., models) 

• Current estimates often prioritize 

few interactions and single CC 

components 

 • Tools suitable for spatial analysis 

(e.g., GIS) 

• Paucity of methods for measuring 

social CC for aquaculture 

  • Seldom accounts for cumulative or 

long-term temporal changes 

Knowledge base • Substantial contribution to 

biophysical suitability  

• Understanding and measuring SCC 

is in its infancy  

 • Availability of reference points for 

several ecological processes 

• Poor representation of important 

ecosystem processes and indicators 

that reflect the complexity of SES 

 

While this thesis presented some opportunities for future work in developing and 

implementing a holistic approach to carrying capacity, several critical challenges remain that 

will continue to hinder the ability of CC to support holistic assessment of aquaculture (Table 

7.1). A prominent challenge emerged over the language about carrying capacity, which was 

found to be unclear or inconsistent, leading to different interpretations and applications of the 

concept (Chapter 2 and 3). Furthermore, consultations with aquaculture and carrying capacity 



 

167 

 

experts revealed that defining relevant CC terms and concepts was essential for effective CC 

application in decision-making (Chapter 3). Still, there was no agreement among the responses 

of the experts on shared definitions of any of the individual CC components (i.e., physical, 

production, ecological, or social carrying capacity). Rather, the experts contended defining 

terms should occur on a case-by-case assessment basis. However, including assessment-

specific definitions goes against mainstream thinking of providing strong and rigid definitions 

that can be extrapolated to multiple contexts (e.g., DFO, 2015). As a result, improving the 

clarity and consistency of language around carrying capacity is critical to operationalizing a 

useful and robust holistic carrying capacity approach.  

 

In addition, the findings suggest considerable challenges remaining in measuring and 

determining relevant indicators that operate at the thresholds of systems (Chapter 2). The 

literature revealed several requirements of effective indicators, including that indicators are 

relevant, proven effective, quantifiable, feasible, and policy-relevant (Cranford et al., 2012), 

favouring those that are easy to use (Gibbs, 2007). Likewise, the experts highlighted that 

selecting a few key indicators was key, and would require trade-offs in cost, relevance, 

reliability, and complexity (Chapter 3). Yet, this task becomes exponentially more challenging 

when merging different CC components, data types, scales, and issues across all social, 

economic, and environmental attributes. Other critical questions remain as to what, and who, 

defines a “threshold”. Traditionally, CC is understood through “absolute” thresholds which 

reflect a natural (or biological) tipping point in the system, although experts recognized all 

thresholds are based on what is “acceptable” and thus a product of societal values (Chapter 

3). Therefore, greater understanding of how to define and measure social perceptions and 

values will be necessary to mobilizing this socially determined definition of thresholds 

(Chapter 3), especially given the paucity of research on social acceptability of aquaculture 

(Chapter 2). Likewise, the experts identified procedural barriers for many CC aspects, 

including a lack of adequate tools and mechanisms for measuring indicators required for a 

more holistic perspective (e.g, far-field interactions, social aspects) (Chapter 3). Furthermore, 

logistical barriers exacerbate these challenges since many of the tools and approaches needed 

to support more participatory, interdisciplinary, and comprehensive assessments are data 

intensive, time-consuming, and require diverse expertise to apply, generating challenges in 

mobilizing tools that are useful and desirable in practical decision-making contexts. The 
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challenges identified in both Chapters 2 and 3 reinforce the diverse research needed before 

operationalizing a holistic approach to CC, which can partially be mobilized by the research 

agenda in Chapter 2.  

 

Another key challenge that emerged from this thesis included external factors such as ill-

equipped governance structures, as well as the influence of attitudes and political buy-in that 

can shape how holistic tools and approaches are mobilized and applied in decision-making 

(Chapter 3). In Chapter 3, findings suggest that a practical approach to holistic CC may have 

to work with existing management structures, which may be unsuited to implement a broader 

view of governance. For example, governance processes and programs may only collect and 

monitor a limited set of potential indicators, thus creating difficulties in incorporating more 

holistic perspectives. For example, Nova Scotia’s Environmental Monitoring Program only 

encompasses monitoring of the relationships between aquaculture and the surrounding 

benthic marine environment (Province of Nova Scotia, 2021). In addition, highly participatory 

and interdisciplinary CC methods required for a holistic approach (Chapter 2 and 3) will face 

challenges of being representative and free from bias. Thus, more critical discussion on the 

processes for decision-making, regulations, and policies will continue to be an important step 

towards more holistic and sustainable aquaculture. 

 

Finally, this thesis found that the gap in defining and understanding social carrying capacity 

will continue to be a major roadblock in operationalizing more holistic approaches to carrying 

capacity (Chapter 2 and 3). While other types of CC are based on the threshold of a single 

entity (e.g., physical area suitable for physical CC), social CC describes the threshold beyond 

which aquaculture is not acceptable for society, encompassing multiple actors, interests, and 

potential spatial scales. Yet, the spatial scale and actors included in what comprises “society” 

in the previous definition are not inherently clear, and likely variable depending on the scale 

at which carrying capacity assessments occur (Chapter 3). In addition, this thesis found that 

social values and perceptions of acceptability varied across spatial scales, and between 

communities, individuals, and time (Chapters 4 through 6). In the context of providing a single 

CC recommendation for integrated assessment, no clear understanding exists on how to weigh 

different measures of acceptance by different actors, nor is it likely appropriate to do so.  
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7.2.2  The role of CC in aquaculture decision-making 

 

A critical question in understanding the role of carrying capacity emerged as to what decision-

making stage is most suitable incorporating holistic approaches to CC. Theoretically, CC is 

positioned to inform decisions on new farm developments (such as planning and site 

selection), as well as for “a posteriori” decisions after farms are operational (such as 

monitoring and evaluation) (Table 2.1; Chapter 2). while experts disagreed over the relevance 

of CC for “a posteriori” policy stages, experts argued CC to be especially suitable for early 

planning and site selection stages, as well as lease and licensing processes and renewals (93% 

of agreement among experts; Chapter 3). Experts emphasized these stages as relevant due to 

the presence of clear place within existing policy processes for including CC considerations, 

such as during impact assessment and stakeholder engagement (Chapter 3). For example, 

stakeholder engagement processes during licensing processes can be a natural starting point 

to consider social limits and gather measures of social carrying capacity through stakeholder 

perceptions and priorities. Furthermore, existing literature highlights that site selection is 

naturally linked to carrying capacity through the need to incorporate physical restrictions like 

pre-existing marine uses and biophysical suitability (Chapter 2). Therefore, CC offers a 

valuable tool for assessment throughout various planning scales of aquaculture development, 

from considering a whole potential of available space, to more regional zoning and to selection 

of individual sites (Salin & Arome Ataguba, 2018). Institutional challenges, however, make 

applying the concept to other stages, such as monitoring and day-to-day management 

challenging (Chapter 3). For example, a holistic vision of CC rests on the need for participatory 

processes, especially in measuring social indicators (Chapter 2 and 3). Yet, insights into 

aquaculture governance in Nova Scotia find that opportunities for engagement are most often 

only available during site selection and renewal processes. Likewise, ongoing monitoring often 

measures few indicators, reflecting a gap in the number of components and indicators 

measured for more continuous CC monitoring. These challenges do not preclude the 

importance of considering the multitude of decision-making stages in holistic CC, however, 

this thesis contends the need to address a multitude of research gaps and would likely require 

structural or regulatory changes to incorporate CC considerations into a broader range of 

decision-making stages. Thus, focusing on incorporating HCC into early planning stages for 

aquaculture development may be a good first step for decision-makers seeking to apply a 



 

170 

 

holistic assessment for aquaculture that is also policy relevant. In addition, applying a holistic 

vision of CC to planning and site selection stages is critical for better incorporating SCC, which 

is currently only considered through concepts of social acceptance and SLO after aquaculture 

operations are in place (Kluger & Filgueira, 2021). Therefore, early planning stages of 

aquaculture may be a good entry-point for incorporating a more integrated view of aquaculture 

limits for sustainable salmon aquaculture.  

 

7.2.3  Clarifying the role of carrying capacity within an EAA 

 

While carrying capacity is well-established across multiple fields, findings from the literature 

(Chapter 2) and expert interviews (Chapter 3) underscore that defining the specific decision-

support role for CC is not straightforward but should be explicitly defined. The literature 

revealed that both in aquaculture and across other fields, CC is often applied indiscriminately 

to describe its role as a concept, a measure, or a tool/approach (Chapter 2). As a concept, 

different interpretations of carrying capacity share commonalities in that they highlight the 

importance of the “system” (e.g., ecosystem, social system, population, etc.) being limited 

beyond some determinable threshold. Even conceptually, the variation across literature 

represents a flexible range of applications from limits of natural populations to increased 

growth, to ecosystem limits reflecting the biophysical resilience of ecosystems, or even very 

specific applications such as limits of people visiting tourist attractions to maximize tourist 

experiences (Chapter 2). While this conceptual flexibility presents the opportunity to adapt CC 

to EAA principles (Chapter 2), confusion over conflated definitions was a major challenge 

identified (Chapter 3), emphasizing that CC as a concept to support an EAA requires 

clarification and a degree of widespread uptake in defining the system of interest (CC of what?  

- e.g., population, ecosystem, aquaculture) and the goal (to do what? E.g., population growth, 

maintain stable environment, maximize production).  

 

Carrying capacity is also frequently referenced as a measure, representing a quantifiable 

evaluation of the limits of a system under investigation. This is especially relevant for 

ecosystem studies, often defining CC through quantitative measures indicating the population 

abundance or biomass, or in the case of aquaculture, the potential biomass of species for 
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culture (Chapman & Byron, 2018). By this interpretation, holistic CC would produce a 

quantifiable measure of the maximum safe pressure of activities (biomass, stocking density, or 

size and number of farms) that maintains a combination of physical, ecological, social, and 

economic indicators below or above a given level or threshold (Chapter 2). Yet this definition 

implies the calculation of single holistic CC measure that would require multiple individual 

measures that are all discernable, quantifiable, and comparable. This thesis identifies numerous 

procedural and knowledge barriers to implementing such as task (Chapter 2), highlighting the 

need to develop methods to quantify and integrate indicators across dimensions (Chapter 2). 

Nevertheless, this thesis argues that while measures of CC are valuable components of CC, 

mobilizing CC as a “measure” alone is largely unsuitable for application to holistic CC. 

 

Carrying capacity is also described as a tool, or an assessment to evaluate whether the system 

has exceeded the relevant thresholds. Traditionally, literature in the aquaculture field mobilizes 

CC as a tool to inform the assessment of specific CC indicators or applications of models 

labelled as “carrying capacity models” (Chapter 2). This application of CC is restrictive, often 

mobilized to measuring one or two indicators, focused predominantly on the biophysical or 

production-related aspects of aquaculture (Chapter 2). In this way, CC is also considered a 

tool among many in wider decision-making and planning, that also include scenario building, 

stakeholder engagement, and spatial analysis. Notably, carrying capacity is often positioned as 

a separate approach from site selection and wider zoning in support of an EAA (Sustainable 

Fisheries Partnership, 2018). This interpretation presents CC as a stand-alone assessment tool 

for decision-making similar to how tools like Environmental Impact Assessments are regularly 

used. In Chapter 3, a consensus-building exercise with experts was used to investigate holistic 

CC as an assessment tool to evaluate aquaculture against potential limits to ecological, social, 

and economic systems. This research identified a potential path forward for holistic 

assessment of CC based on several guidelines and best practices (Chapter 3). Yet, experts 

identified numerous challenges (Table 7.1) facing the effective implementation of a holistic 

assessment of CC. For example, holistic CC would likely require information gathered from 

processes external to an assessment, including wider policy goals and stakeholder engagement 

processes. Effective implementation of holistic CC would thus require CC considerations to 

be integrated within broader site selection, planning, or operations. Therefore, this thesis 

argues that to position CC as a holistic assessment tool for EAA will also require a re-
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orientation of CC as an approach to incorporate limit-based considerations about the 

environment, society, and economy into sustainable aquaculture planning and decision-

making. In conclusion, the evidence from this thesis presents a potential role for holistic CC 

as both a) a holistic assessment tool to measure aquaculture limits, and b) a wider approach to 

integrate concepts of limits into broader governance mechanisms that together support a 

holistic Ecosystem Approach to Aquaculture.   

 

7.3 CLOSING THE GAP ON SOCIAL CARRYING CAPACITY  

 

Across the research outlined in this thesis emerged evidence that can help close the gap on 

social carrying capacity for aquaculture by providing insights into how to define, measure, and 

understand social carrying capacity. Recently, social carrying capacity has gained conceptual 

momentum in aquaculture (Dalton et al., 2017; Kluger & Filgueira, 2021). Additionally, recent 

empirical work has focused on measuring SCC for aquaculture (Kluger & Filgueira, 2019; 

Ruiz-Chico et al., 2020c), although SCC remains an emergent field of study in aquaculture 

(Chapter 2). Most existing CC assessments aim to optimize production or reduce 

environmental impacts, which is criticized to exclude potential social externalities of 

aquaculture development (Kluger & Filgueira, 2021), highlighting the necessity of social CC 

for more sustainable aquaculture. Similarly, findings from this thesis demonstrate that 

theoretically and practically, defining and understanding social carrying capacity indicators and 

thresholds remain a major roadblock to operationalizing a holistic CC approach. In Chapter 

2, the review of the relevant literature demonstrated that little research has focused on defining 

“limits” in relation to social aspects of aquaculture, which is critical for operationalizing 

notions of carrying capacity. In addition, a lack of consistency on the appropriate scale, 

measurements and tools in the literature has led to a diverse and inconsistent application of 

the concept. Aquaculture and carrying capacity experts further substantiated these findings 

(Chapter 3), highlighting the requirement for substantial research on social limits and 

indicators, and the need to advance qualitative and quantitative tools to measure social aspects 

of CC. Therefore, social carrying capacity remains an emerging concept in aquaculture, and a 

critical area for future research.  
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Most commonly, social carrying capacity definitions follow Inglis et al.’s (2000) broad 

definition of “levels at which farm development impairs or conflicts with other human use.” 

(e.g., Anaïs et al., 2020; McKindsey et al., 2006). Yet, other authors have expanded this 

definition in different ways (e.g., Byron et al., 2011b; Dalton et al., 2017), sometimes including 

governance and economic aspects. A comprehensive review of CC literature (Chapter 2) 

highlighted the need to clarify the definitions and uses for social carrying capacity, reflecting a 

lack of a formally accepted definition. Likewise, experts underscored the importance of 

defining concepts and terms in carrying capacity assessments, including social carrying capacity 

(Chapter 3). Yet, the interviews demonstrated experts were not in agreement on a formal 

definition of social carrying capacity. Experts considered existing broad-level definitions of 

SCC in the literature to be too “vague”, but experts considered more detailed definitions 

inappropriate because of the contextual nature of the social aspects of aquaculture. As a result, 

this thesis argues that delineating social carrying capacity remains difficult. The findings from 

this research, however, emphasize that social carrying capacity is not just about perception of 

social impacts, but that acceptance is a feature of broader perceptions about the legitimacy of 

aquaculture governance and trust in aquaculture decision-makers (Chapter 6). Theoretically, 

this work (Chapter 2) argues that SCC is based on both empirical measurements of social 

impacts and understanding social acceptance (SA). Yet, even empirical measurement of social 

impacts ultimately relies on societal perceptions and acceptability. Furthermore, SCC is 

strongly interlinked with other CC types (Figure 2.4) with social values and cultural 

considerations as inherent determinations of thresholds relevant to all CC components 

(Chapter 2). Therefore, this thesis proposes a broad definition of social carrying capacity as: 

“the social acceptability of social, ecological, physical, and production limits, as dependent on 

social values and contexts.”. Based on this definition, the thresholds for SCC indicators could 

be defined as the point at which the relevant social, ecological, physical, or production limits 

are no longer considered “acceptable” by relevant stakeholders. While this definition can be 

considered vague, it is presented as a flexible and designed to serve as a common 

understanding of how to position SCC within a more holistic CC assessment.  

 

This definition has implications for the measurement of SCC as depending on measuring social 

acceptability across various potential indicators dependent on social values. In this way, SCC 

is inherently subjective, determined by the acceptability of various indicators by relevant 
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stakeholders depending on the type of limit and contexts. By this definition, measures of SA 

of different limits would require drawing from a combination of scientific, industry, policy, 

and social expertise depending on the indicator of concern. For example, acceptability of 

production limits may reflect the desired threshold that is acceptable by industry, given the 

relevant regulatory environment. Yet, this definition recognizes that different limits may exist 

across different stakeholder groups. For example, governments, NGOs, and scientists may 

have different levels of “acceptable” limits of ecological indicators such as disease risk 

depending on their values, priorities, and understandings. Therefore, applying SCC in 

decision-making contexts would require measuring the acceptability of aquaculture across 

different stakeholder groups. In addition, this definition also reinforces the importance of SCC 

embedded within relevant contexts, thus the needed to including multiple stakeholders 

according to the relevant scale of assessment. Considering SCC as highly relevant across 

multiple scales of assessment, including both locally and within larger, regional contexts 

(Chapter 3), perceptions of those in communities of place (i.e., local salmon farming areas) 

and broader communities of interest (e.g., public), as well as government and industry 

stakeholders, are relevant for evaluating social acceptability and thus SCC (Mather & Fanning, 

2019). 

 

This research provides some insights into what could be considered an appropriate measure 

of “acceptability”. The research in Chapter 4 applied quantitative measures of public 

acceptability based on subjective responses to Likert-scale questions of opinion. This work 

tested three measures of opinion and found that responses measured the same phenomenon 

(e.g., social acceptance). Therefore, public acceptance thresholds could be potentially 

measured through either a rating of i) general opinion to aquaculture, ii) support for 

development locally, or iii) perception of benefit-risk trade-offs. In addition, findings from 

community acceptance research (Chapter 6) provide evidence to support expressions of trust 

(including confidence) in aquaculture (especially governments) were the greatest predictor of 

acceptance ratings (Appendix D.10 ). Therefore, measures of trust may be appropriate for 

evaluating SCC, although how to do so empirically warrants future research. Furthermore, 

despite recognition of the need for SCC to reflect multiple perspectives and different social 

groups and stakeholders, critical questions remain on how to weigh considerations for a single 

“measure” of SCC. However, this thesis contends that this question should remain a policy 
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decision that is mobilized on a case-by-case basis given the context that the CC assessment is 

embedded.    

 

Thus, this thesis argues that the social carrying capacity can be operationalized through 

measurement and knowledge of different driving factors on social acceptance to aquaculture. 

Synthesizing work across chapters, we present a conceptual model of predictors of social 

acceptance highlighting the key drivers and their interactions that emerged from this work 

(Figure 7.1). This conceptual model outlines social acceptance as influenced by complex 

interactions between demographic characteristics, contextual factors, perceptual factors, and 

trust. Social acceptance is presented here as a uniform concept meant to reflect either 

individual or collective judgements of aquaculture across multiple potential scales (e.g., of the 

market, technology, or local operations), acknowledging that social acceptance will manifest 

differently across different roles, and by different actors (e.g., Wüstenhagen et al., 2007). This 

conceptual model offers a starting point for further research into these complex relationships 

with social acceptance, yet also presents some preliminary indicators and considerations for 

understanding social carrying capacity.  
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Figure 7.1   Conceptual model of social acceptance of aquaculture, exploring key drivers, 
and their interactions. 
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Geographic variability of responses in public opinion (Chapter 4) and case study areas 

(Chapter 5) highlights important local and regional variation in social thresholds. Furthermore, 

the influence of history and experiences with aquaculture on shaping trust and perceptions of 

salmon farming within communities (Chapter 6) highlights the dynamic nature and temporal 

variability in acceptability, and determination of social thresholds. This geographic and 

temporal variability underscores the inherently contextual nature of social attitudes and 

subsequent evaluations of aquaculture acceptability. Compared to other forms of carrying 

capacity that aim to identify a few key indicators based on which is most likely to cause a 

tipping point in the ecosystem, SCC indicators would need to be identified on a case-by-case 

basis based on which is most valued, describing “relative” thresholds (Chapter 3). The 

relevance of “relative” thresholds is emphasized by the findings from local salmon farming 

areas (Chapter 5), where case study areas expressed different perceptions of aquaculture based 

on their local history, environmental values, and sense of place. Likewise, ongoing social 

acceptance research highlights the importance of values and place in aquaculture perceptions 

and conflicts (Ford et al., 2022; Murray & D’Anna, 2015). This reinforces the need to better 

understand the value dimensions related to aquaculture to develop indicators of SCC.  

 

Reinforcing findings across earlier aquaculture perception research (Billing, 2018; Ertör & 

Ortega-Cerdà, 2015; Mazur & Curtis, 2006; Salgado et al., 2015; Trueman et al., 2022), this 

work found that public and community attitudes were driven by perceptions of both the 

aquaculture industry and its governance, including decision-making processes, how individuals 

are engaged, and their understanding of risks and benefits (Figure 7.1; Chapter 6). This thesis 

connects these perceptual factors to concepts of governance legitimacy, formally defined as “a 

generalized perception or assumption that the actions of an entity are desirable, proper, or 

appropriate within some socially constructed system of norms, values, beliefs and definitions.” 

(Suchman, 1995). In this way, the concept of legitimacy may serve to operationalize 

measurement of social acceptance (Bjørkan & Eilertsen, 2020) recognizing the influence of 

perceptions of aquaculture governance on aquaculture acceptability. While mobilizing the 

concept of legitimacy into measures of SA and SCC warrant further empirical research, 

indicators of legitimacy may prove more meaningful than simple measures of opinion, such as 

determining opinion towards risks or benefits. This is because legitimacy intertwines social 
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values and aspects of well-being that are currently not well incorporated into planning and 

policy for aquaculture (Campbell et al., 2021).  

 

This thesis also offers new insights into the influence of trust on social acceptance, and thus 

as an important part of SCC. Previously, trust in both government and industry has been 

considered an essential feature of local social licence to operate (SLO) in both aquaculture 

(e.g., Billing, 2018; Mazur & Curtis, 2006; Salgado et al., 2015) and other resource sectors (e.g., 

Gaede & Rowlands, 2018; Wiersma & Devine-Wright, 2014; Zhang et al., 2014). This thesis 

reinforces earlier studies and expands this connection to the more encompassing concept of 

social acceptance, recognizing that trust is not just a determinant for attitudes reflecting the 

relationships and interpersonal trust between local actors, but also reflects broader perceptions 

of institutional trust in government organizations, scientific institutions, and corporations 

(Chapter 6). In both public and local community studies (Chapters 4-6), trust emerged as a 

powerful predictor of different social responses, with distrust being a strong determinant of 

opposition. As a result, this thesis presents trust as a cross-cutting issue deeply intertwined 

with how individuals perceive and understand aquaculture and their subsequent judgements 

of acceptability of the sector.   

 

7.4 A WAY FORWARD FOR HOLISTIC CARRYING CAPACITY   

 

Despite emerging research in aquaculture CC, few studies have attempted to adjust CC models 

and frameworks to EAA principles (Byron et al., 2011b; Kluger et al., 2016; Silva et al., 2011). 

To address this gap, this work first outlined a research agenda (Chapter 2), which can provide 

a guide for decision-makers and scientists to advance the knowledge and tools to support more 

holistic management that considers limits of complex social-ecological systems. Chapter 2 

presents a research agenda based on curating meaningful information based on holistic 

principles including: recognizing system complexity, responding to policy needs, applying 

adaptive frameworks, and embracing interdisciplinarity to advance more holistic assessments 

of carrying capacity. In Chapter 3, subject-matter experts further validated the relevance of 

these principles, highlighting specific implications for building a holistic carrying capacity 

approach for assessment of salmon aquaculture (Table 7.2).  
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Table 7.2  Summary of overarching principles guiding a holistic carrying capacity and 
future research actions to support the principles 

 

Principles  Implications for CC Potential research actions 
Consideration for 
system 
complexity and 
scale 

• Consideration of multiple 
temporal and spatial scales of 
application 

• Greater knowledge of the interactions 
and effects of aquaculture on other 
aquatic users 

• Consideration of dynamic 
changes to indicators  

• Quantification of far-field effects for 
CC estimations 

 • Measuring variation of indicators 
across space and time 

Policy-relevant • Participatory and inclusive of 
stakeholders throughout 

• Selection of policy-relevant indicators 
to management contexts 

• Transparent and clear, including 
all necessary information 

• How participatory processes can 
support CC estimation 

Being adaptive 
and iterative 

• Respond to changes over time • Consideration of potential 
uncertainties that can influence CC  

• Enable regular re-assessment  • Influence of cumulative and potential 
long-term changes to indicators (e.g., 
such as from climate change) 

Embracing 
interdisciplinarity  

• Consider physical, ecological, 
social, governance aspects 

• Methods to integrate disparate data 
types and methods 

• Integration of different aspects 
and their interactions 

• Understanding and defining social 
limits and indicators 

  • Exploring ecosystem services for 
assessing aquaculture limits 

 

Together, the findings of this work help chart a way forward for holistic carrying capacity 

(HCC) as an assessment tool and as an approach for sustainable, ecosystem-based 

management of salmon aquaculture. Concurrent with expert consensus (Chapter 3), this thesis 

defines the holistic assessment of carrying capacity for aquaculture as:  

 

An evaluation of proposed and/or current aquaculture operations against the 

acceptable limits, as defined through consultation with stakeholders, of the 

components of the social, ecological, and economic environment in which aquaculture 

is embedded.  

 

Drawing from the key conceptual principles stated above (Table 7.2), this thesis proposes a 

set of practical guidelines and recommendations for building a holistic approach to CC for 
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assessment of aquaculture limits in decision-making (Table 3.2). Findings across this thesis 

underscore the need to move away from industry-focused approach to carrying capacity 

towards an inclusive vision that incorporates social values, contexts, priorities, and concerns 

of multiple stakeholders in relevant policy and decision-making contexts.  

 

To guide practical applications of HCC as an assessment tool, evidence gathered in this thesis 

can be synthesized to present a broad approach to aquaculture decision-making that 

incorporates concepts of CC. This thesis contends that holistic carrying capacity can 

conceptually be viewed as a series of embedded “lenses” which serve to frame, define, and 

contextualize an interdisciplinary set of measures, including the 1) policy setting, 2) social 

values and 3) limits of the aquaculture social-ecological system (Figure 7.2). This marks a 

distinction from past work to integrate multiple types of carrying capacity for decision-making, 

which propose a largely linear, hierarchical approach to determining the carrying capacity of 

an area (e.g., McKindsey, 2012). The approach proposed here is a conceptual viewpoint of 

HCC reflecting broad considerations for decision-makers, to supplement the practical best 

practices (Table 3.2 and step-wise process for HCC developed in Chapter 3 (see Figure 3.3). 

Linking to the step-wise process in Chapter 3, both a consideration of the policy setting and 

social values “lenses” would occur in Stage 1 (planning), whereas consideration of limits is 

most linked with Stage 2 (analysis).  The following conceptual approach is described below by 

largely positioning HCC as a part of traditional, top-down governance, whereby HCC would 

be integrated within government-led policy processes. This was considered given expert 

recommendations on the most practical and useful entry point for HCC (Chapter 3). Yet, the 

general conceptual viewpoint could theoretically also be implemented through more 

participatory, bottom-up applications, which would notably introduce a distinct framing across 

the embedded “lenses” of the approach.   
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Figure 7.2  Visualizing HCC considerations across overlapping “lenses” placing limits 

across multiple subsystems of the aquaculture social-ecological system within 
relevant social values, as distinguished across specific policy settings.   

 

7.4.1  Carrying capacity through the policy setting lens   

 

Traditionally, the determination of policy goals and priorities is often part of broader site 

selection processes, occurring as a distinct step before CC assessments. Rather, this thesis 

suggests policy implications as the first decision-making lens that managers and planners could 

incorporate into any process that aims to apply HCC assessment, including planning and 

zoning for aquaculture, selecting individual sites, conducting impact assessments, or regular 

monitoring processes. As experts noted, a clear understanding of the overall objectives of the 

assessment can improve the legitimacy of the process and is crucial for properly identifying 
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relevant indicators in subsequent steps (Chapter 3). This would involve setting the broad goals 

of the assessment, including at which stage of aquaculture decision-making the assessment 

aims to address. This also includes selecting the relevant spatial scales at which to measure 

information on social values and limits in subsequent stages. Once decision-makers identified 

the goals and scales of assessment, building the relevant socio-economic and ecological 

contexts relevant to the identified setting will help guide subsequent steps. Findings from this 

work demonstrate that the considerations of what is valued, prioritized, and considered 

acceptable varies across social and geographic contexts (Chapters 4 and 5), emphasizing the 

role of contextual factors in determining the scale, stakeholders involved, priorities and goals, 

management objectives, and socially relevant indicators and thresholds. Presenting the policy 

setting as the first lens positions considerations of limits to be incorporated across all stages 

of decision-making, including the formulation of policies and regulations, selection of new 

farm sites, renewals and expansions, and monitoring and enforcement.   

 
7.4.2 Limits as embedded in social values  

 

Applying a systems-thinking approach to aquaculture recognizes that ecosystems in which 

aquaculture is embedded provide features, services, and benefits, which are valued by society 

(Figure 1.1). Yet, the notion of “values” remains unappreciated in research and policy for 

aquaculture (Chapter 2). The notion of “values” is broad yet canrefer to a principle and/or 

measure, associated with a given worldview or cultural context that denotes a preference for a 

particular state of the world, the importance of something for itself or for others (Pascual et 

al., 2017).  

 

The inherent inter-linkages between carrying capacity and social values and contexts have 

recently been recognized and considered a critical consideration for more holistic assessments 

of CC (Ferreira et al., 2013; McKindsey et al., 2006). Still, earlier frameworks for integrating 

CC (e.g., McKindsey, 2012) offer considerations of social values only as part of SCC 

considerations and present its integration as a last step in a hierarchical process, whereby 

findings can inform other types of CC, but remain distinct. In comparison, this thesis argues 

social values should rather be placed as an overarching lens in which the indicators and 

thresholds across all production, physical, social, and ecological systems are embedded. Social 
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values should thus be more than a priority, and more than a necessity (e.g., Kluger and 

Filgueira, 2021), but a foundation upon which all limits are measured. The central role of social 

values emerged in part since describing and quantifying what is acceptable for society 

inherently encompasses ecological and physical CC aspects, as ecological risks, issues of siting, 

and area use conflicts to name a few, all contribute to opinion and perception of acceptance 

(Chapter 2). Therefore, social values can not be removed from other CC aspects. In this way, 

different types of carrying capacity present a circular argument (see Chapter 2; Figure 2.3), 

requiring an integrated lens to embrace the interconnectedness of aquaculture SES. In this 

way, bringing social values to the forefront of carrying capacity assessments can also help 

position CC in support of the EAA’s (Soto et al., 2008) first principle that states:  

 

Aquaculture development and management should take account of the full range of 

ecosystem functions and services and should not threaten the sustained delivery of 

these to society.  

 

Early conceptualizations of EAA emphasize a meaning of values as the benefits people receive 

from the environment, such as those emerging as a product of ecosystem services and 

functions. Likewise, findings from this research highlight how differences in environmental 

values can influence how public perceive aquaculture (Chapter 4). Therefore, methods applied 

in ecosystem services (ES) field may be a viable method for identifying relevant indicators 

across both ecological, physical, and social systems based on the aspects of the environment 

most valued by society (Chapters 2). However, experts noted conceptual limitations and 

confusion around ES approach for carrying capacity, leading to a sense of the ES concept not 

being ready for operationalization (Chapter 3). Combined with a broader paucity of ES 

research in the aquaculture literature (Weitzman, 2019), this thesis suggests the need for 

further research to investigate how to incorporate ES evaluations into aquaculture decision-

making and estimations of carrying capacity. However, most ES valuation techniques applied 

in aquaculture measure economic values (through monetary indicators) (Weitzman, 2019), 

while findings from social acceptance research underscored the additional relevance of non-

instrumental, non-monetary values about the environment, especially around relational values 

(Chapter 4). Chapter 5 and 6 further reinforce the relevance of non-monetary values, as social 

acceptance was also motivated by conflicts across not only material well-being, but also 
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subjective and relational well-being. Therefore, conceptualizations of well-being likely include 

not only material benefits and costs, but also emotional, mental, spiritual, cultural, and social 

aspects of well-being (see Chapter 6). The relevance of well-being has implications for 

measuring carrying capacity considering the EAA’s second principle: 

 

Aquaculture should improve human well-being and equity for all relevant stakeholders. 

 

Therefore, before the measurement of individual indicators and thresholds for carrying 

capacity, an understanding of the social values relevant to the identified policy setting and 

context is necessary for ensuring that subsequent measurements reflect what is most relevant 

to society. This inherently involves measuring the perceptions and priorities of relevant 

stakeholders to what is acceptable as a function that is broader than aquaculture, rather 

reflecting the surrounding ecological and socio-economic contexts. Since determining social 

values inherently requires participatory methods to capture societally relevant priorities and 

values, this step would bring stakeholder involvement into assessments early on. This helps 

mobilize a key recommendation by experts (Chapter 3) and reflects increasing recognition of 

the need to adopt participatory processes and stakeholder engagement for more accountable 

aquaculture and marine planning (Galparsoro et al., 2020; Tiller & Richards, 2015; Tompkins 

et al., 2008). Still, measuring social values for aquaculture remains a critical roadblock in 

applying holistic carrying capacity. Therefore, future work is needed to explore the 

measurements of social values, such as potentially through an index of social value (Costa-

Pierce, 2021) as has been done in resource use fields (e.g., Manfredo et al., 2021) to incorporate 

social context into management decisions.  

