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Introduction from the Editors
This issue of the Marine Affairs Technical Series is a compilation of four papers that were presented during the
Sustainable Oceans Conference 2013: Building Bridges in Ocean Management. The conference was held April
12th and 13th at Dalhousie University, hosted by the Master of Marine Management class of 2013 and acted as
a key activity for the Sobey Fund for Oceans. The overarching theme for the conference was “connecting the
science, policy and public spheres” and aimed to create a platform of cross-sectoral dialogue between
government and industry representatives, local citizens, scientists, non-profit organizations, and students.
The four papers included herein represent a snapshot of the work that was presented during the oral and poster
presentation series, which provided an opportunity for students at both the graduate and undergraduate level
to present their work as it related to building bridges in ocean management. The presentations were focused on
three thematic areas: responsible industry practices, stakeholder engagement and public participation, and
communicating information for effective ocean governance. Each paper skilfully addresses a unique ocean
management issue and together they highlight the diverse array of topics that were addressed during the
sessions. Two of the four papers - An Integrated Analysis of The Expansion of Salmon Farming on the Eastern
Shore of Nova Scotia by Avdic et al. and Understanding the Science-Policy Interface: Measuring Use and
Influence of Information in Policy Making by Suzuette Soomai – received awards for their quality and
distinctiveness at the conference.
Suzette Soomai, PhD candidate with the Interdisciplinary PhD Program at Dalhousie University, authored the
first paper included in this series: Understanding the Science-Policy Interface: Measuring Use and Influence of
Information in Policy Making. In recognition that communication and information flow between the scientific
and policy spheres is an important component to sustainable development, this paper sets out to study the
degree of awareness, use and influence of scientific information in the policy-making process. By drawing on
case studies from Trinidad and Tobago, Nova Scotia and the Gulf of Maine this research highlights that marine
and coastal environmental information is most useful in the policy-making process if presented in diverse forms
(i.e. direct or indirect communication, print or digital, reports/summaries/fact sheets) that are targeted to the
specific audience. This paper, which was presented as an oral presentation under the theme of communicating
information for effective ocean governance, aptly defines and seeks to addresses the critical issue of effective
communication between various parties involved in oceans management. Appropriately, Ms. Soomai received
the Building Bridges in Oceans Management award at the conference for this work.
The second paper included in this series is Narwhal co-management in Nunavut: Deepened collaboration
needed to improve partnership, process and outcome by Mirjam Held, a candidate with the Interdisciplinary
PhD Program at Dalhousie University. This paper provides an assessment of the shortcomings of the current comanagement process in place for narwhal management in Nunavut, Canada. Additionally, a series of
recommendations are included, which aim to advance power sharing and knowledge co-production in the
current co-management regime to promote effective management. This paper was presented at the conference
during the poster presentation session under the theme of stakeholder engagement and public participation.
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The third paper is written by Vanja Avdic, Scott Biggar, Karen Devitt, Katie Paroschy, and Robin McCullough, all
of whom are candidates in the Master of Resource and Environmental Management program in the School of
Resource and Environmental Studies at Dalhousie University. Entitled An Integrated Analysis of The Expansion of
Salmon Farming On The Eastern Shore of Nova Scotia, this paper takes an interdisciplinary approach to analyzing
the current conflict related to the expansion of open net-pen salmon farming in Nova Scotia by reviewing the
social-political, biophysical and legal components of this debate. Through thorough analysis of the issue
including a literature review and interviews, the authors conclude that greater respectful communication among
parties and clearer regulations and legislation are essential to alleviating the tensions between all interested
stakeholders. This paper was presented at the conference during the poster presentation session and was the
recipient of the People’s Choice award.
The final paper included herein, Creating A False Shortage Within A Fishery: Can It Be Accomplished And If So
What Are The Benefits?, was written by Dan Mombourquette who is an M.Sc candidate at St. Mary’s University.
This paper theorizes the potential for, and benefits of, creating a false shortage within capture fisheries. The
reasoning for creating a false shortage is explained using both the price-quantity theory of microeconomics and
the theory of fisheries bioeconomics, while case studies of the Spanish hake (merluza sp.) and Canadian silver
hake (Merluccius bilinearis) are presented to articulate the idea. The author concludes by providing a set of
recommendations that would need to be in place to ensure the success of this market-based strategy to
fisheries conservation. This paper was presented as an oral presentation within the theme of responsible
industry practice.
Together these four papers touch on a variety of the concerns that currently plague the oceans, but they
commonly address the need for better communication amongst stakeholders and call upon the oceans
community to develop solutions that are not only innovative and bold, but also encompassing and respectful of
the many groups that depend on the oceans. Both the challenges and recommendations highlighted in these
papers are reflective of common themes that emerged through the various conference events including the
Keynote address, panel discussion, interactive workshop and the ‘dreamboard’. In the words of Sarika CullisSuzuki, the keynote speaker, “our own beginnings come from the ocean, and our survival hinges on its fate. Yet
through overexploitation and misuse, we’ve fundamentally altered it. As we confront this new, endangered
ocean, we must accept accountability, reflect on our collective responsibility, and redefine our relationship with
it.”
We hope that this Technical Series is both thought provoking and encouraging, and that it lends to further
conversations and interdisciplinary discussions on the importance of building bridges in ocean management.
Sincerely,
Jessica MacIntosh and Jenna Stoner
Masters of Marine Management, 2013

4

Informed Governance
Understanding the Science-Policy Interface: Measuring Use and
Influence of Information in Policy-Making
Suzuette Soomaia, Candidate, Interdisciplinary PhD Program
a

Faculty of Graduate Studies, Dalhousie University,
1459 Oxford Street, Halifax, Nova Scotia, Canada, B3H
4R2
email: suzuette.soomai@dal.ca
Suzuette Soomai was a government fisheries scientist in
Trinidad and Tobago and a member of scientific working
groups coordinated by the Food and Agriculture
Organisation (FAO) of the United Nations (UN) and the
Caribbean Regional Fisheries Mechanism (CRFM) for Latin
American and the Caribbean. Suzuette has a BSc (Hons) in
Biology and a Master of Philosophy (MPhil) degree in
Winner of the overall “Building Bridges in Ocean
Zoology from the University of the West Indies, Trinidad
Management” award at the Sustainable Oceans
conference, 2013
and Tobago and a Master of Marine Management (MMM)
from Dalhousie University. She is currently an
Interdisciplinary PhD Candidate at Dalhousie University and her research seeks to understand the role of
fisheries scientific information in policy making within national, regional, and international contexts. Her
research is guided by the Environmental Information: Use and Influence research initiative in the Faculty of
Management. Suzuette joined this research team while working on her MMM graduate project which was a
preliminary study of the scientific information produced by national fisheries departments in association with
the FAO and the CRFM.

Abstract
Strengthening information flow at the science-policy interface is now considered a priority for urgent action to
achieve sustainable development. However, understanding the current role that scientific information plays in
marine environmental policy and decision-making is not commonly considered to be an issue for urgent and
targeted attention. Case studies of governmental organizations producing marine environmental information
demonstrate the use of a suite of methods to gain a comprehensive understanding of the awareness, use, and
influence of information in environmental policy-making. Such understanding can enhance the use of
environmental information in policy settings and raise the overall visibility of scientific information in sustainable
ocean management.
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1.1 Introduction
Scientific studies highlight the global decline in the health of the world’s coasts and oceans and the need for
action related to e.g., the existing and inherent effects of climate change, overfishing, loss of marine
biodiversity, increased marine pollution, and uncontrolled coastal development, to name a few (e.g., FAO, 2012;
GESAMP, 2001). Governmental and intergovernmental organizations haveproduced vast quantities of scientific
information on stresses on the oceans aimed at guiding public policy for sustainable development (MacDonald,
Wells, Cordes, Hutton, Cossarini, & Soomai, 2010)
Evidence-based policy-making recognizes the need for advice in decision-making and has influenced the
production of scientific knowledge by governmental organizations. However, proof of the movement of
scientific information into action remains limited (Mitchell, Clark, Cash, & Dickson, 2006). The apparent
disconnect between the information and knowledge produced by scientists and the information and knowledge
used by policy-makers in decision-making science and policy-making is a concern – largely since declining
environmental trends are still apparent in spite of the availability of technical reports (Sutherland et al., 2012).
Strengthening information flow at the science-policy interface is now considered a priority for urgent action to
achieve sustainable development and globally countries have committed to supporting actions to improve
exchange of and access to information (Brito & Stafford Smith, 2012; UNGA, 2012).

1.2 Objectives
It is well recognized that environmental policy development and decision-making are complex processes given
the nature of modern environmental issues that are now operating on global levels (Ascher, Steelman, & Healy,
2010; Mitchell, 2010). What receives much less recognition is the vital role of marine information management
in the process (Soomai, MacDonald, & Wells, 2013). In spite of increased knowledge and international
commitment, understanding and enhancing the role that scientific information plays in marine environmental
policy and decision-making is not commonly considered to be an issue for urgent and targeted attention and the
role is not clearly defined (Soomai et al., 2013). This paper posits that research on the awareness, use, and
influence of scientific information in policy-making is worthy of detailed study rather than being considered to
be implicit in management processes. Research aimed at gaining an understanding of the enablers and barriers
to the use and influence of marine environmental information at the science-policy interface are guided by
models and concepts of communication of information.
Figure 1 illustrates the complexities of the generation, transmission, and use of environmental information in
policy making. Competing needs of multiple stakeholders, at national and international levels, can complicate
the policy-making process. Information from various sources, e.g., non-governmental organizations,
government, and local knowledge, is aggregated and filtered according to institutional constraints,
organizational norms and cultures, personal and professional biases of various actors, e.g., managers, public,
and media. The filtered information then enters the realm of policy- and decision-making which generates new
knowledge that feeds into new information production by the various agencies.
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Figure 1. Model of the generation and transmission of information. (Source: Ascher, Steelman, & Healy, 2010)
Typologies of information use and influence are often generalizations and clear distinctions cannot be made to
explain how research evidence is actually used. Figure 2 illustrates two main categorizations of use: direct or
instrumental use, indirect or conceptual use (Nutley, Walter, & Davies, 2007). In direct or instrumental use,
scientific evidence is used in decision making to reach a specific solution. In indirect or conceptual use, evidence
influences or informs how policy-makers and practitioners think about issues, problems, or potential solutions.
Nutley, Walter, and Davies (2007) describe a two-way flow of information where the stages of research use in
policy-making exist as an iterative process or continuum model.

Figure 2. Model of information use. (Source: Nutley, Walter, & Davies, 2007)
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1.3 Justification for research
Case studies of governmental organizations producing marine environmental information can be used to
understand how information is produced, how it is used, and how it influences environmental policy-making.
Opportunities and barriers in the policy-making process can be identified. Research findings can assist
organizations to maximize the value of their publications by exercising efficient transfer of information to reach
diverse audiences and to encourage public participation in policy making processes. Such research can identify
the communication gaps and the key groups and actors to connect in the science, policy, and public spheres. The
research findings can also be informative and relevant since funding for environmental research is often limited
and accountability of public expenditures is increasingly expected (Soomai, MacDonald, & Wells, 2013).

