	
	
	



	
	
	









A CRITICAL EXAMINATION OF HISTORIC DECISION-MAKING FOR ATLANTIC SALMON (SALMO SALAR) IN THE INNER BAY OF FUNDY.

By

Ireland Olivia Moro


Submitted in partial fulfillment of the requirements for the degree of
Master of Marine Management

at

Dalhousie University
Halifax, Nova Scotia
December 2024

Dalhousie University is located in Mi’kma’ki, the 
ancestral and unceded territory of the Mi’kmaq.
We are all Treaty people.

 Ireland Olivia Moro, 2024



[bookmark: _Toc327927694][bookmark: _Toc604691031][bookmark: _Toc1232822098][bookmark: _Toc184318851]Dedications
For Atlantic salmon. 



Dedications	ii
List of Figures	v
List of Boxes	vi
Abstract	vii
List of Abbreviations Used	viii
Acknowledgements	ix
Chapter 1: An Introduction to Atlantic Salmon and Their Decline	1
1.1 Atlantic Salmon Characteristics and Life Cycle	2
1.1.1 Atlantic Salmon Life Cycle	3
1.2 Geographical Range	5
1.3 The Bay of Fundy	6
1.3.1 Inner Bay of Fundy Designatable Unit	7
1.4 Atlantic Salmon Decline and Associated Causes	9
1.4.1 Threats Associated with Atlantic Salmon Decline	10
1.5 Management Problem	12
Chapter 2: Methodology	14
2.1 Historical Literature Review	14
2.1.1 Inner Bay of Fundy Case Study and Current Management Approaches	15
2.2 Highlighting the Importance of Holistic Management	16
2.2.1 Cultural Pillar	17
2.2.2 Ecological Pillar	18
2.2.3 Social Pillar	19
2.2.4 Economic Pillar	20
Chapter 3: Understanding the Past to Instruct the Future: Early 1800s to 1960s	21
3.1 Early Fish Passage Barriers	22
3.2 Early Hatcheries Management	22
3.3 Identifying the Cyclical Nature of Mismanagement	24
Chapter 4: Management Strategies from the 1960s to Current Day: Insights from the Inner Bay of Fundy DU Case Study	25
4.1 Atlantic Salmon Management Approaches	25
4.1.1 International Scale	25
4.1.2 National Scale	28
4.1.2.1 Introduction of Aquaculture to the Maritimes	29
4.1.2.2 Live Gene Bank Programs	30
4.1.2.3 Recovery Strategies	31
4.1.3 Local Scale	32
4.1.3.1 Transition to Local Scale Hatcheries Management	33
4.1.3.1.1 The Hatcheries Debate	34
4.1.3.1.2 Current Inner Bay of Fundy DU Enhancement Projects	35
4.2 Conservation Approaches and Objectives	38
Chapter 5: Lessons Learned from Management Approaches: 1800s to Current Day	40
5.1 Fish Passage Management	40
5.2 Hatcheries Management	41
5.3 Climate Change Considerations	42
5.4 Aquaculture Management	43
5.5 Moving Forward	45
Chapter 6: Recommendations for the Future of Atlantic Salmon Management Approaches	47
6.1 The Future of Inner Bay of Fundy DU Management Approaches	47
6.2 Atlantic Salmon Management Approaches Rooted in Place-Based Knowledge	48
6.3 Climate Change Considerations	48
6.4 Ensuring Success	49
6.5 The Future of Atlantic Salmon Management Approaches	50
References	52
Appendix A: Search Strings Utilized for the Historical Literature Review	64
Part 1: 1800s-1960s	64
Part 2: 1960s-Current	64
Appendix B: Resources Used for Literature Review: Authors, Subject Area (Focus) and Links	65
Appendix C: Organization of Literature Review Papers by Recurring Themes	69
Appendix D: Organization of 1960s-Current Day Literature: International, National and Local Relevance	74








[bookmark: _Toc1342961998][bookmark: _Toc184318852]List of Figures
Figure 1. Diagram of the complete lifecycle of Atlantic salmon. 
Figure 2. The North Atlantic Ocean with the geographic distribution of Atlantic salmon indicated in red (OAP, 2022). 
Figure 3. Range of the Inner Bay of Fundy Designatable Unit (shaded region) in the Maritimes Provinces in Canada (Irvine et al., 2005). 
