 

7.4.3  The case for socially determined limits of aquaculture 

 

The most central consideration for HCC inherently involves the limits that define the social-

ecological system in which aquaculture is embedded, given the relevant policy setting and 

social values. Placing limits at the innermost consideration reflects the need to recognizes that 

all thresholds are “relative” based on social values, priorities and understandings, and 

definitions of what is considered “acceptable”. A holistic understanding of carrying capacity 
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recognizes that aquaculture operates as a complex social-ecological ecosystem (“aqua-

ecosystem”, per Costa-Pierce, 2010) that are embedded within a larger social context. This 

thesis underscores the relevance of considering limits across different sub-systems, including: 

 

• The physical system:   reflecting geographic availability in consideration  

      of other marine uses, and suitability in terms of  

      fish growth and health 

• The production system:  involves economic considerations to meet  

      relevant industry and social goals, including  

      ensuring profitability of farms, and availability of  

      resource and personnel in area 

• The ecological system:  ensuring that aquaculture does not create  

      ecological damage that degrades the system’s  

      resilience and natural functions 

• The social system:  involves benefits and risks to material, relational,  

      and social well-being of society  

 

This approach is similar to Tett et al., (2015)’s model of “socially determined carrying 

capacity”, focusing on different “licenses”, or “permissions” required for sustainability, 

including economic, ecological, and social licenses embedded within the aquaculture social-

ecological system. Here, we suggest that HCC does not involve measuring individual carrying 

capacity “types” (such as physical, production, ecological and social carrying capacity), but that 

HCC involves understanding limits across various systems, reinforcing the language of EAA 

to support the “sustainability of interlinked social-ecological systems” (Soto et al., 2008). This 

subtle difference in language purposefully distances itself from CC epistemologies because of 

traditional CC language, which has been conceptually inconsistent (Chapter 2), confusing, and 

unclear by experts (Chapter 3). In addition, the shift in language can support the policy 

relevance for HCC assessments, emphasizing the need for clarity and transparency of language 

that a diversity of stakeholders can understand and apply (Table 7.2).  
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Determining and measuring limits remains at the core of HCC, which experts identified as an 

important, yet challenging consideration (Chapter 3). Given the breadth of potential indicators 

across all systems, a complete set of indicators should ideally represent key features that are 

the most systematically and scientifically relevant and credible (Chapter 3). Experts (Chapter 

3) agreed that assessments should use a combination of universal and context-specific 

indicators, highlighting the need to identify indicators based on social values and priorities 

specific to the relevant policy setting. In this way, this involves selecting which components 

within each system (e.g., species or habitats in the ecological system) of an area are important 

and set acceptable limits of change for each. Yet, a main guiding recommendation included 

the need for indicators for HCC to balance features such as cost, relevance, reliability, and 

complexity (Table 3.5). The relative weighting of these features across indicators becomes an 

important part of HCC assessments, which will undoubtedly rely on social values captured by 

the relevant stakeholders to the given assessment. These considerations highlight the relevance 

of measuring what motivates measures of social acceptance to both identify indicators and 

indicate the “acceptable” limit of those valued indicators. Therefore, this thesis makes the case 

for socially determined limits across multiple systems within the “aqua-ecosystem” for holistic, 

sustainable aquaculture.     

 

7.5  SHIFTING TO MORE HOLISTIC GOVERNANCE    

 

The recommendations, guidelines, and approaches presented in this Chapter and throughout 

the thesis were guided with the intention to the policy-relevant, and thus fit largely within 

existing policy structures. From a practical perspective, existing site selection and 

lease/licensing procedures are likely most suitable entry points for integrating holistic carrying 

capacity assessments, since these procedures provide some practical entry points for more 

thorough assessment, broad stakeholder engagement, and consideration of policy goals 

required for HCC. However, existing government structures remain largely unsuited for 

implementing the ideas around social carrying capacity, or the approach to HCC presented 

above. Likely, ideas around HCC may need to be implemented in a piecemeal fashion, 

integrating ideas of socially determined limits throughout various decision-making structures, 

including during proponent scoping of new sites, administrative lease and licensing, or 
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engagement initiatives and efforts. Yet, both aquaculture and marine planning and 

management continue to struggle with adequate community engagement. Ongoing research 

and technical advances may continue to open the door for application of HCC to other 

decision-making contexts in the coming years. As a result, the insights and conclusions 

presented here remain largely theoretical, presenting an ideal vision for CC for more holistic 

decision-making.  

 

However, insights from this work highlight a broader structural governance challenge that will 

be critical to overcome for more holistic, sustainable planning for aquaculture and marine 

ocean governance. For instance, the HCC approach presented here relies on a process to be 

flexible and recognize the dynamic nature of the social-ecological system, thus reinforcing the 

need for an adaptive perspective. For example, the definition of SCC presented here is likely 

quite vulnerable to political reforms, demographic changes, economic shifts, and changing 

worldviews. Therefore, applications of SCC must be open to re-interpretation. Yet, adaptive 

management remains a challenge to implement practically. While this research presents 

insights to better understand and define social carrying capacity, the implementation of SCC 

in a standard, practical way remains challenging and complex. The findings from this work 

highlight that social carrying capacity is inherently subjective, determined by opinion, 

legitimacy, and/or trust. However, there remain an overarching lack of consideration for 

attitude and perception data within aquaculture decision-making, echoing broader challenges 

in marine planning and management.  

 

The findings across this thesis reinforce the presence of external institutional barriers to 

implementing the holistic vision, approaches, and tools for aquaculture carrying capacity (also, 

see Chapter 3). The limitations and challenges identified in this current chapter underscore a 

critical overarching limitation of current governance mechanisms for adequately incorporating 

more holistic perspectives of limits and sustainability. While growing interest in aquaculture to 

support more Blue Economy initiatives, in many areas including Canada (DFO, 2022), 

strategies remain largely focused on economic growth and improving natural and social capital, 

framing the oceans as “development spaces” (UN, 2014). Yet, these Blue Economy initiatives 

still largely operate within governance mechanisms for aquaculture that favor top-down 

approaches implemented through government rulemaking (Campbell et al., 2021). Top-down 
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governance has been criticized to fail to adequately consider the place-based nature of 

aquaculture, reflecting a broader “people-policy” gap (Krause et al., 2015) that insufficiently 

considers the nuance and complexity of notions of well-being and social impact. In contrast, 

emerging ideas around “Blue Communities” emphasize participatory and collaborative 

decision-making for aquaculture, with the overarching goal of increasing well-being (Campbell 

et al., 2021). The “Blue Communities” governance approach suggests a re-orientation of 

institutional arrangement and goals based on social goals, priorities, and values. This approach 

may in fact be more in line with principles outlined in the EAA and the required shift that may 

make governance structures inherently more suited for incorporating ideas around holistic 

carrying capacity.  

 

7.6 RESEARCH LIMITATIONS AND DIRECTIONS FOR FUTURE WORK 

 

This thesis applied a primarily empirical (rather than theory-driven) approach to answering the 

research questions. In a desire to capture a range of complex, interdisciplinary aspects, this 

thesis began exploring several factors, recognizing the diversity of potential considerations and 

avenues of inquiry. For example, in Chapter 4, the number of variables explored was weighed 

against the potential response rate, as participation in surveys decreases with the complexity 

and length of surveys. As a result, many opportunities for future empirical work to validate 

and reinforce findings remain.  

 

Structural policy limitations appear to be a key challenge to operationalizing holistic 

assessments of aquaculture. Further investigating how local aquaculture policy structures can 

integrate holistic concepts and approaches like the EAA can provide necessary insight into 

how to create useful decision-support tools that incorporate the concepts of this thesis. In 

Nova Scotia, this could include a more in-depth analysis of information, tools, and knowledge 

available to identify practical limitations and opportunities to apply more participatory, 

adaptive, and interdisciplinary methods highlighted in this thesis.  

 

Additional research opportunities also exist to expand the knowledge base of several topics 

relevant to CC, including drawing insights from a wider range of interests, demographics, and 
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scales. While the subject-matter experts used to develop the set of holistic carrying capacity 

guidelines (Chapter 3) included only English-language proficient participants, further research 

could expand the participant pool to other languages and thus encompass additional salmon-

farming nations and expertise. Likewise, social acceptance research (Chapters 4 through 6) 

focused on a Nova Scotia perspective, applying a combination of convenience sampling 

(Chapter 4) and purposive sampling (Chapter 5 and 6) to reach a population of highly 

interested participants. While Nova Scotia was used as the backdrop to explore social limits 

of aquaculture, this thesis was designed as a grounded theory research approach and applied 

mixed-methods research to enhance the generalizability of this work to theory, drawing from 

multiple data sets and explorative, in-depth case study comparisons to produce valuable 

insights to advance theoretical assumptions on social acceptance. To this end, given the goal 

of generalization to theory rather than to populations, the findings from this work can not be 

considered representative of the views and perceptions of all Nova Scotians. This work thus 

provides theoretical assumptions that act as a starting point for decision-makers to consider a 

range of potential factors in their local decision-making processes. Incidentally, probabilistic 

approaches (e.g., random sampling survey) may be a path forward to substantiate the 

theoretical considerations presented here by enabling the generalization of findings to 

populations of interest in practical decision-making scenarios. In addition, further research 

could explore the attitudes of aquaculture among a wider public audience and additional 

stakeholder groups to further the understanding of the social limits to an area, especially to 

validate these findings across different contexts and populations. Therefore, research 

investigating a wider range of factors, contexts, and considerations could continue to refine 

the theoretical insights presented in this work, further enhancing the generalizability of 

findings to advance the theoretical and practical application of holistic CC.  

 

In positioning carrying capacity towards a more holistic assessment of aquaculture in line with 

an EAA, further work could investigate how concepts, frameworks, and tools from other 

ecological and conservation fields could integrate with CC and EAA principles. For example, 

exploration into approaches such as ecosystem service valuation may offer potential tools to 

integrate interdisciplinary aspects of CC (Chapters 2 and 3), and suitable to integrate principles 

of the EAA (Willot et al., 2019). In addition, this thesis points to the potential relevance of 

research on the interaction between aquaculture and societal values, perceptions of legitimacy, 
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and consequences for well-being, and how they can relate to acceptable thresholds for 

aquaculture (Chapter 5 and 6). Thus, there is a significant opportunity to continue to draw in 

and adapt approaches and frameworks from disciplines beyond aquaculture to build tools and 

approaches for sustainable, fair, and legitimate aquaculture decision-making. In due course, 

future research in these areas could contribute to improving our understanding of what defines 

the acceptable limits of aquaculture for the environment, economy, and society. While this 

thesis identifies some early steps to building more holistic assessments of aquaculture limits, 

continuing this line of work could ultimately strengthen our ability to build more sustainable 

aquaculture governance.  

 

7.7 CONCLUSIONS 

 

This thesis demonstrates carrying capacity in aquaculture as a mature field of study of ongoing 

relevance and scientific interest but also contends that generating a holistic assessment to 

inform salmon aquaculture governance continues to be a challenge theoretically, logistically, 

and institutionally in many parts of the world, including Atlantic Canada. Findings from this 

work outline a potential role for carrying capacity as both a tool for holistic assessment and as 

an approach to integrate concepts of limits into wider aquaculture planning, siting, and 

decision-making. This thesis also contributes to knowledge on social aspects of aquaculture, 

which can be positioned to start closing the gap on social carrying capacity by suggesting some 

operational ways to define and measure socially acceptable limits in the context of relevant 

social values. Results from this thesis were synthesized to present a path forward for 

understanding and defining holistic carrying capacity of aquaculture. Therefore, this thesis 

presents a conceptual decision-making approach by which policy makers and planners can 

consider diverse measures of environmental, economic, and social limits within multiple 

decision-making processes. Encompassing the advantages of carrying capacity concepts and 

tools, the proposed approach reconsiders the definition of limits of holistic carrying capacity 

assessment more in line with the Ecosystem Approach to Aquaculture. Reinforcing the role 

of social values and context in shaping holistic limits across physical, production, ecological 

and social systems can be a first step to re-orienting carrying capacity for more holistic, 

sustainable, and socially acceptable governance of salmon aquaculture. 



 

191 

 

BIBLIOGRAPHY 

Aasetre, J., & Vik, J. (2013). Framing the environment - Disputes and developments in the 
management of Norwegian salmon fjords. Ocean and Coastal Management, 71, 203–212.  

Atlantic Canada Opportunities Agency (ACOA). (2004). Aquaculture industry in Atlantic Canada, 
Cat. IU89-4/3-15-2004E, Moncton, New Brunswick.  

Acott, T.G., & J. Urquhart. (2018). Co-constructing cultural ecosystem services and wellbeing 
through a place-based approach. In D. S. Johnson, T.G. Acott, N. Stacey, J. Urquhart 
(Eds.), Social wellbeing and the values of small-scale fisheries (pp. 23-43). Springer Cham. 

Aguilar-Luzón, M. C., Carmona, B., Calvo-Salguero, A., & Castillo Valdivieso, P. A. (2020). 
Values, environmental beliefs, and connection with nature as predictive factors of the 
pro-environmental vote in Spain. Frontiers in Psychology, 11(June)  

Aguilar-Manjarrez, J., Kapetsky, J.M., & Soto, D. (2010). The potential of spatial planning 
tools to support the ecosystem approach to aquaculture. FAO Fisheries and Aquaculture 
Proceedings, 17, 1-176.  

Aguilar-Manjarrez, J., Soto, D., & Brummett, R. (2017). Aquaculture zoning, site selection and area 
management under the ecosystem approach to aquaculture. FAO and World Bank Group. 

Alexander, K. A. (2022). A social license to operate for aquaculture: Reflections from 
Tasmania. Aquaculture, 550, 737875. 
https://doi.org/10.1016/j.aquaculture.2021.737875 

Alexander, K. A., Freeman, S., & Angel, D. L. (2018). Public attitudes and decision making in 
environmental resource planning — a perception gap. Environmental Science and Policy, 
80(October 2017), 38–43.  

Amberg, S. M., & Hall, T. E. (2008). Communicating risks and benefits of aquaculture: a 
content analysis of US newsprint representations of farmed salmon. Journal of the World 
Aquaculture Society, 39(2), 143-157. 

Anaïs, A., Adélaïde, A., Jean-Claude, G., Oihana, L., Philippe, A., & Nabila, G. M. (2020). 
Assessment of carrying capacity for bivalve mariculture in subtropical and tropical 
regions: the need for tailored management tools and guidelines. Reviews in Aquaculture, 
1–15.  



 

192 

 

Aquaculture Stewardship Council (ASC). (2017). ASC salmon standard. ver. 1.1. Aquaculture 
Stewardship Council. Available from: https://www.ascaqua.org/wp-
content/uploads/2017/07/ASC-Salmon-Standard_v1.1.pdf. 

Aquaculture Stewardship Council (ASC). (2019). ASC Salmon Standard – Version 1.3. ASC: The 
Netherlands. Retrieved from: www.asc-aqua.org/ 

Arias-Arévalo, P., Martín-López, B., & Gómez-Baggethun, E. (2017). Exploring intrinsic, 
instrumental, and relational values for sustainable management of social-ecological 
systems. Ecology and Society, 22(4).  

Arkema, K. K., Abramson, S. C., Dewsbury, B. M., Frontiers, S., Dec, N., Arkema, K. K., 
Abramson, S. C., & Dewsbury, B. M. (2006). Marine ecosystem-based management: 
from characterization to implementation. Frontiers in Ecology and the Environment, 4(10), 
525–532. https://doi.org/10.1038/nchembio.1411 

Arkema, K. K., Verutes, G. M., Wood, S. A., Clarke-Samuels, C., Rosado, S., Canto, M., 
Rosenthal, A., Ruckelshaus, M., Guannel, G., Toft, J., Faries, J., Silver, J. M., Griffin, 
R., & Guerry, A. D. (2015). Embedding ecosystem services in coastal planning leads to 
better outcomes for people and nature. Proceedings of the National Academy of Sciences of the 
United States of America, 112(24), 7390–7395. 
https://doi.org/10.1073/pnas.1406483112 

Armitage, D.R., Plummer, R., Berkes, F., Arthur, R.I., Charles, A.T., Davidson-Hunt, I.J., 
Diduck, A.P., Doubleday, N.C., Johnson, D.S., Marschke, M. and McConney, P. 
(2009). Adaptive co‐management for social–ecological complexity. Frontiers in Ecology 
and the Environment, 7(2), 95-102. 

Arrow, K., Bolin, B., Costanza, R., Dasgupta, P., Folke, C., Holling, C. S., Jansson, B.-O., 
Levin, S., M~iler, K.-G., Perrings, C., & Pimentel, D. (1995). Economic growth, 
carrying capacity, and the environment. Ecological Economics, 268, 520–521. 
https://doi.org/10.1016/0921-8009(95)00059-3 

Bacher, C., Duarte, P., Ferreira, J. G., Héral, M., & Raillard, O. (1997). Assessment and 
comparison of the Marennes-Oléron Bay (France) and Carlingford Lough (Ireland) 
carrying capacity with ecosystem models. Aquatic Ecology, 31(4), 379–394. 
https://doi.org/10.1023/A:1009925228308 

Bacher, C., Grant, J., Hawkins, A. J., Fang, J., Zhu, M., & Besnard, M. (2003). Modelling the 
effect of food depletion on scallop growth in Sungo Bay (China). Aquatic Living 
Resources, 16(1), 10-24. 

Bachmann-Vargas, P., van Koppen, C. K., & Lamers, M. (2021). Re-framing salmon 
aquaculture in the aftermath of the ISAV crisis in Chile. Marine Policy, 124, 104358. 



 

193 

 

Bailey, C. (2008). Human dimensions of an ecosystem approach to aquaculture. In Soto, D., 
Aguilar-Manjarrez, J., & Hishamunda, N. (Eds). Building an ecosystem approach to 
aquaculture (pp. 37–46). FAO Rome. 

Bailey, J. L., & Eggereide, S. S. (2020). Mapping actors and arguments in the Norwegian 
aquaculture debate. Marine Policy, 115(233705), 103898.  

Baines, J., & Edwards, P. (2018). The role of relationships in achieving and maintaining a 
social licence in the New Zealand aquaculture sector. Aquaculture, 485(November 
2017), 140–146. https://doi.org/10.1016/j.aquaculture.2017.11.047 

Bakar, N. H. A., Jusoh, A., Ahmad, M. F., Noor, M. J. M. M., & Norzilah, A. (2016). A Spatial 
Nutrient Distribution Due to Seabass Aquaculture Activities at Setiu, Terengganu, 
Malaysia. Journal of Fisheries and Aquatic Science, 11(5), 332–348. 
https://doi.org/10.3923/jfas.2016.332.348 

Banta, W., & Gibbs, M. (2009). Factors controlling the development of the aquaculture 
industry in New Zealand: Legislative reform and social carrying capacity. Coastal 
Management, 37, 170–196.  

Beeco, J.A., & Brown, G. (2013). Integrating space, spatial tools, and spatial analysis into the 
human dimensions of parks and outdoor recreation. Applied Geography, 38(1), 76–85.  

Belton, B., Little, D. C., Zhang, W., Edwards, P., Skladany, M., & Thilsted, S. H. (2020). 
Farming fish in the sea will not nourish the world. Nature communications, 11(1), 1-8. 

Béné, C., Arthur, R., Norbury, H., Allison, E. H., Beveridge, M., Bush, S., Campling, L., 
Leschen, W., Little, D., Squires, D., Thilsted, S. H., Troell, M., & Williams, M. (2016). 
Contribution of fisheries and aquaculture to food security and poverty reduction: 
Assessing the current evidence. World Development, 79, 177–196. 
https://doi.org/10.1016/j.worlddev.2015.11.007 

Benetti, D.D., Benetti, G.I., Rivera, J.A., Sardenberg, B., & O’Hanlon, B. (2010). Site selection 
criteria for open ocean aquaculture. Marine Technology Society Journal 44(3): 22–35.  

Berenguer, J., Corraliza, J. A., & Martin, R. (2005). Rural-Urban differences in environmental 
concern, attitudes, and actions. European Journal of Psychological Assessment, 21(2), 128–
138.  

Bermudez, J. (2013). Legal and policy components of the application of the ecosystem 
approach to aquaculture to site selection and carrying capacity. In Ross, L.G., Telfer, 
T.C., Falconer, L., Soto, D., & Aguilar-Manjarrez, J. (Eds). Site selection and carrying 
capacities for inland and coastal aquaculture, pp. 117–127. FAO Rome. 



 

194 

 

Billi, M., Mascareño, A., Henríquez, P. A., Rodríguez, I., Padilla, F., & Ruz, G. A. (2022). 
Learning from crises? The long and winding road of the salmon industry in Chiloé 
Island, Chile. Marine Policy, 140(February), 105069.  

Billing, S. L. (2018). Using public comments to gauge social licence to operate for finfish 
aquaculture: Lessons from Scotland. Ocean and Coastal Management, 165(March), 401–
415.  

Bjørkan, M., & Eilertsen, S. M. (2020). Local perceptions of aquaculture: A case study on 
legitimacy from northern Norway. Ocean and Coastal Management, 195(May).  

Bjørn, A., Chandrakumar, C., Boulay, A.M., Doka, G., Fang, K., Gondran, N., Hauschild, 
M.Z., Kerkhof, A., King, H., Margni, M. and McLaren, S., (2020). Review of life-cycle 
based methods for absolute environmental sustainability assessment and their  
applications. Environmental Research Letters, 15(8), 083001. 

Bocking, S. (2012). Mobile knowledge and the media: The movement of scientific information 
in the context of environmental controversy. Public Understanding of Science, 21(6), 705–
723. https://doi.org/10.1177/0963662510389977 

Boltanski, L., & Thévenot, L. (2006). On justification: Economies of worth (Vol. 27). Princeton 
University Press. 

Borja, A., Elliott, M., Andersen, J. H., Berg, T., Carstensen, J., Halpern, B. S., Heiskanen, A-S., 
Korpinen, S., Lowndes, J.S.S., Martin, G., & Rodriguez-Ezpeleta, N. (2016). Overview 
of integrative assessment of marine systems: the ecosystem approach in 
practice. Frontiers in Marine Science, 20. 

Braithwaite, J. E., Meeuwig, J. J., & Jenner, K. C. S. (2012). Estimating cetacean carrying 
capacity based on spacing behaviour. PLoS ONE, 7(12). 
https://doi.org/10.1371/journal.pone.0051347 

Bravo, F., & Grant, J. (2018). Modelling sediment assimilative capacity and organic carbon 
degradation efficiency at marine fish farms. Aquaculture Environment Interactions, 10, 309–
328. https://doi.org/10.3354/aei00267 

Broitman, B. R., Halpern, B. S., Gelcich, S., Lardies, M. A., Vargas, C. A., Vásquez-Lavín, F., 
… Birchenough, S. N. R. (2017). Dynamic Interactions among Boundaries and the 
Expansion of Sustainable Aquaculture. Frontiers in Marine Science, 4(January), 2–5.  

Bronnmann, J., & Asche, F. (2017). Sustainable seafood from aquaculture and wild fisheries: 
Insights from a discrete choice experiment in Germany. Ecological Economics, 142, 113–
119.  



 

195 

 

Brown, G., Reed, P., & Raymond, C. M. (2020). Mapping place values: 10 lessons from two 
decades of public participation GIS empirical research. Applied Geography, 116, 102156. 

Brugère, C., Aguilar-Manjarrez, J., Beveridge, M. C. M., & Soto, D. (2018). The ecosystem 
approach to aquaculture 10 years on - a critical review and consideration of its future 
role in blue growth. Reviews in Aquaculture, 1–22.  

Brunson, M.W. (1996) A definition of "Social Acceptability" in Ecosystem Management. In 
Brunson M., Kruger L., Tyler C., Schroeder S. (Eds). Defining Social Acceptability in 
Ecosystem Management: A Workshop Proceedings, pp. 7-16. US Department of Agriculture, 
Forest Service. 

Bueno, G. W., Bureau, D., Skipper-Horton, J. O., Roubach, R., de Mattos, F. T., & Bernal, F. 
E. M. (2017). Mathematical modeling for the management of the carrying capacity of 
aquaculture enterprises in lakes and reservoirs. Pesquisa Agropecuaria Brasileira, 52(9), 
695–706. https://doi.org/10.1590/S0100-204X2017000900001 

Bueno, G. W., Feiden, A., Roubach, R., De Matos, F. T., Klein, S., & Boscolo, W. R. (2016). 
Different sources of phosphorus supplementation and its excretion by Nile tilapia 
juveniles (Oreochromis niloticus). Pan-American Journal of Aquatic Sciences, 11(2), 151–
158. 

Bunting, S.W. (2008). Horizontally integrated aquaculture development: exploring consensus 
on constraints and opportunities with a stakeholder Delphi. Aquaculture International 
16(2): 153-169. 

Bush, S. R., & Oosterveer, P. (2019). Governing sustainable seafood. Routledge. 

Bush, S. R., Belton, B., Hall, D., Vandergeest, P., Murray, F. J., Ponte, S., Oosterveer, P., 
Islam, M. S., Mol, A. P. J., Hatanaka, M., & others. (2013). Certify sustainable 
aquaculture. Science, 341(6150), 1067–1068.  

Busse, M., & Siebert, R. (2018). Acceptance studies in the field of land use—A critical and 
systematic review to advance the conceptualization of acceptance and acceptability. 
Land Use Policy, 76(March 2017), 235–245.  

Buyukcapar, H.M., & Alp, A. (2006). The carrying capacity and suitability of the Menzelet 
Reservoir (Kahramanmaras- Turkey) for trout culture in terms of water quality. Journal 
of Applied Sciences, 6(13), 2774–2778. 

Byron, C., Link, J., Costa-Pierce, B., & Bengtson, D. (2011a). Calculating ecological carrying 
capacity of shellfish aquaculture using mass-balance modeling: Narragansett Bay, 
Rhode Island. Ecological Modelling, 222(10), 1743–1755.  



 

196 

 

Byron, C., Bengtson, D., Costa-Pierce, B., & Calanni, J. (2011b). Integrating science into 
management: Ecological carrying capacity of bivalve shellfish aquaculture. Marine 
Policy, 35(3), 363–370.  

Byron, C., Link, J., Costa-Pierce, B., & Engtson, D. (2011c). Modeling ecological carrying 
capacity of shellfish aquaculture in highly flushed temperate lagoons. Aquaculture, 
314(1–4), 87–99.  

Byron, C.J., & Costa-Pierce, B.A. (2013). Carrying capacity tools for use in the implementation 
of an ecosystems approach to aquaculture. In Ross, L.G., Telfer, T.C., Falconer, L., 
Soto, D., & Aguilar-Manjarrez, J. (Eds). Site selection and carrying capacities for inland and 
coastal aquaculture, (pp.87–101). FAO Rome. 

Byron, C. J., Jin, D., & Dalton, T. M. (2014). An Integrated ecological-economic modeling 
framework for the sustainable management of oyster farming. Aquaculture, 447, 15–22.  

Cai, H., Zhao, S., Wu, C., Zhu, A., Yu, J., & Zhang, X. (2010). Environmental pollution and 
marine aquaculture ecosystem health assessment. Bioinformatics and Biomedical Engineering 
(iCBBE), 1-4. 

Callier, M. D., Byron, C. J., Bengtson, D. A., Cranford, P. J., Cross, S. F., Focken, U., Jansen, 
H. M., Kamermans, P., Kiessling, A., Landry, T., O’Beirn, F., Petersson, E., Rheault, 
R. B., Strand, Ø., Sundell, K., Svåsand, T., Wikfors, G. H., & McKindsey, C. W. 
(2017). Attraction and repulsion of mobile wild organisms to finfish and shellfish 
aquaculture: a review. Reviews in Aquaculture, 1–26. https://doi.org/10.1111/raq.12208 

Callier, M. D., Richard, M., McKindsey, C. W., Archambault, P., & Desrosiers, G. (2009). 
Responses of benthic macrofauna and biogeochemical fluxes to various levels of 
mussel biodeposition: An in situ “benthocosm” experiment. Marine Pollution Bulletin, 
58(10), 1544–1553. https://doi.org/10.1016/j.marpolbul.2009.05.010 

Campbell, L. M., Fairbanks, L., Murray, G., Stoll, J. S., D’Anna, L., & Bingham, J. (2021). 
From Blue Economy to Blue Communities: reorienting aquaculture expansion for 
community wellbeing. Marine Policy, 104361. 

Carr, L. M. (2019). Seeking stakeholder consensus within Ireland’s conflicted salmon 
aquaculture space. Marine Policy, 99(October 2018), 201–212.  

Carver, C.E.A., & Mallet, A.L. (1990). Estimating the carrying capacity of a coastal inlet for 
mussel culture. Aquaculture, 88, 39–53. 

 



 

197 

 

Cash, D. W., Clark, W. C., Alcock, F., Dickson, N. M., Eckley, N., Guston, D. H., Jäger, J., & 
Mitchell, R. B. (2003). Knowledge systems for sustainable development. Proceedings of 
the National Academy of Sciences of the United States of America, 100(14), 8086–8091. 
https://doi.org/10.1073/pnas.1231332100 

Cattell, R. B. (1966). The scree test for the number of factors. Multivariate behavioral 
research, 1(2), 245-276. 

Chan, K. M. A., Balvanera, P., Benessaiah, K., Chapman, M., Díaz, S., Gómez-Baggethun, E., 
Gould, R., Hannahs, N., Jax, K., Klain, S., Luck, G. W., Martín-López, B., Muraca, B., 
Norton, B., Ott, K., Pascual, U., Satterfield, T., Tadaki, M., Taggart, J., & Turner, N. 
(2016). Why protect nature? Rethinking values and the environment. Proceedings of the 
National Academy of Sciences of the United States of America, 113(6), 1462–1465. 
https://doi.org/10.1073/pnas.1525002113 

Chapman, E. J., & Byron, C. J. (2018). The flexible application of carrying capacity in ecology. 
Global Ecology and Conservation, 13, 1–12.  

Chen, Y.S., Beveridge, M.C.M., & Telfer, T.C. (1999). Settling rate characteristics and nutrient 
content of the faeces of Atlantic salmon (Salmo salar L.) and the implications for 
modelling of solid waste dispersion. Aquaculture Research, 30, 395–398. 

Chu, J., Anderson, J. L., Asche, F., & Tudur, L. (2010). Stakeholders ’ Perceptions of 
Aquaculture and Implications for its Future : A Comparison of the U.S.A. and Norway 
University of Rhode Island. Aquaculture, 25(1), 61–76.  

Cohen, J.E. (1995). Population growth and Earth’s human carrying capacity. Science, 269(July), 
55-70. 

Cohen, J. J., Reichl, J., & Schmidthaler, M. (2014). Re-focussing research efforts on the public 
acceptance of energy infrastructure: A critical review. Energy, 76, 4-9. 

Collie, J. S., Beck, M. W., Craig, B., Essington, T. E., Fluharty, D., Rice, J., & Sanchirico, J. N. 
(2013). Marine spatial planning in practice. Estuarine, Coastal and Shelf Science, 117, 1-11. 

Condie, C. M., Vince, J., & Alexander, K. A. (2022). Increasing polarisation in attitudes to 
aquaculture: Evidence from sequential government inquiries. Marine Policy, 
136(December 2021), 104867.  

Cooper, N., Brady, E., Steen, H., & Bryce, R. (2016). Aesthetic and spiritual values of 
ecosystems: recognising the ontological and axiological plurality of cultural ecosystem 
‘services’. Ecosystem Services, 21, 218-229. 



 

198 

 

Corner, R. A., Brooker, A. J., Telfer, T. C., & Ross, L. G. (2006). A fully integrated GIS-based 
model of particulate waste distribution from marine fish-cage sites. Aquaculture, 258(1–
4), 299–311. https://doi.org/10.1016/j.aquaculture.2006.03.036 

Corner, R. A., Aguilar-Manjarrez, J., Massa, F., & Fezzardi, D. (2018). Multi-stakeholder 
perspectives on spatial planning processes for mariculture in the Mediterranean and 
Black Sea. Reviews in Aquaculture, 2016, 1–18. https://doi.org/10.1111/raq.12321 

Costa-Pierce, B. (2008). An ecosystem approach to marine aquaculture: a global review. In 
D.Soto, J. Aguilar-Manjarrez, & N. Hishamunda (Eds). Building an ecosystem approach to 
aquaculture (pp. 81-115). FAO Rome.  

Costa-Pierce, B.A. (2010). Sustainable ecological aquaculture systems: the need for a new 
social contract for aquaculture development. Marine Technology Society Journal, 44 (3), 88–
112.  

Costa-Pierce, B. A. (2021). The social ecology of aquaculture in its new geographies. World 
Aqua, 52(3), 43-50. 

Couture, J. L., Froehlich, H. E., Buck, B. H., Jeffery, K. R., Krause, G., Morris, J. A., Pérez, 
M., Stentiford, G. D., Vehviläinen, H., & Halpern, B. S. (2021). Scenario analysis can 
guide aquaculture planning to meet sustainable future production goals. ICES Journal of 
Marine Science, 78(3), 821–831. https://doi.org/10.1093/icesjms/fsab012 

Cranford, P. J., Duarte, P., Robinson, S. M. C., Fernández-Reiriz, M. J., & Labarta, U. (2014). 
Suspended particulate matter depletion and flow modification inside mussel (Mytilus 
galloprovincialis) culture rafts in the Ría de Betanzos, Spain. Journal of Experimental 
Marine Biology and Ecology, 452, 70–81. https://doi.org/10.1016/j.jembe.2013.12.005 

Cranford, P. J., Li, W., Strand, Ø., & Strohmeier, T. (2008). Phytoplankton depletion by 
mussel aquaculture: high resolution mapping, ecosystem modeling and potential 
indicators of ecological carrying capacity. International Council for the Exploration of the 
Seas, /H:12, 1–5. 