1.4 Methodology
This paper also uses examples of case studies from Trinidad and Tobago, Nova Scotia, and the Gulf of Maine/Bay
of Fundy region to demonstrate the use of a suite of methods to understand the awareness, use, and influence
of coastal and marine environmental information, including fisheries information, in public policy settings
(Soomai, Wells, & MacDonald, 2011; Soomai, MacDonald, & Wells, 2013). Data collecting methods used in the
three case studies include surveys (interviews and questionnaires) of multiple stakeholders, e.g., policy- and
decision-makers, scientists, industry, and the public; web analytics, media scans, and citation analysis.
The first case study focused on opportunities and barriers for using information contained in stock assessment
reports of the FAO/Western Central Atlantic Fisheries Commission (WECAFC) Working Group on the Shrimp and
Groundfish Resources on the Brazil-Guianas Continental Shelf. These assessments were completed in the 1990s
and 2000s by national scientists from countries located in north-east South America. The assessments provide
technical details on the status of commercial shrimp and fish stocks and provide management advice for
fisheries managers. The case study of this Latin American and Caribbean fishery was conducted in May to July
2009 using a survey questionnaire directed at five key groups in Trinidad and Tobago and Venezuela: fishing
industry, scientists, fisheries managers, policy makers, fishery advisory bodies (Soomai, 2009; Soomai, Wells, &
MacDonald, 2011). The survey asked questions on awareness and use of the stock assessment reports. Results
provide insights into the reasons for the frequent lack of uptake of management advice as well as the flow of
information among the groups.
The second case study involved The 2009 State of Nova Scotia’s Coast Report, produced by the Government of
Nova Scotia, Canada (Government of Nova Scotia, 2009; Soomai, MacDonald, & Wells, 2011a). The goal of the
Report was to provide an overview of the condition of the province’s coast and information on six priority
coastal issues (working waterfronts, sea level rise, coastal habitats, coastal development, water quality, and
coastal ecosystems). The Report was released in December 2009 in three formats: a 245-page technical report, a
21-page summary, and six four-page fact sheets. It was available in print and in digital format on the
government’s web page. The provincial government was particularly interested in promoting awareness of
coastal issues in the general public, and encouraging and increasing public participation in development of a
new coastal policy. The case study was conducted from March to December 2010 in collaboration with the
provincial government (Soomai, MacDonald, & Wells, 2011a). A suite of qualitative and quantitative methods
was used to examine the awareness, use, and influence of Report by the public from the date of its release,
including surveys (questionnaires and interviews), analysis of Web site access data, citation analysis, analysis of
holdings of library collections, and a review of local print media coverage after the launch of the Report.
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The third case study involved The State of the Gulf of Maine Report, produced by the Gulf of Maine Council on
the Marine Environment (GOMC) to inform decision makers on the main issues affecting the Gulf of Maine/Bay
of Fundy region and released in June 2010 (GOMC, 2010; Soomai, MacDonald, & Wells, 2011b). The State of the
Gulf of Maine Report is produced in a modular format composed of a context paper and issue-oriented theme
papers (to date, climate change and its effects on humans; climate change and its effects on ecosystems,
habitats, and biota; coastal ecosystems and habitats; marine invasive species; and emerging issues), published in
digital format only and are accessible from the GOMC Web site. The case study was conducted between January
and May 2011 to determine awareness and use of The State of the Gulf of Maine Report by members of the
Council, Working Group, and readers of the Gulf of Maine Times (Soomai, MacDonald, & Wells, 2011b). Three
stand-alone online surveys were developed and administered in Opinio software.

1.5 Main findings
The findings identified aspects of the communication of scientific information to wide audiences aimed at
increasing public participation in decision making. For instance, the case study of The 2009 State of Nova Scotia’s
Coast Report showed that several communication methods and multiple mechanisms of report distribution are
needed to reach diverse audiences. Both direct communication (e.g., notification letters), and indirect (e.g.,
information transferred through government and NGO networks) were needed. Also with regard to The 2009
State of Nova Scotia’s Coast Report, both print and digital means of distribution were shown to be necessary, as
well as the release of the reports in less technical versions (summary and fact sheets). Social networks were
important for increasing community awareness of the reports as email networks of the non-governmental
organizations as well as the government were instrumental in increasing awareness among their established
networked groups (Soomai, MacDonald, & Wells, 2011a).
Overall, respondents believed that digital formats were useful for decision making since it facilitated
dissemination, distribution, and updating of information about Nova Scotia and the Gulf of Maine/Bay of Fundy
(Soomai, MacDonald, & Wells, 2011a; 2011b). While survey respondents were supportive of the theme paper
format of The State of the Gulf of Maine Report, its availability only in digital format on GOMC’s Web site was
considered to be a limiting factor in its distribution and awareness (Soomai, MacDonald, & Wells, 2011b).
In the Caribbean fishery study, Figure 3 shows the flow of information in fisheries management. The flow of
information, or the communication, is strongest between the fisheries advisory bodies and the scientists due to
the provision of technical advice and focus on production of information (Soomai, Wells, & MacDonald, 2011).
While the flow of information is strong from fishermen to scientists, i.e., provision of data, the communication
of results to the fishing industry is limited. The distribution of information is also strong between scientists and
fishery managers as scientists present findings and technical advice to the fishery manager. However, fisheries
managers do not directly advise scientists on the types of assessments that are needed. Responses identified a
gap in communication between the policy makers and scientists and the policy makers and the fishing industry.
The fishing industry and fisheries managers commented on the high technical detail of the reports.
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Figure 3. Flow of information among stakeholders involved in fisheries management (Source: Soomai, Wells, &
MacDonald, 2011).
With regard to The 2009 State of Nova Scotia’s Coast Report and The State of the Gulf of Maine Report, evidence
of indirect benefits was recorded, such as increased collaboration and networking within and among the
governmental and other types of organizations. The influence of the reports is seen mostly in increased
awareness and knowledge about environmental issues by multiple stakeholders (Soomai, MacDonald, & Wells,
2011a; 2011b). For the most part, information reached the “interested public” rather than the “general public”
(Soomai, MacDonald, & Wells, 2011a; 2011b). For instance, survey respondents were more apt to be part of the
interested members of the public, i.e., individuals who were previously aware of the reports and were involved
in its production in one or more ways, or who were part of existing social networks with links to coastal issues,
or who were already active in coastal zone conservation and protection are included in this category. As a
consequence, the “interested public” may be better able to inform policy development.

1.6 Key messages/next steps
Using a range of methods allowed the survey of a diverse group of stakeholders involved in fisheries and coastal
zone management. No one method can give an overall measure of awareness, use, and influence of scientific
reports unless the information contained in a report is intended for a specific audience (Soomai, MacDonald, &
Wells, 2011a). For continued tracking of usage of reports, other methods such as content analysis (e.g., of media
reports and social media) and network analysis could be included in future analyses to allow a more in depth
analysis of use and will indicate influence in policy making. The methodologies can be applied in the marine
context as well as other fields of study where challenges to communicate information at the science- policy
interface also exist.
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The findings can assist organizations with prolific publishing histories to maximize their information's value to
wide audiences by creating efficient transfer of information so that the public finds the “right” information and
are encouraged to participate in policy and decision-making. Dissemination of information to wide audiences is
critical to facilitate paradigm shifts in use and influence of scientific information to encourage public
participation in policy making processes (Soomai, MacDonald, & Wells, 2013). While use may be easy to record,
influence remains difficult to measure.
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Public Engagement
Narwhal co-management in Nunavut: Deepened collaboration
needed to improve partnership, process and outcome
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and is a recent graduate of the Marine Affairs Program at Dalhousie
University (MMM 2012). For her graduate project, which ideally
combined her interests in co-management, marine mammals, the Arctic,
social justice and Aboriginal issues, she analyzed the narwhal comanagement in Nunavut and proposed measures to improve the
collaboration in areas where it is currently falling short of its objectives.
Mirjam has recently been accepted into the TOSST Research School at
Dalhousie University and will soon start her PhD as part of the Fish-WIKS
project (Fisheries - Western and Indigenous Knowledge Systems). She is
excited to investigate how the Inuit knowledge system can enhance the
current regime of decision-making and consequently improve fisheries
management in Nunavut.

Abstract
Since the ratification of the Nunavut Land Claims Agreement (NLCA) in 1993, narwhal harvesting in Nunavut has
been governed by a formalized co-management regime. The Nunavut Wildlife Management Board, a body
created under the NLCA, has decision-making power, while the ultimate management authority remains with
Fisheries and Oceans Canada as marine mammals are a federal responsibility. Calling for an effective system of
wildlife management that complements Inuit harvesting rights, fosters public participation, and reflects the
traditional and current patterns of Inuit harvesting and wildlife management, the NLCA provides an adequate
framework for co-management. However, co-management processes take a long time to mature and the
Nunavut narwhal co-management regime is no exception. While there have been attempts to devolve
management responsibility to the local level, cooperation between the co-management partners is challenged
by a lack of capacity among the local and regional hunters organizations as well as a lack of trust. The
assessment of the shortcomings of the current co-management process revealed issues regarding
communication, power sharing and the limited inclusion of Inuit knowledge and values in the decision-making
process. A number of recommendations on advancing narwhal co-management are proposed, including capacity
building among hunters, a true commitment to adaptive co-management which will facilitate social learning,
and the engagement of a facilitator to assist in developing collaborative and effective ways of collecting and
sharing information. Such co-production of knowledge would help the Nunavut narwhal co-management
partners to form their recommendations and decisions on a more inclusive and equitable knowledge base. Only
a co-management regime whose partners are truly committed to power sharing and knowledge co-production
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will be environmentally, socially and economically sustainable, thus allowing both the narwhals and the Inuit
that depend on them to prosper.

2.1 Introduction
Inuit have sustainably hunted narwhals for centuries (Savelle, 1994), and to this day the narwhal is an important
cultural, nutritional and economic resource for the Inuit in Nunavut. Since 1993 when the Nunavut Land Claims
Agreement (NLCA) was ratified, narwhal hunting in Nunavut has been managed under a formalized comanagement regime. Co-management is a balancing act between government and community control that
entails a certain degree of power sharing between the government and the resource users and that recognizes
and legitimizes traditional local management systems (Pomeroy & Berkes, 1997).
The purpose of this paper is to provide management advice for the improvement of the current Nunavut
narwhal co-management process. This management regime is not fulfilling the expectations of neither policy
makers nor the resource users despite the fact that all co-management partners share the same ultimate goal,
namely to protect and conserve the narwhal in order to allow for continuous sustainable harvesting by the Inuit
hunters. A set of recommendations is proposed based on an in-depth analysis of the present implementation of
narwhal co-management in Nunavut.
The research presented here is qualitative and inductive. It is mainly the result of a desktop study, but it
benefitted from informal meetings with various stakeholders in the narwhal co-management process. Data
collection included published policy documents and Fisheries and Oceans Canada (DFO) science advice reports
as well as draft management documents and supporting information (such as letters, comments and responses)
available from the Nunavut Wildlife Management Board's online meetings and hearings repository. The analytic
framework encompassed the wider field of co-management theory as well as the relevant literature on
traditional ecological knowledge and Inuit Qaujimajatuqangit (IQ) and their use in resource management. As
traditional knowledge held by Inuit encompasses more than factual environmental and ecological knowledge,
the Inuit in Nunavut have coined IQ as a more overarching term. IQ includes the social and cultural context of
traditional knowledge, the process by which knowledge is evaluated and passed on to younger generations
(Dowsley, 2009) as well as Inuit beliefs about how the world works and the values that guide ethical behaviour
in human interactions with the environment, including animals (Nunavut Wildlife Management Board [NWMB],
n.d.b).
The Nunavut narwhal co-management regime was assessed using a deficiency analysis (i.e. a SWOT analysis that
focuses on the weaknesses and limitations) that compared the current implementation of narwhal comanagement in Nunavut with the intended goals and outcomes of the process. Reflecting the main areas where
the Nunavut narwhal co-management is not living up to its full potential, the assessment focused on power
sharing and social learning processes within the co-management regime. Where gaps between theory and
practise were identified, recommendations are presented that have the potential to alleviate the shortcomings.