[bookmark: _Toc1568055392][bookmark: _Toc1347355493][bookmark: _Toc2039206071][bookmark: _Toc184318853]List of Boxes 
Box 1. Definition of a wild Atlantic salmon according to the Department of Fisheries and Oceans Canada (DFO). 
 

Moro, I.O (2024). A critical examination of historic decision-making for Atlantic salmon (Salmo salar) in the Inner Bay of Fundy [graduate project]. Halifax, NS: Dalhousie University. 
[bookmark: _Toc1220350473][bookmark: _Toc414122767][bookmark: _Toc52918991][bookmark: _Toc184318854]Abstract
Atlantic salmon (Salmo salar) are a keystone species in Atlantic Canada and play an integral role in local and Indigenous culture, however, they are in jeopardy. The looming threat of extinction of Atlantic salmon in Canada has resulted in a variety of management strategies from the international to the local level to conserve the species. However, the current level of decline in Atlantic Canada is demanding more aggressive management approaches that will only be successful if grounded in place-specific characteristics. Rapid population declines have resulted in limited options to guide management approaches; it will therefore be important that new approaches adopt past lessons, consider current realities, and apply transdisciplinary practices. The use of the Bay of Fundy as a case study offers a key opportunity to closely examine the management problem and to emphasize collaborative needs between scales of governance. This paper will look specifically at the Inner Bay of Fundy Designatable Unit of Atlantic salmon and how the status and health of this population has impacted management strategies over time. Through a historical literature review, this paper explores how a lack of holistic management practices has reactively addressed population declines through history, confounding the management problem with new threats. Examining the progression of management strategies will provide insight into recommendations on new approaches to respect and protect this significant species and the people intrinsically and culturally linked to them. Using past lessons and diverse scales of governance, recommendations for the future of Atlantic salmon management approaches are provided. 
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[bookmark: _Toc1577246382][bookmark: _Toc328860848][bookmark: _Toc1411950724][bookmark: _Toc184318857]Chapter 1: An Introduction to Atlantic Salmon and Their Decline
[bookmark: _Toc184318006][bookmark: _Toc184318858]The threat of extinction of Atlantic salmon in Canada’s Maritime provinces has resulted in management plans and strategies to conserve the species. This has been particularly true in the Bay of Fundy in Southwest New Brunswick, where Atlantic salmon have a long-standing history and deep connection to the Bay and its communities but are now experiencing rapid declines. With few management options in the face of significant population decline, there is a need to carve new paths and evolve strategies to ensure the future of Atlantic salmon. This paper will examine Atlantic Salmon populations from a variety of geographical, historical, ecological, socio-economic and cultural perspectives to provide a complex understanding of the species and what factors are important in their management into the future and across international, national and local scales. Using a case study will provide a deeper dive on past management approaches of Atlantic salmon in the Bay of Fundy and how its resulting impacts on populations can be addressed through a transdisciplinary approach and a layering of governance from the local to global scale.
[bookmark: _Toc184318007][bookmark: _Toc184318859]The management of Atlantic salmon is a complex and contentious issue involving numerous levels of governance, stakeholders, rightsholders and dynamic factors in the context of continued and developing threats. It is essential to understand not only the history of the present situation but also who is involved, the varying scales of management approaches, the regulations in place, and the potential governance and management outcomes. This knowledge is critical for effective management strategies aimed at securing the future of Atlantic salmon.