Cranford, P. J., Kamermans, P., Krause, G., Mazurié, J., Buck, B. H., Dolmer, P., Fraser, D., 
Van Nieuwenhove, K., O’Beirn, F. X., Sanchez-Mata, A., Thorarinsdóttir, G. G., & 
Strand, Ø. (2012). An ecosystem-based approach and management framework for the 
integrated evaluation of bivalve aquaculture impacts. Aquaculture Environment 
Interactions, 2(3), 193–213. https://doi.org/10.3354/aei00040 

Creswell, J. (2013). Research design: Qualitative, quantitative, and mixed methods approaches. Sage 
Publications. 



 

199 

 

Cromey, C.J., Nickell, T.D., & Black, K.D. (2002). DEPOMOD-modelling the deposition and 
biological effects of waste solids from marine cage farms. Aquaculture, 214(1–4), 211–
239.  

Cullen-Knox, C., Fleming, A., Lester, L., & Ogier, E. (2019). Publicised scrutiny and 
mediatised environmental conflict: The case of Tasmanian salmon aquaculture. Marine 
Policy, 100(December 2018), 307–315. https://doi.org/10.1016/j.marpol.2018.11.040 

Cullen-Knox, C., Haward, M., Jabour, J., Ogier, E., & Tracey, S. R. (2017). The social licence 
to operate and its role in marine governance: Insights from Australia. Marine Policy, 
79(October 2016), 70–77. https://doi.org/10.1016/j.marpol.2017.02.013 

Dabrowski, T., Lyons, K., Curé, M., Berry, A., & Nolan, G. (2013). Numerical modelling of 
spatio-temporal variability of growth of Mytilus edulis (L.) and influence of its 
cultivation on ecosystem functioning. Journal of Sea Research, 76, 5–21. 
https://doi.org/10.1016/j.seares.2012.10.012 

Dabruzzi, T.F., & Bennett, W.A. (2014). Hypoxia effects on gill surface area and blood 
oxygen-carrying capacity of the Atlantic stingray, Dasyatis sabina. Fish Physiology and 
Biochemistry, 40, 1011e1020.  

Dadswell, M., Spares, A., Reader, J., McLean, M., McDermott, T., Samways, K. & Lilly, J. 
(2022). The decline and impending collapse of the Atlantic salmon (Salmo salar) 
population in the north Atlantic Ocean: A review of possible causes. Reviews in Fisheries 
Science & Aquaculture, 30(2): 215-258. 

Daily, G.C., & Ehrlich, P.R. (1992). Population, sustainability and Earth’s carrying capacity. 
BioScience, 42(10), 761–771. 

Dalton, T., Jin, D., Thompson, R., & Katzanek, A. (2017). Using normative evaluations to 
plan for and manage shellfish aquaculture development in Rhode Island coastal waters. 
Marine Policy, 83, 194–203.  

Dalton, T. M., & Jin, D. (2018). Attitudinal Factors and Personal Characteristics Influence 
Support for Shellfish Aquaculture in Rhode Island (US) Coastal Waters. Environmental 
Management, 61(5), 848–859.  

Daly, H.E. (1990). Toward some operational principles of sustainable development. Ecological 
Economics, 2, 1–6. 

Dame, R.F., & Prins, T.C. (1997). Bivalve carrying capacity in coastal ecosystems. Aquatic 
Ecology, 31(4), 409–421.  



 

200 

 

Davies, I., Halpern, B., Gentry, R., Carranza, V., Kareiva, P., & Froehlich, H. (2019). 
Governance of marine aquaculture: pitfalls, potential and pathways forward. Marine 
Policy, 104(April 2018), 29–36.  

Davis, A., & Bailey, C. (1996). Common in custom, uncommon in advantage: common 
property, local elites, and alternative approaches to fisheries management. Society & 
Natural Resources, 9(3), 251-265. 

Del Monte-Luna Brook, B.W., Zetina-Rejón, M.J. and Cruz-Escalona, V.H., P. (2004). The 
carrying capacity of ecosystems. Global Ecology and Biogeography, 13, 485-495. 

Dempster, T., Fernandez-Jover, D., Sanchez-Jerez, P., Tuya, F., Bayle-Sempere, J., Boyra, A., 
& Haroun, R. J. (2005). Vertical variability of wild fish assemblages around sea-cage 
fish farms: implications for management. Marine Ecology Progress Series, 304, 15-29. 

Dempster, T., & Sanchez-Jerez, P. (2008). Aquaculture and coastal space management in 
Europe: An ecological perspective. In Holmer, M., Black, K., Duarte, C.M., Marba, N., 
& Karakassis, I. (Eds). Aquaculture in the ecosystem (pp. 87-116). Springer. 

DeVellis, R. F. (2012). Scale development: Theory and application (3rd ed.) Sage. 

Devine-Wright, P. (2008). Reconsidering public acceptance of renewable energy technologies: 
a critical review. In Grubb, M., Jamasb, T., & Pollit, M. (Eds). Delivering a low carbon 
electricity system. Cambridge University Press. 

Devine-Wright, P. (2009). Rethinking NIMBYism: The role of place attachment and place 
identity in explaining place-protective action. Journal of Community & Applied Social 
Psychology, 19(January), 426–441. https://doi.org/10.1002/casp.1004 

Fisheries and Oceans Canada (DFO). (2015). Carrying capacity for shellfish aquaculture with 
reference to mussel aquaculture in Malpeque Bay, Prince Edward Island. DFO 
Canadian Science Advisory Secretariat, 003. 

DFO. (2018). Aquaculture Monitoring Standard. Retrieved from https://www.dfo-
mpo.gc.ca/aquaculture/management-gestion/aar-raa-ann7-eng.htm 

DFO. (2019). Framework for Aquaculture Risk Management. Retrieved from https://www.dfo-
mpo.gc.ca/aquaculture/consultations/farm-cgra/farm-cgra-eng. html.  

DFO. (2022, March). Engaging on Canada’s Blue Economy Strategy: What We Heard. Retrieved 
from https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/41030503.pdf 

 



 

201 

 

Diamond, I. R., Grant, R. C., Feldman, B. M., Pencharz, P. B., Ling, S. C., Moore, A. M., & 
Wales, P. W. (2014). Defining consensus: A systematic review recommends 
methodologic criteria for reporting of Delphi studies. Journal of Clinical Epidemiology, 
67(4), 401–409.  

Dicks, L.V., Walsh, J.C., & Sutherland, W.J. (2014). Organising evidence for environmental 
management decisions: a ‘4S’ hierarchy. Trends in Ecology and Evolution, 29, 607–613.  

Dietz, T., Fitzgerald, A., & Shwom, R. (2005). Environmental values. Annual Review of 
Environment and Resources, 30, 335-372.  

Dietz, T., Stern, P. C., & Guagnano, G. A. (1998). Social Structural and Social Psychological 
Bases of Environmental Concern. Environment and Behavior, 30(4), 450–471. 

Dillon, P.J., & Rigler, F. (1975). A simple method for prediction the capacity of a lake for 
development based on lake trophic status. Journal of Fisheries Research Board of Canada, 
32(9), 1519–1531. 

Doelle, M., & Lahey, W. (2014). A New Regulatory Framework for Low-Impact / High-Value 
Aquaculture in Nova Scotia. http://dx.doi.org/10.2139/ssrn.2463759 

Doelle, M., & Saunders, P. (2016). Aquaculture governance in Canada: a patchwork of 
approaches. In Bankes, N., Dahl, I., & VanderZwaag, D.L. (Eds). Aquaculture Law and 
Policy, pp. 183–212. Edward Elgar Publishing. 

Douvere, F., & Ehler, C. N. (2011). The importance of monitoring and evaluation in adaptive 
maritime spatial planning. Journal of Coastal Conservation, 15(2), 305-311. 

Dowd, M. (1997). On predicting the growth of cultured bivalves. Ecological Modelling, 104(2–3), 
113–131. https://doi.org/10.1016/S0304-3800(97)00133-6 

Dowd, M. (2005). A bio-physical coastal ecosystem model for assessing environmental effects 
of marine bivalve aquaculture. Ecological Modelling, 183(2–3), 323–346. 
https://doi.org/10.1016/j.ecolmodel.2004.08.018 

Duarte, P., Meneses, R., Hawkins, A. J. S., Zhu, M., Fang, J., & Grant, J. (2003). Mathematical 
modelling to assess the carrying capacity for multi-species culture within coastal 
waters. Ecological Modelling, 168(1–2), 109–143. https://doi.org/10.1016/S0304-
3800(03)00205-9 

Dunlap, R. E. (2008). The New Environmental Paradigm scale: From marginality to worldwide 
use. The Journal of Environmental Education, 40 (1), 3–18. 



 

202 

 

Edwards, P. (2015). Aquaculture environment interactions: Past, present and likely future 
trends. Aquaculture, 447, 2–14.  

Ehrlich, P.R. (1968). The population bomb. Ballatine Books.  

Elliott, M., Boyes, S. J., Barnard, S., & Borja, Á. (2018). Using best expert judgement to 
harmonise marine environmental status assessment and maritime spatial planning. 
Marine Pollution Bulletin, 133(April), 367–377. 
https://doi.org/10.1016/j.marpolbul.2018.05.029 

Errington, P.L. (1934). Vulnerability of bob-white populations to predation. Ecology, 15, 110- 
127. 

Ertör, I., & Ortega-Cerdà, M. (2015). Political lessons from early warnings: Marine finfish 
aquaculture conflicts in Europe. Marine Policy, 51, 202–210.  

Ervik, A., Hansen, P. K., Aure, J., Stigebrandt, A., Johannessen, P., & Jahnsen, T. (1997). 
Regulating the local environmental impact of intensive marine fish farming. I. The 
concept of the MOM system (Modelling-Ongrowing fish farms-Monitoring). 
Aquaculture, 158(1–2), 85–94. https://doi.org/10.1016/S0044-8486(97)00186-5 

European Commission. (1999). Towards a European Integrated Coastal Zone Management (ICZM) 
Strategy: General principles and policy options. Office for Official Publications of the 
European Communities: Luxembourg. ISBN 92-828-6463-4 

Evans, A. M., and Revelle, W. (2008). Survey and behavioral measurements of interpersonal 
trust. Journal of Research in Personality, 42, 1585–1593.  

Falconer, L., Middelboe, A.L., Kaas, H., Ross, L.G., & Telfer, T.C. (2020). Use of geographic 
information systems for aquaculture and recommendations for development of spatial 
tools. Reviews in Aquaculture, 12(2), 664-677 

FAO. (2015) Achieving Blue Growth Through Implementation of the Code of Conduct for Responsible 
Fisheries. Policy Brief. FAO, Rome.  
http://www.fao.org/fileadmin/user_upload/newsroom/docs/BlueGrowth_LR.pdf 

FAO. (2016). The state of world fisheries and aquaculture 2016: Contributing to food security and nutrition 
for all. FAO: Rome. 

FAO. (2017). Aquaculture, the Sustainable Development Goals (SDGs)/Agenda 2030 and 
FAO’s common vision for sustainable food and agriculture. Ninth session committee 
Rome 24-27 October 2017. Available from: https://www.fao.org/cofi/30794-
011acfda6d140b8ede06f0b184c8e5fd4.pdf 



 

203 

 

FAO. (2020a). The State of World Fisheries and Aquaculture 2020: Sustainability in action. FAO: 
Rome.  

FAO. (2020b). Global aquaculture production 1950–2018 [Online query]. Food and Agriculture 
Organization of the United Nations. Available from 
http://www.fao.org/fishery/statistics/global-aquaculture-production/query/en. 

Fernandes, Eleftheriou, Ackefors, Ervik, Sanchez-Mata, Scanlon, White, Cochrane, Pearson, 
& Read. (2001). The scientific principles underlying the monitoring of the 
environmental impacts of aquaculture. Journal of Applied Ichthyology, 17(4), 181–193. 
https://doi.org/10.1046/j.1439-0426.2001.00315.x 

Ferreira, J. G., Corner, R. A., Moore, H., Service, M., Bricker, S. B., & Rheault, R. (2018). 
Ecological Carrying capacity for shellfish aquaculture - sustainability of naturally 
occuring filter-feeders and cultivated bivalves. Journal of Shellfish Research, 37(3), 1–18. 
https://doi.org/10.2983/035.037.0300 

Ferreira, J. G., Hawkins, A. J. S., & Bricker, S. B. (2007). Management of productivity, 
environmental effects and profitability of shellfish aquaculture - the Farm Aquaculture 
Resource Management (FARM) model. Aquaculture, 264(1–4), 160–174. 
https://doi.org/10.1016/j.aquaculture.2006.12.017 

Ferreira, J. G., Hawkins, A. J. S., Monteiro, P., Moore, H., Service, M., Pascoe, P. L., Ramos, 
L., & Sequeira, A. (2008). Integrated assessment of ecosystem-scale carrying capacity 
in shellfish growing areas. Aquaculture, 275(1–4), 138–151. 
https://doi.org/10.1016/j.aquaculture.2007.12.018 

Ferreira, J. G., Saurel, C., & Ferreira, J. M. (2012). Cultivation of gilthead bream in 
monoculture and integrated multi-trophic aquaculture. Analysis of production and 
environmental effects by means of the FARM model. Aquaculture, 358–359, 23–34. 
https://doi.org/10.1016/j.aquaculture.2012.06.015 

Ferreira, J. G., Taylor, N. G., Cubillo, A., Lencart-Silva, J., Pastres, R., Bergh, Ø., & Guilder, J. 
(2021). An integrated model for aquaculture production, pathogen interaction, and 
environmental effects. Aquaculture, 536, 736438. 

Ferreira, J. G., Grant, J., Verner-Jefferys, D. W., & Taylor, N. G. (2013). Carrying capacity for 
aquaculture, modelling frameworks for determination of. In Christou (Ed.), Sustainable 
Food Production (pp. 986–1049).  

Feucht, Y., & Zander, K. (2017). Aquaculture in the German print media. Aquaculture 
International, 25(1), 1–19. https://doi.org/10.1007/s10499-016-0021-1 



 

204 

 

Filgueira, R., & Grant, J. (2009). A box model for ecosystem-level management of mussel 
culture carrying capacity in a Coastal Bay. Ecosystems, 12(7), 1222–1233.  

Filgueira, R., Grant, J., Stuart, R., & Brown, M. S. (2013). Ecosystem modelling for ecosystem-
based management of bivalve aquaculture sites in data-poor environments. Aquaculture 
Environment Interactions, 4(2), 117–133. https://doi.org/10.3354/aei00078 

Filgueira, R., Guyondet, T., Comeau, L. A., & Grant, J. (2014). A fully-spatial ecosystem-DEB 
model of oyster (Crassostrea virginica) carrying capacity in the Richibucto Estuary, 
Eastern Canada. Journal of Marine Systems, 136(1), 42–54. 
https://doi.org/10.1016/j.jmarsys.2014.03.015 

Filgueira, R., Comeau, L.A., Guyondet, T., McKindsey, C.W., & Byron, C. (2015a). Modelling 
carrying capacity of bivalve aquaculture: a review of definitions and methods. In: 
Meyers, R.A. (ed). Encyclopedia of Sustainability Science and Technology, pp. 1–33. Springer, 
New York, NY. 

Filgueira, R., Guyondet, T., Bacher, C., & Comeau, L. A. (2015b). Informing Marine Spatial 
Planning (MSP) with numerical modelling: A case-study on shellfish aquaculture in 
Malpeque Bay (Eastern Canada). Marine Pollution Bulletin, 100(1), 200–216. 
https://doi.org/10.1016/j.marpolbul.2015.08.048 

Filgueira, R., Grant, J., & Strand, Ø. (2014). Implementation of marine spatial planning in 
shellfish aquaculture management: Modeling studies in a Norwegian fjord. Ecological 
Applications, 24(4), 832–843.  

Filgueira, R., Guyondet, T., Reid, G. K., Grant, J., & Cranford, P. J. (2017). Vertical particle 
fluxes dominate integrated multi-trophic aquaculture (IMTA) sites: Implications for 
shellfish-finfish synergy. Aquaculture Environment Interactions, 9(1), 127–143.  

Flaherty, M., Reid, G., Chopin, T., & Latham, E. (2019). Public attitudes towards marine 
aquaculture in Canada : insights from the Pacific and Atlantic coasts. Aquaculture 
International, 27(1), 9–32. 

Fløysand, A., Håland, K., & Jakobsen, S. E. (2016). Discourses, risk perceptions and the 
“green” profile of the New Zealand salmon farming industry. Marine Policy, 
74(September), 230–235.  

Foley, M. M., Martone, R. G., Fox, M. D., Kappel, C. V., Mease, L. A., Erickson, A. L., 
Halpern, B. S., Selkoe, K. A., Taylor, P., & Scarborough, C. (2015). Using Ecological 
Thresholds to Inform Resource Management: Current Options and Future 
Possibilities. Frontiers in Marine Science, 2(November), 1–12. 
https://doi.org/10.3389/fmars.2015.00095 



 

205 

 

Ford, E., Billing, S.L., & Hughes, A. D. (2022). The role of community and company identities 
in the social license to operate for fin-fish farming. Aquaculture, 553, 738081.  

Ford, R. M., & Williams, K. J. H. (2016). How can social acceptability research in Australian 
forests inform social licence to operate? Forestry, 89(5), 512–524.  

Forst, M. F. (2009). The convergence of integrated coastal zone management and the 
ecosystems approach. Ocean & Coastal Management, 52(6), 294-306. 

Fournis, Y., & Fortin, M. J. (2017). From social ‘acceptance’ to social ‘acceptability’ of wind 
energy projects: towards a territorial perspective. Journal of Environmental Planning and 
Management, 60(1), 1–21.  

Fox, J. (2007). The uncertain relationship between transparency and accountability. Development 
in practice, 17(4-5), 663-671. 

Freeman, S., Vigoda-Gadot, E., Sterr, H., Sctz, M., Korchenkov, I., Krost, P., & Angel, D. 
(2012). Public attitudes towards marine aquaculture: A comparative analysis of 
Germany and Israel. Environmental Science and Policy, 22, 60–72.  

Froehlich, H. E., Gentry, R. R., Rust, M. B., Grimm, D., & Halpern, S. (2017). Public 
perceptions of aquaculture : Evaluating spatiotemporal patterns of sentiment around 
the world. PLoS ONE, 12(1), e0169281.  

Gaede, J., & Rowlands, I. H. (2018). Visualizing social acceptance research: A bibliometric 
review of the social acceptance literature for energy technology and fuels. Energy 
Research and Social Science, 40(July 2017), 142–158.  

Galparsoro, I., Murillas, A., Pinarbasi, K., Sequeira, A. M. M., Stelzenmüller, V., Borja, Á., 
O´Hagan, A. M., Boyd, A., Bricker, S., Garmendia, J. M., Gimpel, A., Gangnery, A., 
Billing, S. L., Bergh, Ø., Strand, Ø., Hiu, L., Fragoso, B., Icely, J., Ren, J., … Tett, P. 
(2020). Global stakeholder vision for ecosystem-based marine aquaculture expansion 
from coastal to offshore areas. Reviews in Aquaculture, 12(4), 2061–2079. 
https://doi.org/10.1111/raq.12422 

Gangnery, A., Bacher, C., Boyd, A., Liu, H., You, J., & Strand, Ø. (2020). Web-based public 
decision support tool for integrated planning and management in aquaculture. Ocean & 
Coastal Management, 105447. 

Gatersleben, B., Murtagh, N., & Abrahamse, W. (2014). Values, identity and pro-
environmental behaviour. Contemporary Social Science, 9(4), 374–392.  



 

206 

 

Geček, S., & Legović, T. (2010). Towards carrying capacity assessment for aquaculture in the 
Bolinao Bay, Philippines: A numerical study of tidal circulation. Ecological Modelling, 
221(10), 1394–1412.  

Gehman, J., Lefsrud, L. M., & Fast, S. (2017). Social license to operate: Legitimacy by another 
name? Canadian Public Administration, 60(2), 293–317.  

Gelcich, S., Reyes-Mendy, F., Arriagada, R., & Castillo, B. (2018). Assessing the 
implementation of marine ecosystem based management into national policies: 
Insights from agenda setting and policy responses. Marine Policy, 92(January), 40–47.  

Gentry, R. R., Lester, S. E., Kappel, C. V., White, C., Bell, T. W., Stevens, J., & Gaines, S. D. 
(2016). Offshore aquaculture: Spatial planning principles for sustainable development. 
Ecology and Evolution, 7(2), 733–743. https://doi.org/10.1002/ece3.2637 

Gibbs, M.T. (2007). Sustainability performance indicators for suspended bivalve aquaculture 
activities. Ecological Indicators, 7(1), 94–107.  

Gibbs, M. T. (2009). Implementation barriers to establishing a sustainable coastal aquaculture 
sector. Marine Policy, 33(1), 83–89.  

Gimpel, A., Stelzenmüller, V., Töpsch, S., Galparsoro, I., Gubbins, M., Miller, D., … Watret, 
R. (2018). A GIS-based tool for an integrated assessment of spatial planning trade-offs 
with aquaculture. Science of the Total Environment, 627, 1644–1655.  

Gobo, G. (2008). Re-conceptualizing generalization: Old issues in a new frame. In Alasuutari, 
P., Bickman, L., & Brannen, J. (Eds). The SAGE handbook of social research methods 
(pp.193-213). Sage Publications. 

Goss-Custard, J. D., Stillman, R. A., West, A. D., Caldow, R. W. G., & McGrorty, S. (2002). 
Carrying capacity in overwintering migratory birds. Biological Conservation, 105(1), 27–41. 
https://doi.org/10.1016/S0006-3207(01)00175-6 

Graefe, A.R., Vaske, J.J., & Kuss, F.R. (1984). Social carrying capacity: An integration and 
synthesis of twenty years of research. Leisure Sciences, 6(4), 395–431.  

Grant, J., & Bacher, C. (1998). Comparative models of mussel bioenergetics and their 
validation at field culture sites. Journal of Experimental Marine Biology and Ecology, 219(1–
2), 21–44. 

Grant, J., Bacher, C., Cranford, P. J., Guyondet, T., & Carreau, M. (2008). A spatially explicit 
ecosystem model of seston depletion in dense mussel culture. Journal of Marine Systems, 
73(1–2), 155–168. https://doi.org/10.1016/j.jmarsys.2007.10.007 



 

207 

 

Grant, J., & Filgueira, R. (2011). The application of dynamic modelling to prediction of 
production carrying capacity in shellfish farming. In: Shumway, S. (Ed). Shellfish 
aquaculture and the environment (pp. 135-154). Wiley-Blackwell Science Publishers. 

Gray, M., Barbour, N., Campbell, B., Robillard, A. J., Todd-Rodriguez, A., Xiao, H., & 
Plough, L. (2021). Ecolabels can improve public perception and farm profits for 
shellfish aquaculture. Aquaculture Environment Interactions, 13, 13–20.  

Gross, C. (2007). Community perspectives of wind energy in Australia: The application of a 
justice and community fairness framework to increase social acceptance. Energy 
policy, 35(5), 2727-2736. 

Graymore, M.L.M., Sipe, N.G., & Rickson, R.E. (2010). Sustaining human carrying capacity: A 
tool for regional sustainability assessment. Ecological Economics, 69(3), 459–468.  

Guyondet, T., Comeau, L. A., Bacher, C., Grant, J., Rosland, R., Sonier, R., & Filgueira, R. 
(2015). Climate Change Influences Carrying Capacity in a Coastal Embayment 
Dedicated to Shellfish Aquaculture. Estuaries and Coasts, 38(5), 1593–1618. 
https://doi.org/10.1007/s12237-014-9899-x 

Guyondet, T., Roy, S., Koutitonsky, V. G., Grant, J., & Tita, G. (2010). Integrating multiple 
spatial scales in the carrying capacity assessment of a coastal ecosystem for bivalve 
aquaculture. Journal of Sea Research, 64(3), 341–359. 
https://doi.org/10.1016/j.seares.2010.05.003 

Haines-Young, R., Potschin, M., & Cheshire, D. (2006). Defining and identifying environmental 
limits for sustainable development: A scoping study. Final Full Technical Report to Defra 
Project Code NR0102, 180 pp,. 

Halide, H., Stigebrandt, A., Rehbein, M., & McKinnon, A.D. (2009). Developing a decision 
support system for sustainable cage aquaculture. Environmental Modelling and Software, 
24(6), 694–702.  

Halpern, B. S., Diamond, J., Gaines, S., Gelcich, S., Gleason, M., Jennings, S., Lester, S., Mace, 
A., McCook, L., McLeod, K., Napoli, N., Rawson, K., Rice, J., Rosenberg, A., 
Ruckelshaus, M., Saier, B., Sandifer, P., Scholz, A., & Zivian, A. (2012). Near-term 
priorities for the science, policy and practice of Coastal and Marine Spatial Planning 
(CMSP). Marine Policy, 36(1), 198–205. https://doi.org/10.1016/j.marpol.2011.05.004 

Hamoutene, D., Salvo, F., Donnet, S., & Dufour, S. C. (2016). The usage of visual indicators 
in regulatory monitoring at hard-bottom finfish aquaculture sites in Newfoundland 
(Canada). Marine pollution bulletin, 108(1-2), 232-241. 

Hardin, G. (1968). The tragedy of the commons. Science, 162(3859), 1243–1248. 



 

208 

 

Hargrave, B.T., Holmer, M., & Newcombe, C.P. (2008). Towards a classification of organic 
enrichment in marine sediments based on biogeochemical indicators. Marine Pollution 
Bulletin, 56(5), 810–824.  

Hargrave, B. T. (2002). A traffic light decision system for marine finfish aquaculture 
siting. Ocean & Coastal Management, 45(4-5), 215-235. 

Hargrave, B. T. (2010). Empirical relationships describing benthic impacts of salmon 
aquaculture. Aquaculture Environment Interactions, 1(1), 33–46.  

Hasson, F., & Keeney, S. (2011). Enhancing rigour in the Delphi technique research. 
Technological Forecasting and Social Change, 78(9), 1695–1704.  

Hasson, F., Keeney, S., & McKenna, H. (2000). Research guidelines for the Delphi survey 
technique. Journal of Advanced Nursing, 32(4), 1008-1015.  

Hawden, S., & Palmer, L.J. (1922). Reindeer in Alaska. U.S. Department of Agriculture Bulletin, 
1089, 1–70. 

Hay, R. (1998). Sense of place in developmental context. Journal of Environmental Psychology, 
18(1), 5-29. 

Hermawen, S. (2018). The benefit of decision support system as sustainable environment 
technology to utilize coastal abundant resources in Indonesia. MATEC Web of 
Conferences 01043(164): 0–7. 

Hezri, A.A., & Dovers, S.R. (2006). Sustainability indicators, policy and governance: Issues for 
ecological economics. Ecological Economics, 60(1), 86–99.  

Hishamunda, N., Poulain, F., & Ridler, N. (2009). Prospective analysis of aquaculture 
development: The Delphi method. FAO Fisheries and Aquaculture Technical Paper, (521), 
93p. 

Holmer, M., Black, K., Duarte, C.M., Marba, N., & Karakassis, I. (2008). Aquaculture in the 
ecosystem. Springer. 

Huijts, N. M. A., Molin, E. J. E., & Steg, L. (2012). Psychological factors influencing 
sustainable energy technology acceptance: A review-based comprehensive framework. 
Renewable and Sustainable Energy Reviews, 16(1), 525–531.  

Hurlbert, A.H., & Stegen, J.C. (2014). When should species richness be energy limited, and 
how would we know? Ecology Letters, 17,401-413.  



 

209 

 

Hynes, S., Skoland, K., Ravagnan, E., Gjerstad, B., & Krøvel, A. V. (2018). Public attitudes 
toward aquaculture: An Irish and Norwegian comparative study. Marine Policy, 
96(December 2017), 1–8.  

Incze, L.S., Lutz, R.A., & True, E. (1981). Modeling carrying capacities for bivalve molluscs in 
open, suspended-culture systems. Journal of the World Mariculture Society, 12, 141-155.  

Inglis, G.J., Hayden, B.J., & Ross, A.H. (2000). An overview of factors affecting the carrying capacity of 
coastal embayments for mussel culture. NIWA Client Report. 

Ivany, R., D’Entremont, I., Christmas, D., Fuller, S., & Bragg, J. (2014). Now or never: an 
urgent call to action for Nova Scotians. Retrieved from http://onens.ca/wp-
content/uploads/Now_or_never_short.pdf 

Ives, C. D., & Kendal, D. (2014). The role of social values in the management of ecological 
systems. Journal of Environmental Management, 144, 67–72.  

Iwama, G.K., & Tautz, A. (1981). A simple growth model for salmonids in hatcheries. 
Canadian Journal of Fisheries and Aquatic Sciences, 38, 649-656. 

Jiang, W., & Gibbs, M.T. (2005). Predicting the carrying capacity of bivalve shellfish culture 
using a steady, linear food web model. Aquaculture, 244(1–4), 171–185.  

Jobling, M. (2003). The thermal growth coefficient (TGC) model of fish growth: A cautionary 
note. Aquaculture Research, 34(7), 581–584.  

Johansson, M., & Laike, T. (2007). Intention to respond to local wind turbines: The role of 
attitudes and visual perception. Wind Energy, 10(5), 435–451.  

Johnson, T. R., & Hanes, S. P. (2019). Considering social carrying capacity in the context of 
sustainable ecological aquaculture. In: Heidkamp, P., & Morrissey, J. (Eds). Towards 
coastal resilience and sustainability. Routledge.  

Johnson, T. R., Beard, K., Brady, D. C., Byron, C. J., Cleaver, C., Duffy, K., Keeney, N., 
Kimble, M., Miller, M., Moeykens, S., Teisl, M., van Walsum, G. P., & Yuan, J. (2019). 
A social-ecological system framework for marine aquaculture research. Sustainability, 
11(9). https://doi.org/10.3390/su11092522 

Joyce, A., & Canessa, R. (2009). Spatial and temporal changes in access rights to shellfish 
resources in British Columbia. Coastal Management, 37(3), 585-616.  



 

210 

 

Kaiser, M. & Stead M. (2002). Uncertainties and values in European aquaculture; 
communication management and policy issues in times of “changing public 
perceptions”. Aquaculture International, 10, 469–490. 

Kalantzi, I., Shimmield, T. M., Pergantis, S. A., Papageorgiou, N., Black, K. D., & Karakassis, 
I. (2013). Heavy metals, trace elements and sediment geochemistry at four 
Mediterranean fish farms. Science of the Total Environment, 444, 128–137.  

Kapetsky, J.M., Aguilar-Manjarrez, J., & Jenness, J. (2013). A global assessment of potential 
for offshore mariculture development from a spatial perspective. FAO Fisheries and 
Aquaculture Technical Paper, 549, 1-181. 

Karakassis, I., Papageorgiou, N., Kalantzi, I., Sevastou, K., & Koutsikopoulos, C. (2013). 
Adaptation of fish farming production to the environmental characteristics of the 
receiving marine ecosystems: A proxy to carrying capacity. Aquaculture, 408–409, 184–
190. https://doi.org/10.1016/j.aquaculture.2013.06.002 

Katranidis, S., Nitsi, E., & Vakrou, A. (2003). Social acceptability of aquaculture development 
in coastal areas: The case of two Greek Islands. Coastal Management, 31(1), 37–53.  

Kelly, R. P., Erickson, A. L., Mease, L. A., Battista, W., Kittinger, J. N., & Fujita, R. (2015). 
Embracing thresholds for better environmental management. Philosophical Transactions 
of the Royal Society B: Biological Sciences, 370(1659), 1–10. 
https://doi.org/10.1098/rstb.2013.0276 

Kennedy, M. M. (1979). Generalizing from single case studies. Evaluation quarterly, 3(4), 661-
678. 

Kenter, J. O., O’Brien, L., Hockley, N., Ravenscroft, N., Fazey, I., Irvine, K. N., Reed, M. S., 
Christie, M., Brady, E., Bryce, R., Church, A., Cooper, N., Davies, A., Evely, A., 
Everard, M., Fish, R., Fisher, J. A., Jobstvogt, N., Molloy, C., … Williams, S. (2015). 
What are shared and social values of ecosystems? Ecological Economics, 111, 86–99. 
https://doi.org/10.1016/j.ecolecon.2015.01.006 

Kim, S., Choi, S. O., & Wang, J. (2014). Individual perception vs. structural context: Searching 
for multilevel determinants of social acceptance of new science and technology across 
34 countries. Science and Public Policy, 41(1), 44–57. 
https://doi.org/10.1093/scipol/sct032 

Kim, K., Sussman, A., & Zettl, A. (2010). Graphene nanoribbons obtained by electrically 
unwrapping carbon nanotubes. ACS Nano, 4(3), 1362-1366. 



 

211 

 

King, S. C., & Pushchak, R. (2008). Incorporating cumulative effects into environmental 
assessments of mariculture: Limitations and failures of current siting methods. 
Environmental Impact Assessment Review, 28(8), 572–586.  

Kirkfeldt, T. S. (2019). An ocean of concepts: Why choosing between ecosystem-based 
management, ecosystem-based approach and ecosystem approach makes a difference. 
Marine Policy, 106(May), 103541.  

Klain, S. C., Olmsted, P., Chan, K. M. A., & Satterfield, T. (2017). Relational values resonate 
broadly and differently than intrinsic or instrumental values, or the New Ecological 
Paradigm. PLoS ONE, 12(8), 1–21.  

Kluger, L. C., Filgueira, R., & Byron, C. J. (2019). Using media analysis to scope priorities in 
social carrying capacity assessments: A global perspective. Marine Policy, 99(May 2018), 
252–261.  