2.2 The narwhal, an important resource in Nunavut
The narwhal (Monodon monoceros Linnaeus, 1758) is a medium-sized odontocete (toothed whale) that is found
exclusively in the Arctic. The narwhals that frequent Canadian waters are distinguished into two populations
based on their summering grounds: the Northern Hudson Bay population and the Baffin Bay population
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(Committee on the Status of Endangered Wildlife in Canada [COSEWIC], 2004). The existence of distinct
subpopulations or stocks has been proposed (Stewart, 2008), but exact delineations are currently not feasible.
Narwhals have distinct summering and wintering grounds and have been found to exhibit high site fidelity to
them as well as to migratory routes (Heide-Jørgensen, Dietz, Laidre, & Richard, 2002, Heide-Jørgensen et al.,
2003). The latest aerial surveys of the narwhals in their Canadian summering grounds have yielded population
estimates of at least 60,000 animals for the Baffin Bay population (Richard et al., 2010) and about 12,500
animals for the Northern Hudson Bay population (Asselin, Ferguson, Richard, & Barber, 2012). These abundance
estimates, however, are afflicted with a great deal of uncertainty (Asselin et al., 2012; Richard et al., 2010). The
narwhal is a deep-diving (Laidre, Heide-Jørgensen, Ermold, & Steele, 2010), gregarious (COSEWIC, 2004) and
very loquacious (Ford & Fisher, 1978) cetacean that has a slow reproduction rate (COSEWIC, 2004; Richard,
2009). Its most prominent characteristic is a 2-3 metre long ivory tusk which is in fact a tooth growing in a
counter-clockwise spiral from the upper left jaw of adult males (Reeves & Tracey, 1980). Narwhals feed
predominantly on Greenland halibut (Reinhardtius hippoglossoides) and the squid species Gonatus fabricii
(Laidre & Heide-Jørgensen, 2005). They do not have many natural predators.
Inuit in the Canadian Arctic traditionally hunted narwhals with harpoons from kayaks (Ross, 1975), using large
floats made of entire sealskins to keep the stricken whale afloat and add drag (Boas, 1888/1964). Today,
narwhals are still hunted in the open water, but also from the floe edge and in ice cracks (Dale, 2009; Roberge &
Dunn, 1990). They are shot with a rifle and secured and retrieved using a grappling hook, block and tackle
and/or a boat (Lee & Wenzel, 2004; Roberge & Dunn, 1990). Mattaq, the narwhal skin with some blubber
attached to it is an important and valued food item (Freeman, 2005). Narwhal meat used to be fed to the sled
dog teams (before they were replaced by snowmobiles), and the ivory tusks were fashioned into tools and
sometimes carvings (Freeman et al., 1998; Reeves & Mitchell, 1981; Smith, 1991). Since the establishment of
permanent trading posts in the Canadian Arctic more than a hundred years ago, narwhal tusks have been traded
for food, goods and cash (Ross, 1975; Reeves, 1992; Reeves & Mitchell, 1981).
For Inuit, the importance of narwhal hunting extends beyond providing food and revenue; it is a crucial factor in
the maintenance of cultural identity and social relationships. Inuit identify themselves as hunters, but this does
not infer superiority over their prey (Laugrand & Oosten, 2010). The narwhal, as all animals that are hunted by
Inuit, is regarded as a sentient being that has a soul and demands respectful treatment (cf. Dowsley & Wenzel,
2008; Laugrand & Oosten, 2010; Pelly, 2001; Tyrrell, 2007). Hunted food is shared among families and kin (Ford
& Beaumier, 2011; Gombay, 2010a; Vaughan, 1994), and thus is crucial in creating and forwarding relationships
(Freeman et al., 1998; Gombay, 2010b). Hunting also plays an important role in maintaining ecological
knowledge and facilitates the transfer of skills and values to the younger generations (Hovelsrud, McKenna, &
Huntington, 2008; Kishigami, 2005).
For centuries, Inuit in the Canadian Arctic have been managing their narwhal harvests. In 1971, the Canadian
Government enacted, in accordance with the Fisheries Act, the Narwhal Protection Regulations which assigned
annual catch quotas first to individual hunters and later to communities (Armitage, 2005; Richard & Pike, 1993).
The quota system was not well received by Inuit hunters as the quotas were assigned rather arbitrarily, not
adjusted through time and non-transferable (Armitage, 2005; Diduck, Bankes, Clark, & Armitage 2005). Pursuant
to the quotas, tags were issued by DFO to communities and re-distributed to hunters who had to attach a tag to
every landed narwhal, a system that is still in place today (DFO, 2012d; Marine Mammal Regulations, 1993).
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Apart from fisheries regulations, there are other laws and regulations that govern narwhal management in
Canada, such as the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES).
The narwhal is listed on Appendix II of CITES which regulates the import and export of species that could
become threatened with extinction if trade is not closely controlled (CITES, 2012; CITES, n.d.). Thus, narwhals,
including all parts and derivatives of the species, need to be accompanied by a permit from the exporting
country when traded for commercial purposes (CITES, 1973, Article IV, section 2). Such a permit is only to be
issued when the national government of the exporting state has advised that the export will not be detrimental
to the survival of wild populations and, thus, it is referred to as a non-detriment finding (NDF) (CITES, 1973; DFO,
2012c). The regulatory climate around narwhal management in Nunavut has, in many ways, challenged the
efforts and efficacy of current actions. Subsistence needs and conservation requirements need to be balanced
while adhering to a host of national and international legislation.

2.3 Narwhal co-management in Nunavut under the NLCA
After two decades of negotiations between the Government of Canada and the Tungavik Federation of Nunavut,
the organization that negotiated on behalf of the Inuit of what is now Nunavut, the NLCA came into force in
1993, followed by the creation of the Nunavut Territory in 1999 (Fenge & Quassa, 2009; Nunavut Act, 1993;
Nunavut Land Claims Agreement Act, 1993). In addition to settling Inuit land and water rights in Nunavut (based
on traditional use and occupancy), the NLCA includes, inter alia, provisions for wildlife harvesting. It calls for an
effective system of wildlife management that complements Inuit harvesting rights, fosters public participation,
and reflects the traditional and current patterns of Inuit harvesting, thus providing an adequate framework for
co-management (Department of Indian Affairs and Northern Development [DIAND] & Tungavik Federation of
Nunavut [TFN], 1993, Sections 5.1.2(e), 5.1.3(a)(i) and 5.1.3(b)(ii)). To this end, the NLCA established the
Nunavut Wildlife Management Board (NWMB), a nine-member co-management board that is the main
instrument of wildlife management in Nunavut (DIAND & TFN, 1993, Sections 5.2.1 and 5.2.33). While the
ultimate responsibility for wildlife management still lies with the federal government, the authority of the
NWMB goes well beyond the power and functions of co-management boards established under earlier land
claims agreements in other parts of the Canadian Arctic (Goodman, 1997; Government of Nunavut Department
of Environment, 2006). In the case of the narwhal, the federal Minister of Fisheries and Oceans can only alter or
reject a decision of the NWMB if it conflicts with conservation of the species and/or public health and safety
(Goodman, 1997; DIAND & TFN, 1993, Section 5.3.3).
The responsibilities of narwhal co-management in Nunavut are split between the NWMB, DFO, and the local and
regional hunters associations. The duties of the NWMB include participating in research, establishing, modifying
or removing levels of total allowable harvest (TAH) (i.e. the overall amount of a stock or population of wildlife
that the NWMB decides can be lawfully harvested under the provisions of the NLCA) and non-quota limitations
(e.g. harvesting restrictions regarding area, season or gear type), and ascertaining basic needs levels (BNLs) (i.e.
levels of harvesting by Inuit required to meet their basic needs) (DIAND & TFN, 1993). The board's decisions
affect peoples' rights or interests, and, hence, public hearings are held in the run-up of any forthcoming decision
(NWMB, n.d.a). Community-based Hunters and Trappers Organizations (HTOs) oversee the harvesting by Inuit
by allocating and enforcing BNLs and regulating harvesting practices and techniques through informal
agreement or by enacting by-laws (DIAND & TFN, 1993, Section 5.7.3; Richard & Pike, 1993). As BNLs have not
been set yet, HTOs are responsible for allocating community quotas and for reporting on annual narwhal
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harvests to DFO (DFO, 2012d). Additionally, each of the three regions of Nunavut has a Regional Wildlife
Organization (RWO) which is responsible for wildlife management at the regional level (DIAND & TFN, 1993,
Sections 5.7.4 and 5.7.6), while DFO acts as the regulator and organizational lead with regard to aquatic species
listed under CITES (DFO, 2012d; Environment Canada, 2011).
The Government of Nunavut (GN) and Nunavut Tunngavik Incorporated (NTI) are not considered formal comanagement partners because their mandates do not include marine mammal management. Both
organizations, however, have an appointee on the NWMB and are actively involved in the decision-making
process through consultations and hearings. As a public government for all Nunavummiut, the GN is affected by
the decisions of the NWMB and the narwhal harvesting in general with regard to socio-economic impacts such
as income, health and safety and thus has an interest in narwhal management (W. Lynch, personal
communication, May 30, 2012). NTI is an Inuit organization that superseded the Tungavik Federation of Nunavut
(the spelling of Tun(n)gavik changed over the years) and has been representing the Inuit of Nunavut as a party to
the NLCA since the agreement came into force in 1993 (DIAND & TFN, 1993, Section 1.1.1). NTI is responsible for
ensuring that both the Inuit and the federal and territorial governments fulfill their responsibilities and
obligations as set out in the NLCA, i.e. that the implementation of the NCLA truly benefits the Inuit (NTI, n.d.).
The responsibilities of the narwhal co-management partners and the linkages among each other are depicted in
Figure 1.
Co-management processes take a long time to mature and the Nunavut narwhal co-management is no
exception. Upon the request of many communities to change the entire narwhal management regime, the
NWMB initiated an experiment exploring the potential of community-based narwhal co-management (Armitage,
2005; DFO, 2012d). While the trial, which ran from 1999 to 2007 (DFO, 2012d), represented a truly collaborative
effort (Diduck et al., 2005), it nevertheless failed. In the communities that took part in the experiment narwhal
quotas were removed, a change that resulted in significant increases in landed narwhals (Armitage, 2005; DFO,
2012d). Consequently, DFO swiftly re-established harvest limits that could be carried over to the following year
(Armitage 2005; DFO, 2012d). This intervention, mainly the result of poor communication among the various
stakeholders, was highly contentious and negatively affected the mutual trust among the co-management
partners (Armitage, 2005).
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Figure 1. The Nunavut narwhal co-management partners (formal partners in bold), their responsibilities and
linkages. Adapted from Armitage, 2005 and Blakney, 2009.