To build a comprehensive understanding of Atlantic salmon management approaches, it is important to first investigate the background of the species’ including details of their lifecycle, geographical range, the Inner Bay of Fundy population specifically, and details of their decline and prevailing threats.
[bookmark: _Toc1846673964][bookmark: _Toc1865657416][bookmark: _Toc340404702][bookmark: _Toc184318860]1.1 Atlantic Salmon Characteristics and Life Cycle 
The management of fisheries plays a vital role in shaping the culture and environment of Canada’s East Coast. It is often a contentious topic, particularly when it involves species embedded in both cultural identity and ecological balance. One of the most prominent examples of this is the management of Atlantic salmon. As an ecologically important and culturally iconic species in Canada’s Atlantic provinces, Atlantic salmon have occupied a key area of the regional fisheries management discourse for decades. 
Atlantic salmon are referred to as Salmo salar, Salmo meaning salmon and salar meaning leaper, and are one of the best-known members of the Salmonidae family (Scott, 2014). The Salmonidae family is made up of salmon, trout, grayling, whitefish, char and relatives of these groups (Dysin et al., 2022). This family of fish has unique significance geographically and to Atlantic communities for social, cultural, ecological and economic reasons. In the natural environment, Atlantic salmon perform key functions in ecology, such as the transfer of nutrients from marine to freshwater environments (Dysin et al., 2022). Atlantic salmon are often referred to as the King of Fish not only for their physical strength and size but also for their incredible power, agility, and ability to navigate vast distances and overcome obstacles during their river-to-sea migration, showcasing unparalleled resilience and adaptability in the wild (NOAA, 2024). 
Atlantic salmon have a long, thin body with a small head, a blunt nose, and a mouth that extends back below their eye (DFO, 2018). As adults, they are silver in colour with distinct dark blue-green spots over their body and a nearly white underside, and their colouring aids as camouflage to blend into their natural environments (DFO, 2018). A distinct characteristic of Atlantic salmon is the small fleshy adipose fin that is located posterior to the dorsal fin and anterior to the caudal fin (DFO, 2018). Originally it was thought that the adipose fin held fat or tissue, but recent studies have shown that the fin is not a vestigial structure and does have a function, in mechanosensory or maneuverability, however, the full function is not completely understood (Genovesi, 2020; Buckland-Nicks, 2016). A key distinguishing characteristic between wild Atlantic salmon (Box 1) and hatchery Atlantic salmon is the presence of an adipose fin or not, hatchery fish have their adipose fin clipped as an identification technique due to the assumed non-functionality of the fin (Petersson et al., 2013) 
Box 1: Definition of a wild Atlantic salmon according to the Department of Fisheries and Oceans Canada.  
An Atlantic salmon is considered to be wild if it has spent its entire lifecycle in the natural environment and originates from parents who were produced by natural spawning and have continuously spent their lives in the natural environment (DFO, 2018). Progeny of Live Gene Banking programs (explored in Chapter 5) are given the same consideration as if they were wild salmon under Canada’s Wild Atlantic Salmon Conservation Policy (2018).    
However, in today’s realities, wild Atlantic salmon are scarce, and populations are supported by hatchery-reared fish, which are not considered to be wild. For the purposes of the paper, the term Atlantic salmon extends to both hatchery-reared and wild fish, unless explicitly explained otherwise.  