Kluger, L.C., Filgueira, R., & Wolff, M. (2017). Integrating the concept of resilience into an 
Ecosystem Approach to bivalve aquaculture management. Ecosystems, 20(7), 1364–
1382.  

Kluger, L. C., Taylor, M. H., Rivera, E. B., Silva, E. T., & Wolff, M. (2016a). Assessing the 
ecosystem impact of scallop bottom culture through a community analysis and trophic 
modelling approach. Marine Ecology Progress Series, 547, 121–135. 
https://doi.org/10.3354/meps11652 

Kluger, L. C., Taylor, M. H., Mendo, J., Tam, J., & Wolff, M. (2016b). Carrying capacity 
simulations as a tool for ecosystem-based management of a scallop aquaculture 
system. Ecological Modelling, 331, 44–55. 
https://doi.org/10.1016/j.ecolmodel.2015.09.002 

Kluger, L. C., & Filgueira, R. (2020). Thinking outside the box: embracing social complexity in 
aquaculture carrying capacity estimations. ICES Journal of Marine Science.  

Kooijman, S. (2010). Dynamic Energy Budget Theory for Metabolic Organistion. Cambridge 
University Press.  

Kraly, P., Weitzman, J., & Filgueira, R. (2022). Understanding factors influencing social 
acceptability: Insights from media portrayal of salmon aquaculture in Atlantic Canada. 
Aquaculture, 547, 737497.  

 



 

212 

 

Krause, G., Billing, S. L., Dennis, J., Grant, J., Fanning, L., Filgueira, R., Miller, M., Pérez 
Agúndez, J. A., Stybel, N., Stead, S. M., & Wawrzynski, W. (2020). Visualizing the 
social in aquaculture: How social dimension components illustrate the effects of 
aquaculture across geographic scales. Marine Policy, 118, 103985. 
https://doi.org/10.1016/j.marpol.2020.103985 

Krause, G., Brugere, C., Diedrich, A., Ebeling, M. W., Ferse, S. C. A., Mikkelsen, E., Pérez 
Agúndez, J. A., Stead, S. M., Stybel, N., & Troell, M. (2015). A revolution without 
people? Closing the people-policy gap in aquaculture development. Aquaculture, 
447(February), 44–55. https://doi.org/10.1016/j.aquaculture.2015.02.009 

Krause, G., Buck, B. H., & Breckwoldt, A. (2019). Socio-economic aspects of marine bivalve 
production. In Smaal, A.C., Ferreira, J. G., Grant, J., Petersen, J. K., & Strand, O. 
(Eds.) Goods and Services of Marine Bivalves (pp. 317-334). Springer Cham.  

Kreller, A. M. (2021). Transforming fair decision-making about sea-level rise in cities: the values 
and beliefs of residents in Botany Bay, Australia. Environmental Values, 30(1), 7-42. 

Krkošek, M. (2017). Population biology of infectious diseases shared by wild and farmed fish. 
Nature, 74, 620–628. 

Krøvel, A. V., Gjerstad, B., Skoland, K., Lindland, K. M., Hynes, S., & Ravagnan, E. (2019). 
Exploring attitudes toward aquaculture in Norway – Is there a difference between the 
Norwegian general public and local communities where the industry is established? 
Marine Policy, 108(June), 103648.  

Lack, D.L. (1954). The Natural Regulation of Animal Numbers. Clarendon. 

Ladd, A. E. (2011). Feedlots of the sea: Movement frames and activist claims in the protest 
over salmon farming in the Pacific Northwest. Humanity & Society, 35(4), 343–375. 
https://doi.org/10.1177/016059761103500402 

Latapie, W.R., Broom, J.G., & Neal, D.A. (1972). Growth rates of Penaeus aztecus and P. setiferus 
in artificial ponds under varying conditions. Proceedings of the Annual Workshop ‐ World 
Mariculture Society, 3(1-4), 241-254. 

Lehdonvirta, V., Oksanen, A., Räsänen, P., & Blank, G. (2021). Social Media, web, and panel 
surveys: Using non-probability samples in social and policy research. Policy and Internet, 
13(1), 134–155.  

Leopold, A. (1933). Game Management. Scribner. 



 

213 

 

Leujak, W., & Ormond, R.F.G. (2007). Visitor perceptions and the shifting social carrying 
capacity of South Sinai’s coral reefs. Environmental Management, 39(4), 472–489.  

Lindland, K. M., Gjerstad, B., Krøvel, A. V., & Ravagnan, E. (2019). Governing for 
sustainability in the Norwegian aquaculture industry. Ocean and Coastal Management, 179, 
104827. https://doi.org/10.1016/j.ocecoaman.2019.104827 

Little, D., Murray, F., Leschen, W., & Waley, D. (2013). Socio-economic factors affecting 
aquaculture site selection and carrying capacity. Site Selection and Carrying Capacities for 
Inland and Coastal Aquaculture Expert Workshop, 6–8 December 2010., 103–115.  

Liu, R.Z., & Borthwick, A.G.L. (2011). Measurement and assessment of carrying capacity of 
the environment in Ningbo, China. Journal of Environmental Management, 92(8), 2047–
2053. 

Liu, Y., Chuenpagdee, R., & Sumaila, U. R. (2013). Salmon aquaculture in Canada and 
Norway–appraising governability. In M. Bavinck, R. Chuenpagdee, S. Jentoft, & J. 
Kooiman (Eds). Governability of Fisheries and Aquaculture (pp. 201-218). Springer 
Dordrecht. 

Liu, R., Pu, L., Zhu, M., Huang, S., & Jiang, Y. (2020). Coastal resource-environmental 
carrying capacity assessment: A comprehensive and trade-off analysis of the case study 
in Jiangsu coastal zone, eastern China. Ocean & Coastal Management, 186, 105092. 

Long, R. D., Charles, A., & Stephenson, R. L. (2015). Key principles of marine ecosystem-
based management. Marine Policy, 57, 53–60.  

Longdill, P. C., Healy, T. R., & Black, K. P. (2008). An integrated GIS approach for 
sustainable aquaculture management area site selection. Ocean & Coastal Management, 
51(8–9), 612–624. https://doi.org/10.1016/j.ocecoaman.2008.06.010 

Lorenzen, K., Struve, J., & Cowan, V. J. (1997). Impact of farming intensity and water 
management on nitrogen dynamics in intensive pond culture: A mathematical model 
applied to Thai commercial shrimp farms. Aquaculture Research, 28(7), 493–507. 
https://doi.org/10.1111/j.1365-2109.1997.tb01068.x 

Ma, P., Ye, G., Peng, X., Liu, J., Qi, J., & Jia, S. (2017). Development of an index system for 
evaluation of ecological carrying capacity of marine ecosystems. Ocean and Coastal 
Management, 144, 23–30. https://doi.org/10.1016/j.ocecoaman.2017.04.012 

Mabry, L. (2008). Case study in social research. In Alasuutari, P., Bickman, L., & Brannen, J. 
(Eds). The SAGE handbook of social research methods (pp. 214-227). Sage Publications.  



 

214 

 

MacMillan, D. C., & Marshall, K. (2006). The Delphi process - An expert-based approach to 
ecological modelling in data-poor environments. Animal Conservation, 9(1), 11 

Malthus, T.R. (1986). An Essay on the Principle of Population, 6th edn. Pickering. 

Manfredo, M. J., Berl, R. E. W., Teel, T. L., & Bruskotter, J. T. (2021). Bringing social values 
to wildlife conservation decisions. Frontiers in Ecology and the Environment, 19(6), 355–
362. https://doi.org/10.1002/fee.2356 

Marres, N., & Moats, D. (2015). Mapping controversies with social media: The case for 
symmetry. Social Media and Society, 1(2), 2056305115604176. 

Martin, T. G., Burgman, M. A., Fidler, F., Kuhnert, P. M., Low-Choy, S., Mcbride, M., & 
Mengersen, K. (2011). Eliciting Expert Knowledge in Conservation Science. 
Conservation Biology, 26(1), 29–38.  

Mather, C., & Fanning, L. (2019). Social licence and aquaculture: Towards a research agenda. 
Marine Policy, 99(June 2018), 275–282.  

Maxwell, R. J., & Filgueira, R. (2020). Key players in the Grieg NL Placentia Bay Atlantic 
Salmon Aquaculture Project: A social network analysis. Marine Policy, 113, 103800.  

Mazur, N. A., & Curtis, A. L. (2006). Risk perceptions, aquaculture, and issues of trust: 
Lessons from Australia. Society & Natural Resources, 19(9), 791–808.  

Mazur, N. A., & Curtis, A. L. (2008). Understanding community perceptions of aquaculture: 
Lessons from Australia. Aquaculture International, 16(6), 601–621. 
https://doi.org/10.1007/s10499-008-9171-0 

McCool, S.F., & Lime, D.W. (2001). Tourism carrying capacity: Tempting fantasy or useful 
reality? Journal of Sustainable Tourism 9(5), 372–388.  

McDonough, K., Hutchinson, S., Moore, T., & Hutchinson, J. M. S. (2017). Analysis of 
publication trends in ecosystem services research. Ecosystem Services, 25, 82–88. 
https://doi.org/10.1016/j.ecoser.2017.03.022 

McGinnis, M. V., & Collins, M. (2013). A race for marine space: Science, values, and 
aquaculture planning in New Zealand. Coastal Management, 41(5), 401–419. 
https://doi.org/10.1080/08920753.2013.822284 

McKenna, H.P. (1994). The Delphi technique: a worthwhile approach for nursing? Journal of 
Advanced Nursing, 19, 1221- 1225. 



 

215 

 

McKindsey C.W. (2012) Carrying Capacity for Sustainable Bivalve Aquaculture. In: R.A. 
Meyers (Ed). Encyclopedia of Sustainability Science and Technology. Springer.  

McKindsey, C.W. (2013). Carrying capacity for sustainable bivalve aquaculture. In Christou, 
P., Savin, R., Costa-Pierce, B., Misztal, I., & Whitelaw, B. (Eds). Sustainable Food 
Production, (pp. 449–466). Springer. 

McKindsey, C. W., Thetmeyer, H., Landry, T., & Silvert, W. (2006). Review of recent carrying 
capacity models for bivalve culture and recommendations for research and 
management. Aquaculture, 261(2), 451–462.  

Meadows, D.H., & Meadows, D.L. (1972). The Limits of Growth. New American Library.  

Melaku Canu, D.M., Campostrini, P., Riva, S.D., Pastres, R., Pizzo, L., Rossetto, L., Solidoro, 
C. (2011). Addressing sustainability of clam farming in the Venice lagoon. Ecology and 
Society, 16(3), 1-20. 

Melaku Canu, D. M., Solidoro, C., Cossarini, G., & Giorgi, F. (2010). Effect of global change 
on bivalve rearing activity and the need for adaptive management. Climate 
Research, 42(1), 13-26. 

Mercer-Mapstone, L., Rifkin, W., Louis, W., & Moffat, K. (2017). Meaningful dialogue 
outcomes contribute to laying a foundation for social licence to operate. Resources 
Policy, 53(July), 347–355.  

Mercer-Mapstone, L., Rifkin, W., Louis, W. R., & Moffat, K. (2018). Company-community 
dialogue builds relationships, fairness, and trust leading to social acceptance of 
Australian mining developments. Journal of Cleaner Production, 184, 671–677. 
https://doi.org/10.1016/j.jclepro.2018.02.291 

Michler-Cieluch, T., Krause, G., & Buck, B. H. (2009). Marine aquaculture within offshore 
wind farms: Social aspects of multiple-use planning. Gaia, 18(2), 158–162. 

Milutinović, B., Stefanović, G., Milutinović, S., & Ćojbašić, Ž. (2016). Application of fuzzy 
logic for evaluation of the level of social acceptance of waste treatment. Clean 
Technologies and Environmental Policy, 18(6), 1863–1875.  

Moffat, K., & Zhang, A. (2014). The paths to social licence to operate: An integrative model 
explaining community acceptance of mining. Resources Policy, 39(1), 61–70.  

 



 

216 

 

Montanhini Neto, R., Nocko, H. R., & Ostrensky, A. (2017). Carrying capacity and potential 
environmental impact of fish farming in the cascade reservoirs of the Paranapanema 
River, Brazil. Aquaculture Research, 48(7), 3433–3449. 
https://doi.org/10.1111/are.13169 

Mukherjee, N., Huge, J., Sutherland, W. J., Mcneill, J., Opstal, M. Van, Dahdouh-guebas, F., & 
Koedam, N. (2015). The Delphi technique in ecology and biological conservation: 
applications and guidelines. Methods in Ecology and Evolution, 6, 1097–1109.  

Murray, G., & D’Anna, L. (2015). Seeing shellfish from the seashore: The importance of 
values and place in perceptions of aquaculture and marine social-ecological system 
interactions. Marine Policy, 62, 125–133. https://doi.org/10.1016/j.marpol.2015.09.005 

Murray, A.G., & Munro, L.A. (2018). The growth of Scottish salmon (Salmo salar) aquaculture 
1979–2016 fits a simple two-phase logistic population model. Aquaculture, 496, 146–
152.  

Mustafaraj, E., Finn, S., Whitlock, C., & Metaxas, P. T. (2011). Vocal minority versus silent 
majority: Discovering the opinions of the long tail. In 2011 IEEE Third International 
Conference on Privacy, Security, Risk and Trust and 2011 IEEE Third International Conference 
on Social Computing (pp. 103-110). IEEE. 

Myers, R. A., MacKenzie, B. R., Bowen, K. G., & Barrowman, N. J. (2001). What is the 
carrying capacity for fish in the ocean? A meta-analysis of population dynamics of 
North Atlantic cod. Canadian Journal of Fisheries and Aquatic Sciences, 58(7), 1464–1476. 
https://doi.org/10.1139/cjfas-58-7-1464 

Nath, S. S., Bolte, J. P., Ross, L. G., & Aguilar-Manjarrez, J. (2000). Applications of 
geographical information systems (GIS) for spatial decision support in aquaculture. 
Aquacultural Engineering, 23(1–3), 233–278. https://doi.org/10.1016/S0144-
8609(00)00051-0 

National Research Council (NRC). (2009). Ecosystem concepts for sustainable bivalve mariculture. 
National Academies Press. 

Navarro Jurado, E., Tejada Tejada, M., Almeida García, F., Cabello González, J., Cortés 
Macías, R., Delgado Peña, J. et al (2012). Carrying capacity assessment for tourist 
destinations: Methodology for the creation of synthetic indicators applied in a coastal 
area. Tourism Management, 33(6), 1337–1346. 

Naylor, R.L. (2016). Oil crops, aquaculture, and the rising role of demand: A fresh perspective 
on food security. Global Food Security, 11, 17–25.  



 

217 

 

Naylor, R. L., Hardy, R. W., Buschmann, A. H., Bush, S. R., Cao, L., Klinger, D. H., Little, D. 
C., Lubchenco, J., Shumway, S. E., & Troell, M. (2021). A 20-year retrospective review 
of global aquaculture. Nature, 591(7851), 551–563. https://doi.org/10.1038/s41586-
021-03308-6 

Needham, M.D., Szuster, B.W., & Bell, C.M. (2011). Encounter norms, social carrying 
capacity indicators, and standards of quality at a marine protected area. Ocean and 
Coastal Management, 54(8), 633–641. 

Nicholson, A. (1933). The balance of animal populations. Journal of Animal Ecology, 2, 132-178. 

Niemeijer, D., & de Groot, R.S. (2008). A conceptual framework for selecting environmental 
indicator sets. Ecological Indicators, 8(1), 14-25. 

Nilsson, A., & Biel, A. (2008). Acceptance of climate change policy measures: Role framing 
and value guidance. European Environment, 18(4), 203-215. 

Noakes, D. J. (2018). Oceans of opportunity: a review of Canadian aquaculture. Marine 
Economics and Management, MAEM-06-2018-002. https://doi.org/10.1108/MAEM-06-
2018-002. 

Noble, M. M., Harasti, D., Pittock, J., & Doran, B. (2019). Understanding the spatial diversity 
of social uses, dynamics, and conflicts in marine spatial planning. Journal of environmental 
management, 246, 929-940. 

Nobre, A. M., Ferreira, J. G., Nunes, J. P., Yan, X., Bricker, S., Corner, R., Groom, S., Gu, H., 
Hawkins, A. J. S., Hutson, R., Lan, D., Lencart e Silva, J. D., Pascoe, P., Telfer, T., 
Zhang, X., & Zhu, M. (2010). Assessment of coastal management options by means of 
multilayered ecosystem models. Estuarine, Coastal and Shelf Science, 87(1), 43–62. 
https://doi.org/10.1016/j.ecss.2009.12.013 

Nobre, A. M., Musango, J. K., de Wit, M. P., & Ferreira, J. G. (2009). A dynamic ecological-
economic modeling approach for aquaculture management. Ecological Economics, 68(12), 
3007–3017. https://doi.org/10.1016/j.ecolecon.2009.06.019 

Nowlan, L. (2015). Brave new wave: Marine Spatial Planning and ocean regulation on 
Canada’s Pacific. Journal of Environmental Law and Practice, 29, 151–201. 

Nunes, J. P., Ferreira, J. G., Bricker, S. B., O’Loan, B., Dabrowski, T., Dallaghan, B., Hawkins, 
A. J. S., O’Connor, B., & O’Carroll, T. (2011). Towards an ecosystem approach to 
aquaculture: Assessment of sustainable shellfish cultivation at different scales of space, 
time and complexity. Aquaculture, 315(3–4), 369–383. 
https://doi.org/10.1016/j.aquaculture.2011.02.048 



 

218 

 

Nunes, J. P., Ferreira, J. G., Gazeau, F., Lencart-Silva, J., Zhang, X. L., Zhu, M. Y., & Fang, J. 
G. (2003). A model for sustainable management of shellfish polyculture in coastal 
bays. Aquaculture, 219(1–4), 257–277. https://doi.org/10.1016/S0044-8486(02)00398-
8 

O’Ryan, R., & Pereira, M. (2015). Participatory indicators of sustainability for the salmon 
industry: The case of Chile. Marine Policy, 51, 322–330.  

Odum, E.P. (1953). Fundamentals of Ecology. Saunders. 

Oh, K., Jeong, K., Lee, D., Lee, W., & Choi, J. (2005). Determining development density using 
the Urban Carrying Capacity Assessment System. Landscape and Urban Planning, 73(1), 
1-15. 

Olsen, M. S., & Osmundsen, T. C. (2017). Media framing of aquaculture. Marine Policy, 
76(November 2016), 19–27.  

Osmundsen, T. C., & Olsen, M. S. (2017). The imperishable controversy over aquaculture. 
Marine Policy, 76(October 2016), 136–142.  

Osmundsen, T. C., Almklov, P., & Tveterås, R. (2017). Fish farmers and regulators coping 
with the wickedness of aquaculture. Aquaculture Economics and Management, 21(1), 163–
183.  

Ostrom, E. (2009). A general framework for analyzing sustainability of social-ecological 
systems. Science, 325, 419–423. 

Page Hocevar, K., & Flanagin, A. J., (2017). Online research methods, quantitative. The 
International Encyclopedia of Communication Research Methods, 1-8.  

Parkins, J. R., & Mitchell, R. E. (2005). Public participation as public debate: A deliberative 
turn in natural resource management. Society and Natural Resources, 18(6), 529–540. 
https://doi.org/10.1080/08941920590947977 

Partelow, S., Senff, P., Buhari, N., & Schlüter, A. (2018). Operationalizing the social-ecological 
systems framework in pond aquaculture. International Journal of the Commons, 12(1). 

Pascual, U., Balvanera, P., Díaz, S., Pataki, G., Roth, E., Stenseke, M., Watson, R. T., Başak 
Dessane, E., Islar, M., Kelemen, E., Maris, V., Quaas, M., Subramanian, S. M., 
Wittmer, H., Adlan, A., Ahn, S. E., Al-Hafedh, Y. S., Amankwah, E., Asah, S. T., … 
Yagi, N. (2017). Valuing nature’s contributions to people: the IPBES approach. Current 
Opinion in Environmental Sustainability, 26–27, 7–16. 
https://doi.org/10.1016/j.cosust.2016.12.006 



 

219 

 

Pastres, R., Solidoro, C., Cossarini, G., Melaku Canu, D., & Dejak, C. (2001). Managing the 
rearing of Tapes philippinarum in the lagoon of Venice: A decision support system. 
Ecological Modelling, 138(1–3), 231–245. https://doi.org/10.1016/S0304-
3800(00)00404-X 

Pauly, D. (1995). Anecdotes and the shifting baseline syndrome of fisheries. Trends in ecology & 
evolution, 10(10), 430. 

Pearson, T.H., & Rosenberg, R. (1978). Macrobenthic succession in relation to organic 
enrichment and pollution of the marine environment. Oceanography and Marine Biology, 
An Annual Review, 16, 229–311. 

Pérez, O. M., Telfer, T. C., Beveridge, M. C. M., & Ross, L. G. (2002). Geographical 
Information Systems (GIS) as a simple tool to aid modelling of particulate waste 
distribution at marine fish cage sites. Estuarine, Coastal and Shelf Science, 54(4), 761–768. 
https://doi.org/10.1006/ecss.2001.0870 

Pernet, F., & Browman, H. I. (2021). The future is now: marine aquaculture in the 
anthropocene. ICES Journal of Marine Science, 78(1), 315-322. 

Peters, C. J., Picardy, J., Darrouzet-Nardi, A. F., Wilkins, J. L., Griffin, T. S., & Fick, G. W. 
(2016). Carrying capacity of U.S. agricultural land: Ten diet scenarios. Elementa: Science 
of the Anthropocene, 4, 000116. https://doi.org/10.12952/journal.elementa.000116 

Plumb, G. E., White, P. J., Coughenour, M. B., & Wallen, R. L. (2009). Carrying capacity, 
migration, and dispersal in Yellowstone bison. Biological Conservation, 142(11), 2377–
2387. https://doi.org/10.1016/j.biocon.2009.05.019 

Plummer, R., & Fitzgibbon, J. (2004). Co-management of natural resources: a proposed 
framework. Environmental management, 33(6), 876-885. 

Polasky, S., Carpenter, S. R., Folke, C., & Keeler, B. (2011). Decision-making under great 
uncertainty: Environmental management in an era of global change. Trends in Ecology 
and Evolution, 26(8), 398–404. https://doi.org/10.1016/j.tree.2011.04.007 

Pomeroy, R., & Douvere, F. (2008). The engagement of stakeholders in the marine spatial 
planning process. Marine Policy, 32(5), 816–822.  

Prion, S., & Haerling, K. A. (2014). Making sense of methods and measurement: Pearson 
product-moment correlation coefficient. Clinical simulation in nursing, 10(11), 587-588. 

Primavera, J.H. (2006). Overcoming the impacts of aquaculture on the coastal zone. Ocean and 
Coastal Management, 49(9–10), 531–545.  



 

220 

 

Prno, J. (2013). An analysis of factors leading to the establishment of a social licence to 
operate in the mining industry. Resources Policy, 38, 577–590. 

Province of Nova Scotia. n.d. Aquaculture Statistics [Data]. 
https://novascotia.ca/fish/aquaculture/economic-impact/ 

Province of Nova Scotia. (2021). Environmental Monitoring Program framework for marine 
aquaculture in Nova Scotia [Report]. 
https://novascotia.ca/fish/aquaculture/aquaculture-management/ 

Pulatsü, S. (2003). The application of a phosphorus budget model estimating the carrying 
capacity of Kesikköprü Dam Lake. Turkish Journal of Veterinary and Animal Sciences, 
27(5), 1127–1130. 

Rajput, A,S., & Sharma, U.K. (2018). Corroded reinforced concrete columns under simulated 
seismic loading. Engineering Structures, 171(15), 453-463. 

Rector, M. E., Weitzman, J., Filgueira, R., & Grant, J. (2022). Environmental indicators in 
salmon aquaculture research: A systematic review. Reviews in Aquaculture, 14(1), 156-
177. 

Reed, M. S. (2008). Stakeholder participation for environmental management: A literature 
review. Biological Conservation, 141(10), 2417–2431.  

Reed, M. S., Vella, S., Challies, E., de Vente, J., Frewer, L., Daniela Hohenwallner‐Ries, Huber, 
T., Neumann, R. K., Oughton, E. A., Julian Sidoli del Ceno, & Hedwig van Delden. 
(2018). A theory of participation: What makes stakeholder and public engagement in 
environmental management work? Restoration Ecology, 26(S1), S7–17.   

Rees ,W.E. (1996). Revisiting carrying capacity: Area-based indicators of sustainability. 
Population and Environment, 17(3), 195–215.  

Ribeiro, F., Ferreira, P., Araújo, M., & Braga, A. C. (2018). Modelling perception and attitudes 
towards renewable energy technologies. Renewable Energy, 122, 688–697.  

Rice, J. (2003). Environmental health indicators. Ocean and Coastal Management, 46, 235–259.  

Rickard, L. N., Noblet, C. L., Duffy, K., & Christian Brayden, W. (2018). Cultivating Benefit 
and Risk: Aquaculture Representation and Interpretation in New England. Society and 
Natural Resources, 0(0), 1–21.  

Rigby, B., Davis, R., Bavington, D., & Baird, C. (2017). Industrial aquaculture and the politics 
of resignation. Marine Policy, 80(October 2016), 19–27.  



 

221 

 

Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F. S., Lambin, E., Lenton, T. M., 
Scheffer, M., Folke, C., Schellnhuber, H. J., Nykvist, B., de Wit, C. A., Hughes, T., van 
der Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P. K., Costanza, R., Svedin, U., … Foley, 
J. (2009). Planetary boundaries: Exploring the safe operating space for humanity. 
Ecology and Society, 14(2). https://doi.org/10.5751/ES-03180-140232 

Rodriguez, N. J. I. (2017). A comparative analysis of holistic marine management regimes and 
ecosystem approach in marine spatial planning in developed countries. Ocean and 
Coastal Management, 137, 185–197.  

Ross, L.G., Telfer, T.C., Falconer, L., Soto, D., Aguilar-Manjarrez, J., Asmah, R., Bermúdez, J., 
Beveridge, M., Byron, C.J., Clément, A., Corner, R., Costa-Pierce, B., Cross, S.F., De 
Wit, M., Dong, D., Ferreira, J., Kapetsky, J.M, Karakassis, I., Leschen, W. … & Zhu, 
C. (2013). Carrying capacities and site selection within the ecosystem approach to 
aquaculture. In: Ross, L.G., Telfer, T.C., Falconer, L., Soto, D., & Aguilar-Manjarrez, 
J. (Eds). Site Selection and Carrying Capacities for Inland and Coastal Aquaculture (pp. 19–46). 
FAO Rome. 

Ross, V. L., Fielding, K. S., & Louis, W. R. (2014). Social trust, risk perceptions and public 
acceptance of recycled water: Testing a social-psychological model. Journal of 
Environmental Management, 137, 61–68.  

Ruiz-Chico, J., Biedma-Ferrer, J. M., Peña-Sánchez, A. R., & Jiménez-García, M. (2020a). 
Social acceptance of aquaculture in Spain: An instrument to achieve sustainability for 
society. International Journal of Environmental Research and Public Health, 17(18), 1–12.  

Ruiz-Chico, J., Peña-Sánchez, A. R., Biedma-Ferrer, J. M., & Jiménez-García, M. (2020b). 
Social acceptance of aquaculture in andalusian atlantic coast (Spain): An emerging 
economy sector. Foods, 9(7), 1–16.  

Ruiz‐Chico, J., Biedma‐Ferrer, J. M., Peña‐Sánchez, A. R., & Jiménez‐García, M. (2020c). 
Acceptance of aquaculture as compared with traditional fishing in the province of 
Cadiz (Spain): an empirical study from the standpoint of social carrying 
capacity. Reviews in Aquaculture, 12(4), 2429-2445. 

Sagoff, M. (1995). Carrying capacity and ecological economics. BioScience, 45(9). 

Sala, S., Ciuffo, B., & Nijkamp, P. (2015). A systemic framework for sustainability assessment. 
Ecological Economics, 119, 314–325.  

Salazar Vázquez, B.Y., Wettstein, R., Cabrales, P., Tsai, A.G., & Intaglietta, M. (2008). 
Microvascular experimental evidence on the relative significance of restoring oxygen 
carrying capacity vs. blood viscosity in shock resuscitation. Biochimica et Biophysica Acta - 
Proteins and Proteomics, 1784(10), 1421–1427.  



 

222 

 

Salgado, H., Bailey, J., Tiller, R., & Ellis, J. (2015). Stakeholder perceptions of the impacts 
from salmon aquaculture in the Chilean Patagonia. Ocean and Coastal Management, 118, 
189–204.  

Salin, K. R., & Arome Ataguba, G. (2018). Aquaculture and the environment: Towards 
sustainability. In Sustainable Aquaculture (pp. 1-62). Springer, Cham. 

Sandersen, H. T., & Kvalvik, I. (2014). Sustainable governance of Norwegian aquaculture and 
the administrative reform: Dilemmas and challenges. Coastal Management, 42(5), 447-
463. 

Sandvik, A. D., Bjørn, P. A., Ådlandsvik, B., Asplin, L., Skarðhamar, J., Johnsen, I. A., 
Myksvoll, M., & Skogen, M. D. (2016). Toward a model-based prediction system for 
salmon lice infestation pressure. Aquaculture Environment Interactions, 8, 527–542. 
https://doi.org/10.3354/aei00193 

Sanz-Lázaro, C., Belando, M. D., Marín-Guirao, L., Navarrete-Mier, F., & Marín, A. (2011). 
Relationship between sedimentation rates and benthic impact on Maërl beds derived 
from fish farming in the Mediterranean. Marine Environmental Research, 71(1), 22–30. 
https://doi.org/10.1016/j.marenvres.2010.09.005 

Sarà, G., Lo Martire, M., Sanfilippo, M., Pulicanò, G., Cortese, G., Mazzola, A., Manganaro, 
A., & Pusceddu, A. (2011). Impacts of marine aquaculture at large spatial scales: 
Evidences from N and P catchment loading and phytoplankton biomass. Marine 
Environmental Research, 71(5), 317–324. 
https://doi.org/10.1016/j.marenvres.2011.02.007 

Sarkki, S., Niemelä, J., Tinch, R., van den Hove, S., Watt, A., & Young, J. (2014). Balancing 
credibility, relevance and legitimacy: A critical assessment of trade-offs in science-
policy interfaces. Science and Public Policy, 41(2), 194–206.  

Sarkki, S., Tinch, R., Niemelä, J., Heink, U., Waylen, K., Timaeus, J., Young, J., Watt, A., 
Neßhöver, C., & van den Hove, S. (2015). Adding “iterativity” to the credibility, 
relevance, legitimacy: A novel scheme to highlight dynamic aspects of science-policy 
interfaces. Environmental Science and Policy, 54, 505–512. 
https://doi.org/10.1016/j.envsci.2015.02.016 

Saurel, C., Ferreira, J., Cheney, D., Suhrbier, A., Dewey, B., Davis, J., & Cordell, J. (2014). 
Ecosystem goods and services from Manila clam culture in Puget Sound: a modelling 
analysis. Aquaculture Environment Interactions, 5(3), 255–270. 
https://doi.org/10.3354/aei00109 

Saveriades, A. (2000). Establishing the social tourism carrying capacity for the tourist resorts 
of the east coast of the Republic of Cyprus. Tourism Management, 21(2), 147–156.  



 

223 

 

Sayre, N.F. (2008). The genesis, history, and limits of carrying capacity. Annals of the Association 
of American Geographers, 98(1), 120–134.  

Schlag, A. K. (2010). Aquaculture: an emerging issue for public concern. Journal of Risk 
Research, 13(7), 829–844. https://doi.org/10.1080/13669871003660742 

Schlag, A. K., & Ystgaard, K. (2013). Europeans and aquaculture: perceived differences 
between wild and farmed fish. British Food Journal, 115(2), 209-222.  

Schmidt, V. A. (2013). Democracy and Legitimacy in the European Union Revisited: Input, 
Output and “Throughput.” Political Studies, 61(1), 2–22. 
https://doi.org/10.1111/j.1467-9248.2012.00962.x 

Schreiber, E. S. G., Bearlin, A. R., Nicol, S. J., & Todd, C. R. (2004). Adaptive management: a 
synthesis of current understanding and effective application. Ecological Management & 
Restoration, 5(3), 177-182. 

Schröter, M., Stumpf, K. H., Loos, J., van Oudenhoven, A. P. E., Böhnke-Henrichs, A., & 
Abson, D. J. (2017). Refocusing ecosystem services towards sustainability. Ecosystem 
Services, 25, 35–43. https://doi.org/10.1016/j.ecoser.2017.03.019 

Schwartz-Shea, P., & Yanow, D. (2013). Interpretive research design: Concepts and processes. 
Routledge. 

Segreto, M., Principe, L., Desormeaux, A., Torre, M., Tomassetti, L., Tratzi, P., Paolini, V., & 
Petracchini, F. (2020). Trends in social acceptance of renewable energy across 
europe—a literature review. International Journal of Environmental Research and Public 
Health, 17(24), 1–19. https://doi.org/10.3390/ijerph17249161 

Seidl, I., & Tisdell, C.A. (1999). Carrying capacity reconsidered: from Malthus’ population 
theory to cultural carrying capacity. Ecological Economics, 31(3), 395–408.  