The current Nunavut narwhal co-management regime is basically a continuation of the quota and tag system
first established in 1971. However, the co-management partners and other stakeholders, with NTI leading the
way, agree that changes are needed to further align narwhal management with the provisions of the NLCA (DFO,
2012g; NTI, 2012a). Thus, during the past few years, the Nunavut narwhal co-management partners have been
mainly concerned with two related issues: the establishment of total allowable harvest and basic needs levels. In
order to reduce potential overexploitation of a narwhal population that is hunted in several communities, DFO is
suggesting using summering aggregations (stocks) of narwhals as management units (DFO, 2008; DFO, 2009).
Based on the most recent population and stock abundance estimates (Asselin & Richard, 2011; Asselin et al.,
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2012; DFO, 2012a; Richard et al., 2010), DFO put forward recommendations for the total allowable landed catch
(TALC) for each management unit (DFO, 2008; DFO 2012d) along with a decision tool to allocate these TALCs
through the seasons (Richard, 2011). These proposed management measures have been submitted for approval
to the NWMB as part of an Integrated Fisheries Management Plan (IFMP) which was drafted by DFO on behalf of
all co-management partners (DFO, 2012d; DFO, 2012g). The public hearing took place in late July 2012, and the
board's decision is expected to be released in the fall of 2012 (NTI, 2012b). If established, the TALCs would
replace the existing community quotas (DFO, 2012g). A public hearing on BNLs, which were originally supposed
to be established by the NWMB within a year of the creation of the board, is scheduled for September 2012
(NWMB, 2012) 1.
An extra challenge was added in December 2010 when DFO withheld CITES NDFs for several of the proposed
management units (DFO, 2012g), thus banning international trade of narwhal tusks from these areas. This
prohibition dissatisfied the hunters from an economic point of view. But they, along with NTI, were particularly
alienated as they had not been consulted and the decision was based on management units that had not yet
been discussed nor adopted (NTI, 2012a). Based on updated analyses and using the latest abundance estimates
(Asselin & Richard, 2011; DFO, 2012c), DFO has since retrospectively issued NDFs for most management units so
that Grise Fiord is currently the only community affected by an export ban (NTI, 2012c).

2.4 Analysis and discussion of issues facing narwhal co-management
The assessment of the shortcomings of the current co-management process revealed four issues, namely power
sharing, communication, disagreement with regard to how exactly narwhal co-management is to be executed
under the provisions of the NLCA, and the limited inclusion of Inuit knowledge and values in the decision-making
process.
While there have been attempts to devolve management responsibility to the local level, cooperation between
the co-management partners is challenged by a lack of capacity among the local and regional hunters
organizations (Nunavut Inuit Wildlife Secretariat, n.d.; W. Lynch, personal communication, May 30, 2012). On
the other hand, the NWMB is now well established as the decision-making authority. Although not formal comanagement partners, the GN and NTI are actively involved in the Nunavut narwhal co-management process,
offering advice, collecting IQ and making sure Inuit rights are fulfilled (Government of Nunavut Department of
Environment, 2012). All stakeholders have continuously proven their willingness to collaborate. Examples of this
demeanour are the continuation of the community-based co-management experiment after the emergency
closure of the narwhal fishery in one of the participating communities (Armitage, 2005; Diduck et al., 2005) as
well as the recent agreement to collaborate on drafting an IFMP following the breakdown of trust triggered by
DFO not issuing CITES non-detriment findings for several narwhal stocks (DFO, 2012g). Even so, not all
management functions are being performed jointly, particularly data gathering and analysis as well as
recommending TAH levels, which are primarily done by DFO. Ideally, co-management regimes link local-level
actors and governments through shared decision-making power. This collaboration is thought to be
indispensable in order to achieve sustainable development (United Nations Conference on Environment and
Development [UNCED], 1992, Section III, Chapter 23) and should not only include management but also extend
1

Meanwhile, the proposed IFMP has been approved by both the NWMB and the Minister of Fisheries and Oceans and is now
in effect, i.e. the TALCs for each management unit have been set (NTI, 2013; Nunatsiaq News, 2013). The BNLs have been
set to equal the total allowable harvest, i.e. the sum of the TALCs (S. Arnold, personal communication, May 17, 2013).
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to research (DIAND & TFN, 1993, Section 5.1.2(h); Wiber, Berkes, Charles, & Kearney, 2004; Wiber, Charles,
Kearney, & Berkes, 2009).
Having different worldviews as well as different cultural and institutional backgrounds with regard to both oral
and written communication, the narwhal co-management stakeholders have repeatedly struggled to find
common ground. The emergency closure of the narwhal hunt in Qikiqtarjuaq in 2000 (cf. Armitage, 2005; Diduck
et al., 2005), the withholding of CITES NDFs for several narwhal stocks in 2010, and the legal action subsequently
taken by NTI against the federal government (cf. DFO, 2012g) are expressions of poor communication which
resulted in a breakdown of trust. But there is hope, for, according to the literature, one of the benefits of comanagement arrangements is the fact that collaboration and social learning foster trust building and the
formation of social networks of researchers, communities and policy makers (Armitage et al., 2009). Such a
collaborative regime, however, is slow to develop (cf. Jentoft, 2005; Pomeroy & Berkes, 1997); but once
matured, it can provide the flexibility and creativity needed to deal with uncertainty and rapidly changing socialecological systems as well as conflict resolution (Armitage et al., 2009).
Furthermore, not all co-management partners are in agreement about the interpretation of key concepts such
as community consultations and the consideration of IQ. These two concepts are mandated by the NLCA
(although not explicitly) because its objectives and guiding principles concerning wildlife management (DIAND &
TFN, 1993, Sections 5.1.2(e) and 5.1.3) cannot be achieved without consulting with Inuit and without
incorporating IQ. Indeed, all stakeholders have adopted the practice of consulting with the Inuit prior to making
recommendations or decisions. Before submitting the draft IFMP for narwhal to the NWMB, DFO
representatives from the GN, NTI and NWMB took part as observers and engaged in community consultations
(DFO, 2012b; DFO, 2012f; White, 2012). However, it remains unclear to what extent the concerns and
knowledge of the Inuit were considered in the proposed IFMP (DFO, 2012g; NTI, 2012a). DFO's objectives for the
consultations can be interpreted to the effect that DFO views consultations mainly as a means to inform the
hunters about management decisions and to provide them with an opportunity to voice their concerns as
opposed to a truly reciprocal relationship between the stakeholders (DFO, 2012e; White, 2012). However, in a
co-management regime with Inuit, Western scientific knowledge and IQ must be considered equally
(Nakashima, 1993). NTI, the GN and the NWMB advocate for the inclusion of IQ in narwhal management
decision-making (Government of Nunavut Department of Environment, 2012; NTI, 2012a; NWMB, n.d.b). The
prevalent conceptualization among scientists and policy makers is, however, that traditional ecological
knowledge can only be considered relevant when validated by Western science (Casimirri, 2003).
The fourth issue is the confrontation of Western scientific knowledge and IQ. DFO traditionally bases its
recommendations and decisions on internally peer-reviewed science (e.g. DFO, 2009; DFO, 2012c). But no
matter how diligently the review process is carried out, this conventional method of knowledge production has
its limitations. Although estimates have been peer reviewed, it does not make them any more certain especially
in a rapidly changing socio-ecological system (Armitage et al., 2009). IQ on the other hand, is less susceptible to
assumptions as it is knowledge that has been handed down through the centuries and that embodies
fundamental ideas and values of Inuit life and culture (Laugrand & Oosten, 2010). With regard to wildlife
management, IQ can offer information about long-term observations of a species, its behaviour and habitat as
well as the socio-cultural importance of a resource. Despite the informative nature of IQ, which is neither

20

published nor peer-reviewed, it is rarely included in the decision-making process of wildlife management despite
the NLCA's mandate.

2.5 Conclusions and recommendations
The analysis of the main issues facing narwhal co-management in Nunavut brings forth a number of conclusions
and respective recommendations. In the past 19 years, formalized narwhal co-management has continuously
profited from trial and error and adaptations that resulted from this approach, but has not fully matured as of
yet. In order to advance narwhal co-management in Nunavut, the currently limited power sharing among comanagement partners, particularly DFO and the HTOs, needs to be extended. Yet the devolution of power and
responsibilities to the HTOs and also the RWOs needs to be accompanied by capacity building. This type of
investment has the potential to improve the entire co-management process from the bottom up as the presence
of strong community leaders has been found to be a key element of successful fisheries co-management
(Gutiérrez, Hilborn, & Defeo, 2011; Jentoft, 2005; Pinkerton, 1989).
Formalizing the inclusion of NTI and the GN in the narwhal co-management regime could also enhance
cooperation. Although they do not have jurisdiction over marine mammals, both groups are actively involved in
the co-management process. Their formal inclusion would better reflect the composition of the nine members
of the NWMB and provide equal conditions for all the partners, thus eliminating tendencies to take sides and
reducing frustration. After all, the stakeholders pursue the same ultimate goal. Thus, being on par with each
other could increase the sense of unity among the co-management partners, which in turn would facilitate
increased cooperation and power sharing.
Generally, the process would likely benefit from the involvement of a facilitator. While the NWMB could assume
this role, it might be more effective to turn to an outsider. Linking different governance levels and knowledge
systems is a challenging task that requires an active role from all co-management partners. Facilitators can assist
the stakeholders in developing collaborative and effective ways of collecting and sharing information (Halls et
al., 2005). This is particularly true when there are conflicts and tensions due to dissimilar cultural backgrounds
(Borrini-Feyerabend, Farvar, Nguinguiri, & Ndangang, 2000), which is the case in the Nunavut narwhal comanagement regime.
There is a need to rebuild trust and to collaborate on establishing a positive atmosphere of conversation.
According to the literature, one of the outcomes of adaptive co-management is building trust through
collaboration and social learning (Armitage et al., 2009). The latter is an iterative and democratic process to
adapt to social and ecological change (Woodhill, 2002, as cited in Armitage, Marschke, & Plummer, 2008).
Through such a flexible and creative learning process, the Nunavut narwhal co-management partners could
learn from mistakes, adapt to new research findings, and integrate IQ in decision-making, all without losing the
objectives of narwhal co-management. Admittedly, this is not an easy task and requires that all co-management
partners are willing to engage in such a learning process without bias. Empowerment of the resource users and
the inclusion of a facilitator would foster increased collaboration and thus social learning, which in turn would
foster meaningful consultations, i.e. engaging in relationships in which the knowledge and values of all partners
are equally respected and considered.
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Differing interpretations of key concepts lead to misunderstandings, thereby promoting conflict, hampering the
effectiveness of collaboration and eroding trust. Thus, clarification regarding the meaning of "consulting with
Inuit" and "considering IQ" is needed – a task that should be taken on collaboratively by all stakeholders. This
would be beneficial for the co-management partners as it is they who would have to proceed according to
definitions agreed upon.
In the current Nunavut narwhal co-management process, IQ and Western scientific knowledge are not
considered equally. Some co-management partners seem to view the two knowledge systems as competitive
rather than complementary. To facilitate a revision of this view a new way of gathering and using both scientific
and traditional knowledge is needed. Co-production of knowledge is a method that could help the narwhal comanagement partners to form their recommendations and decisions on a more inclusive and equitable
knowledge base. Knowledge co-production is a collaborative effort to bring various sources and types of
knowledge together in order to understand and address a specific problem (Dale & Armitage, 2011). At present,
IQ is typically incorporated during the data collection phase of Western scientific research, and when knowledge
is shared its integration and application are very limited. Engaging in the co-production of knowledge means
that diverse interpretations of knowledge are explored collaboratively and in an open and honest manner (Dale
& Armitage, 2011). Such a dialogue, which is more likely to happen with the help of a facilitator, is the key to
producing, from the integration of scientific knowledge and IQ, a new way of thinking and a new knowledge
base that is needed to address the social-ecological complexities inherent to narwhal management.
Although not a co-management panacea, social learning and the co-production of knowledge under the
guidance of an experienced facilitator seem to be valid solutions to an array of issues currently facing narwhal
co-management in Nunavut. These new processes cannot be implemented, however, without the willingness
and buy-in of all stakeholders. Currently, the co-management partners are hindered by their dissimilar
worldviews and cultures to truly engage in power sharing and knowledge co-production, but as they all share
the same ultimate goal, there is hope that the entirety of narwhal knowledge can be used for the collective good
of the species and the Inuit that depend on it.
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Abstract
The United Nations Food and Agriculture Organization (FAO) estimates that by 2025 the annual demand for
seafood will outstrip the capacity of wild fisheries by 50 million tonnes or more. Given that coastal areas along
the Nova Scotia (NS) coastline are suitable for ocean-based Atlantic salmon (Salmo salar) farming, the provincial
government plans to expand the industry in the hopes of increasing job prospects, and economic development
in rural coastal communities. Despite potential economic opportunities, expansion of open net-pen salmon
farming in NS, specifically that of Snow Island Salmon Inc. on the Eastern Shore, has been met with opposition
from a variety of stakeholders, many of whom believe the environmental impacts of salmon farming pose risks
to their livelihoods and enjoyment of the coastline. Our research indicates there are several factors that have led
to this conflict. We recommend that the social-political, biophysical, and legal components all be taken into
consideration in order to alleviate the tension between all interested stakeholders. Ultimately, greater
respectful communication among parties along with clearer regulations and legislation are essential.
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Note to Readers
To read our complete report regarding the expansion of salmon along the Eastern Shore of Nova Scotia, please
email mrem.aquaculture@gmail.com.
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3.1 Introduction
Global consumption of fish has doubled since the 1970s and by 2030 the Food and Agriculture Organization
(FAO) predicts aquaculture will account for more than half of the fish being consumed by humans (FAO, 2013a;
Naylor & Burke, 2005). Aquaculture involves farming marine and freshwater species such as finfish, shellfish, and
aquatic plants in land-based or open-ocean production systems (e.g. Ayer & Tyedmers, 2009; Department of
Marine Resources, 2006). Aquaculture of marine carnivorous finfish, such as Atlantic salmon (Salmo salar) has
grown by approximately nine percent annually, while the value has increased by approximately five percent per
year since the 1990s (Naylor & Burke, 2005).
In Nova Scotia, aquaculture contributes $45 million in annual revenues and supports approximately 120 jobs in
the finfish farming industry (DFA, 2012). NS’s small market offers limited local opportunities and the industry
depends on exporting salmon and other marine products for profits, growth, and employment, as well as
helping to meet the growing demand for seafood (DFA, 2012).
In May of 2012, the NS government released its Aquaculture Strategy. The provincial government sees
aquaculture as a means of developing an internationally competitive industry in NS, and as an opportunity to
stimulate job growth in rural coastal communities (DFA, 2012). Despite the promise of increased employment,
salmon farming in Canada and NS has not been expanding at rates similar to those in other countries (Bruce
Hancock of the Aquaculture Association of NS [AANS], personal communication, March 26, 2013). This report
investigates the conflict over the proposed expansion of salmon farming along the Eastern Shore of NS by Snow
Island Salmon Inc. (herein referred to as Snow Island). We consider the socio-political, biophysical, and law and
policy dimensions of salmon farming that have given rise to the challenges and opportunities of salmon farming
on the Eastern Shore of NS.