[bookmark: _Toc127465964][bookmark: _Toc220590369][bookmark: _Toc771796639][bookmark: _Toc184318861]1.1.1 Atlantic Salmon Life Cycle
Upon examination of past Atlantic salmon management efforts (or lack thereof), it becomes apparent that the lifecycle of salmon plays a critical role in defining effective strategies. Lack of a complete understanding of the Atlantic Salmon’s lifecycle has repeatedly shown to be a detriment to successful conservation of the species, necessitating a review of key lifecycle features. 
Atlantic salmon’s life cycle (Figure 1) begins when a mature female lays her eggs in a gravel nest, called a redd, in flowing water, which are then fertilized by a male’s milt (Russell, 2024; NASCO, 2019). The eggs develop through fall and winter, hatching into alevins that feed on their yolk sac (DFO, 2018). Once the yolk sac is depleted, alevins transition to fry and feed on small insects, larvae, and plankton in the river (NASCO, 2019). [image: ] Figure 1. Diagram of the complete lifecycle of Atlantic salmon (NASCO, 2019).
Fry grow into parr, developing camouflage marks that aid in their survival (Russell, 2024). The duration of this stage depends on the salmon’s health, with well-fed individuals growing faster (Russell, 2024). When ready, salmon lose their parr marks and undergo external changes, including silvering of the body and darkening of the fin margins, while also experiencing physiological changes in preparation for river-to-sea migration (Bjornsson et al., 2011). 
This process, known as smoltification, enhances the salmon’s salinity tolerance, metabolism, migratory behaviour, and olfactory imprinting, which allows them to recognize odours associated with their natal stream (DFO, 2018; NASCO, 2019; Bjornsson et al., 2011; Bett et al., 2016). At this stage, they are called smolts and migrate to the sea, where they live and feed for at least one year before returning to their natal rivers, guided by their olfactory imprint (Bjornsson et al., 2011). Some may stay at sea longer, becoming multi-sea winter salmon (DFO, 2018; NASCO, 2019; Russell, 2024). Returning to their natal rivers to spawn, their colour changes, and males develop a hooked jaw (NASCO, 2019). Unlike Pacific salmon species, which die after spawning, some Atlantic salmon, known as Kelts, may return to the ocean to feed after spawning (NOAA, 2022; Russel, 2024). These remarkable transformations highlight the species unique lifecycle and resilience. 
[bookmark: _Toc2116868652][bookmark: _Toc1413994220][bookmark: _Toc233328106][bookmark: _Toc184318862]1.2 Geographical Range 
Historically, Atlantic salmon used to be found in every country whose rivers flow into the North Atlantic Ocean and Baltic Sea (Government of Canada, 2013). However, history has not been kind to the species due to stressful ecological and anthropogenically influenced impacts causing significant and rapid declines in the global population. Some areas, such as the Bay of Fundy, have seen more intense impacts than others. 
Currently, the Atlantic salmon geographic population spans the North Atlantic Ocean from North America, across Northern Europe and into Russia (Figure 2). There are three groups of Atlantic salmon found worldwide: North American, European and Baltic populations (NOAA, 2024). The North American Atlantic salmon anadromous population historically ranged from the Hudson River drainage in New York northward to the outer Ungava Bay in Quebec (Government of Canada, 2013). The Canadian range makes up approximately a third of the global population (Government of Canada, 2013). A hundred years ago, Atlantic salmon inhabited over 700 Canadian rivers, however, Canada is one of the areas where the current distribution has been significantly reduced as compared to the historical range (Government of Canada, 2013). Now, Atlantic salmon are found in closer to 300 rivers from Ungava Bay along the Labrador Coast and through Quebec to the Maritime provinces of New Brunswick, Nova Scotia and Prince Edward Island (PEI), plus one additional population in Eastern Hudson Bay (Government of Canada, 2013; Scott, 2014). This wide distribution of Atlantic salmon means different populations of salmon see unique habitats and show significant phenotypic plasticity and life-history characteristics variability (Klemesten et al., 2003). 
[image: ]Figure 2. The North Atlantic Ocean with the geographic distribution of Atlantic salmon, indicated in red (OAP, 2022).
[bookmark: _Toc785390776][bookmark: _Toc601391840][bookmark: _Toc179913158][bookmark: _Toc184318863]1.3 The Bay of Fundy 