Sequeira, A., Ferreira, J. G., Hawkins, A. J. S., Nobre, A., Lourenço, P., Zhang, X. L., Yan, X., 
& Nickell, T. (2008). Trade-offs between shellfish aquaculture and benthic 
biodiversity: A modelling approach for sustainable management. Aquaculture, 274(2–4), 
313–328. https://doi.org/10.1016/j.aquaculture.2007.10.054 

Shi, J., Wei, H., Zhao, L., Yuan, Y., Fang, J., & Zhang, J. (2011). A physical-biological coupled 
aquaculture model for a suspended aquaculture area of China. Aquaculture, 318(3–4), 
412–424. https://doi.org/10.1016/j.aquaculture.2011.05.048 

 



 

224 

 

Silva, C., Barbieri, M. A., Yáñez, E., Gutiérrez-Estrada, J. C., & Del Valls, T. Á. (2012). Using 
indicators and models for an ecosystem approach to fisheries and aquaculture 
management: The anchovy fishery and Pacific oyster culture in Chile: Case studies . 
Latin American Journal of Aquatic Research, 40(4), 955–969. 
https://doi.org/103856/vol40-issue4-fulltext-12 

Silva, C., Ferreira, J. G., Bricker, S. B., DelValls, T. A., Martín-Díaz, M. L., & Yáñez, E. (2011). 
Site selection for shellfish aquaculture by means of GIS and farm-scale models, with 
an emphasis on data-poor environments. Aquaculture, 318(3–4), 444–457. 
https://doi.org/10.1016/j.aquaculture.2011.05.033 

Silvert, W. (1992). Assessing environmental impacts of finfish aquaculture in marine waters. 
Aquaculture, 107, 67-79 

Singh, G. G., Sinner, J., Ellis, J., Kandlikar, M., Halpern, B. S., Satterfield, T., & Chan, K. M. 
A. (2017). Mechanisms and risk of cumulative impacts to coastal ecosystem services: 
An expert elicitation approach. Journal of Environmental Management, 199, 229–241. 
https://doi.org/10.1016/j.jenvman.2017.05.032 

Sinner, J., Newton, M., Barclay, J., Baines, J., Farrelly, T., Edwards, P., & Tipa, G. (2020). 
Measuring social licence: What and who determines public acceptability of aquaculture 
in New Zealand? Aquaculture, 521, 734973.  

Smaal, A. C., & Van Duren, L. A. (2019). Bivalve aquaculture carrying capacity: concepts and 
assessment tools. In Goods and services of marine bivalves (pp. 451-483). Springer Cham. 

Smith, H.S. (1935). The role of biotic factors in the determination of population densities. 
Journal of Economic Entomology, 28, 873-898. 

Smith, C. (2019, May 28). DFO rolls out new plan to bring back 'wild' Atlantic salmon stocks. CBC 
News. https://www.cbc.ca/news/canada/new-brunswick/wild-atlantic-salmon-
miramichi-cast-irving-cooke-conservation-stocking-1.5152145 

Soga, M., & Gaston, K. J. (2018). Shifting baseline syndrome: causes, consequences, and 
implications. Frontiers in Ecology and the Environment, 16(4), 222–230.  

Solidoro, C., Melaku Canu, D., & Rossi, R. (2003). Ecological and economic considerations on 
fishing and rearing of Tapes phillipinarum in the lagoon of Venice. Ecological Modelling, 
170(2–3), 303–318. https://doi.org/10.1016/S0304-3800(03)00235-7 

Sønvisen, S. A., & Vik, C. (2021). Shaping aquaculture management—an interest tug o’ war. 
Sustainability (Switzerland), 13(16), 1–16.  



 

225 

 

Soomai, S. S. (2017). The science-policy interface in fisheries management: Insights about the 
influence of organizational structure and culture on information pathways. Marine 
Policy, 81(March), 53–63. https://doi.org/10.1016/j.marpol.2017.03.016 

Soto, D., Aguilar-Manjarrez, J., Brug`ere, C., Angel, D., Bailey, C., Black, K., Wainberg, A., 
(2008). Applying an ecosystem-based approach to aquaculture: principles, scales and 
some management measures. In: Soto, D., Aguilar-Manjarrez, J., Hishamunda, N. 
(Eds.), Building an Ecosystem Approach to Aquaculture (pp. 15-35). FAO Rome. 

Sposato, R. G., & Hampl, N. (2018). Worldviews as predictors of wind and solar energy 
support in Austria: Bridging social acceptance and risk perception research. Energy 
Research & Social Science, 42, 237-246. 

Stake, R. (2006). Multiple Case Study Analysis. Guildford Press. 

Stankey G.H., & Shindler B. (2006). Formation of social acceptability judgements and their 
implications for management of rare and little-known species. Conservation Biology, 20 
(1), 28–37. 

Statistics Canada. (2017). Population counts, for Canada, provinces and territories, census division, 
population centre size groups and rural areas, 2016 Census [Data table]. 
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/hlt-fst/pd-
pl/Table.cfm?Lang=Eng&T=703&SR=1&S=87&O=A&RPP=25 

Stead, S. M. (2019). Using systems thinking and open innovation to strengthen aquaculture 
policy for the United Nations Sustainable Development Goals. Journal of fish 
biology, 94(6), 837-844. 

Stedman, R. C. (2003). Is it really just a social construction?: The contribution of the physical 
environment to sense of place. Society and Natural Resources, 16(8), 671–685.  

Steffen, W., Richardson, K., Rockström, J., Cornell, S. E., Fetzer, I., Bennett, E. M., Biggs, R., 
Carpenter, S. R., de Vries, W., de Wit, C. A., Folke, C., Gerten, D., Heinke, J., Mace, 
G. M., Persson, L. M., Ramanathan, V., Reyers, B., & Sörlin, S. (2015). Sustainability. 
Planetary boundaries: guiding human development on a changing planet. Science (New 
York, N.Y.), 347(6223), 1259855. https://doi.org/10.1126/science.1259855 

Stern, P.C. (2000). Psychology and the science of human–environment interactions. American 
Psychologist 55(5): 523–530. 

Stigebrandt, A. (2011). Carrying capacity: General principles of model construction. 
Aquaculture Research, 42(1), 41–50.  



 

226 

 

Stigebrandt, A., Aure, J., Ervik, A., & Hansen, P. K. (2004). Regulating the local 
environmental impact of intensive marine fish farming: III. A model for estimation of 
the holding capacity in the Modelling–Ongrowing fish farm–Monitoring 
system. Aquaculture, 234(1-4), 239-261. 

Stigka, E. K., Paravantis, J. A., & Mihalakakou, G. K. (2014). Social acceptance of renewable 
energy sources: A review of contingent valuation applications. Renewable and Sustainable 
Energy Reviews, 32, 100–106.  

Su, Y., Tian, Y., & Song, X. (2009). Progressive collapse resistance of axially-restrained frame 
beams. ACI Structural Journal, 106(5), 600-607. 

Sustainable Fisheries Partnership. (2018). Best practices for aquaculture management: Guidance for 
implementing the Ecosystem Approach in Indonesia and beyond. 
https://drive.google.com/file/d/1nxttS6_lS5ufVV5t-saWlQ7WxcyuX02p/view 

Suweis, S., Carr, J. A., Maritan, A., Rinaldo, A., & Odorico, P. D. (2015). Resilience and 
reactivity of global food security. Proceedings of the National Academy of Sciences, 112(34), 
E4811–E4811. https://doi.org/10.1073/pnas.1512971112 

Świąder, M., Lin, D., Szewrański, S., Kazak, J. K., Iha, K., van Hoof, J., ... & Altiok, S. (2020). 
The application of ecological footprint and biocapacity for environmental carrying 
capacity assessment: A new approach for European cities. Environmental Science & 
Policy, 105, 56-74. 

Symonds, A.M. (2011). A comparison between far-field and near-field dispersion modelling of 
fish farm particulate wastes. Aquaculture Research, 42(1), 73–85.  

Tabachnick, B.G., Fidell, L.S. (2007). Using multivariate statistics. Pearson Education Inc. 

Tacon, A.G.J., & Forster, I.P. (2003). Aquafeeds and the environment: Policy implications. 
Aquaculture, 226(1–4), 181–189.  

Tallis, H., & Polasky, S. (2009). Mapping and valuing ecosystem services as an approach for 
conservation and natural-resource management. Annals of the New York Academy of 
Sciences, 1162, 265–283.  

Taji, M.A., Hilali, A., Rhinane, H., Mangin, A., Bryère, P., Orbi, A., Mabchour, H., Zourarah, 
B. and Benazzouz, A., (2022). GIS and wave modeling for establishing a potential area 
of aquaculture—case study: Central Atlantic Part of the Moroccan Coast. Fluids, 7(2), 
67. 



 

227 

 

Taylor, Z. (2019). Pathways to legitimacy. Planning Theory, 18(2), 214–236. 
https://doi.org/10.1177/1473095218806929 

Teixeira, Z., Marques, C., Mota, J. S., & Garcia, A. C. (2018). Identification of potential 
aquaculture sites in solar saltscapes via the Analytic Hierarchy Process. Ecological 
Indicators, 93(May), 231–242. https://doi.org/10.1016/j.ecolind.2018.05.003 

Tett, P., Black, K., Brennan, R., Cook, E., & Davidson, K. (2015). Sustainable mariculture at 
high latitudes. Coastal Zones: Solutions for the 21st Century, 71-84. 

Tett, P., Portilla, E., Gillibrand, P.A., & Inall, M. (2011). Carrying and assimilative capacities: 
the ACExR-LESV model for sea-loch aquaculture. Aquaculture Research 42(1), 51–67. 

Thomas, Y., Mazurié, J., Alunno-Bruscia, M., Bacher, C., Bouget, J. F., Gohin, F., Pouvreau, 
S., & Struski, C. (2011). Modelling spatio-temporal variability of Mytilus edulis (L.) 
growth by forcing a dynamic energy budget model with satellite-derived environmental 
data. Journal of Sea Research, 66(4), 308–317. 
https://doi.org/10.1016/j.seares.2011.04.015 

Thomas, J. B. E., Nordström, J., Risén, E., Malmström, M. E., & Gröndahl, F. (2018). The 
perception of aquaculture on the Swedish West Coast. Ambio, 47(4), 398–409.  

Thomson, G.M. (1886). Acclimatization in New Zealand. Science, 8(197), 426–30. 

Thomson, I., & Boutilier, R. G. (2011). Social license to operate. SME mining engineering 
handbook, 1, 1779-96. 

Thurstone, L. L. (1947). Multiple factor analysis: A development and expansion of vectors of the mind. 
University of Chicago. 

Tian, Y., & Sun, C. (2018). Comprehensive carrying capacity , economic growth and the 
sustainable development of urban areas : A case study of the Yangtze River Economic 
Belt. Journal of Cleaner Production, 195, 486–496.  

Tiller, R., & Richards, R. (2015). Once bitten, twice shy: Aquaculture, stakeholder adaptive 
capacity, and policy implications of iterative stakeholder workshops; the case of Frøya, 
Norway. Ocean & Coastal Management, 118, 98-109. 

Tiller, R., Brekken, T., & Bailey, J. (2012). Norwegian aquaculture expansion and Integrated 
Coastal Zone Management (ICZM): Simmering conflicts and competing claims. Marine 
Policy, 36(5), 1086–1095.  



 

228 

 

Tiller, R., Gentry, R., & Richards, R. (2013). Stakeholder driven future scenarios as an element 
of interdisciplinary management tools; the case of future offshore aquaculture 
development and the potential effects on fishermen in Santa Barbara, California. Ocean 
& Coastal Management, 73, 127-135. 

Tiller, R. G., De Kok, J. L., Vermeiren, K., & Thorvaldsen, T. (2017). Accountability as a 
governance paradox in the Norwegian Salmon aquaculture industry. Frontiers in Marine 
Science, 4(MAR), 1–19. https://doi.org/10.3389/fmars.2017.00071 

Tompkins, E. L., Few, R., & Brown, K. (2008). Scenario-based stakeholder engagement: 
incorporating stakeholders preferences into coastal planning for climate change. Journal 
of environmental management, 88(4), 1580-1592. 

Tookwinas, S., Songsangjinda, P., Kajonwattanakul, S., & Singharachai, C. (2004). Carrying 
capacity estimation of marine finfish cage culture at Pathew Bay, Chumpon Province Southern 
Thailand. Southeast Asian Fisheries Development Centre. 

Triyatmo, B., Rustadi, S., & Priyono, S. (2018). Characteristics and environmental carrying 
capacities of coastal area in Yogyakarta Special Region for aquaculture. IOP Conference 
Series: Earth and Environmental Science, 139, 012007. https://doi.org/10.1088/1755-
1315/139/1/012007 

Trueman, J. D., Filgueira, R., & Fanning, L. (2022). Transparency and communication in 
Norwegian and Nova Scotian Atlantic salmon aquaculture industries. Marine 
Policy, 138, 104958. 

Tsiaras, K., Tsapakis, M., Gkanassos, A., Kalantzi, I., Petihakis, G., & Triantafyllou, G. (2022). 
Modelling the impact of finfish aquaculture waste on the environmental status in an 
Eastern Mediterranean Allocated Ζone for Aquaculture. Continental Shelf Research, 234, 
104647. 

Tufts, D.M., Revsbech, I.G., Cheviron, Z.A., Weber, R.E., Fago, A., & Storz, J.F. (2013). 
Phenotypic plasticity in blood-oxygen transport in highland and lowland deer mice. 
Journal of Experimental Biology, 216, 1167-1173.  

Turnhout, E., Hisschemöller, M., & Eijsackers, H. (2007). Ecological indicators: Between the 
two fires of science and policy. Ecological Indicators, 7(2), 215–228. 
https://doi.org/10.1016/j.ecolind.2005.12.003 

Tyler, T. R. (2007). Court review: volume 44, issue 1/2-procedural justice and the courts. Court 
Review: The Journal of the American Judges Association, 217. 

 



 

229 

 

United Nations (UN). (2014). Blue Economy Concept Paper. Retrieved from https://sustainabl 
edevelopment.un.org/content/documents/2978BEconcept.pdf.  

UN. (2015) Transforming our world: the 2030 Agenda for Sustainable Development. Resolution 
adopted by the General Assembly on 25 September 2015. 
A/RES/70/1.  www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=
E 

Valenti, W. C., Kimpara, J. M., Preto, B. de L., & Moraes-Valenti, P. (2018). Indicators of 
sustainability to assess aquaculture systems. Ecological Indicators, 88(August 2017), 402–
413. https://doi.org/10.1016/j.ecolind.2017.12.068 

Van den Hoonaard, D. K. (2015). Qualitative research in action: A Canadian primer. Oxford 
University Press. 

Van Den Bergh, J.C.J.M., & Rietveld, P. (2004). Reconsidering the limits to world population: 
Meta-analysis and meta-prediction. BioScience, 54(3), 195–204.  

Van der Horst, D. (2007). NIMBY or not? Exploring the relevance of location and the politics 
of voiced opinions in renewable energy siting controversies. Energy policy, 35(5), 2705-
2714. 

Vanclay, F. (2002). Conceptualising social impacts. Environmental impact assessment review, 22(3), 
183-211. 

Vasconcellos, M., & Gasalla, M. A. (2001). Fisheries catches and the carrying capacity of 
marine ecosystems in southern Brazil. Fisheries Research, 50(3), 279–295. 
https://doi.org/10.1016/S0165-7836(00)00217-4 

Venkateswarlu, B., & Prasad, J. (2012). Carrying capacity of Indian agriculture: issues related to 
rainfed agriculture. Current Science (Bangalore), 102(6), 882–888. 

Vianna, L.F.N., & Filho, J.B. (2018). Spatial analysis for site selection in marine aquaculture: 
An ecosystem approach applied to Baía Sul, Santa Catarina, Brazil. Aquaculture, 489, 
162–174.  

Vince, J., & Haward, M. (2017). Hybrid governance of aquaculture: Opportunities and 
challenges. Journal of Environmental Management, 201, 138–144.  

Virapongse, A., Brooks, S., Metcalf, E. C., Zedalis, M., Gosz, J., Kliskey, A., & Alessa, L. 
(2016). A social-ecological systems approach for environmental management. Journal of 
Environmental Management, 178, 83–91. https://doi.org/10.1016/j.jenvman.2016.02.028 



 

230 

 

Vogt, W. (1948). Road to Survival. William Sloane Associates. 

Wackernagel, M., & Rees, W.E. (1997). Perceptual and structural barriers to investing in 
natural capital: Economics from an ecological footprint perspective. Ecological 
Economics, 20(1), 3–24.  

Wagar, J.A. (1974). Recreational carrying capacity reconsidered. Journal of Forestry, 72(5), 274-
278. 

Walters, B. B. (2007). Competing use of marine space in a modernizing fishery: Salmon 
farming meets lobster fishing on the Bay of Fundy. Canadian Geographer, 51(2), 139–
159. https://doi.org/10.1111/j.1541-0064.2007.00171.x 

Warren, C. R., Lumsden, C., O’Dowd, S., & Birnie, R. V. (2005). “Green on green”: Public 
perceptions of wind power in Scotland and Ireland. Journal of Environmental Planning and 
Management, 48(6), 853–875.  

Washington, M., & Zajac, E.J. (2005). Status evolution and competition: Theory and evidence. 
Academy of Management Journal 48 (April): 282–96.  

Wei, Y., Huang, C., Lam, P. T. I., & Yuan, Z. (2015). Sustainable urban development: A 
review on urban carrying capacity assessment. Habitat International, 46, 64–71. 
https://doi.org/10.1016/j.habitatint.2014.10.015 

Weise, A. M., Cromey, C. J., Callier, M. D., Archambault, P., Chamberlain, J., & McKindsey, 
C. W. (2009). Shellfish-DEPOMOD: Modelling the biodeposition from suspended 
shellfish aquaculture and assessing benthic effects. Aquaculture, 288(3–4), 239–253. 
https://doi.org/10.1016/j.aquaculture.2008.12.001 

Weitzman, J. (2019). Applying the ecosystem services concept to aquaculture: A review of 
approaches, definitions, and uses. Ecosystem Services, 35, 194-206.  

Weitzman, J., & Bailey, M. (2018). Perceptions of aquaculture ecolabels: A multi-stakeholder 
approach in Nova Scotia, Canada. Marine Policy, 87(September 2017), 12–22.  

Weitzman, J., & Bailey, M. (2019). Communicating a risk-controversy: Exploring the public 
discourse on net-pen aquaculture within the Canadian media. Aquaculture, 507, 172-
182. 

Weitzman, J., & Filgueira, R. (2020). The evolution and application of carrying capacity in 
aquaculture: towards a research agenda. Reviews in Aquaculture, 12(3), 1297-1322. 



 

231 

 

Weitzman, J., Steeves, L., Bradford, J., & Filgueira, R. (2019). Far-field and near-field effects of 
marine aquaculture. In C. Sheppard (Ed.) World Seas: An Environmental Evaluation (pp. 
197-220). Academic Press. 

Wenpeng, D., Huimin, Y., Yanzhao, Y., & Fang, L. (2018). Evaluation Methods and Research 
Trends for Ecological Carrying Capacity. Journal of Resources and Ecology, 9(2), 115–124. 
https://doi.org/10.5814/j.issn.1674-764x.2018.02.001 

White, C. A., Bannister, R. J., Dworjanyn, S. A., Husa, V., Nichols, P. D., Kutti, T., & 
Dempster, T. (2017). Consumption of aquaculture waste affects the fatty acid 
metabolism of a benthic invertebrate. Science of the Total Environment, 586, 1170-1181. 

White, M. A. (2013). Sustainability: I know it when I see it. Ecological Economics, 86, 213–217.  

Whitmarsh, D., & Palmieri, M. G. (2009). Social acceptability of marine aquaculture: The use 
of survey-based methods for eliciting public and stakeholder preferences. Marine Policy, 
33(3), 452–457.  

Whitmarsh, D., & Palmieri, M. G. (2011). Consumer behaviour and environmental 
preferences: A case study of Scottish salmon aquaculture. Aquaculture Research, 
42(SUPPL. 1), 142–147.  

Whitmarsh, D., & Wattage, P. (2006). Public attitudes towards the environmental impact of 
salmon aquaculture in Scotland. European Environment, 16(2), 108–121.  

Whittaker, D., Shelby, B., Manning, R., Cole, D., & Haas, G. (2011). Capacity reconsidered: 
Finding consensus and clarifying differences. Journal of Park and Recreation Administration 
Spring, 29(1), 1–20. 

Wiersma, B., & Devine-Wright, P. (2014). Public engagement with offshore renewable energy: 
A critical review. Wiley Interdisciplinary Reviews: Climate Change, 5(4), 493–507.  

Williams, B.K. (2011). Adaptive management of natural resources-framework and issues. 
Journal of Environmental Management, 92(5), 1346–1353.  

Williams, K. J., & Schirmer, J. (2012). Understanding the relationship between social change 
and its impacts: The experience of rural land use change in south-eastern 
Australia. Journal of Rural Studies, 28(4), 538-548. 

Willot, Aubin, J., Salles, J.-M., & Wilfart, A. (2019). Ecosystem service framework and 
typology for an ecosystem approach to aquaculture. Aquaculture, 512, 734260.  



 

232 

 

Wilson, A., Magill, S., & Black, K. D. (2009). Review of environmental impact assessment and 
monitoring in salmon aquaculture. FAO Fisheries and Aquaculture Technical Paper, 455–
535. 

Wilson, L., & Wiber, M. G. (2009). Community perspectives on integrated coastal 
management: Voices from the Annapolis Basin area, Nova Scotia, Canada. Ocean and 
Coastal Management, 52(11), 559–567.  

Winberg, G.G. (1960). Rate of metabolism and food requirements of fishes. Fisheries Research Board 
of Canada. 

Withers, P. (2015, October 25). Nova Scotia to unveil new aquaculture regulations Monday. 
CBC News. Available at: https://www.cbc.ca/news/canada/nova-scotia/aquaculture-
regulations-nova-scotia-new-1.3286654 

Wolsink, M. (2018). Social acceptance revisited: gaps, questionable trends, and an auspicious 
perspective. Energy Research and Social Science, 46(July), 287–295.  

Wüstenhagen, R., Wolsink, M., & Bürer, M. J. (2007). Social acceptance of renewable energy 
innovation: An introduction to the concept. Energy Policy, 35(5), 2683–2691.  

Xu, L., Kang, P., & Wei, J. (2010). Evaluation of urban ecological carrying capacity: A case 
study of Beijing, China. Procedia Environmental Sciences, 2(5), 1873–1880. 
https://doi.org/10.1016/j.proenv.2010.10.199 

Xu, S., Chen, Z., Li, C., Huang, X., & Li, S. (2011). Assessing the carrying capacity of tilapia in 
an intertidal mangrove-based polyculture system of Pearl River Delta, China. Ecological 
Modelling, 222(3), 846–856. https://doi.org/10.1016/j.ecolmodel.2010.11.014 

Yashouv, A. (1963). Increasing fish production in ponds. Transactions of the American Fisheries 
Society, 92(3), 292–297.  

Yin, R. (2009). Case Study Research Design and Methods (4th edn). Sage. 

Yokoyama, H., Inoue, M., & Abo, K. (2004). Estimation of the assimilative capacity of fish-
farm environments based on the current velocity measured by plaster 
balls. Aquaculture, 240(1-4), 233-247. 

Young, N., & Matthews, R. (2010). The aquaculture controversy in Canada: Activism, policy, and 
contested science, UBC Press. 

 



 

233 

 

Young, N., Brattland, C., Digiovanni, C., Hersoug, B., Johnsen, J. P., Karlsen, K. M., Kvalvik, 
I., Olofsson, E., Simonsen, K., Solås, A. M., & Thorarensen, H. (2019). Limitations to 
growth: Social-ecological challenges to aquaculture development in five wealthy 
nations. Marine Policy, 104, 216–224. https://doi.org/10.1016/j.marpol.2019.02.022 

Yu, J., Liu, G., Sumant, A.V., Goyal, V., & Baladin, A.A. (2012). Graphene-on-diamond 
devices with increased current-carrying capacity: Carbon sp2-on-sp3 technology. Nano 
Letters, 12(3), 1603-1608. 

Yu, X. (2014). Is environment “a city thing” in China? Rural-urban differences in 
environmental attitudes. Journal of Environmental Psychology, 38, 39–48.  

Zelezny, L.C., Chua, P., & Aldrich, C. (2000). Elaborating on gender differences in 
environmentalism. Journal of Social Issues, 56, 443–457.  

Zhang, A., Moffat, K., Lacey, J., Wang, J., González, R., Uribe, K., Cui, L., & Dai, Y. (2015). 
Understanding the social licence to operate of mining at the national scale: A 
comparative study of Australia, China and Chile. Journal of Cleaner Production, 108, 1063–
1072. https://doi.org/10.1016/j.jclepro.2015.07.097 

Zhiming, F., Tong, S., Yanzhao, Y., & Huimin, Y. (2018). The progress of resources and 
environment carrying capacity: from single-factor carrying capacity research to 
comprehensive research. Journal of Resources and Ecology, 9(2), 125–134. 
https://doi.org/10.5814/j.issn.1674-764x.2018.02.002 

Zimmerman, M.A., & Zeitz, G.J. (2002). Beyond survival: Achieving new venture growth by 
building legitimacy. Academy of Management Review 27: 414–31.  

 



 

234 

 

APPENDIX A. CHAPTER 2 RESEARCH MATERIALS 
 
 
A.1  Alignment of carrying capacity research pillars to key ecosystem-based management 

principles. (Appendix I from Weitzman & Filgueira, 2019) 
 
Where research pillars presented may address various common ecosystem-based principles. 
This table demonstrates that the research agenda proposed was not created independently of 
the criteria and concepts discussed within the EBM literature. This table also demonstrates 
no single pillar covers all principles, and that the research agenda should advance multiple 
pillars to be comprehensive to EBM concepts.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Research pillars 

Ecosystem-based principles 
(from Long et al., 2015; Soto et al., 
2008) 

Recognizing 
system 
complexity 

Responding to 
policy needs 

Applying 
adaptive 
framework 

Embracing 
interdiscipl-
inarity 

Curating 
meaningful 
information 

Consider ecosystem connections x   x  
Appropriate spatial and temporal scales x     
Adaptive management   x   
Use of scientific knowledge     x 
Stakeholder involvement x x x x x 
Integrated management x   x  
Account for dynamic nature of 
ecosystems 

x  x   

Ecological integrity and biodiversity     x 
Coupled social-ecological systems x   x x 
Decisions reflect societal choice  x  x  
Distinct boundaries x    x 
Interdisciplinarity x x  x x 
Acknowledge uncertainty x  x   
Acknowledge ecosystem resilience x    x 
Effects on other ecosystems/activities x x  x  
Precautionary approach x  x   
Consider cumulative impacts    x   
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APPENDIX B. CHAPTER 3 RESEARCH MATERIALS 
 
B.1  Recruitment e-mail for Round 1  
 
Dear _____, 
 
My name is Jenny Weitzman and I am an Interdisciplinary PhD candidate at Dalhousie University 
in Halifax, Nova Scotia. I am inviting you to participate in a research study on carrying capacity 
for aquaculture with the aim to develop a holistic framework for carrying capacity for salmon 
aquaculture in Atlantic Canada. 
 
This research is being conducted by myself and is part of a larger research programme on 
sustainable aquaculture funded through the Ocean Frontier Institute and Dalhousie University. I 
have attached a Summary Document outlining the details of this study, including what you will 
be asked to do and any potential risks and benefits to you. 
 
 Your participation in this study is completely voluntary and your responses will be kept 
anonymous. Your knowledge and expertise would contribute greatly to improving our 
understanding of how to operationalize ecosystem-based management for aquaculture and 
improve planning and decision-making for salmon aquaculture. 
 
 Should you agree, you will be asked to provide between one to two hours of your time to 
participate in a semi-structured interview, in addition to two rounds of electronic follow-up 
questionnaires. Questionnaires are expected to take between 15 to 20 minutes. Briefly, you will 
be asked questions regarding your expertise and opinions of the information, methods, and 
approaches to carrying capacity. Your views and expertise will be used to help develop a series 
of guidelines for carrying capacity in support of holistic decision-making for salmon aquaculture 
in Atlantic Canada. Interviews will ideally occur face-to-face, in person, at a location and time 
that is suitable to you. If in-person interviews are not possible, you may be asked to participate 
in a telephone interview. The first round of questionnaires will e-mailed to you in early 2020 and 
will be completed in a fillable PDF form.  
 
You may participate in this study if you are currently, or have previously (within the last 5 years) 
been directly or indirectly involved with the management or planning related to marine 
aquaculture, or with generating knowledge to inform decision-making. You must possess a 
baseline knowledge of carrying capacity concepts, to a level you would be comfortable 
expressing your opinions about them. You must also be familiar with salmon aquaculture 
activities and be able to communicate your opinions about them. 
 
 Thank you very much for considering this request. If you would like to participate, or have any 
questions about this study, please e-mail or contact me at jenny.weitzman@dal.ca.   
 
Best wishes and I look forward to hearing from you soon, 
 
Jenny Weitzman 
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B.2 Research summary document and informed consent form  

 
Project title 
Assessing opportunities and challenges for carrying capacity methods, indicators, and decision 
needs in aquaculture 
 
Lead researcher 
Jenny Weitzman [PhD Candidate] 
Interdisciplinary PhD, Marine Affairs Program, Dalhousie University, Halifax, Nova Scotia 
E-mail: jenny.weitzman@dal.ca       Phone: (902) 209-
2935 
 
Other researchers 

Dr. Ramon Filgueira [supervisor] 
Marine Affairs Program, Dalhousie University, 
Halifax, Nova Scotia 
E-mail: ramon.filgueira@dal.ca  
Phone: (902) 414-1218 

Dr. Jon Grant [supervisor] 
Department of Oceanography, Dalhousie 
University, Halifax, Nova Scotia 
E-mail: jon.grant@dal.ca  
Phone: (902) 494-2021  

 
Funding provided by: This study is part of ongoing research conducted at the Ocean Frontier 
Institute. The lead researcher is also funded through a Natural Sciences and Engineering 
Research Council of Canada Postgraduate Scholarship and a Killam Predoctoral Scholarship. 
 
Introduction 
 
We invite you to take part in a research study being conducted by Jenny Weitzman, an 
Interdisciplinary PhD student at Dalhousie University. Your participation in this research is 
entirely your choice and your results will be kept strictly anonymous. You may choose to 
withdraw from the study at any time. There will be no impact on your employment if you decide 
not to participate.  
 
The study is described below, as is what you will be expected to do and the any benefits and 
risks you might experience. Your participation in this study may not directly benefit you, but will 
contribute to knowledge to support ecosystem-based management of aquaculture and help 
build a more holistic framework for sustainable decision-making and planning for salmon 
aquaculture within Atlantic Canada.  
 
If you have any questions about this study, feel free to ask as many questions as you like. If you 
have questions later, please do not hesitate to contact Jenny Weitzman.  
 
Purpose and Outline of the Research Study 
 
This research looks at the concept of carrying capacity to inform decision-making of salmon 
aquaculture. In particular, this study aims to identify the challenges and opportunities for 
carrying capacity to support ecosystem-based management of salmon aquaculture, with a 
particular focus on Atlantic Canada. Through interviews with decision-makers, researchers, and 

mailto:jenny.weitzman@dal.ca
mailto:ramon.filgueira@dal.ca
mailto:jon.grant@dal.ca
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practitioners, this study will explore opinions and understanding of carrying capacity by key 
informants  to explore how different indicators, methods, and tools can be used to support 
holistic assessment of salmon aquaculture for planning and decision-making. This will rely on 
different perspectives on how to measure carrying capacity that considers a combination of 
ecological, social, and economic pressures, and values. The outcomes of this research study will 
help identify relevant indicators and methods for carrying capacity assessment of salmon 
aquaculture, which will be applied to the adaptation of guidelines for holistic ecosystem-based 
assessment of carrying capacity. This research is part of a larger study on carrying capacity to 
support societally endorsed and sustainable aquaculture sector in Atlantic Canada conducted 
under the Ocean Frontier Institute in Halifax, Nova Scotia.  
 
Who Can Take Part in the Research Study 
 
You may participate in this study if you are currently, or have been previously (within the last 5 
years) directly or indirectly involved with either i) management and/or planning that may 
involve aquaculture activities, or i) generating knowledge or information that can be used in 
aquaculture decision-making. You must possess a baseline knowledge of salmon aquaculture 
activities, to a level you would be comfortable expressing your opinions about them. You must 
also be familiar with the concept of carrying capacity and be able to communicate your 
understanding about the concept, its approaches, outputs, and influence.  
 
What You Will Be Asked to Do 
 
To help us identify suitable information and methods for carrying capacity to support 
ecosystem-based management, you will be asked to participate in a Delphi exercise. The Delphi 
technique seeks to obtain consensus on the opinions of experts, through a series of interviews 
and structured questionnaires. As part of the process, the responses from each round are fed 
back in summarized form to the participants who are then given an opportunity to respond 
again to the emerging data. The Delphi approach is therefore an iterative multi-stage process 
designed to combine opinion to reach an approximate group consensus on a given topic. 
 
The first round consists of an interview that will take approximately one to two hours to 
complete. Interviews will consist of questions focused around topics such as i) how carrying 
capacity fits within the broader decision-making context, ii) the methods used in assessment 
and analysis of carrying capacity, and iii) what should be included and considered in carrying 
capacity assessments. In this way, questions aim to elicit your opinions on both on decision-
making needs and priorities, as well as identify desirable options to improve decision-making, 
meet stakeholder needs, or overcome problems.  
The interview will be completed at a time and location of your choosing. If you are unable to 
meet with the lead researcher in person, a telephone interview may be scheduled. If you 
provide your consent, the interviews will be audio-recorded to analyze the responses further 
following the interview.  
 