3.1.1 Snow Island Case Study
Loch Duart Ltd., a Scottish salmon farming company, expanded operations to NS by purchasing an existing open
net-pen salmon farm at Owl’s Head Harbour on the Eastern Shore (Fig. 1) (Loch Duart, n.d.). This site has been
in operation since 2008, and is now operated by Loch Duarts’ subsidiary company Snow Island.
Snow Island’s current operations are in close proximity to the communities of Ship Harbour and Sheet Harbour.
Both communities have experienced reductions in population, and employment rates in 2006 were below the
provincial average (Community Counts, 2012). Supporters of the company believe Snow Island will bring
economic growth to the area by keeping people in the community. Furthermore, Snow Island has stated they
will hire locally whenever possible, providing competitive wages and benefits (Snow Island, n.d.).
Farm management strategies practiced by Snow Island are based off Loch Duart’s “Best Practices” production
system (Loch Duart, n.d.). Snow Island states their farms use lower stocking densities of 10 kg/m3 to 15 kg/m3
(SIMCorp., 2011). Snow Island fallows their sites for at least 12 months between production cycles, allowing the
substrate to recover, fish waste to disperse, and to ensure the site remains optimal for salmon production
(Purser & Forteath, 2003). However, it is important to note that the time required for substrate recovery
depends on husbandry practices, environmental conditions, and can range from six months to several years
(Purser & Forteath, 2003). The “Best Practices” production system also prohibits the use of net antifoulants,
which are commonly used in the industry to maintain net cage quality and adequate water flow (SIMCorp.,
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2011). Antifoulants often contain heavy metals that are highly toxic to other organisms (Cripps & Kumar, 2003).
Snow Island does not practice prophylactic use of antibiotics and antibiotics are only used when fish welfare is
threatened. According to their Spry Bay and Shoal Bay Environmental Impact Assessments (EIA), they will inform
their customers when and if antibiotics have been used on their fish (SIMCorp., 2011). Additionally, Snow Island
reports that they have not had any incidence of sea lice or fish escapes at their Owl’s Head site (Snow Island,
n.d.).
The company applied for three additional leases along the Eastern Shore (Beaver Harbour, Spry Harbour, and
Shoal Bay) (Fig. 1). Snow Island retracted the Beaver Harbour application and the Shoal Bay application was
recently rejected by the provincial government, both due to “moderate risks” to wild salmon populations
(Erskine, 2013).

Figure 1: Snow Island’s current and proposed open net-pen salmon farm sites

Snow Island currently operates one farm site at Owl’s Head Harbour (red dot). Other proposed sites in Beaver
Harbour, Spry Harbour, and Shoal Bay are also shown. Rivers with wild Atlantic salmon populations are
highlighted with blue lines (base layers provided by Dalhousie GIScience Centre and Atlantic Salmon Federation
(ASF) (2012)).
Despite Snow Island’s history with regards to sea lice and fish escapes as well as their farm management
practices, their proposal has been met with fierce opposition. A NS Department of Fisheries and Aquaculture

32

(DFA) survey conducted in 2010 found a lack of public support to be the greatest barrier to further development
of the industry in the province (DFA, 2010). For the province and industry to move forward, understanding the
opposition and the barriers are essential.

3.2 Research Methods
3.2.1 Literature Review Method
An extensive literature review was conducted to better understand the challenges and opportunities associated
with open net-pen salmon farming on the Eastern Shore of NS and other jurisdictions.

3.2.2 Interview Process
To better understand the opportunities and challenges associated with open net-pen salmon farming along the
Eastern Shore of NS, interviews with key stakeholders were conducted. Interview methodologies were approved
by the Dalhousie Faculty of Management Ethics Review Board. Key stakeholders were selected through existing
channels of information such as internet company profiles, community groups, government listings, and media
reports. In order to represent the diverse interests that exist in the aquaculture debate, participants were
selected to include representatives from academia, tourism, the provincial government, aquaculture industry,
and community members who are keenly aware of the proposed development (Table 1). Consent was obtained
from all interview participants (see Appendix A for a sample consent form). Interviews were designed to gain
insight and information on community engagement, risk perceptions, views on the salmon farming industry,
governing bodies, and how industry and government can address the current conflicts (Appendix B). All
interviews were recorded, transcribed, and analyzed.

3.3 Results
3.3.1 Biophysical Concerns
There are numerous biophysical concerns related to open net-pen salmon farming. These include effects from
escaped fish, chemical usage, and waste accumulation (Fig. 2). Due to the high density of fish found in salmon
farm pens, farmers often require the use of chemicals such as, antifoulants, antibiotics, and pesticides to
manage pen conditions, diseases, and parasites (Fig. 2) (Burridge, Weis, Cabello, Pizarro, Bostick, 2010). The
chemicals can have negative impacts on the surrounding environment. As previously discussed, antifoulants are
composed of heavy metals that are able to persist and can be toxic to many marine organisms (Burridge et al.,
2010). Pesticides used to kill sea lice are known to be toxic to other crustaceans, such as lobster. In NS there
have been instances of illegal pesticide use by open net-pen salmon farming companies, causing lobster kills
(Wiber, Young, & Wilson, 2012).
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Table 1. Name and affiliation of interview participants (n = 11)
Name
Bruce Hancock

Affiliation
Executive Director, Aquaculture Association of NS

Christophe Herbinger Dalhousie Professor, Department of Biology
Kaija Lind

Aquaprime Mussel Ranch Ltd.

Lisa Dahr

Manager Industry Relations & Professional Development, TIANS

Leo Muise

Executive Director, Fisheries and Aquaculture, NS

Cecilia Engler

PhD Candidate, Dalhousie Law

Jeffrey Hutchings

Killam Professor, Faculty of Science, Dalhousie University

Christopher Milley

Adjunct professor, Dalhousie University Department of Marine Affairs
Environmental Consultant, Nexus Coastal Resource Management

Ginny Boudreau

Manager, Guysborough County Inshore Fishermen’s Association

Bill Williams

Vice President, Association for the Preservation of the Eastern Shore

Scientist Team

Friends of Port Mouton Bay

Mike Spencer **

Manager, NS Arctic Charr

** Consent was given to use the information provided by Mike Spencer during a tour of the NS Arctic Charr closed
containment facility
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Figure 2. Diagram of open net-pen salmon farming
Figure obtained from http://tocdev.pub30.convio.net/news-room/aquaculture/oc-testifies-offshore-aqua.html.
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In an attempt to mitigate the potential negative effects of salmon farming, the provincial government has
developed an Environmental Monitoring Program (EMP) (DFA, 2011). The effects of waste accumulation on the
benthic environment, impacts of farm escaped fish, and the EMP are discussed in detail below.
The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) suggests that all populations of
Atlantic salmon in Nova Scotian waters are endangered and their recovery is threatened by salmon farming
(COSEWIC, 2010). The development of open net-pen salmon farming on the Eastern Shore of NS is of particular
concern for wild salmon as Snow Island’s proposed farm sites are in close proximity to rivers with wild salmon
runs (Fig. 1). In particular, the area provides important habitat for the Southern Upland population of Atlantic
salmon. This population is of particular concern as mature individuals have declined by 61% over the last three
generations (COSEWIC, 2010). Interactions between farmed and wild salmon threaten native populations
through behavioural and genetic disruptions, and disease transmission (Weir & Grant, 2005). Disease can spread
from wild salmon to caged salmon as they swim through the area, and vice versa (Krkošek, Lewis, & Volpe,
2005).
As previously mentioned, Snow Island applied for three permits along the Eastern Shore of NS. Figure 1 depicts
the approximate location of Snow Island’s current farm and the three proposed farm locations, as well as rivers
in the area where small populations of Atlantic salmon are still present. The provincial government rejected the
Shoal Bay farm application as Fisheries and Oceans Canada (DFO) expressed concern about potential impacts on
wild populations (DFA, 2013a). Given that escaped salmon tend to travel within 500 km of the release point
(Thorstad et al., 2008), interactions between wild and farm fish in nearby rivers as well as other rivers in NS is
possible.

3.3.2 Site Selection and the Benthic Environment
Good site selection is essential for minimizing environmental impacts from an open net-pen salmon farming
operation (Wu, 1995). The identification of good sites is a complex spatial problem, and if done poorly can result
in a polluted ecosystem, stressed fish, decreased production, economic losses, and a disgruntled public (Belle &
Nash, 2008, p. 265; Longdill, Healy & Black, 2008; Naylor et al., 2000). Important site characteristics that are
taken into account include water quality, depth, current speed, flow patterns, storm exposure, bottom type,
primary productivity, temperature, dissolved oxygen, presence of natural predators, pest and pathogen
distribution, and nearby human activities (Belle & Nash, 2008, p. 267).