[bookmark: _Int_rnNlhGLd]To closely examine one of Canada’s most pronounced declines in Atlantic salmon, this paper focuses on one of the most unusual and unique coastal ecosystems that Atlantic salmon inhabit: the Bay of Fundy (Daborn, 2018). The Bay of Fundy is an inlet of the Atlantic Ocean and is located between New Brunswick and Nova Scotia and slightly extends into Maine, U.S.A (Britannica, 2024). The Bay has the world’s highest recorded tides, rising up to 16 meters near the head of the bay (Parks Canada, 2023). The bay contains extraordinary biological diversity; it is home to more than 2,300 species and, contains a wide diversity of habitats and is extremely biologically productive (Dyer et al., 2005; Daborn, 2018; Parks Canada, 2023). The ecosystem of the Bay is globally connected through the extensive migratory patterns of numerous fish, mammal, and bird species that traverse the Bay each year (Dyer et al., 2005; Daborn, 2018). The Bay is undergoing continuous change for natural and anthropogenic reasons. On the natural side, the Bay is facing the impacts of the Earth’s crust’s dynamic responses to the ice sheet removal following the last ice age (Daborn, 2018). This has led to shoreline and seafloor erosion, deposition and shifting trophic relationships, all of which are poorly understood (Daborn, 2018). Anthropogenically, activities such as the construction of dams, harbours, roads, natural resource harvesting, conversion of salt marshes, increased eutrophication and the impacts of climate change are causing harm to the species within the bay (Darborn, 2018). For Atlantic salmon who migrate to the Bay specifically, access to spawning rivers is of utmost importance, however, many of these rivers are heavily dammed and block access to quality habitat (ICES, 2024). While mitigating the natural concerns is out of reach, focusing on addressing the anthropogenic concerns is important to ensure the Bay remains a biological hotspot and suitable habitat for Atlantic salmon.
[bookmark: _Toc1115258557][bookmark: _Toc2113479788][bookmark: _Toc1294561075][bookmark: _Toc184318864]1.3.1 Inner Bay of Fundy Designatable Unit 
Atlantic salmon are split into Designatable Units (DUs) depending on their geographical area to better manage specific populations. Across Canada, 16 genetically distinct DUs stretch from Nunavut, through Newfoundland and Quebec and across New Brunswick, PEI and Nova Scotia (Government of Canada, 2013). Out of the 16 DUs across Canada, 5 of them are found in the Maritimes, and 3 of them surround the Bay of Fundy. However, for the sake of this paper only DU 15, the Inner Bay of Fundy Designatable Unit (iBoF DU), will be discussed.  
The iBoF DU extends from Cape Split around the Inner Bay of Fundy to just east of the Saint John Estuary (Figure 3) (Government of Canada, 2013). Drastic population declines from the 1970s onward caused this DU to be listed as endangered under the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) in 2001, as well as under the Species at Risk Act (SARA) since 2003 (Government of Canada, 2013). Designation under SARA comes with serious prohibitions against any harm to this DU or its natural habitat (Government of Canada, 2020). The iBoF DU has strong genetic differentiation from neighbouring DUs and exhibits a localized migration strategy into the Bay of Fundy (DFO, 2008; Government of Canada, 2013). Since the turn of the 20th century, there have been over 40 million iBoF salmon, at various life stages, stocked into iBoF rivers to combat the intense decline this DU is facing (Government of Canada, 2013). 
The iBoF DU was chosen as the case study for this paper for several reasons. First, iBoF salmon continue to face declines even though they are listed under SARA, highlighting the need for greater management measures. Additionally, Indigenous and local communities that surround the Bay of Fundy are deeply connected to this DU, many of which are carrying out unique conservation efforts in an attempt to save the DU from extinction. The use of iBoF salmon as a case study highlights the struggle management approaches has been facing for many years, further emphasizing the need for a transdisciplinary approach to management that is rooted in place-based knowledge. 
[image: ]Figure 3. Range of the Inner Bay of Fundy Designatable Unit (shaded region) in the Maritimes Provinces in Canada (Irvine et al., 2005). 
[bookmark: _Toc1163168605][bookmark: _Toc331481374][bookmark: _Toc841810765][bookmark: _Toc184318865]1.4 Atlantic Salmon Decline and Associated Causes
The severity and intense pace of Atlantic salmon decline is a story that spans many decades, a story that many Maritime residents and Indigenous communities have witnessed first-hand. Exploring this dramatic decline and the associated causes are important to help progress Atlantic salmon management approaches to ensure that mistakes from the past are not repeated in today’s management strategies.
Prior to the 1970s, global Atlantic salmon (Salmo salar) populations were healthy, thriving and stable, however, starting in the 70s early onsets of global decline had begun, with the most rapid decline taking place between the 80s and 90s throughout Europe and the Northeast Coast of North America (NASCO, 2019). From 1983 to 1990, the global population of Atlantic salmon dropped from seven million to five million fish (NASCO, 2019). Declines continued at an alarming rate, by 2016, the global population had declined to 3.38 million (NASCO, 2019). These statistics are particularly alarming when combined with scientific observations showing that since 2007, it takes twice as many eggs to produce a single returning adult compared to the number required before 1990 (NASCO, 2019).