Following interviews, your responses will be aggregated and analyzed to identify major themes, 
as well as a potential set of indicators, methods and concepts to guide the development of a 
holistic framework for carrying capacity. In early 2020 (~Feb-Mar), you will be asked to fill out 
and return an electronic follow-up questionnaire as round 2 of the Delphi approach. The 
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questionnaire will only take about 15-20 minutes of your time. The questionnaire will consist of 
questions that may ask you to state your preference for, or opinions about a list of potential 
indicators and methods that could be applied to carrying capacity. Once all questionnaires have 
been analyzed and aggregated, you will be contacted again (date TBD, tentatively May 2020) 
with aggregated results from round 2, and given the opportunity to respond again to the 
questionnaire.  
 
Possible Benefits, Risks and Discomforts 
 
Participating in this study will not directly benefit you, but your opinions and views may help us 
learn things that could benefit others. Your opinions and viewpoints expressed in this study will 
be used to help generate a set of guidelines for holistic ecosystem-based assessment of carrying 
capacity. This will directly feed into other parts of this research study, and directly inform the 
design of a structured interview schedule for Atlantic Canada to validate the proposed methods 
and indicators. Ultimately, your views and opinions will help identify important variables to 
consider when building a comprehensive framework for aquaculture carrying capacity that 
could be used by decision-makers for site selection, planning, and monitoring of salmon 
aquaculture. Your expertise could also help better understand how to leverage new approaches 
and tools for integrated assessment of aquaculture impacts that consider an integrated view of 
the ecological, social, and economic aspects of aquaculture. Ultimately, this work can support 
ongoing research efforts to build a framework for societally-endorsed, sustainable aquaculture 
with targeted information for Atlantic Canada, as well as broader conclusions for global 
applicability. 
 
The risks associated with this study are minimal. The risk of potential misrepresentation of your 
organization’s values and opinions will be minimized through the publication of summary results 
only. The publication of this research will not identify individuals or organizations. Your comfort 
and preferences for meeting spots will be accommodated if you do not wish to conduct the 
interview at your location of employment. If you at any point become fatigued, bored or 
uncomfortable with the interview process, you may terminate the process.  
 
Compensation / Reimbursement 
 
We thank you for your time and involvement, but will not be able to provide any compensation 
for your participation in this study.  
 
How your information will be protected 
 
Your personal information, including your name, e-mail, phone number and organization 
affiliation will be kept for internal records and contacting purposes only. Your identity and 
participation in this study will be known only by the lead researcher.  
 
When results are shared to participants for rounds 2 and 3 of the Delphi exercise, only group 
results will be shared. Following the completion of the study, we will describe and share our 
group findings in a research paper and for educational purposes at conferences or university 
presentations. The only identification information about yourself or your company affiliation will 
occur in the form of broad stakeholder affiliation (example: researcher, environmental group, 
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government etc…). If you provide your consent to be quoted directly, your responses will be 
kept anonymous, and your name or company affiliation will not be used in direct quotes from 
interviews. Quotes will also be carefully screened to remove any contextual information that 
could potentially identify you.  
 
This means that you will not be identified in any way in our reports.  
 
The research team that has access to your information has an obligation to keep your 
information private. We will use a participant number (not your name) in our written and 
computerized records so that the information you provide is not associated with your name or 
organization. All your identifying information will be kept in a separate file, in a secure place. All 
electronic records will be kept secure in a password-protected, encrypted file on an external 
USB device. If the interview is audio-recorded, the recording will be destroyed immediately after 
analysis. All the raw data from interviews and questionnaires, as well as any files containing any 
personal information will be retained for a maximum duration corresponding to the publication 
of the researcher’s PhD thesis (estimated May 2021). 
 
If You Decide to Stop Participating 
 
You are free to leave the study at any time. If you decide to stop participating at any point in the 
study, you may decide whether you want the information you have contributed to be removed 
or if you will allow the use of that information. You can decide up to three months following 
your interview if you want us to remove your data. After that time, it will become impossible for 
us to remove it. Likewise, you may decide up to three months following your follow-up 
questionnaires if you want us to remove your data. 
 
How to Obtain Results 
 
We will provide you with a brief summary of group results when the study is complete. The 
results of this study will also be published as part of a PhD doctoral thesis which will be made 
available through Dalhousie’s online catalogue of published theses. Please note, no individual 
responses, with the exception of quotes (with prior consent) will be provided in order to 
maintain confidentiality.  
 
Questions   
 
We would be happy to answer any questions or concerns you may have about your participation 
in this research. Please contact Jenny Weitzman (902-209-2935, jenny.weitzman@dal.ca) at any 
time. We will contact you if any new information emerges which could affect your decision to 
participate.  
 
This research study has been reviewed and approved by the Research Ethics Board at Dalhousie 
University. If you have any ethical concerns regarding your participation in this research or in 
the research study, you may contact Research Ethics, Dalhousie University at (902) 494-1462, or 
e-mail: ethics@dal.ca (and reference REB file # 2019-4756). 
 
 

mailto:jenny.weitzman@dal.ca
mailto:ethics@dal.ca
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Informed Consent Form 
 
Project Title:  
Assessing opportunities and challenges for carrying capacity methods, indicators, and decision 
needs in aquaculture 
 
Lead Researcher:   
Jenny Weitzman [PhD Candidate] 
Marine Affairs Program, Dalhousie University, Halifax, Nova Scotia 
T: (902) 209-2935   |   E: jenny.weitzman@dal.ca 
  
Other researchers: 
Dr. Ramon Filgueira [supervisor] 
Marine Affairs Program, Dalhousie University, Halifax, Nova Scotia 
 
Dr. Jon Grant [supervisor] 
Department of Oceanography, Dalhousie University, Halifax, Nova Scotia 
 
            Print name  
 
I, ___________________________ have read the Summary Document that outlines the 
explanation and purpose of this research study, including how my information will be used and 
protected. I have been given the opportunity to discuss the study and my questions have been 
answered to my satisfaction. I understand that I have been asked to take part in a Delphi 
exercise that consists of a semi-structured interview and two follow-up questionnaires that will 
occur at a location acceptable to me. I understand that by signing below, I am agreeing to take 
part in this study. I understand that I am providing ongoing consent for my participation in both 
an interview and follow-up questionnaires. I understand that my responses will be kept 
anonymous and my information confidential. I understand that my participation is voluntary and 
that I am free to withdraw at any point in the study, until three months after my interview 
and/or questionnaire is completed.  
 
 
_______________________________                               ___________ 
Signature                        Date (dd/mm/yy) 
  
 
I agree that my interview may be audio-recorded.         Yes   No    
 
I agree that direct quotes from my interview may be used without identifying me.   Yes   No    
 
 
 
_______________________________                               ___________ 
Signature                       Date (dd/mm/yy) 
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 B.3 List of definitions provided to participants prior to interview 
 

Definitions 
 
The following list provides simple definitions for the main concepts that will be explored 
within interviews. The provided definitions are to help familiarize participants with 
concepts, and to clarify the intention of the concepts as they relate to the present study.  
 
Ecosystem approach to aquaculture (EAA) 
 
The Ecosystem Approach to Aquaculture (EAA) emerged in 2008 as an approach to 
management, and is currently defined as “a strategy for the integration of aquaculture 
within the wider ecosystem such that it promotes sustainable development, equity, and 
resilience of interlinked social-ecological systems.” (Soto et al., 2008). It provides a 
planning and management framework to guide governments and producers 
simultaneously embrace environmental, socio-economic, and governance objectives of 
the sector.  The EAA was largely based off the Ecosystem Approach to Fisheries and aims 
to adhere to similar ecosystem-based management objectives.  
 
Carrying capacity  
  
Carrying capacity (CC) for aquaculture can be broadly defined as the magnitude of 
aquaculture activity an area can tolerate before unacceptable change (or impact) 
occurs. Assessments of carrying capacity are often interested in measuring or estimating 
whether current or proposed aquaculture activities are below, at, or above the capacity 
of the surrounding area. CC is often divided into four functional categories (McKindsey 
et al., 2006): 
physical carrying capacity — the total area of marine farms that can be accommodated 
in the available physical space, 
production carrying capacity — the stocking density of farmed species at which harvests 
are maximized, 
ecological carrying capacity — the stocking or farm density which causes unacceptable 
ecological impacts, 
social carrying capacity — the level of farm development that causes unacceptable 
social impacts. 
 
Ecosystem services 
 
Ecosystem services are broadly defined as the benefits that people obtain from 
ecosystems (MA, 2003). The concept became popularized with the Millennium 
Ecosystem Assessment, which defines ecosystem services to include provisioning 
services (food, water, etc.), regulating services (regulation of flood, disease etc.), 
supporting systems (habitat provision, nutrient cycling, etc.), and cultural services 
(recreational, spiritual, etc.).  
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Expert judgement  
  
Expert judgment is a term that refers to a technique in which the opinions of experts in 
a given area or sector are used to make estimates, judgements, or decisions related to a 
certain issue or topic. In expert judgement, estimates about a given problem are often 
elicited by one to several experts and aggregated to offer consensus on a ‘best estimate’ 
(Hemming et al., 2017).  
 
References 
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B.4 Demographic information sheet completed by participants 
 

Demographic information 
 
We are collecting some basic information to help profile your particular area of 
expertise. This information will not be used to identify you.  
 
Four-digit identification code:                                                                 
__________  
 
Current occupation title (e.g. researcher, analyst, PhD candidate etc.): 
 
 
 
Current employment sector (e.g. government, academia, consulting, etc.):  
 
 
 
The following questions aim to understand your professional experience relevant to the 
interview questions. 
Hey, just got a reminder about registering for AAC, and was not able to find my  
In column A, please indicate how many years of professional or postgraduate experience 
you have for each topic (e.g. 3.5 years). If you have no relevant experience, please enter 
“0”.  
 
In column  B, please rate your knowledge between 1 and 10: 
 
0     –  no prior knowledge or understanding 
1     –   basic understanding (e.g. you have read reports, new articles, but no working  
             knowledge/study experience) 
5     –   intermediate understanding (e.g. you have relevant work or postgraduate research  
             experience) 
10   –   specialist understanding (e.g. you regularly collect data, prepare or sign off on    
             reports, give advice to the public or clients on this topic)  
 

Topics A 
(years 

experience) 

B 
(self-rating) 

0-10 
Marine finfish (salmon) aquaculture   
Carrying capacity   
Aquaculture decision-making    
Ecosystem-based management (or EAA)   
Ecosystem services   
Aquaculture-environment interactions   
Socio-economics of aquaculture   
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B.5 Round 1 Interview questions 
 

Interview Questions 
Introduction  
1. Could you please briefly describe to me your background and expertise related to 
aquaculture?  
 
Area 1: Informing decision-making with carrying capacity  
2. What do you think about ecosystem-based approaches to managing aquaculture?  

3. What do you think needs to happen so that management and development decisions 
can better support ecosystem-based objectives?  

4. In your view, how well are aquaculture management and development decisions 
informed by carrying capacity? Why or why not?  
 
Area 2: Types of information and data needed to evaluate carrying capacity  
5. In your view, what is/are the most important social issues that should be assessed to 
understand the limits of aquaculture practices?  

6. In your view, what is/are the most important ecological issues that should be 
assessed to understand the limits of aquaculture practices?  

7. In your view, what is/are the most important factors influencing farm-scale 
production aspects that should be included in carrying capacity assessments?  

8. What types of physical or spatial considerations should be included in assessing the 
limits of aquaculture practices?  
 
Area 3: Methods to measure and monitor carrying capacity  
9. Do you feel that the current ways of measuring or monitoring aquaculture activities 
are adequate to answer questions related to ecosystem-based management? Why or 
why not?  

10. How do you think that levels of acceptable change or impact should be determined 
to inform carrying capacity or regulations?  

11. In recent years, the ecosystem services approach has gained popularity to bring 
together social and ecological aspects related to development decisions. Do you think 
applying ES concepts and methods are appropriate for assessing the carrying capacity of 
aquaculture? Why or why not?  
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12. In recent years, using experts to elicit judgements and help guide decisions has 
gained popularity in many policy fields. Do you think expert judgement has a role to play 
in carrying capacity assessments? Why or why not?  

13. In addition to including government and industry, do you think there is a role for 
engaging with local interest groups (like NGOs) and communities within carrying 
capacity assessments?  
 
Conclusions  
14. Is there anything else you would like to say about carrying capacity or its role in 
ecosystem-based decision-making (or EAA)?  

15. Do you have any recommendations for individuals I should speak to about this topic 
[for recruitment]?  
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B.6 Round 2 Recruitment e-mail 
 
 
Good morning,  
 
I hope this message reaches you safe and healthy.  
 
You are a part of a group of experts who completed the first of 3 rounds of consultation 
on carrying capacity for salmon aquaculture. Our goal is to generate consensus on what 
should be considered good practices to guide the development of a holistic framework to 
support decision-making of salmon aquaculture. This second (of three) round focuses 
on validating recommendations for more holistic carrying capacity assessments 
based on the topics you raised, and suggestions made in round one interviews.  
 
Your input is extremely important to ensure that the guidelines emerging from this study 
reflect the opinions of individuals involved with aquaculture in different roles and 
regions.  
 
We estimate that you will need around 1 hour to complete this questionnaire.  
 
Attached to this e-mail you will find a fillable PDF that you can directly enter and save 
your answers. You can find a summary of the composition of the expert panel and some 
findings from Round 1 in the appendices attached. 
 
On the first page of the questionnaire, you will be asked to provide an ID code which will 
be used solely to know who completed the questionnaire. Your unique ID code is:  
 
We would greatly appreciate if you could complete and return the questionnaire within 
two weeks, no later than April 6, 2020. If you need more time to complete the 
questionnaire, please reach out and request an extension.   
 
We are extremely grateful for your continued participation in this research and for your 
valuable time.  
 
Sincerely,  
 
Jenny Weitzman 
IDPhD candidate,  
Marine Affairs Program, Dalhousie University 
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B.7 Round 2 Questionnaire and Appendix sent to participants 
 

Holistic carrying capacity for salmon aquaculture 
Building consensus on a framework for holistic carrying capacity 

 
The goal of this process is to build consensus on what should be considered best practices for using 
carrying capacity to holistically inform decisions about salmon aquaculture planning and management. This 
work is a valuable part of a PhD thesis at Dalhousie University. Your answers and recommendations are 
extremely important and represent one of many experts from around the world who have been contacted to 
offer some general principles that are relevant to thinking about aquaculture carrying capacity more 
holistically.  
 
The present questionnaire was generated through themes that emerged from the Delphi Round 1 
interviews. Statements and topics in this questionnaire were based on ideas and themes that experts 
expressed. To see a summary of who participated in Round 1, see Appendix i. 
 
From the Round 1, experts expressed a range of opinions on the role of carrying capacity for more holistic 
management. They also identified a number of challenges both with implementing a more ecosystem 
approach to aquaculture and with carrying capacity. An overview of these challenges can be found in 
Appendix B. Where relevant, the processes and criteria found in this Round 2 questionnaire aim to respond 
to these challenges.  

 
Instructions 

 
During this Round 2 questionnaire, please answer questions based on your own experiences. Where 
possible, try to direct your answers based on relevance to marine net-pen salmon aquaculture.  
 
This questionnaire has four sections.  

• Section 1 - You will be asked to provide your opinions on the criteria and steps in the carrying 
capacity assessment process in support of holistic assessment of aquaculture.  

• Section 2 – You will be asked about what issues and data are important for measuring different 
aspects of carrying capacity.  

• Section 3 – You will be asked questions about the process for selecting relevant indicators and 
thresholds for carrying capacity.  

• Section 4 – In the last section, you will be asked for your opinion on the most suitable methods 
and tools for data collection and analysis of carrying capacity information.  

 
The final stage of the Delphi (Round 3) will present a proposed framework for assessing carrying capacity 
in support of more holistic approach to salmon aquaculture management. 
 
Please enter your unique ID code (provided in the Round 2 e-mail invitation): 0000 
 
Feel free to provide any comments on findings from Round 1  
(content of questionnaire or appendices : for example, expert panel composition, or whether your 
perspective is well represented) 

Click or tap here to enter text. 
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Section 1 – A process for a holistic assessment of carrying capacity   
 
In the context of this research, we define a framework as “a structured set of guidelines, 
information, and tools to guide the comprehensive assessment of carrying capacity for 
aquaculture”. Given the diversity of ways that carrying capacity has been applied to inform 
decision-making, a shared framework to situate carrying capacity information could provide a 
general reference document for decision-makers and stakeholders to situate carrying capacity 
assessments within a more holistic approach to aquaculture decision-making and management.  
 
From the literature and round 1, we identified a number of important criteria to support an 
effective and holistic carrying capacity process. Please rank in order of importance (from 1 to 7) 
the criteria you would recommend for framework development, with 1 being the most important.  

 
Are any of these criteria that you would consider not essential? Are there any other criteria (than 
those listed above) for carrying capacity processes that you deem very important? If so, which 
one(s) and why? 
 

 

 
Please rate how important you feel it is to that a carrying capacity framework include clear 
guidance on the following aspects of a carrying capacity assessment.   
 Not at all 

important 
Somewhat 
important 

Important Moderately 
important 

Very 
important 

Definitions of all relevant terms (carrying capacity, 
holistic, etc.) 

☐ ☐ ☐ ☐ ☐ 

Delineation of relevant scale(s) to apply CC assessment ☐ ☐ ☐ ☐ ☐ 
Processes to select who gets involved and how ☐ ☐ ☐ ☐ ☐ 
Strategies to identify factors to assess and indicators to 
choose 

☐ ☐ ☐ ☐ ☐ 

Information required to support CC assessment ☐ ☐ ☐ ☐ ☐ 
List of tools and methods to gather information ☐ ☐ ☐ ☐ ☐ 
Structure/process for actors to choose appropriate tools ☐ ☐ ☐ ☐ ☐ 
Processes to communicate CC throughout assessment ☐ ☐ ☐ ☐ ☐ 
 
Are there any other aspects (than those listed above) for carrying capacity processes that you 
think it is very important to provide clear guidance on? If so, which one(s) and why? 

 

 

 

__ Being flexible  
__ Being adaptive and iterative  
__ Being inclusive/participatory (engaging all relevant stakeholders in process) 
__ Being transparent and clear 
__ Being interdisciplinary (consider all aspects (physical, ecological, social, economic, governance) 
__ Consider multiple scales (space and time)  
__ Being context-based (situated within the relevant social, economic, and ecological contexts and 

objectives of CC assessment)  
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Overall, a holistic carrying capacity assessment is a tool for decision-makers that involves an 
evaluation of the limit of aquaculture use in a given context over which alteration due to 
aquaculture becomes unacceptable. From our findings, we propose a framework for assessment 
based on six steps: 

 
Would you add any other steps? Do you think any of these steps are not essential? If so, which 
one(s) and why? 
 
Click or tap here to enter text. 

 
From your perspective, which step(s) need to be emphasized? Why? 
 
Click or tap here to enter text. 
 

 
Would you modify any of these steps or the order in which these are presented? If so, please 
explain. 
 
Click or tap here to enter text. 
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At what part or parts of the policy process for salmon aquaculture decisions do you think a 
framework to guiding holistic carrying capacity should cover? Please select all that apply. 
 
☐ Initial site selection and scoping 
☐ Obtaining leases for new development (impact assessments etc.) 
☐ Day to day management 
☐  Lease renewal 
☐ Ongoing monitoring 
☐ Carrying capacity is relevant to all stages within the policy process 
☐ Other (please describe): Click or tap here to enter text. 

 
Defining terms relevant to carrying capacity 
 
From the literature and round 1, carrying capacity is often defined and understood in different 
ways, depending on the purpose it is used for, and discipline it is applied to. To be used to 
support more holistic way of managing salmon aquaculture, a framework should ideally define 
the relevant terms included in the framework. 
 
Please rate to what degree you feel it is important that a framework provide a clear definition of 
the following concepts that relate to carrying capacity and holistic assessments. 

 Not at all 
important 

Somewhat 
important 

Important Moderately 
important 

Very 
important 

Carrying capacity ☐ ☐ ☐ ☐ ☐ 
Types of carrying capacity (e.g. social 
CC, ecological CC…) 

☐ ☐ ☐ ☐ ☐ 

Holistic ☐ ☐ ☐ ☐ ☐ 
Acceptable change (i.e., threshold) ☐ ☐ ☐ ☐ ☐ 
Indicator ☐ ☐ ☐ ☐ ☐ 
Ecosystem ☐ ☐ ☐ ☐ ☐ 

 
Are there any other terms of concepts that were not mentioned above, but you feel are essential to 
define in a CC framework? If so, which one(s)? 
 

Click or tap here to enter text. 
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Based on the literature and findings from round 1, we have proposed general definition for a 
number of concepts related to carrying capacity of aquaculture. For the following concepts and 
terms, please how appropriate you believe the definitions to be, in the context of holistic carrying 
capacity assessment. 

  Not at 
all 

Not very 
much Somewhat 

A 
moderate 
amount 

Very 
much 

Holistic approach        
 An approach that considers aquaculture as a whole 

social-ecological system, including the social, ecological, 
economic, and governance contexts, and the interactions 
of the parts   

☐ ☐ ☐ ☐ ☐ 

Carrying capacity (overall)       
 Level of aquaculture that does not degrade the condition 

of the important social, economic, or ecological system 
components beyond an acceptable limit 

☐ ☐ ☐ ☐ ☐ 

Production carrying capacity       
 the level of aquaculture at which production biomass is 

maximized ☐ ☐ ☐ ☐ ☐ 

Physical carrying capacity       
 The geographic area that is suitable and available for 

aquaculture ☐ ☐ ☐ ☐ ☐ 

Ecological carrying capacity       
 The maximum level of aquaculture that does not cause 

unacceptable ecological impacts ☐ ☐ ☐ ☐ ☐ 

Social carrying capacity       
 The level of aquaculture that does not cause unacceptable 

social impacts ☐ ☐ ☐ ☐ ☐ 

Do you have any suggestions to edit any of the above-mentioned definitions? If so, please provide 
alternate definitions you believe to be more appropriate. 
 

Click or tap here to enter text. 
 

Identifying the relevant scale(s) of assessment  
 
A carrying capacity assessment will be as broad or as restricted as the scale that it is evaluated 
at. While most traditional CC assessments have focused only on evaluating aquaculture at the 
farm-scale, multiple scales could be considered.  
 
These types of scales can be summarized in scale domains. Broadly, for salmon farming, these 
can be divided into: 

Type of scale Local area Large area Regional area National area Global 
Ecological 
scale 

Salmon cage 
or farm 

Basin, bay 
(‘ecosystem’) 

Multiple bays Industry-wide  

Jurisdictional 
scale  

Community 
or 
municipality 

Cluster of 
communities, 
county etc. 

Large zone for 
aquaculture, or 
province 

Country   

Geographic 
scale  

< 1km2 10 - 20 km2 100s - 1000s km2   

Do you believe it is appropriate to conduct a holistic assessment of carrying capacity based on a 
single scale?  
 

☐ Yes 
☐ No 
☐ I do not know 
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Please complete the following matrix by entering a number from 1 to 5 based on the degree of 
suitability that you believe the following scales are for assessment of aquaculture at each of the 
components of the social-ecological system. 

1 = not at all; 2 = very little; 3 = somewhat; 4 = a moderate amount; 5 = a great deal. 
 
 Ecological Social Physical Production 

Local Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 
Large area Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 
Regional Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 
National Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 
Global Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 

 
From the literature and round 1, we identified a number of variables that can help determine the 
appropriate scale for a CC assessment. Please rank in order of importance (from 1 to 5) the 
variables you think are most important in selecting the appropriate scale, with 1 being the most 
important.  
 

Select a rank The pressing issues and priorities of the area  
Select a rank The purpose of the CC assessment 
Select a rank The definition of the "ecosystem" to be managed (site, region, industry) 
Select a rank The stakes and actors in the system 
Select a rank The knowledge and tools available to effectively assess  

 
Are any of these criteria that you would consider not essential? Are there any other criteria (than 
those listed above) for carrying capacity processes that you deem very important? If so, which 
one(s) and why? 
 
Click or tap here to enter text. 

 
Selecting who to include in the carrying capacity process 
 
An actor is any individual involved with the execution of the carrying capacity process. A 
stakeholder is an individual who is affected by the outcomes of the process.  
 
Please state how you agree or disagree with the following guidelines for involving actors and 
stakeholders within a carrying capacity assessment. 

 Strongly 
disagree 

Disagree Neither 
disagree 
nor agree 

Agree Strongly 
agree 

Actors involved with the CC assessment 
should represent diverse knowledge forms 
and disciplines 

☐ ☐ ☐ ☐ ☐ 

It is essential to clearly define roles and 
responsibilities of each actor in the 
process, assuming that not all actors will 
have the same responsibilities 

☐ ☐ ☐ ☐ ☐ 

Chosen stakeholders should include 
representation from stakeholders beyond 
the local scale 

☐ ☐ ☐ ☐ ☐ 
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Stakeholders should be selected based on 
their ‘stake’ (demonstrated investment and 
interest in participating) 

☐ ☐ ☐ ☐ ☐ 

Stakeholders need to be included 
throughout the CC process (at all steps) 

☐ ☐ ☐ ☐ ☐ 

 

Please complete the following matrix by entering a number from 1 to 5 based on the degree of 
involvement you feel each of the following actors should have in a holistic CC assessment.  
 

1 = no involvement whatsoever; 2 = very little; 3 = somewhat; 4 = a moderate amount; 5 = a great deal. 
 

 

 
Are there any other actors (other than those mentioned above) that you feel play an important role 
in the carrying capacity process? In addition, are there any other roles (other than those 
mentioned above) that you believe any of the given actors (or otherwise) could contribute to the 
CC process? If so, which one(s), and why?  
 

Click or tap here to enter text. 
 

Section 2 – Carrying capacity information 
 
To evaluate whether aquaculture operations exist within the carrying capacity of the social-
ecological system, requires gathering information about various objectives across social, 
economic, ecological, and governance dimensions. This section aims to understand what types of 
information are most relevant to calculating the limits of aquaculture in a given assessment, and 
what issues are most important.  
 
For the following, please indicate how important you think each factor/issue is for evaluating the 
carrying capacity of salmon farming.  
 
Production carrying capacity 

 Not at all 
important 

Somewhat 
important 

Important Moderately 
important 

Very 
important 

Water quality ☐ ☐ ☐ ☐ ☐ 
Hydrodynamics (to calculate 
flushing/ water renewal etc.)  

☐ ☐ ☐ ☐ ☐ 

Water temperature ☐ ☐ ☐ ☐ ☐ 
Growth rate ☐ ☐ ☐ ☐ ☐ 
Estimated yield ☐ ☐ ☐ ☐ ☐ 

Roles Government Scientists 
Public interest 
groups (e.g. 

NGOs) 

Local 
community 

Other marine 
users (fisheries, 

tourism etc.) 
Leading CC assessment Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 

Setting priorities for 
assessment 

Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 

Identifying indicators Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 
Setting acceptable 

thresholds 
Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 

Providing expertise or 
knowledge 

Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 

Communicating outputs Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 Select 1 to 5 
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Production costs ☐ ☐ ☐ ☐ ☐ 
Resource availability (personnel, 
infrastructure, etc.) 

☐ ☐ ☐ ☐ ☐ 

Profits ☐ ☐ ☐ ☐ ☐ 
 
Are there any other production considerations (than those listed above) that you deem very 
important for understanding physical carrying capacity? If so, which one(s) and why? 
 

Click or tap here to enter text. 
 
Physical carrying capacity 

 Not at all 
important 

Somewhat 
important 

Important Moderately 
important 

Very 
important 

Space available (and/or allocated) 
to aquaculture 

☐ ☐ ☐ ☐ ☐ 

Proximity to infrastructure (ports, 
roads, etc.) 

☐ ☐ ☐ ☐ ☐ 

Proximity to sensitive habitats ☐ ☐ ☐ ☐ ☐ 
Proximity to other users (e.g. 
tourism, fisheries, recreation…) 

☐ ☐ ☐ ☐ ☐ 

Space between farms and cages ☐ ☐ ☐ ☐ ☐ 
Environmentally suitable sites ☐ ☐ ☐ ☐ ☐ 

 
Are there any other physical considerations (than those listed above) that you deem very 
important for understanding physical carrying capacity? If so, which one(s) and why? 
 

Click or tap here to enter text. 
 
Social carrying capacity 
 Not at all 

important 
Somewhat 
important 

Important Moderately 
important 

Very 
important 

Employment and income generation ☐ ☐ ☐ ☐ ☐ 
Provision of benefits to communities ☐ ☐ ☐ ☐ ☐ 
Social justice and equity ☐ ☐ ☐ ☐ ☐ 
Provision of infrastructure and amenities ☐ ☐ ☐ ☐ ☐ 
How aquaculture affects user interests 
(competing industries) 

☐ ☐ ☐ ☐ ☐ 

Use of landscape (tourism, recreation, 
etc.) 

☐ ☐ ☐ ☐ ☐ 

Opportunities for engagement and input ☐ ☐ ☐ ☐ ☐ 
Quality of industry 
interaction/engagement with 
communities 

☐ ☐ ☐ ☐ ☐ 

Interactions with indigenous groups ☐ ☐ ☐ ☐ ☐ 
Transparency of information ☐ ☐ ☐ ☐ ☐ 
Influence on societal narrative with 
landscape 

☐ ☐ ☐ ☐ ☐ 

Influence on cultural identities and sense 
of place 

☐ ☐ ☐ ☐ ☐ 

Aesthetic value (viewshed, noise etc.) ☐ ☐ ☐ ☐ ☐ 
Impacts on environment and species of 
interest 

☐ ☐ ☐ ☐ ☐ 
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Fish health/animal welfare concerns ☐ ☐ ☐ ☐ ☐ 
Food health and safety ☐ ☐ ☐ ☐ ☐ 
 
Are there any other social interactions (than those listed above) that you deem very important for 
understanding social carrying capacity? If so, which one(s) and why? 
 

Click or tap here to enter text. 

 

Ecological carrying capacity 
 

For the following, please rate how important you feel it is to measure each of the following 
potential activities, stressors, and effects of salmon aquaculture in relation to measuring the 
ecological carrying capacity.   

 Not at all 
important 

Somewhat 
important Important Moderately 

important 
Very 

important 
ACTIVITIES      

Placement of site infrastructure ☐ ☐ ☐ ☐ ☐ 
Industrial equipment and resources use 
(fuel etc.) 

☐ ☐ ☐ ☐ ☐ 

Site and stock management ☐ ☐ ☐ ☐ ☐ 
Feed use and composition ☐ ☐ ☐ ☐ ☐ 

STRESSORS      
Addition/alteration of habitat structure ☐ ☐ ☐ ☐ ☐ 
Release of nutrients ☐ ☐ ☐ ☐ ☐ 
Release of organic material ☐ ☐ ☐ ☐ ☐ 
Release of chemicals ☐ ☐ ☐ ☐ ☐ 
Alteration of light and noise ☐ ☐ ☐ ☐ ☐ 
Addition of litter ☐ ☐ ☐ ☐ ☐ 
Escape of fish into environment ☐ ☐ ☐ ☐ ☐ 
Spread of diseases and pests ☐ ☐ ☐ ☐ ☐ 

EFFECTS      
Change in wild fish 
populations/communities 

☐ ☐ ☐ ☐ ☐ 

Changes in oxygen concentration in 
benthos 

☐ ☐ ☐ ☐ ☐ 

Introduction of non-native species ☐ ☐ ☐ ☐ ☐ 
Change in wild fish health ☐ ☐ ☐ ☐ ☐ 
Change in suspended sediments ☐ ☐ ☐ ☐ ☐ 
Water quality changes ☐ ☐ ☐ ☐ ☐ 
Changes in substrate composition ☐ ☐ ☐ ☐ ☐ 

Are there any other activities, stressors, or effects (than those listed above) for carrying capacity 
processes that you deem very important? If so, which one(s) and why? 
 

Click or tap here to enter text. 
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Research priorities 
 
Of the following list of issues, please rank the importance of each of the following research 
priorities regarding the information needed to advance how we evaluate aquaculture from a 
holistic perspective.   
 

 
 

Not at all 
important 

Somewhat 
important Important Moderately 

important 
Very 

important 
Societal benefits and risks ☐ ☐ ☐ ☐ ☐ 
Societal understandings and 
perceptions 

☐ ☐ ☐ ☐ ☐ 

Interactions across full aquaculture 
life cycle 

☐ ☐ ☐ ☐ ☐ 

Cumulative effects of multiple 
farms  

☐ ☐ ☐ ☐ ☐ 

Multi-stressor effects of 
aquaculture and other industries  

☐ ☐ ☐ ☐ ☐ 

Effects on wild fish populations ☐ ☐ ☐ ☐ ☐ 
Beyond-farm ecosystem impacts ☐ ☐ ☐ ☐ ☐ 
Ecosystem variability information ☐ ☐ ☐ ☐ ☐ 
Aquaculture and pathogen 
interactions 

☐ ☐ ☐ ☐ ☐ 

Genetic aspects of aquaculture ☐ ☐ ☐ ☐ ☐ 
Fish health and welfare ☐ ☐ ☐ ☐ ☐ 

 
Section 3 -Evaluating carrying capacity – indicators and thresholds of acceptable change 

 
Selecting relevant indicators  
 
An indicator is broadly a variable that can be measured over time that reveals meaningful 
change. For carrying capacity, it is a variable/factor that is relevant to a change in some 
component of the ecological, social, or economic system we are interested in (for example, 
benthic health might be measured against indicators of organic enrichment). A holistic carrying 
capacity assessment will require a set of indicators relevant to the issues to assess whether 
aquaculture is exceeding the acceptable threshold.  
 