Currents are an essential assessment component when selecting a site for open net-pen salmon farming. Low
current speeds of 3 cm/s to 6 cm/s indicate that a site can be very to moderately sensitive to environmental
damage from a salmon farm (Carroll, Cochrane, Fieler, Velvin & White, 2003). At these speeds, salmon waste is
not sufficiently dispersed and the benthic environment can be severely degraded (Belle & Nash, 2008, p. 275).
Food particles and fecal pellets containing nitrogen, phosphorus, urea, and ammonia build up and can cause
changes in nutrient cycling, benthic species assemblages, and biodiversity (Brooks & Mahnken, 2003; Ervik et al.,
1997; Longdill, et al., 2008). High chemical loads lead to anoxic conditions in which biodiversity is significantly
reduced and water quality is threatened (Belle & Nash, 2008, p. 271; Brooks & Mahnken, 2003).
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To protect the benthic community, erosional sites are preferred (Belle & Nash, 2008, p. 274). Further solutions
to protect the benthic environment include using remote sensing technologies to monitor the feeding behaviour
of penned fish to ensure that the amount of excess food is minimal and fallowing sites for an extended period of
time (Belle & Nash, 2008, p. 273). As indicated above, Snow Island has claimed that they will follow such
procedures (SIMCorp., 2012).

3.3.3 Environmental Monitoring Program
To address environmental concerns surrounding aquaculture, the DFA established the NS EMP (DFA, 2011).
Sediment samples measure sulphide, redox, organic content, and porosity (Table 2) (DFA, 2006), then compared
to the baseline data or Environmental Quality Definitions (EQD’s) (Appendix C). A high sulphide level indicates
habitat degradation resulting from anaerobic conditions (DFA, 2006; NBG, 2006) and is the primary indicator
used.
Table 2. Description of the benthic characteristics measured by the Environment Monitoring Program
Measurement

Unit

Description

Significance

Sulphide

µM

Total dissolved levels in sediments
are the main parameter used to
determine direct impact of an
aquaculture operation

Sulphides are an indicator of habitat
degradation due to organic waste
loading

Redox

mV

Redox is the measure of the
potential of water for oxidation or
reduction. Low redox levels are a
sign of poor water quality and
limited decomposition of organic
matter

Measurements are used to supplement
sulphide measurements. The optimum
redox is around 300mV for salmon

Organic
Content

%

Organic content is a measure of
organic loading

The organic matter content of

Porosity

%

A measure of the void spaces in the
sediment. The void spaces contain
water and oxygen

Table adapted from DFA (2006) and NBG (2006)
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sediment is an important factor in
determining the extent of sorption and
the level of organic content of
sediment greatly influences benthic
plant, animal and microorganism
populations
Determines recent sediment
deposition from a salmon farm

Sites classified as depositional (where waste is not sufficiently dispersed by the currents), must be monitored
more often than erosional sites because oxic conditions are required to maintain a healthy benthic environment.
DFO is responsible for reviewing this data and determining if each site complies with the Fisheries Act, 1985.
Section 35(1) of the Fisheries Act prohibits the harmful alteration, disruption or destruction of fish habitat,
however should environmental degradation be detected at a farm site applicants can request authorization
from DFO to circumvent this article.
The EMP takes a risk-based approach, meaning that as the risk to environmental health increases, the frequency
of monitoring increases as well. Because of this approach and other shortfalls of the EMP, it has been criticized
by marine biologist Inka Milewski (2013) and Scientists of the Friends of Port Mouton Bay (FPMB) (personal
communication, March 20, 2013). For example, it does not address biodiversity, environmental conditions such
as current speeds, heavy metal concentrations within the sediment, or dissolved contaminants such as urine
that can promote algae growth (FPMB, 2011; Milewski, 2013; Olsen & Olsen, 2008).

3.3.4 Spry Harbour Site Suitability
Information gained in the interviews and recent media reports reveal that a number of stakeholders believe
Snow Island’s proposed sites are unsuitable for salmon farming. Bill Williams, who has years of experience
fishing in the area, expressed concern that the currents near the proposed Spry Harbour site are not strong
enough to carry away fish feces, excess feed, and chemicals (personal communication, March 12, 2013).
The EIA and Baseline Assessment and Current Data Report of Spry Harbour provides data on the quality of the
site (SIMCorp., 2011; 2012). The biophysical data in these documents indicate that the Spry Harbour site would
be a poor location for salmon farming due to the presence of Beggiatoa, a muddy substrate, and a slow current
speed. Beggiatoa is a bacteria that lives in sulphur-rich environments and was found at seven of the 10 sample
stations (Belle & Nash, 2008, p. 290; SIMCorp., 2011; 2012). Beggiatoa degrades organic carbon, reducing the
sulfate and nitrate while producing ammonia and hydrogen sulfide gases which can negatively impact water
quality and threaten the health of the farmed salmon (Brooks & Mahnken, 2003). A fine-grained muddy bottom
was noted by Snow Island divers during the pre-site assessment. These conditions exist because the current
speed has an average of only 4 cm/s (SIMCorp., 2012), indicating that the site is depositional. The introduction
of a salmon farm will only exaggerate these conditions and lead to degradation of the benthic environment
(Belle & Nash, 2008, p. 274; Carroll et al., 2003).

3.4 Socio-political Concerns
Like all coastal communities, Nova Scotians are culturally and economically tied to their coastal environments,
and when changes are proposed public interest is stimulated (Fraser & Beeson, 2003; Kaiser & Stead, 2002;
Mazur, 2004). Some stakeholders are concerned that the potential economic gains from salmon farming will be
overshadowed by negative impacts on other industries--namely commercial fisheries and tourism. These diverse
concerns can be divided into four broad categories: risk perceptions, sense of place, stakeholder engagement,
and Local Ecological Knowledge (LEK).
Understanding risk perceptions is essential for gaining public support for government policies and natural
resource development (Mazur & Curtis, 2008). However, understanding risk becomes challenging when
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individuals and societal groups have different values and beliefs concerning acceptable human interactions with
the environment (Mazur, 2004).
Open net-pen salmon farming relies on coastal and ocean resources. Communities and other stakeholders that
also rely on these resources are often concerned about the social and environmental impacts caused by the
industry (Kaiser & Stead, 2002; Mazur, 2004). The NS Aquaculture Strategy has no plan to address the perceived
risks and thusly, community and public acceptance has been limited and mistrust will likely aid in prolonging the
current conflict (DFA, 2012). This theme was common in the interviews we conducted and is summarized by the
following quote: “What are the real risks? If you don’t tell me I’m going to imagine them anyway whether they
are real or not” (G. Boudreau, manager of Guysborough County Inshore Fishermen’s Association, personal
communication, April 8, 2013). Studies in Mexico and Greece have shown that the aquaculture industry is more
accepted by communities when the socioeconomic benefits are obvious and communities are well informed
about the environmental impacts (Hugues-Dit-Ciles, 2000; Katranidis, Nitsi & Vakrou, 2003).
During the February 2013 public consultation for the Snow Island proposed sites “[the public] were given an
hour to ask questions on something that was going to change the outlook of this piece of shore forever” (B.
Williams, personal communication, March 12, 2013). When developing natural resources, there is a need to
account for the values of those living near the resource, as was found by Peckham, Duinker, and Ordonez (2013).
Furthermore, Falconer, Hunter, Telfer, and Ross (2013) attempted to address the displeasing visual appearance
of salmon farm sites, which are a major concern to local residents, through the use of Geographic Information
Systems (GIS). GIS could have been used for site selection along the Eastern Shore, and input from the local
community should have been taken into consideration. Public consultation should have also been a priority, as it
can enhance the legitimacy and social acceptance of a resource management scheme (Adams, 2004.
Furthermore, stakeholder involvement enhances the quality of environmental decisions through utilization of
variety of knowledge sources, including local ecological knowledge (Reed, 2008).

3.5 Law and Policy Concerns
Approximately 73 pieces of Canadian legislation govern aquaculture (Hutchings et al., 2012). As illustrated by the
flowchart in Appendix D, the licensing and leasing of salmon farm sites is complex and involves many branches
of government (Hutchings et al., 2012). Recent changes to the Canadian Environmental Assessment Act, 2012
(CEAA) have altered this process and led to gaps in environmental protection. Previously, authorizations under
the Fisheries Act, 1985 and the Navigable Waters Protection Act, 1985, would have triggered an Environmental
Impact Assessment (EIA) for an aquaculture operation, as both authorizations were recognized under s. 59 of
the Canadian Environmental Assessment Act, 1992. As the CEAA now stands, federal EIAs for aquaculture
operations are only conducted if requested by the Minister of the Environment (s. 14(2)). Under the current
licensing and leasing regulations, baseline benthic data must be collected and a CEAA compliant report with
supporting data has to be prepared (Appendix D). With the current CEAA changes, involvement of important
federal departments appears to be limited. Under the Fisheries and Coastal Resources Act, 1996 once the
Minister has approved the application, a licence and lease are valid for 10 years and during that time the
applicant has exclusive property rights, though the Minister may enforce changes in practice or withdraw the
lease and license at any time (DFA, 2013b).
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The Spry Harbour application was submitted prior to the changes made to the CEAA and therefore the EIA was
submitted in compliance with the lease and licensing application requirements, such as the Guide to Information
Requirements for Marine Finfish site and Aquaculture Applications Draft (NB DAA et al., 2007). Unfortunately, in
this Guide a clear framework around assessing and creating mitigation strategies for potential environmental
impacts or human safety risks are missing.
At the federal level, the aquaculture industry is regulated by 17 departments (DFO, 2012). DFO plays the largest
role regulating fish and fish habitat under s. 35(1) of the Fisheries Act, 1985 (FAO, 2013b). Newfoundland and
New Brunswick have provincial aquaculture acts and prior to 2010, the aquaculture industry in British Columbia
was also governed by a provincial act. NS does not have an Act but has an Aquaculture Strategy and a
Memorandum of Understanding (MOU), a non-legislative agreement that has been signed between DFO and
DFA. Furthermore, Canada is the only major producer of farmed seafood without a national Aquaculture Act (BC
Shellfish Growers Association (BCSGA), 2011; DFO, 2012). The Canadian Aquaculture Industry Alliance (CAIA)
(2011) has called for a national Aquaculture Act to consolidate the various pieces of legislation. The formation of
this Act is viewed as a means for clearer rights and responsibilities for the industry and ensures enforcement of
these responsibilities and accountability (BCSGA, 2011).

3.6 Survey Results
Table 3 summarizes concerns, benefits, and risks of salmon farming according to our interviewees.
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Table 3: Key opinions of interviewees when asked their main concerns of open net-pen salmon farming and
what they believe the risks and benefits to be (n=11). Numbers in brackets indicate the occurrence of a specific
answer.

3.7 Discussion and Recommendations
Our survey results reveal the dichotomy of the conflict. For example, when asked about the main risks, some
interviewees cited poor management, biophysical challenges to farmers, and other environmental risks while
one interviewee stated there are no risks. The same trend presented itself when we asked about potential
benefits. Economic and employment benefits topped the list, while one participant stated there are none.
Another set of questions dealt with everyday effects on communities and local environment. To better
understand the everyday effects on communities and local environment, future work will need to include more
interviews with community members who are living in places with salmon farms or in places where salmon
farms are proposed.
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Many of our interviewees cited environmental risks as their main concern regarding open net-pen salmon
farming (Table 3), and echoed the concerns presented in the literature about what has occurred in other
countries. Another issue that has arisen in NS is the accumulation of wastes below and around salmon farm sites
and the effect these wastes have on the benthic and surrounding environments (Fig. 2). Open net-pen salmon
farm research conducted in Port Mouton, NS highlighted the significant accumulation of waste and a decrease in
benthic biodiversity (Scientist Team of Friends of Port Mouton Bay [FPMB], personal communication, March 20,
2013).
Other environmental risks, such as disease transmission to wild populations was also mentioned by interviewees
several times. Snow Island may be mitigating this particular risk by using lower stocking densities. Lower
stocking densities lowers the risk of disease transmission among individuals in the cage, thus reducing possible
transmission from escaped farm fish to wild populations (Owens, 2003). However further steps should be taken
in ensuring that farms are as far as possible from known wild populations to further reduce the risk of farm and
wild fish interactions (World Bank, 2006).
The remainder of our survey questions dealt with community engagement and the future of salmon farming on
the Eastern Shore. Various answers were given for how stakeholders can better engage and communicate with
each other. Nearly all participants replied with different answers to the questions, however, when asked if they
believed if communication between stakeholders has effectively put people’s concerns at ease, all 11
participants answered “no”.
Moving forward, Snow Island must place greater emphasis on speaking with community members and using an
integrated approach to coastal management. Such information sharing can save the company time and money.
An integrated management approach would involve a stakeholder committee with representatives from all
coastal groups to foster respectful, open dialogue and a committee facilitator to ensure all voices are heard.
We recommend the NS DFA revise the Guide to Information Requirements for Marine Finfish site and
Aquaculture Applications 2007 Draft and provide guidelines that specifically address all potential risks associated
with marine finfish sites. Such additions to the Guide could have led to a more detailed and transparent EIA for
the Snow Island proposed sites. Enhancing the EMP will also improve understanding of the environmental
impacts from salmon farms and allow for better mitigation. As illustrated above, there is also support for a
national Aquaculture Act in Canada. Research of the current legislation and existing conflict indicates that a
national Aquaculture Act could provide better clarity on industry requirements and be beneficial for all
stakeholders.
Finally, many believe the solution to minimizing social and environmental conflicts over open net-pen salmon
farming is to move more production to closed containment systems (House of Commons, 2013). Currently,
many species of fish, including Atlantic salmon, are being produced in closed containment systems in NS,
Canada, and around the world. The two most common technologies that have emerged in Canada to isolate the
salmon rearing environment from the natural environment are ocean-based solid wall containment and landbased recirculation aquaculture systems (RAS) (Fig. 5) (House of Commons, 2013). Though closed containment
will account for many of the negative environmental impacts caused by open net-pen aquaculture, vast amounts
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of energy along with other inputs are required for successful operation. As a result, closed containment systems
have a large ecological footprint and are rarely economically viable.

3.8 Conclusion
It would be beneficial to resolve aquaculture conflicts on NS’s Eastern Shore for economic, environmental, and
cultural reasons. Some of the recommendations from this report address means for ensuring the environmental
and commercial viability of NS’s aquaculture sector. If aquaculture is going to meet global dietary demands and
contribute to provincial economic development, industry, and government must take responsibility for
sustainable management.
Due to the important role that aquaculture is predicted to play in feeding the world's growing population, and
coupled with the complexity of farming a carnivorous species in public spaces, our study provides a necessary
step by beginning a dialogue surrounding best management practices. As highlighted by this report, the
biophysical, social, law and policy conflicts that have arisen in NS and other jurisdictions cannot be addressed as
separate issues. Strong relationships exist between them, and concerns from one dimension have impacts on
the others. Clearer regulations, improved environmental monitoring and mitigation, and finally, engagement
and dialogue between stakeholders are necessary to address the conflicts that we have explored.
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Appendix A

Research Study: Investigating the expansion of salmon farming on the Eastern Shore of Nova Scotia
Conducted by Master of Resource and Environmental Management Students

Informed Consent

Student Researchers: Katie Paroschy, Karen Devitt, Robin McCullough, Vanja Avdic and Scott Biggar
Supervised by: Faculty in the School for Resource and Environmental Management, Dalhousie University.
Contact: Dr. Heather Castleden at heather.castleden@dal.ca or 902.494.2966.

Research Question: Have the socio-political, biophysical, and policy dimensions addressed the social,
environmental and economic challenges and opportunities of salmon aquaculture expansion on Nova Scotia’s
Eastern Shore?

Purpose of Research: To assess the biophysical, socio-political, and legal/policy dimensions of salmon farming
expansion on the Eastern shore of Nova Scotia.

Participation and Withdrawal
You can choose whether to be in this study or not. If you volunteer to be in this study, you may withdraw at any
time up until April 10th 2013; there is no penalty for withdrawing and you do not need to state your decision for
doing so. If you feel uncomfortable with the content of the discussion during the interview, you are free to pass
on answering that question or terminate your participation in the study.

Confidentiality and Anonymity
Participants will be sharing their experiences and opinions. Your views will be compiled and analyzed along with
that of the other participants, but will not be linked back to you in any way. While you will not be directly named
and all efforts will be made to remove identifiable information, it may be possible, because of the nature of the
comments and community size, that your statements may be identifiable in the final report. Because of this, the
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student researchers cannot guarantee complete anonymity. To minimize your risks in terms of participation, we
will ask that you only share information that you are comfortable sharing.

Results: Results will be shared in a report and public presentation once all the research is completed. Direct
quotes of what you say may be used in our final report and/or presentation in April 2013. This presentation is
open to the public and the final report will be posted on the School’s website. Any direct quotes from your
participation will be available for your review up until April 5th, and anonymity, if requested, will be maintained
by using a pseudonym (fake name). As a participant in our research, a copy of our final report will be available to
you if you request one.

Rights of Research Participants
You may withdraw your consent at any time and discontinue participation. This study has been approved by the
Faculty of Management Ethics Review Board at Dalhousie University. If you have questions regarding your rights
as a research participant, please contact Dr. Fiona Black, Associate Dean (Research), Dalhousie University, at
fiona.black@dal.ca.

Consent (only circle statements that you agree with):
I AGREE to participate in this study.
I give permission to digitally record the interview.
I give permission to be identified as a participant and quoted by name.
I give permission to use a fake name in conjunction with any quotes.
I would like to receive a copy of the final report, sent to this address:

Participant Signature: ___________________________________________
Date: _____________________
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Appendix B

Research Study: Investigating the expansion of salmon farming on the Eastern Shore of Nova Scotia
Conducted by Master of Resource and Environmental Management Students

Interview Questions
1. What do you perceive to be the most important issue about aquaculture in general, in Canada, in
Nova Scotia, here in X?
2. What would you say are the primary benefits of aquaculture? The primary risks?
Have you observed any ecological effects caused by aquaculture operations?
How do you think aquaculture affects communities and the day to day lives of residents?

3. Do you think that communication between stakeholders (community members, businesses etc.) has
been effective at putting peoples’ concern at ease?
Probe: Where can there be improvement?
Probe: Can you list any examples?

4. Given your position, how can a company like Snow Island Aquaculture address public concerns?
5. How would you describe the best scenario for aquaculture operations management?
Probe: By government?
Probe: By industry?
6. Thinking about the future, what do you think the role of aquaculture will be in your community 10

years from now?
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Appendix C
Table 4. Environmental Quality Definitions for the NS Aquaculture EMP. Table adapted from DFA (2011a)
Sediment Classification
Measurement

Oxic

Hypoxic

Anoxic

Sediment colour

Tan to depth >0.5cm

Tan to < 0.5 cm with some black
sed. at surface

Surface sediments
black

Microbial
presence

No sulphur bacteria present

Patchy sulphur bacteria

Widespread
bacterial mats

Macrofaunal

Wide array of infauna and
epifauna

Mixed group of mostly small
infauna

Small infauna only

Sulphide, µM

< 750 (A)

1500 to 3000 (A)

> 6000

750 to 1500 (B)

3000 to 6000 (B)

>100 (A)

-50 to -100 (A)

100 to -50 (B)

-100 to -150 (B)

Organic content,
%

<= reference

1.5 to 2X ref.

>2X ref.

Porosity, %

< = reference

1 to 10X ref.

>10X ref.

Redox (Eh), mV
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<-100

Appendix D
New Site Application Review Processes
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Responsible Industry Development
Creating a false shortage within a fishery: can it be
accomplished and if so what are the benefits?
Dan Mombourquette, Candidate, Master of Applied Science Programa
a

Faculty of Science, Saint Mary’s University, 923 Robie Street, Halifax, Nova Scotia, B3H 5C3
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Abstract
This report details that creating a false shortage of a fishery product could potentially have several benefits. A
false shortage restricts a product’s abundance (supply) in the market place when product is not in limited
supply. Based on the price-quantity theory of microeconomics, if supply of product in the marketplace is limited
then demand will consequently increase. As such, a false shortage could have the unique benefit of increasing a
product’s price (per unit). Another indirect benefit that could arise from creating a false shortage might be
reduced harvesting pressure on the stock as catch effort decreases. Creating a false shortage in the fishery can
also explained through the theory of fisheries bioeconomics. This theory states that as effort is reduced to a
specific point, costs will be reduced, thus maximizing profits (i.e., creating the maximum economic yield). To
further illustrate this concept, market and catch trends within a fishery will be explained using the American eel
(Anguilla rostrata) fishery as an example. Within this example, market fluctuations from an “actual” supply
shortage will be detailed. This example illustrates the possible outcomes of creating a false-shortage. Studies on
the Spanish hake (merluza sp.) and Canadian silver hake (Merluccius bilinearis) fisheries are used to articulate
the point that when quantity (supply) is limited in healthy populations, market prices and survivorship can
increase. Following this comparative analysis, a cost/benefit analysis of predicted outcomes of creating such a
false shortage is presented. Lastly, recommendations on how to promote such a management strategy are
considered.
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4.1 Introduction
To understand what creating a false shortage in a fishery might entail, it is first important to understand two
basic principles of microeconomic theory: the price-quantity model and equilibrium. The price-quantity model
(also known as the supply-demand curve) details the theoretical relationship between the price of a product and
the quantity of that product on the marketplace (Figure 1). In a perfect market, the supply (quantity) of a
product in the marketplace is theorized to be negatively correlated to the demand (consumer need) of that
product. Therefore, as supply increases, the demand (and subsequently the price the consumer is willing to pay)
for the product will decrease. It is also theorized within this model that the supply-demand relationship will
reach equilibrium when producers limit the supply in order to meet the demand in order to optimize the price
that can be received for the product. In other words, the supply will eventually equal the demand for that
product (Lawson, 1984; Jain, 2007).

Figure 1. Price-quantity model (Jain, 2007).
Creating a false shortage in a fishery would be based on the premise of limiting the supply of a fish product in
the marketplace, away from the equilibrium. If harvesters were bold enough to limit their supply of fish products
on the marketplace, based on the microeconomic theory above, the demand could potentially increase and yield
an increased price paid (per unit) to the harvesters known as ex-vessel price.
This theory is reinforced in fisheries bioeconomics. Figure 2 details the Gordon-Shaefer static model. As fishing
effort increases over a prolonged period of time, the catch of a species will increase up until an optimum known
as the maximum sustainable yield (MSY) - as the harvest yield is constrained by the species reproductive rate (r).
If effort continues past the MSY, the r of the species will be compromised and the population will begin to
decline. This figure also depicts the Total Revenue Curve (TR; solid line) and the Total Costs (TC; dashed line) of
fishing operations. As effort increases, so will the Total Revenue until the MSY is reached. After this point, TR will
continue to increase but at a diminished rate, as increased costs reduce the profit margin (area between TR line
and TC line) gained by increased effort. These costs and revenues reach equilibrium where costs equal the
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revenue gained by the effort. This is known as bioeconomic equilibrium (BE), and after this point fishing
becomes unprofitable. Interestingly, the Maximum Economic Yield (MEY) is the point on the TR curve where the
distance between TR and TC is the greatest, thereby yielding the greatest profit. After this point, costs increase
and the profit margin is reduced (Shaefer, 1957; Lawson, 1984; Seijo et al, 1998; Mombourquette, 2013). This
bioeconomic theory echoes the theory of creating a false shortage by specifying that if effort were reduced
(which would reduce catch and, ultimately, the supply on the marketplace) to a specific level, this would
increase economic returns. These two theories differ slightly as false shortage is related to the supply-demand
curve and MEY is represented by the relationship between revenues and costs.