Concerning the selection of indicators, please select which option you feel is the most suitable for 
a holistic CC assessment. 
☐ Universal indictors (which can be used across the world in different CC assessments and 

could come from a bank of ready-to-use indicators) 
☐ Using context-specific indicators (which can be generated iteratively between actors) 
☐ A combination of universal and context-specific indicators  
☐ I am not sure 

 
Concerning the selection of a set of indicators, please state to what degree do you agree or 
disagree with the following options concerning the selection of indicators for use in a holistic CC 
assessment. 
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 Strongly 
disagree Disagree 

Neither 
disagree 
nor agree 

Agree Strongly 
agree 

Indicators should focus on the key 
processes that drive the system 

☐ ☐ ☐ ☐ ☐ 

Indicators should focus on the most 
limiting factors in the system 

☐ ☐ ☐ ☐ ☐ 

Indicators should focus on high-risk 
areas 

☐ ☐ ☐ ☐ ☐ 

Indicators should focus on those 
features we understand, and can 
predict and quantify reasonably 
well 

☐ ☐ ☐ ☐ ☐ 

Set of indicators chosen should 
balance objectives holistically 

☐ ☐ ☐ ☐ ☐ 

 
From the literature and results of round 1, we identified a number of criteria for selecting the 
carrying capacity indicators for a more holistic assessment. Please rank in order of importance 
(from 1 to 8, with 1 being the most important) the criteria you would recommend for framework 
development.  
 

Select a rank Relevant to specific management objectives and priorities  
Select a rank Ease of measuring – tools, approaches are available to measure   
Select a rank Feasible   
Select a rank Relate to changes specifically due to aquaculture  
Select a rank Reliable – produces consistent results  
Select a rank Relevant to the scale of interest  
Select a rank Data available to assess indicator  
Select a rank Valid among users and stakeholders 

 
Are there any criteria listed above that you do not think are essential? Are there any other criteria 
(other than the ones above) that you would think are very important? If so, which one(s) and 
why? 
 
Click or tap here to enter text. 
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Determining levels of 
acceptable change 
(thresholds) 
 
Once carrying capacity 
indicators have been 
selected, indicator 
thresholds are used to 
determine whether the 
indicator level is acceptable 
or not. These “thresholds of 
acceptable change “are 
also the ‘reference point’ to 
evaluate indicators against 
the given objective. In the 
literature, various types of 
thresholds can be employed.  
 
Absolute thresholds reflect a natural (or ‘biological’) tipping point in the system. For ecological 
indicators, this could represent the point beyond which a system changes states. These are 
sometimes referred to as ‘biological thresholds’.  
 
Relative thresholds reflect what is acceptable, as determined by societal norms, perceptions or 
goals. These are also referred to as ‘cultural thresholds’. 
 
Flexible thresholds present a range of values for indicators, which can be calculated as the 
confidence interval of a calculated threshold, or to reflect multiple levels of risk (e.g. specific 
values for ‘low’, ‘medium’, or ‘high’ risk).  
 
Precautionary thresholds set what is acceptable lower than calculated threshold, or the lower 
range of flexible threshold.  
 
Please select the type of thresholds do you think is most appropriate to use when evaluating the 
carrying capacity of aquaculture. Please select only one answer. 
  

A ☐ Absolute thresholds 
B ☐ Relative thresholds 
C ☐ Flexible thresholds 
D ☐ Precautionary thresholds  
E ☐ A combination of different thresholds depending on the indicator and/or context 

We have identified a number of criteria to help determine which type of threshold to select for a 
given indicator. If you selected E (combination) above, please rank the following criteria from 1 
to 4 in order of importance in selecting the relevant threshold, with 1 being the most important.  
 

Select a rank Capacity to monitor and enforce thresholds 
Select a rank Uncertainty of threshold 
Select a rank Component, issue, or indicator selected 
Select a rank Ability to measure (data, resources) 

 
 

Hypothetical thresholds for acceptable change in a 
carrying capacity indicator, showing how different 
d fi i i  f h h ld  ill l  i  diff  
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Are there any criteria listed above that you do not think are essential? Are there any other criteria 
(other than the ones above) that you would think are very important? If so, which one(s) and 
why? 
 

Click or tap here to enter text. 

 

Section 4 – Tools and methods for assessing carrying capacity 
 
The assessment of carrying capacity relies on a number of tools and approaches aimed at 
identifying indicators, understanding the system, or assessing aquaculture against chosen 
indicators.  
 
A holistic CC assessment will likely require a combination of tools and approaches to measure 
various indicators and issues identified for assessment. From the literature and round 1, we 
identified a number of criteria/variables that can be used to guide the selection of appropriate 
tools. Please rank the following variables from 1 to 6 in order of importance in selecting the 
relevant tools to use, with 1 being the most important.  
 

Select a rank Priorities and goals for CC assessment  
Select a rank Indicator(s) chosen for assessment 
Select a rank Data availability  
Select a rank Expertise of end-users  
Select a rank The needs of relevant scale(s) 
Select a rank Resources (money, time) needed to apply 

 

Are there any criteria listed above that you do not think are essential? Are there any other criteria 
(other than the ones above) that you would think are very important? If so, which one(s) and 
why?  
 

Click or tap here to enter text. 
 

From the literature and round 1, we identified a number of tools for supporting carrying capacity 
assessments. Please rate how suitable and/or relevant you feel the following tools would be in 
supporting the assessment of some or multiple components of the carrying capacity of salmon 
aquaculture.  
 

 Not at all 
suitable 

Slightly 
suitable 

Somewhat 
suitable 

Moderately 
suitable 

Very 
suitable 

Ecological/production models ☐ ☐ ☐ ☐ ☐ 
Spatial models ☐ ☐ ☐ ☐ ☐ 
Risk assessment ☐ ☐ ☐ ☐ ☐ 
Life cycle analysis ☐ ☐ ☐ ☐ ☐ 
Ecosystem service valuation ☐ ☐ ☐ ☐ ☐ 
Scenario-building ☐ ☐ ☐ ☐ ☐ 
Expert judgement ☐ ☐ ☐ ☐ ☐ 
Mapping (GIS) ☐ ☐ ☐ ☐ ☐ 
Qualitative surveys or interviews ☐ ☐ ☐ ☐ ☐ 
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Are there any other tools or approaches (other than those listed above) that you think would be 
relevant for evaluating carrying capacity? If so, which one(s) and why? 
 
Click or tap here to enter text. 

 

In addition to the criteria above, we identified a number of criteria that contribute to a useful tool 
to support decision-making. Please rank the following criteria from 1 to 6 in order of importance 
in selecting the relevant tools to use, with 1 being the most important.  
 

Select a rank Simple to apply 
Select a rank Can be understood by wide audience 
Select a rank Suitable/accessible to relevant end-users 
Select a rank Consider and/or reflect management measures 
Select a rank Offer clear messages 
Select a rank Affordable data collection and implementation  

 
Are there any criteria listed above that you do not think are essential? Are there any other criteria 
(other than the ones above) that you would think are very important? If so, which one(s) and 
why?  
 

Click or tap here to enter text. 

 
Research priorities 
 

Of the following list of issues, please rank the importance of each of the following research 
priorities for advancing the methods and tools for a holistic assessment of carrying capacity. 

 
 

Not at all 
important 

Somewhat 
important Important Moderately 

important 
Very 

important 
Refinement of models to improve 
spatial resolution 

☐ ☐ ☐ ☐ ☐ 

Refinement of models to improve 
temporal resolution 

☐ ☐ ☐ ☐ ☐ 

Approaches to determine far-field or 
whole-ecosystem effects 

☐ ☐ ☐ ☐ ☐ 

Continued validation of tools in new 
environments/contexts 

☐ ☐ ☐ ☐ ☐ 

Methods to integrate multiple aspects 
of carrying capacity (social, economic, 
ecological) 

☐ ☐ ☐ ☐ ☐ 

Quantitative methods to determine 
social carrying capacity  

☐ ☐ ☐ ☐ ☐ 

Qualitative methods to determine 
social carrying capacity  

☐ ☐ ☐ ☐ ☐ 
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Appendix i – Findings from Round 1 interviews 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
  
 
 
 
 
 
 
 
 

 
 
 
 
 
 

You are one of  21 experts interviewed

 
Experts live in different parts of the world! 

 

0 2 4 6 8 10

Academia

Government

Consulting

Research

NGO

Male
(60%)

Female
(40%)

> 80% 
participants had at 
least intermediate 
expertise across all 
topics 
> 60% participants 
have interdisciplinary 
expertise 

Thank you for being a part of this group! 

You are highly experienced with 

carrying capacity  
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Appendix B – Features that contribute to the challenge with advancing holistic 
approaches to carrying capacity  

 
  

1 Vague and inconsistent definitions 
 Ambiguous definition of terms (e.g. ‘carrying capacity’, ‘sustainability’, ‘ecosystem-

based approach’) create confusion and misuse  
 It is not clear what we are measuring the carrying capacity “of” 
 Relevant ‘holistic’ terminology (e.g. ‘sustainability’, ‘ecosystem-approach’, 

‘ecosystem-based’) are often conflated with each other 
  
2 Complexity and ambiguity of scales 
 A farm-centered, operator-centered approach is not enough to adequately consider 

ecological or social aspects 
 The scale of processes is often larger than what we are able (resources) to, or are 

mandated to manage 
 We do not have a good decision-making mechanism to determine the appropriate scale 

and stakes for the processes that we are interested in 
  
3 Missing or inappropriate data 
 Lack of practical tools and guidelines for implementation of more holistic approaches 
 Having a holistic view is limited by our knowledge and data on several important 

aspects (e.g. social aspects, far-field interactions) 
 Often the data we need for a more holistic assessment is not being collected in the first 

place (e.g., social indicators, far-field data) 
 Complex or comprehensive approaches require substantial amount of data which is 

often not available  
 We need more information and knowledge about the interactions between (social, 

economic, ecological) components to bring the holistic approach to management 
  
4 Lack of enabling governance  
 Other political priorities often outweigh practically adopting and implementing more 

holistic approaches to carrying capacity  
 Governments do not have the capacity (adequate funding or resources) to effectively 

understand, manage, or monitor for all the necessary components 
 Aquaculture is often not properly or consistently allocated within governance system 
 These approaches (holistic management, or carrying capacity) are often not applied 

because they are not a required part of the legislative process for aquaculture 
 Truly considering other users and wider impacts requires a broader view of 

management and governance that does not keep aquaculture in a box 
  
5 Biases, agendas, and political barriers 
 It may take many years to adopt more adaptive and holistic approaches because policy 

change is slow  
 Current governance employs a reactive approach that responds to emerging issues 

rather than a proactive approach that is needed of holistic approaches 
 Agendas and political interests make multi-stakeholder processes complex and difficult 

to achieve consensus or common vision  
 Personal opinions and interests can enter bias into social assessments  
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B.8 Summary of Round 2 sent to participants in Round 3 
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B.9 Round 3 Questionnaire  
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B.10 Description of expert participants - Supplemental I from publication 
 
Supplemental I: Description of expert participants 
Characteristics of experts participating in Delphi study.  
 

Baseline characteristics Round 1 
N(%) 

Round 2 
N(%) 

Round 3 
N(%) 

Number of participants who completed the round 21 (100) 16 (76.2)ⁱ 13 (81.3)ⁱ 
Country    
 Canada 9 (42.9) 5 (31.3) 4 (30.8) 
 Norway 3 (14.3) 3 (18.8) 2 (15.4) 
 U.S.A. 2 (9.52) 2 (12.5) 2 (15.4) 
 United Kingdom (Scotland)  2 (9.52) 1 (6.3) 0 (0) 
 Germany 2 (9.52) 2 (12.5) 2 (15.4) 
 Chile 1 (4.76) 1 (6.3) 1 (7.69) 
 Portugal 1 (4.76) 1 (6.3) 1 (7.69) 
 France 1 (4.76) 1 (6.3) 1 (7.69) 
Sector*     
 Academia (across disciplines) 10 (47.6) 6 (37.5) 5 (38.5) 
 Government 5 (23.8) 4 (25.0) 4 (30.8) 
 Consulting 5 (23.8) 4 (25.0) 4 (30.8) 
 Research institute 3 (14.3) 3 (18.8) 2 (15.4) 

*For sector, one participant met two relevant sectors 
ⁱ In Rounds 2 and 3 %N indicative of retention rate from previous round, but % on other 
categories relative to N of the representing round.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Self-rated expertise of experts (based on Round 3 expert panel).  
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B.11 Final best-practice recommendations – Supplemental II  

Aspect of CC Recommendation 

Definitions of concepts and terms  
1 It is essential to define and refer to the essential concepts related to the assessment, 

including holistic, carrying capacity, indicator, and acceptable change (threshold) 
• Definitions should be specific and relevant to the user-groups and 
focus/purpose of the carrying capacity assessment 
• All definitions should be justified with relevant reference to literature or 
source 

Inclusion of relevant scale(s)  

2 Assessments should include all scales relevant to the social-ecological system. 
• In addition to the local area scale (farm, cage, community etc.), the physical, 
production, social, economic, and ecological of the larger area domain (at the 
wider basin or bay-scale) may need to be included. 

3 The scales included in the assessment should be determined by the specific goals 
and contexts of the carrying capacity assessment 

Depth and breadth of stakeholder involvement  
4 Carrying capacity assessments should be designed to engage the relevant 

stakeholders to participate throughout the CC process as appropriate 
•Should ensure that all relevant groups are adequately represented and given 
opportunities to input and participate in the process 
•Involved or considered at all stages and steps of the process 
•Including processes for ongoing communication and feedback 

5 Carrying capacity assessments should clearly define the roles and responsibilities of 
each stakeholder, recognizing that not all stakeholders will have the same 
responsibilities. 

•Roles and responsibilities will vary depending on the contexts, purpose of the 
CC assessment, and/or the indicators chosen 

Identifying and assessing carrying capacity   

6 Carrying capacity assessments should focus on selecting as few, important 
indicators as relevant to the assessment objectives and priorities 

7 Indicators to include should be selected by balancing trade-offs in cost, relevance, 
reliability, and complexity 

•Cost - based on the money, time, and human resources needed to measure, 
monitor, and assess a given indicator 
•Relevance - the degree to which indicators link to management objectives, 
and can indicate changes pinpointed to aquaculture 
•Reliability – the degree to which we can understand and predict the indicator 
reasonably well 
•Complexity – based on the degree of data, expertise, etc. needed to measure 
•Relative weights of each features (e.g. trade-offs) determined through scoping 

8 Carrying capacity assessments should use both a combination of universal 
indicators and context-specific indicators 
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9 Multiple types of thresholds are potentially relevant for CC assessment, but will 
vary depending on the indicator chosen 

•Types of thresholds include: 
•Absolute thresholds: reflect natural tipping point in system. 
•Relative thresholds: reflect what is acceptable by societal norms and 
perceptions 
•Flexible thresholds: present a range of values for indicators 
•Precautionary thresholds: set what is acceptable lower than calculated 
threshold 
•CC assessments should also provide a clear justification and definition for the 
use ofa given type of threshold based on the specific indicator 

10 A holistic assessment of carrying capacity requires using a combination of 
quantitative and qualitative tools and information 

•Considering a broad array of tools to measure both ecological and socio-
economic data 
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B.12 Results of Delphi Rounds – Supplemental III 
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APPENDIX C. CHAPTER 4 RESEARCH MATERIALS 
 
C.1 Advertising flyer for recruitment  
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C.2 Example social media post for recruitment  
 
What do you think about salmon farming in Nova Scotia? 
 

The survey will only take 5 - 10 minutes, and you can win one of ten $25.00 gift cards to 
a retailer of your choice! 
 
 
Please pass this along to family and friends in Nova Scotia who you think might be 
interested. Hope to hear from you and thank you very much! 
https://surveys.dal.ca/opinio/s?s=56658 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://surveys.dal.ca/opinio/s?s=56658
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C.3 Online consent page  
 
 
Survey - Understanding public perception of salmon framing in Nova 
Scotia  
 
This project is led by Jenny Weitzman, a PhD student at Dalhousie University 
and is funded through the Ocean Frontier Institute. Your participation is 
voluntary, and you may withdraw from the survey at any time prior to completion. 
No personally identifying information will be collected, and all responses 
will be confidential.  
 
This online survey should take about 5 minutes to complete.   
 
The survey will ask you questions related to your values towards the ocean, and 
your opinions towards salmon farming in Nova Scotia. You will also be asked to 
provide demographic information about your age, gender, employment and 
income. If at any time you feel you can’t answer a question, or if a question 
makes you uncomfortable, please feel free to skip it. 
 
 
For any questions, concerns, or more information about the study, please contact Jenny 
Weitzman (jenny.weitzman@dal.ca, (902)209-2935). The results of this study will be used for 
academic purposes only. This research has been reviewed according to the Dalhousie University 
Research Ethics Board (REB). If you have any ethical questions, you can contact them at (902) 
494-1462, or email: ethics@dal.ca (and reference REB file # 2020-5070). 
 
 
Before you begin, please click the following buttons, agreeing that: 
 

� I have read the above information explaining the study. I understand that 
participating is my choice, and that I may leave the survey any time 
before completion. 
 

� I am at least 18 years of age. 
 

� I am currently living within Nova Scotia. 
 

� This is the first time I have completed this survey, either in person or 
online. 

 
 
If you have accepted all the items above, please click “Next” to begin the survey. 
Selecting the “Cancel” button at any time will end the survey.  
 
 

mailto:jenny.weitzman@dal.ca
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C.4 Online survey 
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C.5 Overview of survey variables – Appendix A from publication 
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C.6 Detailed survey responses – supplemental B from paper
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C.7 Comparative statistics – Supplemental C from paper 
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C.8 Regression model results – Supplementary D from paper
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C.9 Distribution of survey results by county  
 

 
 
Figure C.1 Location of survey responses by county, where size of pie charts indicates 
number of respondents, and colours represent rural or urban designation 
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APPENDIX D. CHAPTER 5 AND 6 RESEARCH 
MATERIALS  

D.1 Methodological flow chart  
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D.1  Full methodological process for local responses to salmon farming conducted  

in Chapter 5 and 6.  

 

 



 

310 

 

D.2 Recruitment e-mail 
------------------------------------------------------------------------------------------------------------------------------ 
Hello, 
 
My name is Jenny Weitzman and I am an interdisciplinary PhD candidate at Dalhousie University (supervised 
by Jon Grant and Ramon Filgueira).  
 
We are looking for people who may be interested in participating in a research study looking at 
understanding stakeholder perceptions about salmon farming in Nova Scotia. This research is being 
conducted by myself and is part of a larger research programme on sustainable aquaculture funded through 
the Ocean Frontier Institute and Dalhousie University.  
 
Your opinions would contribute greatly to improving our understanding of the social benefits and risks of 
salmon farming in Nova Scotia.  
 
Who are we looking for? 
 
This research is looking to recruit participants that can represent the perceptions from different stakeholder 
groups who are affected or concerned with marine salmon farming in [Insert Community]. To participate, 
you must possess a baseline familiarity with salmon farming activities around [Insert Community], and 
familiarity with the social and economic contexts of [Insert Community], to a level you would be comfortable 
expressing your opinions about them.  
 
What will you be asked to do? 
 
Should you agree, you will be asked to provide approximately 1 hour of your time to participate in an 
interview consisting of a questionnaire and follow-up questions. Briefly, you will be asked questions 
regarding your experiences and opinions of salmon aquaculture relative to [Insert Community].  
 
When and where? 
 
The study will run between May and September 2020. Amid the global COVID-19 pandemic, interviews will 
be conducted either by telephone or remotely using video-calling (Skype, Zoom, etc.). This research 
complies will all public health advice (Nova Scotia Public Health and Public Health Canada) to ensure 
participant health and safety.  
 
Interested in participating? 
 
If you are interested in participating, know someone who may be interested in this study, or would like to 
know more, please e-mail  me at jenny.weitzman@dal.ca or call me at (902)209-2935. I have attached a 
research summary detailing further information about this study. I would be happy to answer any questions 
or provide further details of this study. 
 
Thank you for your interest,  
 
Jenny Weitzman  
 
Interdisciplinary PhD Candidate 
Marine Affairs Program, 
Dalhousie University, Halifax, Nova Scotia 
Jenny.weitzman@dal.ca | ( 902)209-2935 
 

https://oceanfrontierinstitute.com/
https://novascotia.ca/coronavirus/#protect
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/guidance-documents.html
mailto:jenny.weitzman@dal.ca
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D.3 Research study summary and informed consent form  
 
  
 
 
Project title 
Understanding stakeholder perceptions of salmon farming: A cross-case comparison in Nova 
Scotia  
 
Lead researcher 
 
Jenny Weitzman [PhD Candidate] 
Interdisciplinary PhD, Marine Affairs Program, Dalhousie University, Halifax, Nova Scotia 
E-mail: jenny.weitzman@dal.ca      Phone: (902) 209-2935 
 
Other researchers 

Dr. Ramon Filgueira [supervisor] 
Marine Affairs Program, Dalhousie University, 
Halifax, Nova Scotia 
E-mail: ramon.filgueira@dal.ca  
Phone: (902) 414-1218 

Dr. Jon Grant [supervisor] 
Department of Oceanography, Dalhousie 
University, Halifax, Nova Scotia 
E-mail: jon.grant@dal.ca  
Phone: (902) 494-2021  

 
Funding provided by: This study is part of PhD research, funded through the Ocean Frontier 
Institute. The lead researcher is also funded through a Natural Sciences and Engineering 
Research Council of Canada Postgraduate Scholarship and a Killam Predoctoral Scholarship. 
 
Purpose and Outline of the Research Study 
 
This research looks at stakeholder attitudes of salmon farming across local communities in Nova 
Scotia. In particular, this study seeks to compare preferences and opinions across three coastal 
communities in Nova Scotia where salmon farming development has been considered. A 
comparative analysis between communities and stakeholders with different opinions of 
aquaculture will help explore factors that influence the social acceptance or opposition towards 
aquaculture. The outcomes of this research study will help identify what issues are relevant to 
stakeholders and identify relevant social indicators of acceptance or opposition towards salmon 
farming in Nova Scotia. This research is part of a larger PhD project looking at developing a 
framework to measure and understand the natural, economic, and social limits of salmon 
aquaculture in Atlantic Canada. 
 
Who Can Take Part in the Research Study 
 
You may participate in this research if you identify with, and feel that you are able to represent 
the views and experiences of one of the following groups: 1) government, 2) wild-capture 
fisheries, 3) non-governmental organizations, 4) tourism industry, or 5) salmon farming industry.  
 

mailto:jenny.weitzman@dal.ca
mailto:ramon.filgueira@dal.ca
mailto:jon.grant@dal.ca
https://oceanfrontierinstitute.com/
https://oceanfrontierinstitute.com/
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To participate, you must possess a baseline familiarity with salmon farming activities around 
[Insert Community], and familiarity with the social and economic contexts of [Insert 
Community], to a level you would be comfortable expressing your opinions about them.  
 
What You Will Be Asked to Do 
 
To help us understand how key stakeholders feel about salmon farming in [Insert Community] 
and what factors influence their attitudes, you will be asked to participate an interview with the 
lead researcher. During the interview, you will first be asked to complete a self-administered 
paper questionnaire. You will then be given the opportunity to expand on your responses and 
identify additional considerations not listed in questionnaires. 
 
The interview will take approximately 1.5 hours to complete. Interviews will consist of questions 
to related to your i) priorities and interests for coastal development in [Insert Community], ii) 
experiences with, and understanding of salmon aquaculture in [Insert Community], iii) attitudes 
towards salmon aquaculture and its various risks and benefits, and iv) preferences for salmon 
aquaculture development and priorities for improvement of the industry.  
 
Amid the global COVID-19 pandemic, interviews will be conducted remotely by telephone or 
Skype for Business. This research complies will all public health advice (Nova Scotia Public 
Health and Public Health Canada) to ensure participant health and safety. If advice allows, 
interviews may also occur face-to-face, in person, at a location and time that is suitable to you.  
 
Possible Benefits, Risks and Discomforts 
 
Participating in this study will not directly benefit you, but your opinions and views may help us 
learn things that could benefit you or others. Your opinions, viewpoints, and experiences shared 
in this study will contribute to knowledge about how different stakeholders perceive salmon 
aquaculture across coastal communities, and help generate recommendations to improve 
decision-making and planning for salmon aquaculture in Nova Scotia. 
 
The risks associated with this study are minimal. Salmon farming is a controversial topic in Nova 
Scotia, and all precautions will be taken to reduce the risks associated. The risk of potential 
misrepresentation of your organization’s values and opinions will be minimized through the 
publication of summary results only. Given the small size of sampling groups, there is potential 
risk of re-identification. To minimize this, your responses will be anonymized, and the 
publication of this research will not identify individuals or organizations. In addition, your 
comfort and preferences for meeting spots will be accommodated. If you at any point become 
fatigued, bored or uncomfortable with the interview process, you may terminate the process.  
 
Compensation / Reimbursement 
 
We thank you for your time and involvement, but will not be able to provide any compensation 
for your participation in this study.  
 
How your information will be protected 
 

https://novascotia.ca/coronavirus/#protect
https://novascotia.ca/coronavirus/#protect
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/guidance-documents.html
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Your personal information, including your name, e-mail, phone number and organization 
affiliation will be kept for internal records and contacting purposes only. Your identity and 
participation in this study will be known only by the lead researcher.  
 
When results are shared, only aggregated results by broad stakeholder group and community 
will be shared. Following the completion of the study, we will describe and share our group 
findings in a research paper and at conferences or university presentations. If you allow us to 
use quotes, we will carefully screen quotes to remove any contextual information that could 
potentially identify you, as well as confirm your approval of the quote before publication.  
 
This means that you will not be identified in any way in our reports.  
 
The research team that has access to your information has an obligation to keep your 
information private. We will use a participant number (not your name) in our written and 
computerized records so that the information you provide is not associated with your name or 
organization. All your identifying information will be kept in a separate file, in a secure place. All 
electronic records will be kept secure in a password-protected, encrypted file on a USB device. If 
the interview is audio-recorded, the recording will be stored on an encrypted USB and 
destroyed immediately after transcription. All raw data from interviews and questionnaires will 
be retained for a maximum duration equivalent to the publication of the researcher’s PhD thesis 
(estimated August 2021). 
 
If You Decide to Stop Participating 
 
You are free to leave the study at any time, until October 31, 2020. If you decide to stop 
participating at any point in the study, you may decide whether you want the information you 
have contributed to be removed or if you will allow the use of that information. After October 
31, 2020, it will become impossible for us to remove your responses since they will have been 
analyzed.  
 
How to Obtain Results 
 
We will provide you with a summary report of group results when the study is complete. This 
summary may also be made publicly available through the Ocean Frontier Institute Module M 
website – Social Licence and Planning in Coastal Communities (https://coastalfutures.ca). The 
results of this study will also be published as part of a PhD doctoral thesis which will be made 
available through Dalhousie’s online catalogue.  
 
Questions   
 
We would be happy to answer any questions or concerns you may have about your participation 
in this research. Please contact Jenny Weitzman (902-209-2935, jenny.weitzman@dal.ca) at any 
time. We will contact you if any new information emerges which could affect your decision to 
participate.  
 
This research study has been reviewed and approved by the Research Ethics Board at Dalhousie 
University. If you have any ethical concerns regarding your participation in this research or in 

https://coastalfutures.ca/
mailto:jenny.weitzman@dal.ca
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the research study, you may contact Research Ethics, Dalhousie University at (902) 494-1462, or 
e-mail: ethics@dal.ca (and reference REB file # 2020-5071). 
 
 
Informed Consent Form  
 
Project Title:  
Understanding stakeholder perceptions of salmon farming : A cross-case comparison in Nova 
Scotia  
 
Lead Researcher:   
Jenny Weitzman [PhD Candidate] 
Marine Affairs Program, Dalhousie University, Halifax, Nova Scotia 
T: (902) 209-2935   |   E: jenny.weitzman@dal.ca 
 
Other researchers: 
Dr. Ramon Filgueira [supervisor] 
Marine Affairs Program, Dalhousie University, Halifax, Nova Scotia 
 
Dr. Jon Grant [supervisor] 
Department of Oceanography, Dalhousie University, Halifax, Nova Scotia 
  
            Print name  
 
I, ___________________________ have read the Summary Document that outlines the 
explanation and purpose of this research study, including how my information will be used and 
protected. I have been given the opportunity to discuss the study and my questions have been 
answered to my satisfaction. I understand that I have been asked to take part in an interview 
and questionnaire. I understand that by signing below, I am agreeing to take part in this study. I 
understand that my responses will be kept anonymous and my information confidential. I 
understand that my participation is voluntary and that I am free to withdraw at any point in the 
study, until October 31, 2020.  
 
 
_______________________________                               ___________ 
Signature      Date (dd/mm/yy) 
 
 
I agree that my interview may be audio-recorded.                      Yes   No    
 
I agree that direct quotes from my interview may be used 
without identifying me.              Yes   No    
 
 
 
_______________________________                               ___________ 
Signature      Date (dd/mm/yy) 

mailto:ethics@dal.ca
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D.4 Questionnaire  
 
This questionnaire is divided in four sections. Please answer all the questions to the best of your ability. If you 
have any questions, the interviewer is free to provide any clarifications about the question. When you are 
finished, the interviewer will ask a few follow-up questions on your answers.  
 
Section 1 – Priorities and interests 
 

1. Please rank the importance of the following ocean and coastal benefits, relative to 
your area. 

         
 Not 

important 
Somewhat 
important 

Moderately 
important 

Very 
important 

Providing food ☐ ☐ ☐ ☐ 

Supporting jobs and economic development ☐ ☐ ☐ ☐ 
Long-term productivity of marine resources 
(fish, natural resources) 

☐ ☐ ☐ ☐ 

Supporting biodiversity ☐ ☐ ☐ ☐ 
Habitat for important plant and animal 
species 

☐ ☐ ☐ ☐ 

Visual quality of the ocean (sight, smells, feel) ☐ ☐ ☐ ☐ 

Supporting spiritual and cultural experiences ☐ ☐ ☐ ☐ 
Providing recreation and community 
activities 

☐ ☐ ☐ ☐ 

 
2. From the list below, please select the top 5 issues you believe are currently the most 

important in planning for the community’s future related to marine/ocean 
development, with 1 being the most important, and 5 being the least important.  

   ____ Increase business opportunities 
____ Diversify economy  
____ Job and income generation 
____ Encourage sustainable development 
____ Protect natural resources 
____ Preserve biological diversity 
____ Promote mixed-use development  
____ Preserve and protect viewsheds 
____ Protect private property rights 
____  Other (describe) 

            __ 
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3. Please rate the amount of influence each of the following marine-related sectors 
currently have on your day-to-day life (based on how much interaction you have 
with these sectors either at work or in your personal life).  

 
 No 

influence 
Minor 
influence 

Considerable 
influence 

Major 
influence 

Fisheries ☐ ☐ ☐ ☐ 
Aquaculture ☐ ☐ ☐ ☐ 
Oil and gas ☐ ☐ ☐ ☐ 
Marine shipping ☐ ☐ ☐ ☐ 
Navy or Coast Guard ☐ ☐ ☐ ☐ 
Coastal Tourism ☐ ☐ ☐ ☐ 
Ocean and/or coastal recreation ☐ ☐ ☐ ☐ 
Coastal housing development ☐ ☐ ☐ ☐ 
Marine research ☐ ☐ ☐ ☐ 
Coastal and/or marine conservation ☐ ☐ ☐ ☐ 
Other (Please identify) :  ☐ ☐ ☐ ☐ 

 
4. Please rate the amount of influence each of the following marine-related sectors 

currently have for this community. 
 

 No 
influence 

Minor 
influence 

Considerable 
influence 

Major 
influence 

Fisheries ☐ ☐ ☐ ☐ 
Aquaculture ☐ ☐ ☐ ☐ 
Oil and gas ☐ ☐ ☐ ☐ 
Marine shipping ☐ ☐ ☐ ☐ 
Navy or Coast Guard ☐ ☐ ☐ ☐ 
Coastal Tourism ☐ ☐ ☐ ☐ 
Ocean and/or coastal recreation ☐ ☐ ☐ ☐ 
Coastal housing development ☐ ☐ ☐ ☐ 
Marine research ☐ ☐ ☐ ☐ 
Coastal and/or marine conservation ☐ ☐ ☐ ☐ 
Other (Please identify) :  ☐ ☐ ☐ ☐ 

 
Section 2 – Experiences with aquaculture 
 

5. Overall, how would you rate your interaction experiences with salmon aquaculture in 
this area? 

☐Very dissatisfied ☐Dissatisfied ☐Neither dissatisfied 
nor satisfied 

☐Satisfied ☐Very satisfied 
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6. In what ways have you interacted with the industry? Please select all that apply. 

☐Site visit  
☐Direct communication with industry personnel 
☐Indirect communication through industry associations or government 
☐Through community meetings or events (e.g. open houses, town halls) 
☐None of the above  
☐Other (describe) : _____________ 

 
7. Please rate the extent to which you agree or disagree with the following statements 

about how the salmon farming industry engages with your stakeholder group.  
 Strongly 

disagree 
Disagree Neither 

disagree 
nor agree 

Agree Strongly 
agree 

We as stakeholders have the 
opportunity to participate in the 
decisions about aquaculture 

☐ ☐ ☐ ☐ 
☐ 

We as stakeholders have the 
opportunity to voice their 
concerns about aquaculture 

☐ ☐ ☐ ☐ ☐ 

The aquaculture industry listens 
and respects our opinions 

☐ ☐ ☐ ☐ ☐ 

The aquaculture industry is 
prepared to change its practices in 
response to our sentiments 

☐ ☐ ☐ ☐ ☐ 

 
8. Please rate the extent to which you trust the provincial and/or federal government’s 

commitment to the following aspects of aquaculture management/development. 
  Not at all Not very 

much Somewhat A moderate 
amount 

A great 
deal 

Transparency of information   ☐ ☐ ☐ ☐ ☐ 
Communication/ 
engagement 

☐ ☐ ☐ ☐ ☐ 

Monitoring and enforcement 
of industry 

☐ ☐ ☐ ☐ ☐ 

Meeting expectations and 
realizing promises 

☐ ☐ ☐ ☐ ☐ 

 
9. Please rate the extent to which you trust the salmon farming industry’s 

commitment to the following aspects of aquaculture management/development.  
 