Figure 2 The Gordon-Shaefer fisheries bioeconomic static model (Gordon, 1954; Shaefer, 1957; Seijo et al, 1998).
Creating a false shortage could not only potentially increase the ex-vessel price but it could potentially create a
number of positive outcomes for conservation. For example, fishing below the MSY would reduce the species
mortality rate and thus would allow the population to increase over time, until it is constrained by the
environment’s carrying capacity (Schaefer, 1957). Another anticipated positive outcome could include the
reduction of fishing gear in the water as fishing effort is reduced. Consequently, this would limit negative
impacts on marine ecosystems.

4.2 Methodology
To test whether creating a false shortage in a fishery is feasible, several existing fishery market trends are
examined through a literature review and analysed through the theory of a false shortage. The first example is
that of the American eel fishery, which is currently experiencing and actual shortage driven by global market
trends of this species (Gulf of Maine Council on the Marine Environment, 2007). Under the assumption of the
price-quantity model, the value of this species should increase over time due to the shortage of its supply on the
market. Following, the price fluctuations and catch rates of Spanish hake and the 2010 catch rate of Canadian
silver hake are deliberated in order to articulate that when supply is limited of fish harvested from relatively
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healthy populations, market prices and fish stocks can increase over time thus increasing the economic and
ecological sustainability of these resources (Garcia, 2006; DFO, 2010).

4.3 Results
4.3.1 American eel
Figure 3 details the US market and commercial harvest trends for American eel (Anguilla rostrata) from 1950 to
2003. The overall price-quantity trends between 1980 and 2000 mirror, almost perfectly, the price-quantity
model of microeconomics. As landings of American eel declined, the ex-vessel price dramatically increased due
to the extremely high demand for eels. This scenario supports the microeconomic theory of the price-quantity
model (Gulf of Maine Council on the Marine Environment, 2007; Jain, 2007). Through the 2000s, however, a
negative correlation between price and quantity of American eel is seen, which is due to a biological shortage of
the supply.
Between 1998 and 2000 the ex-vessel price of American eel dramatically decreased even though the catch rates
were still in decline. This phenomenon could indicate that the demand for this product reached a maximum.
Demand is the quantities that consumers are willing and able to purchase at alternative prices during a given
period of time (Jain, 2007). If this price becomes too high, consumers will switch to another product which is less
expensive. This trend illustrates that world markets are not as perfect as economic theories would predict them
to be. There are phenomena such as maximum demand and product switching which break away from the
constraints of economic models (Jain, 2007).

Figure 3 American market trends of American eel (Gulf of Maine Council on the Marine Environment, 2007).

4.3.2 Spanish hake
Figure 4 details price-quantity trends for Spanish hake (merluza sp.) between 2000 and 2005 and clearly aligns
with the price-quantity relationship of microeconomics: as quantities decrease, ex-vessel prices increase and
vice versa. It also demonstrates that an optimal quantity can yield a maximum price before the price continues
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to decline. This equilibrium point is approximately 18 tonnes and $10/unit (Figure 5). There also appears to be
an optimal low quantity that fetches a maximum price, which is approximately 5 tonne and $16/unit (Garcia,
2006). As detailed by the catch data, this species’ population appears to be healthy (there are no long-term
trends which depict declines of the harvest). Since the fishery in this case study is not experiencing an actual
biological shortage, harvesters would need to purposefully limit their catch rates (i.e. reduce landings through
the use of trip limits and other output control mechanisms) to yield an increase in ex-vessel prices. In other
words, harvesters would need to utilize a false shortage strategy, to optimize profit (please refer to bioeconomic
theory presented on p. 4). Not only will decreasing supply increase the ex-vessel price paid to harvesters,
reducing the amount of effort to catch fish will also increase profit but reducing total costs (Shaefer, 1957;
Lawson, 1984; Seijo et al, 1998; Mombourquette, 2013).

Figure 4. Price-quantity trends for Spanish (Catalan region) hake (Garcia, 2006).
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Figure 5. The price-quantity model for Spanish hake (developed by Daniel Mombourquette and adapted from
Garcia, 2006).

4.3.3 Canadian silver hake
Table 1 details the total allowable catch (TAC) and actual catches of Canadian silver hake (Merluccius bilinearis)
for 2010. As shown, several of the harvester groups (namely the individual transferable quota (ITQ) and
enterprise allocation (EA) fleets, +100ft fleet and the aboriginal group) actually harvested a considerably lower
amount than Fisheries and Oceans Canada (DFO) allotted. This occurred due to an industry led initiative to
impose trip limits on each vessel where the objective was not to fill the vessel but to catch a prescribed amount.
An industry expert stated the reasons for imposing these trip limits were a result of “reduced capacity to process
this species, but they also provided prolonged employment for members of the community. Furthermore, trip
limits can yield maximum/stable ex-vessel prices for this product.” (C. Milley, personal communication, Nov. 4,
2012). An additional benefit is that 56 per cent of the remaining fishable biomass is allowed to escape the
fishery and contribute to the increased growth of the silver hake population.
Table 1 Quota allocations (for all fleets within all areas of Atlantic Canada) for silver hake in 2010 (DFO, 2010).
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4.4 Discussion
The above examples provide evidence for the argument that creating a false shortage of supply of a fish product
in the marketplace can yield several benefits. The American eel and Spanish hake examples illustrate that fishery
products generally follow the price-quantity model of microeconomics which states that as quantity decreases,
the market responds by increasing the value of that product (and vice versa). Within the Spanish hake example,
it was further articulated that a reduced effort (caused by limiting the market supply) would also have the added
benefit of reducing the overall costs of fishing, which would reduce economic costs and increase profits for the
industry. This scenario coincides with the fisheries bioeconomic model of MEY and the Canadian silver hake
example detailed that imposing trip limits, which is synonymous with creating a false shortage of supply, not
only maximized and stabilized ex-vessel prices but also led to prolonged employment within communities that
fish this species. Additionally, the remaining unfished biomass of Canadian silver hake would lead to an increase
in the ecological sustainability of the resource over time.
As displayed in the American eel example, the market is not static and consumer demand can reach a maximum
if prices become too high. This can result in a sharp decline of prices for products and, hence, there may be
other economic forces that could counter the theory of creating a false shortage. As such, it is important to
examine other possible economic (as well as social) impacts that may result from creating a false shortage of
supply of a fishery product. The following section presents a cost/benefit analysis of some of these potential
outcomes.

4.5 Cost/Benefit Analysis
Some may argue that reducing fishing effort (i.e. reducing the amount of time fishing) to reduce the supply in
the marketplace would ultimately reduce employment, while others, have suggested that this may actually lead
to prolonged employment (Weber, 1994; C. Milley, personal communication, Nov. 4, 2012). If harvesters were
allowed to fish unbridled, this could result in overfishing that would, in the long-term, lead to total employment
loss within the community. Therefore, if effort is reduced to create sustainable fishing practices, employment
would be secured for generations to come (intergenerational equity) - creating sustainable livelihoods.
Admittedly, there will be some initial employment loss, however it is better to have some employment loss in
the short-term instead of total employment loss in the industry in the future (as witnessed during the Northern
cod collapse) (Weber, 1994). Reducing the amount of fishing time for fishermen could also create opportunities
for them to participate in other forms of employment, which has been noted as a means to increase
employment diversity and ultimately increase the social resilience of a fishing community (Charles et al., 2002).
Others could argue that creating a false shortage could entice some harvesters to participate in cheating
behaviours such as poaching (IUU fishing) and creating a black market for fish products. This is a perfectly logical
scenario as these cheating behaviours currently occur in almost all fisheries (Weber, 1994; Agnew et al. 2009).
This also attests to the fact that the market is not perfect or static. However, for a false shortage to be
successful, all persons who participate in the fishery (e.g. harvesters, buyers, producers and other labourers)
would have to agree to the terms of the false shortage strategy. If there are any fishery participants who cheat
and place the fishery product onto the market illegally, or outside of the false shortage initiative, this could have
the negative effect of flooding the market and thus reducing ex-vessel prices. Therefore, it would be important
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to include an effective monitoring and enforcement mechanism to ensure compliance to the false shortage
strategy.
Lastly, it could be argued that reducing a fish products’ supply on the market would reduce global food security
because the amount of protein available would be reduced, which in turn could increase the price of that
protein making it less accessible. However, it has been stated by the FAO (2012) and the Centers for Disease
Control and Prevention (CDC; 2012) that fish protein consumption (per capita) in the developed world is far
greater than that recommended for daily nutrition. Therefore, fish protein consumption (and consequently the
supply of fish protein in the marketplace) should be reduced regardless of the market incentives they provide to
the industry. An increased price for this product could be translated into the price of conservation for the
species, as it has been argued that this strategy could lead to the sustainability of the resource (recall the
Canadian silver hake example). Table 2 below displays all the predicted costs and benefits relating to these
arguments of creating a false shortage initiative.
Table 2 The cost/benefit analysis of creating a false shortage of supply of a fishery product.
Predicted benefits/positive outcomes












Predicted costs/negative outcomes


A lower quantity of product on the market
place could lead to increases in the unit price
A reduced fishing effort (fisheries input) can
maximize profits for harvesters (less overhead
cost in fuel, gear/bait and wages)
A reduced catch (fisheries output) will benefit
conservation; a greater population is allowed
to escape the fishery and contribute to
greater population growth
Labourers might benefit from increased time
on land; increased time to participate in other
forms of employment (leading to increased
resilience; Charles et al, 2002)
Ultimately this strategy will lead to more
prolonged employment; it is more important
to have some employment loss now instead
of total employment loss later (Weber, 1994;
Milley, C., personal communication, Nov. 4,
2012)
As effort is reduced, so would the length of
time gear would be used. This could reduce
negative impacts gear has on marine
ecosystems.
The developed world consumes (per capita) a
far greater amount of protein than needed
for daily nutrition (Weber, 1994; FAO, 2012,
CDC, 2012). Thus, limiting the protein supply
should not have a detrimental effect on food
security
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A reduced fishing effort leads to less time
fishing; therefore, reduced employment
All stakeholders within the fishery
(harvester, buyers, processors etc.) have
to participate; if rogue producers or
poachers flood product onto the market, it
could decrease the unit price
Could lead to increased poaching/black
market sales
Demand (consumer purchasing) can
switch to other protein source if there is
not enough product on the market or if
the price becomes too high
Could reduce global food-security by
increasing food prices and reducing the
amount of food available

4.6 Conclusion
Based on the table above and the arguments stated within the discussion, it appears that there are more
anticipated benefits then there are costs of creating a false shortage within a fishery. Such a strategy, however,
is vulnerable to human and market forces and therefore, it is pertinent that the following recommendations are
followed:
1. The optimum price-quantity for the fishery product should be discovered through market research. It is
important to understand this balance in order to avoid the scenario of consumers switching to other protein
sources.
2. All fishery participants (e.g. harvesters, buyers, processers and other labourers) must agree to the terms of
the false shortage strategy; they must not catch or sell the fishery product outside this initiative.
3. This initiative should be developed by the industry and within the community where it is applied (i.e., it must
be a co-management or community-based management initiative).
4. A management body should be created to control monitoring and enforcement programs aimed at reducing
cheating behaviours, promoting compliance and stewardship.

If these recommendations are followed, a false shortage initiative can potentially be applied to any fisheries to
promote economic, ecological and social sustainability.
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