 Not at all Not very 
much Somewhat A moderate 

amount 
A great 
deal 

Transparency of 
information   

☐ ☐ ☐ ☐ ☐ 

Communication/ 
engagement 

☐ ☐ ☐ ☐ ☐ 
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Monitoring and 
enforcement of 
industry 

☐ ☐ ☐ ☐ ☐ 

Meeting expectations 
and realizing promises 

☐ ☐ ☐ ☐ ☐ 

 
10. Please rate on a scale of 1 to 5 how knowledgeable you are about salmon farming in 

general. 
Very limited knowledge    Very knowledgeable 

1 2 3 4 5 
☐ ☐ ☐ ☐ ☐ 

 
11. Please rate on a scale of 1 to 5 how informed you feel you are about salmon farming 

in this area. 
Not informed at all    Very well informed 

1 2 3 4 5 
☐ ☐ ☐ ☐ ☐ 

 
12. Are you interested in knowing more about salmon farming 

☐Yes     ☐No 
 

13. Which of the following sources do you get your information about salmon farming from? 
Select all that apply.  

☐Government     ☐Aquaculture industry  
☐Science institutions or scientists ☐Environmental NGOs 
☐Friends and/or family   ☐News (TV, radio, online) 
☐Social media and websites  ☐Experience and observations 
☐Other (describe): ________________ 

 
14. Please rate the extent to which you trust of the following sources to provide credible 

information about the salmon farming practices in this area.  
 

 Not at all Not very 
much Somewhat A moderate 

amount 
A great 

deal 
Government ☐ ☐ ☐ ☐ ☐ 
Aquaculture 
industry 

☐ ☐ ☐ ☐ ☐ 

Science 
institutions or 
scientists 

☐ ☐ ☐ ☐ ☐ 

Environmental 
NGOs 

☐ ☐ ☐ ☐ ☐ 

Friends and/or 
family 

☐ ☐ ☐ ☐ ☐ 

News (TV, radio, 
online) 

☐ ☐ ☐ ☐ ☐ 
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Social media 
and/or websites 

☐ ☐ ☐ ☐ ☐ 

 
Section 3 – Opinion of salmon aquaculture  
 

15. How would you rate your general opinion towards salmon farming in this area? 
Please select the option that best reflects how you feel.   

 
☐Very negative ☐Somewhat 

negative 
☐Neutral ☐Somewhat 

positive 
☐Very positive 

 

16. Please rate how important you feel the following factors are in influencing or forming 
your opinion about salmon farming in your area.  

 

  Not 
important 

Somewhat 
important 

Moderately 
important 

Very 
important 

A Provision of socio-economic 
benefits 

☐ ☐ ☐ ☐ 

B Distribution of benefits   ☐ ☐ ☐ ☐ 
C Creation of local employment ☐ ☐ ☐ ☐ 

D Transparency of information about 
farming practices 

☐ ☐ ☐ ☐ 

E Communication with stakeholders 
and public 

☐ ☐ ☐ ☐ 

F Visual impact of farms on 
watershed 

☐ ☐ ☐ ☐ 

G Results from environmental impact 
assessment 

☐ ☐ ☐ ☐ 

H Location of farms within the bay ☐ ☐ ☐ ☐ 
I The number and size of cages ☐ ☐ ☐ ☐ 
J Ownership of the industry ☐ ☐ ☐ ☐ 

 
17. Of the above, please select the top three factors (letters A through J) that you 

consider to be the most important 
1 - Click or tap here to enter text. 
2 - Click or tap here to enter text. 
3 - Click or tap here to enter text. 
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18. Relative to this area, please rate what you feel the salmon farming industry’s impacts 
are on: 

19. Of the above, please select the top three positive impacts (letters A through Q) that 
you consider to be the most important relative to salmon farming in this area 

1 - ________ 2 - ________ 3 - __________ 
 

20. Of the above, please select the top three negative impacts (letters A through Q) that 
you consider to be the most important relative to salmon farming in this area 

1 - ________ 2 - ________ 3 - __________ 
 
 
 
 

  Very 
negative 

Moderately 
negative 

Somewhat 
negative Neutral Somewhat 

positive 
Moderately 
positive 

Very 
positive 

A Employment ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
B Youth job 

retention 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 

C Support for 
supply-chain 
businesses 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

D Wage and 
income 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

E Sponsorship of 
community 
events or 
facilities 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

F Regional/Canadi
an economy 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

G Visual character 
of ocean/coast 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

H Access for 
recreation 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

I Marine tourism ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
J Commercial 

fisheries 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 

K Community 
identity and 
culture 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

L Animal welfare ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
M Marine pollution, 

including 
rubbish or debris 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

N Noise and/or 
light pollution 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

O Disease and 
pests (sea lice) 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

P Marine habitat 
beneath cages 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 

Q Protected or 
sensitive marine 
species in the 
area 

☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Section 4 – Development options and strategies 
 

21. Ideally, how would you like to see the development of salmon farming in this area? 
Please select one of the eight scenarios below that best reflects your opinion. 

 
Increase Maintain Decrease 

☐Increase production by 
expanding or adding sites 

☐Maintain current farming 
operations, but improve 
oversight and/or reduce 
risks 

☐Decrease intensity of 
salmon farming by reducing 
the number of fish in cages 

☐Increase production by 
expanding current sites, 
but no additional farms 

☐Maintain farms and 
practices as they are 

☐Decrease intensity of 
salmon farming by reducing 
the number of cages 

☐Increase production, 
but improve oversight 
and/or reduce risks  

 
☐Remove all salmon farms 
from the marine environment 
 

 
22. Please indicate how much change you think is needed in the following areas related to 

how salmon farming is conducted and managed. 

 
 

None Minor 
changes 

Major 
changes 

Extensive 
changes 

A Policy and decision-making process ☐ ☐ ☐ ☐ 

B Community engagement ☐ ☐ ☐ ☐ 

C Stakeholder engagement ☐ ☐ ☐ ☐ 

D Education about aquaculture ☐ ☐ ☐ ☐ 

E Regulations for aquaculture ☐ ☐ ☐ ☐ 

F Planning and siting of farms ☐ ☐ ☐ ☐ 

G Assessments of environmental impacts ☐ ☐ ☐ ☐ 

H Transparency of practices and 
decisions 

☐ ☐ ☐ ☐ 

I Communication of practices and 
decisions 

☐ ☐ ☐ ☐ 

J Science and knowledge about 
aquaculture 

☐ ☐ ☐ ☐ 

23. Of the above, please select the top three areas for change (letters A through J) that 
you consider to be the most important, relative to this area. 

1 - ________ 2 - ________ 3 - __________ 
 
Thank you for completing this questionnaire. Please make sure all questions have been 
answered. When you are satisfied with your responses, please save and return this e-mail to 
jenny.weitzman@dal.ca  
 
 

mailto:jenny.weitzman@dal.ca
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D.5 Interview guide  
 
Thank you for agreeing to speak with me today about your experiences and thoughts on 
salmon farming in this area. Before we begin, did you have any questions about this research, 
or the specific questions you filled out in the questionnaire?  
 
The goal of this interview is to give you the opportunity to expand on any of the aspects 
covered by the questionnaire, and provide any reasoning, or details to explain your thoughts 
and experiences about salmon farming in this area. What I will be doing is going section by 
section building off the questionnaire with some broad overarching questions, that you can 
respond to with reference to your responses. Before we jump into the specific questions, 
would you tell me a little bit about yourself, and your level of familiarity with this area?  
 
Section 1 – Priorities and interests 

1. In what ways are the ocean and coast in this area important to you? 
2. As it relates to development in this area, what issues or sectors do you think should 

be the priority? Explain your answer. 
 

Section 2 – Experiences with aquaculture 
3. Why have you been satisfied or dissatisfied with salmon aquaculture in your area? 
4. How do you think stakeholders and/or community should be engaged within 

decisions related to aquaculture in this area? 
5. Overall, do you trust the industry, or the decision-making process for the industry? 

Why or why not?  
6. Is there anything else you would like to say about how or what 

information/knowledge about salmon farming is communicated to you or your 
group? 
 

Section 3 – Opinions of aquaculture 
7. Can you explain your reasons why you answered the way you did in questions 15? 
8. Are there any other benefits or impacts that salmon farming creates in this in this 

area, that you think are important but were not listed?  
 

Section 4 – Development and future outlook 
9. Why do you feel your selected scenario is the best option for this area? 
10.  What specific types of improvements do you think need to be made? 

 

 

 

 

 

 

 



 

323 

 

D.6 Coding of history and experience dimensions 
 
Table D.1 Topics relevant to themes regarding the history and experiences expressed by  

participants in forming their perceptions and opinions to aquaculture.  
 

Theme Topic Examples 
Aquaculture 
experiences 

Direct interactions "I've never had any issues with any of the aquaculture people. 
They're always open to questions. They showed us everything” 
(2873) 

 Industry attitudes and 
culture  

“It's not like they don't have the resources to clean the shore 
up… they can go over to the store on any fine day and clean 
their garbage out. But they have no interest in doing that.” 
(3675) 

Aquaculture 
history  

Local operations  “Years ago, when they promised to build a plant here and didn't, 
they promised that wouldn't use antibiotics and they do.” (9033) 

 Operations elsewhere  “And then obviously there's a lot of bad press as well…that 
mess in Port Mouton and on the west coast where they had a 
big release of fish…” (8655) 

 Industry changes “The industry is doing much better now [about reaching out and 
communicating to other stakeholder groups and community]… 
I think they have learned a lot in the last couple of years on how 
they should be interacting with the community.” (4285) 

Political 
history 

Regulatory changes “There was a time, a number of years ago, when aquaculture was 
not actually controlled or monitored or policed…to the level it 
should have been. And things happened that shouldn't have, and 
the province was not as involved as they are today.” (1685) 

 Governance of other 
industries 

“You can pick up the paper almost every day and there are 
decisions being made by the government that do not include at 
the point in time they should input from the community. You 
can talk about clear cutting, golf club, forestry...” (7199) 

 Local relations with 
the government 

“It’s difficult to maintain trust there because of a lot of past 
incidents where, um, you know, people felt like the government 
has essentially lied to them or they feel like they're acting in bad 
faith as a regulator.” (7931) 

Environmental 
changes 

Changes in habitat 
and species  

“We have to protect what we got first, because what we got 
already is a tenuous situation as it is with the lobster, they have 
been migrating up the coast of the US for decades” (3009) 

 Changing 
oceanography 

“We are increasingly having these bad wind storms that just rip 
up the salmon cages…” (3985) 

Socio-
economic 
changes 

Changing economic 
structure 
 

“We have a debt load that will take a generation to pay back - 
whats our alternative? We don't have a rail track no more, we 
dont have a ferry to the US…We got scallops but our codfish 
quota is nothing…” (2667)  

 Changing community 
values 

“Here in Queens county, I see that more and more we're 
becoming self-sufficient we're not relying on anywhere else to 
get our food. There's, you know, many people garden and raise 
their own animals.” (9936) 

 

 

 

 

 



 

324 

 

D.7 Coding of values dimensions  
 
Table D.2 Topics relevant to themes regarding the values expressed by participants in 

forming their perceptions and opinions of aquaculture.  
 

Theme Topic Examples 
Environmental 

Values 
Conservation and 
protection 

“If you compromise the nursery, you compromise the entire 
system. That is the biggest mistake that we can make, by not 
recognizing that those small creatures that play such an 
important role.” (2011) 

   
 Bequest for future “What we're, uh, preparing to do for our children and our 

children's children is make sure that they can live on this 
planet. And that's, that's just an element of it.” (1349) 

Governance Community 
empowerment 

“I think the, that the community... we have a voice, you know, 
it's, the government does have, shouldn't be allowed to make 
decisions for a community that clearly does not want open pen 
fish farms.” (4448) 

 Serving people “But they [government] have lied, they are implicated, they are 
propagandists rather than serving the people that they have 
been sworn in to serve.” (5128) 

 Effective use of 
resources 

“I just feel that we have to be fair and protect the environment, 
but utilize it for everything for all its potential.” (4567) 

 Use of ocean space 
(property rights) 

“So I think we have a right, and we were here long before the 
fish farm.” (4448) 

    
 Well-being and quality 

of life 
“That isn't the goal - the goal is happiness, quality of life and 
standard of living.” (5138) 

 Self-sufficiency “Our world is going to more natural, you know, grow your 
own produce for yourself. Here in Queens county, I see that 
more and more we're becoming self-sufficient we're not relying 
on anywhere else to get our food.” (9936) 

Sustainability Long-term 
productivity 

“people in our area that are concerned because if everything is 
used, there is nothing left for the future, nothing left for the 
grandchildren or anyone” (1165) 

 Balance of ecological, 
social and economic 
goals 

“But it's getting that happy medium in there and that, yes, yes, 
there are crooks, but they're not the end-all. And, um, but are 
communities out the end-all either because the community 
eventually will die if we don't have what we need here as so, 
and we'll need to be moving forward.” (9033) 

 Earth-centered “let's do it in, uh, uh, ecological way in a more sustainable way. 
Um, so we're saving the environment for the natural fish and 
wild fish that are out there, and let's create an environment 
somewhere for our farmed fish.” (8655) 
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D.8  Coding of relationship dimensions 
 
Table D.3  Topic and themes regarding relationships with place by participants 
 

 Theme Topic Examples 
Priorities for 
development 
in area 

Economic 
development/growth 

“So talking about Liverpool Harbor, it could be vibrant, alive, 
active on many fronts. So the increased business opportunities, job 
and income generation would help, uh, encourage sustainable 
development” (4567) 

 Local population 
growth 

“We're a province, that's declining. So it's important for us to 
grow our population here. And one of the things we have to offer 
is, you know, come and live next to the ocean. So the aesthetics of 
our county is huge.” (9936) 

 Economic 
diversification 

“we want to be able to attract a variety of industry and job 
opportunities that is obvious - we don't want to be totally 
dependent on fishery. We want to be able to attract small business 
to the area to provide a more diversified employment opportunity 
for people living here but we can't really separate most of that 
from our proximity to the ocean.” (7199) 

 Priorities for change “We've relied on those traditional industries for a very long time. 
We need to change…We have been a community that has not had 
priorities on change or on education, although that's changing 
now…” (4285) 

 Protect existing 
livelihoods 

“We have to protect what we got first, because what we got 
already is a tenuous situation as it is with the lobster It's wise to 
focus on what we already have.” (3009) 

 Small-scale industries “My number is to promote and support small scale industry with 
regards to marine and ocean development. When you start to 
focus on small, smaller models, and scale, its easier to see the 
implications of what you are doing and do the adjustments” (5128) 

 Conserve 
environment 

“Well, I think it's much the same as, uh, you know, our whole 
coast. Uh, we need to look after our coastal areas.” (6877) 

Meanings of 
place 

Livelihoods Well, people spend about 10-20 times as much time in a boat than 
they do in a car might be a first step. The local economy is almost 
entirely fishing and what's left over is people to enjoy the natural 
environment. Everything is very important, we are an ocean 
community (3009) 

 Personal identities “I am the water…The marine life is traditional, it is cultural, it is in 
the fibre of the people who live here and in everything we do, our 
language and what we eat, and what we think…” (5128) 

 Social fabric of 
communities 

“I guess my community means a lot to me. You know,  when 
something happens, everybody kind of pitches in and helps 
someone another. So it's, you know, it's pretty close knit 
community around here. And a lot of there's a lot of small 
businesses and stuff like that. Everybody tries to help one 
another.” (3675) 

 ‘Natural’  “It’s a beautiful place. There are a lot of people who visit here and 
then ended up moving here because of the attractive, nature of 
living in a seaside environment and I think it's a relatively 
unspoiled environment.” (6048) 

 Ocean as ‘playground’ “The coast was also our playground…It was the place where 
everyone went instead of the school yard or whatever to play 
together.” (5058) 

 Habitat “It's a nursery for everything that lives in the ocean.  If you 
compromise the nursery, you compromise the entire system.” 
(3009)  
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D.9 Additional insights from case studies 
 
Detailed history of case study areas 
 
Given journal paper restrictions, additional contexts that were used to build case study 
contexts and histories for each area are provided below, including secondary data sources to 
build a rich historical context within each case study area.  
 
Digby 
 
The Digby area is located in western Nova Scotia, and includes the historic Town of Digby, 
and the rural communities within the Municipality of the District of Digby. The Town of 
Digby is governed by a Town Council consisting of a mayor and four councillors. Numerous 
federal and provincial services for the County are located within the Town of Digby. The 
rural communities that make up the Municipality of the District of Digby are governed by an 
elected council made up of five district councillors, one of whom is selected to take a lead 
role as a warden. Within the Municipality of the District of Digby, two of five Electoral 
Districts (District 3 and District 4) are relevant to the case study area and include a 35 km 
narrow peninsula encompassing the regions known as Digby Neck, Long Island and Brier 
Island that are nestled between the Bay of Fundy and St. Mary’s Bay.  
 
The Town of Digby was semi-settled by New England immigrants in the 1760s, but only 
formally settled in 1783 by United Empire Loyalists. Since that time, the Digby area has 
relied on traditional industries including fishing and forestry. By the end of the 19th century, 
Digby area had been established as tourist destinations. Today, St. Mary’s Bay is situated 
within Canada’s most lucrative lobster fishing zones., landing 20,907 tonnes of lobster worth 
$361 million for the 2019-2020 season (Comeau, 2021). The inshore lobster fishery is the 
primary employer and economic driver in the area, also supporting economic spinoffs 
related to the industry (e.g., boatbuilding, suppliers, trucking). Yet, the rural population has 
faced consistent population declines since the 1940s.  
 
The geographical area of Digby is the most active area for salmon farming in the province, 
which have been active since the mid 1990s, with clusters both in the Annapolis Basin 
adjacent the town of Digby (Figure D.1) and St. Mary’s Bay near to the communities of 
Westport and Lockport. In 1996, six sites were operational throughout the area. In the early 
2000s, New Brunswick company Cooke Aquaculture began operations in Nova Scotia, 
taking ownership of many of the leases in the Digby area. In 2011, two new sites were 
established in St. Mary’s Bay, each the largest in the area at around 42 hectares. In 2019, 
Norwegian conglomerate Cermaq was granted the option to explore expanding their 
operations into Nova Scotia and began pursuing lease options in four areas in the province, 
including St. Mary’s Bay. However, in April 2020, Cermaq announced that they were unable 
to find the necessary 15-20 sites across the province and decided not to move forward with 
the expansion. In Digby, opposition has formed among several rural communities (Figure 
D.3B), including an organized group of citizens have formed the advocacy group St. Mary’s 
Bay Protectors (https://protectourbay.ca/). This group regularly holds community meetings 
regarding salmon farming activity and proposals in the area.  
 

https://protectourbay.ca/
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Figure D.3  Photos of Digby case study area, showing A) fishing community on Long  

Island, B) visual anti-farm sentiments of residents, and C) view of a fish farm 
from the road (Town of Digby). Photos taken by ©Kyla Smith, 2022 

 
 
Shelburne  
 
Shelburne Harbour is located along Nova Scotia’s South Shore, including the Town of 
Shelburne and the Municipality of the District of Shelburne, located in Shelburne County, 
Nova Scotia. The Town of Shelburne is governed locally by an elected council consisting of 
a mayor, deputy mayor and three town councillors. The Municipality of the District of 
Shelburne is governed by an elected council of seven district councillors (Districts 2 and 3 
encompassing the study area), and one selected lead as warden. 
 
The Town of Shelburne is a historic area, with many buildings dating back to when Loyalist 
settlers arrived in 1783 at the end of the American Revolution (Figure D.2A). Once the most 
extensive settlement for near to 16,000 loyalists, the population dwindled throughout the 
1800s as they settled across the province, although many descendants of the original 
Loyalists still live in the area today. The numerous historic places along the Shelburne 

A) B) 

C) 
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harbourfront (Figure D.2B) have been used as the site for film productions over the years. 
Historically, shipbuilding has also been a significant industry, hosting a newly renovated 
shipbuilding facility in Shelburne in 2011. Fishing remains the primary employer in the area, 
with approximately 9.5 million pounds of fish passing through the port annually. Other 
economic activities include tourism, aquaculture, fish processing, and the manufacture of 
barrels, granite monuments, and marine supplies. The Town of Shelburne and surrounding 
areas are also active coastal housing development, attracting many seasonal and retired 
homeowners from across Canada. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure D.4  Photos of Shelburne case study area, showing A) loyalist influences on  

Shelburne harbourfront, B) the picturesque viewscape of historic Town of 
Shelburne, and C) view of fish farm from town. Photos taken by © Kyla 
Smith, 2022  

 
Shelburne has been a centre of aquaculture presence in rural Nova Scotia. One of the main 
regional offices for the Nova Scotia Department of Fisheries and Aquaculture operate out of 
Shelburne. In addition, the Shelburne Campus of the Nova Scotia Community College has 
training programs for aquaculture. Salmon farming began in Shelburne Harbour in the 
1990s, with three small sites operating near the Town of Shelburne by 2000 (Figure D.2C). 
In the mid-2000s, Cooke Aquaculture acquired all sites in the area. In 2008, a fourth larger 
site was established on the eastern edge of McNutt’s Island on the outer edge of Shelburne 
Harbour. In 2012, Cooke announced plans to build a processing plant in Shelburne, 
expecting to bring up to 300 jobs to the area. After multiple delays, Cooke was not able to 
get leases and announced in 2016 it will not be going through with the plan. Yet, in 2019 as 

B) A) 

C) 
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part of a larger expansion plan, Cooke announced it is refloating its proposal to build the 
plant in Shelburne. Relative the Shelburne area, the Twin Bays Coalition 
(https://www.twinbays.ca/) was formed following 2018 exploration option by Cermaq 
across Nova Scotia. This organization represents citizens from all along the South Shore, 
and hosts public engagement sessions, disseminates information to citizens, and lobbies 
against government proposals for aquaculture along the South Shore.   
 
Liverpool 
 
Liverpool Bay is located on Nova Scotia’s South Shore, including the Liverpool community 
and surrounding rural towns in the Region of Queens Municipality in Queens County, Nova 
Scotia. Incorporated as a town in 1897, Liverpool and Queens Municipal District voluntarily 
amalgamated in 1996 to form the Region of Queens Municipality. Liverpool remains the 
municipality's administrative centre. The Municipality is governed by an elected council 
consisting of one councillor for each of its seven districts (Districts 2, 3 and 4 encompassing 
the study area), and an at-large mayor. 
 
Following historic declines of a once flourishing shipbuilding industry in the 18th century, the 
area’s prosperity resurged with the establishment of the Bowater Mersey Paper Company in 
1929, which remained the area’s largest employer until it closed in 2012. In recent years, the 
area’s most important economic drivers include tourism, wild fisheries, fish processing, 
forestry-related manufacturing, and retail. In addition, the natural landscape has become 
important economic drivers with a rebranding of the Municipality to the “Queen’s coast”. 
The Liverpool area has several important ecological habitats such as beaches (Figure D.3A) 
and wetlands. At the mouth of the bay lies nature reserve Coffin Island, a nesting ground for 
several bird species including the endangered Harlequin Duck. 
 

https://www.twinbays.ca/
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Figure D.5  Photos of Liverpool case study area, showing A) Popular recreation  

destination Beach Meadows Beach, and B) view of the fish farm from Beach 
Meadows Beach. Photos taken © Jenny Weitzman, 2022 

 
Salmon farming in Liverpool Bay consists of one small salmon farm that has been in 
operation since 2000 and is currently undergoing an application for expansion (Figure D.5B). 
The site is located on the western side of Coffin Island, at the outer edge of Liverpool Bay, 
around 6 kilometres from the mouth of the Mersey River. In 2012, the site was acquired by 
Cooke Aquaculture. In 2019, Cooke announced major expansion plans beginning with the 
expansion of their current site in Liverpool Bay from 4 hectares (14 cages) to 40 hectares (20 
cages). In addition, two additional 40-hectare sites at the mouth of the bay are currently 
under review. This plan would include the first new open-pen salmon farm since the 
moratorium in 2013. In 2018, anti-salmon farming group Protect Liverpool Bay 
(https://www.protectliverpoolbay.org/) was formed representing a group of citizens 
primarily calling on the government to withdraw the Cooke expansion proposal. This group 
has been vocal against open-net pen salmon farming in the province at community events 
and in the media and has led organized salmon farm protests and petitions.  
 
 
 
 
 
 
 

A) 

B) 

https://www.protectliverpoolbay.org/
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D.10 Key points from questionnaire responses 
 
Probing questionnaires were administered to familiarize participants with interview topics 
and provide a structure for interviews. In addition, questionnaire responses provided context 
to interpret interviews. The first section of the questionnaire asked participants about their 
relationship with their local marine areas, and asked them to rate the top priorities for ocean 
and coastal planning and development in their areas. Three priorities consistently emerged as 
most important among participants, including: economic growth, sustainability, and 
safeguarding the environment for resources. However, the order of these priorities varied 
across case study locations (Table D.4).   
 
Table D.4 Participant responses to questionnaires regarding relationship with the area, 
experiences with salmon farming, and perception of the industry across case study areas. 
 

 

  Digby Liverpool Shelburne 
Priorities for the area 
 First choice Economic growth Sustainability Safeguard 

environment for 
resources  

 Second choice Safeguard the environment 
for resources  

Safeguard 
environment for 
resources  

Sustainability 

 Third choice Sustainability Economic growth Economic growth 
Knowledge and awareness of aquaculture 
Types of interactions 
Direct Site visit Majority Minority Very few 
 Industry 

personnel 
All participants All participants Minority 

Indirect Community 
meetings 

Majority Majority Majority 

Knowledge  (median) 4 4 2 
Most popular information sources (reported by over 80% of participants) 
  Government  Aquaculture 

industry  
Friends or family  

  Aquaculture industry  Government  News  
  Experience and 

observations  
Experience and 
observations  

 

   Social media   
   NGOs   
Perceptions of benefits and risks of aquaculture  
Top benefits 
 First choice Employment Employment Employment 
 Second choice Support for supply-chain 

businesses 
Youth retention Wage and income 

 Third choice  Commercial 
fisheries 

Regional economic 
development 

Top risks 
 First choice Marine pollution Marine pollution Disease and pests 
 Second choice Protected or sensitive 

species 
Commercial 
fisheries 

Marine habitat 

 Third choice Disease and pests Protected or 
sensitive species  

Marine pollution 
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The second section of the questionnaire asked participants about their experiences, 
knowledge and awareness of salmon aquaculture. Most respondents had indirect interactions 
with the industry, although varying degrees of direct interactions (i.e., with industry 
personnel or visiting sites) (Table D.4). Most participants in Digby had direct interactions 
with the industry, while less than half of participants in Shelburne had any form of direct 
interactions. Comparatively, all participants in Liverpool reported direct interactions with 
industry personnel, but very few had previously visited a site. Participants also expressed 
different self-reported knowledge levels, with participants in Shelburne reporting low 
knowledge about aquaculture (median = 2 based on a 5-point Likert scale from very limited 
to very knowledgeable), deriving their information primarily from news or family and 
friends. In comparison, both Digby and Liverpool felt they were considerably knowledgeable 
(median = 4), with the most frequent information source being from government, industry, 
and personal observations. Across case study areas, most participants reported receiving 
information about aquaculture from the government, the aquaculture industry, and personal 
experiences and observations (83% of participants).  
 
This section also asked participants about their perceived trust, or confidence, in various 
actors in aquaculture, including the government, aquaculture industry, and information 
sources. Across participants, ratings of trust were generally low for both government and 
industry (Figure D.6). Regarding different sources of information, scientific institutions or 
scientists, as well as environmental NGOs were the most well-trusted sources of information 
about aquaculture (Figure D.7). The aquaculture industry was the least well-trusted source of 
information across participants. The participant’s ratings of trust in government as a source 
of information were inconsistent, including a range of different perceptions of trust. 
Grouping trust ratings based on assigned perspectives (Chapter 6), trust was strongly linked 
to more positive perceptions, as the ‘moving forward’ perspective (i.e., supporters of 
aquaculture) was the only one to have high trust in aquaculture (Figure D.8). 
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Figure D.6. Participants rating of trust in A) Government and B) Aquaculture industry’s 
commitment to various aspects of salmon aquaculture management in Nova Scotia 
 

 

 

 

 

 

 

 

 

 

Figure D.7 Participants rating of trust towards various sources of aquaculture information  

 
 
 

A) 

B) 

0% 20% 40% 60% 80% 100%

Science

Environmental NGOs

News
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Social media

Government

Aquaculture industry

Not at all Not very much
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Figure D.8. Percentage of participant’s within each perspective group with different ratings 
of overall trust (combined industry and government). Ratings based on merged categories 
where Low = not at all + not very much, Somewhat = somewhat, and High = moderate + a 
great deal.  
 
 
The third section of the questionnaire asked participants to rate their opinion on salmon 
aquaculture and their attitude of various potential positive or negative impacts across 
environmental, economic, and social considerations. Participants reflected primarily negative 
attitudes towards aquaculture, with overall opinion ratings being negative, despite different 
perspectives (Figure D.9). Notably, those with a “tolerable” perspective which recognizes 
both negative and positive impacts and considers themselves unaligned in their support or 
opposition for the industry reported that their overall opinion was somewhat negative. When 
asked about specific positive or negative impacts, employment was most recognized as the 
top benefit of salmon aquaculture across all case study areas (Table D.4). Yet, across 
different areas, different benefits were considered most important across case study areas. 
All three case study areas recognized the importance of marine pollution as a top risk from 
aquaculture. Furthermore, issues around disease and impacts on sensitive species were 
important.  
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Figure D.9. Percentage of participants within each perspective group with different overall 
ratings to the question: How would you rate your general opinion towards salmon farming in 
this area?  
 
 
The final section of the questionnaire asked participants on their perceptions regarding 
future of the salmon farming industry in Nova Scotia. First, participants were asked to select 
their optimal scenario for the industry from options that included eight potential scenarios 
ranging from increasing, maintaining, or decreasing the scale of the industry. Of the 
scenarios, five scenarios were selected, although the majority of participants advocated for a 
removal of the industry from the ocean (Figure D.10), and a shift towards land-based 
(Chapter 6). While several participants advocated that the salmon industry should continue 
to grow, many thought that additional oversight was still required for the industry. Likewise, 
majority of participants (over 75%) highlighted the need for major changes in several aspects 
of aquaculture governance in Nova Scotia. Among a list of potential changes, participants 
were asked to rate the top areas they considered required the most improvements/changes 
(Figure D.11). Among those, participants reported environmental impact assessments, 
transparency, communications, and regulations as some of the most important changes 
required.     
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Figure D.10 Pie chart of participant responses to their preferred development scenario for 
the salmon farming industry in Nova Scotia. 
 
 

 
 
 
Figure D.11. Frequency of participants rating different changes for aquaculture that are 
needed within their top three most important changes.  
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D.11 Final codebook (Chapter 6). 
 
Table D.5  Final codebook describing themes and topics across interviews. 
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D.12 Perceptions across perceptual factors and perspectives 

Table D.6 Summary of perceptions related to legitimacy and trust for aquaculture,  
expressed by participants within each perspective. 

 
 

 Not good 
anywhere Not good here Tolerable Moving forward 

Input 
legitimacy - 
Policies and 
procedures 

• Governance is 
corporate-led 

• Ill-informed 
management and 
siting 

• Little 
understanding of 
policy processes 
and decisions 

• Continuous 
process of 
improving 
regulations 

• Experts not 
consulted 

• Government 
motivated by 
growth over 
community 

• Need to consider 
future cost in 
policy 

• Government keeps 
industry 
accountable 

• Industry is only 
profit driven 

• Mismanaged due to 
poor industry 
oversight 

• Concerns over 
corporate 
motivations 

• Need to emphasize 
communication 
processes 

• Underregulated 
and mismanaged 

   

Throughput 
legitimacy – 
Engagement 

and 
interactions 

• Knowledge from 
media and 
operations 
elsewhere 

• Critical 
information is hard 
to find 

• Uncertainty and 
lack of information 

• Positive dialogue 
and relations with 
industry 

• Industry and 
government 
information is 
“propaganda” 

• Consultation is 
“publicity” 

• Little direct 
interactions with 
industry 

• Actors perceived as 
forthcoming and 
open 

• Manipulation of 
engagement 
processes 

• Greater community 
engagement 

• Emphasize 
transparency and 
communication 

• Information 
available (but not 
always accessible) 

   • Critics guided by 
misinformation 

Output 
legitimacy – 
Risks and 

benefits 

• Industry 
problematic 
everywhere 

• Distribution of 
benefits and risks 
locally 

• Way forward for 
global protein 
needs 

• Farms well sited 
and limited 
negative impacts 

• Disease and animal 
welfare concerns 

• Community 
impacts on social 
relations 

• Benefits not 
currently realized 

• Economic 
development to 
revitalize 
communities 

• Risks on natural 
populations 

• Risks to local 
livelihoods 

• Need to put into 
community 

 

• Not a food security 
solution 

 • Uncertainty around 
risks and benefits 

 

Trust 
• Distrust in 
government and 

• Poor trust in 
information 

• Uncertain trust • Interpersonal trust 

 
Corporations 
(beyond 
aquaculture) 

• Distrust in 
government and 
industry 

 • Confidence in 
institutions 
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