 Areas of greatest risk for continued decline are the southernmost regions in the geographical range of these salmon, such as the Southern Atlantic Canadian Provinces and the United States. In Southern New Brunswick and Nova Scotia, the numbers of salmon returning to their spawning rivers each year are concerning. Rivers that flow to the Bay of Fundy along Mainland Nova Scotia are of high concern, with critically low Atlantic salmon populations (ICES, 2024). The iBoF DU has declined to critically low levels and is facing the risk of imminent extinction (DFO, 2008). In the early 20th century, it was estimated that the iBoF rivers contained nearly 40,000 adult salmon (DFO, 2008). However, abundance dropped to as few as 250 adults by 1999 (DFO, 2008). The main river systems in the region are seeing massive declines; for example, the Stewiacke River population was estimated to have between 1,100 and 6,700 returning adults from the 1960s to 1970s, showing considerable variation annually (DFO, 2008). From 1997 to 2001, the adult returns fell to less than 50 individuals per year, in 2001, the return rate fell to an alarming 4 salmon (DFO, 2008). These numbers show a population decline of more than 99% between 1967 and 2001, with the most noticeable declines occurring in the early to mid-1990s (DFO, 2008). 
Population projections from 2008 stated that, under the then-present conditions without human intervention, iBoF salmon would be extinct within ten years (DFO, 2008). Given that it is 2024 and the population is not extinct, there is still a chance for rehabilitation. Based on the viability of commercial landings in the region before the fishery closures in 1983, as well as mill dam construction throughout the 1800s on many of the rivers that the iBoF DU relied on, it is thought that iBoF salmon has survived through periods of low abundance in the past, although not nearly as concerning as numbers are now (DFO, 2008). There is lots of work to be done to address the conditions responsible for the decline and if they continue to remain unchanged, extinction remains a possibility (DFO, 2008).
[bookmark: _Toc1029884703][bookmark: _Toc1179905786][bookmark: _Toc326014921][bookmark: _Toc184318866]1.4.1 Threats Associated with Atlantic Salmon Decline 
The decline of Atlantic salmon populations is driven by a complex range of intersecting factors, particularly anthropogenic threats. This section will not be an exhaustive list of all threats Atlantic salmon face, it will highlight some of the major recognized causes of declines. Recent hypotheses for Atlantic salmon population decline in the North Atlantic point to several factors, including global climate change, the expansion of large-scale aquaculture, increased predation, loss of marine prey, and competition with other planktivorous fish (Dadswell et al., 2022). Natural predation by birds, fish, and mammals plays a role in impacting populations in both freshwater and marine habitats (NASCO, 2019). Additionally, the introduction of invasive species such as smallmouth bass (Micropterus dolomieu) and chain pickerel (Esox niger) has intensified predation, as these species intercept and consume salmon smolts during their river-to-sea migration (ICES, 2024; NASCO, 2019; Withers, 2017). 
Human activities such as logging and agriculture have significantly impacted salmon habitats by reducing habitat quality through water pollution, habitat degradation and increased sedimentation, ultimately threatening survival (Government of Canada, 2010; NASCO, 2019). One of the most critical threats comes from migration barriers including dams, culverts, and hydroelectric projects that impede salmon’s anadromous migration between freshwater and marine environments (Thorstad et al., 2021). These barriers block access to spawning grounds and contribute to population decline (Government of Canada, 2010; NASCO, 2019; ICES, 2024). Climate change has worsened the situation, as rising water temperatures and increased acidification have rendered previously suitable rivers in their southern range inhospitable (NASCO, 2019; DFO, 2024). 
Relevant to Atlantic Canada, where aquaculture is a significant economic activity, some studies suggest that while aquaculture is not the main cause, it has contributed significantly to population declines of salmon from its cumulative impacts such as sea lice, disease, and farmed salmon escapes (Dadswell et al., 2022). A major concern is reduced survival rates during ocean migration, potentially linked to significant changes in the marine ecosystem, though this remains poorly understood (Strom et al., 2019; Government of Canada, 2010).  However, it is estimated that the loss of marine prey and competition with other species, as well as unregulated fishing, are likely playing a role in marine mortality rates (Dadswell et al., 2022). 
Specific to the Bay of Fundy, the most severe threats impacting the iBoF DU are broken up between marine and freshwater threats. In the marine environment, the leading threats are interactions with farmed and hatchery salmon due to aquaculture escapees and stocking projects and environmental temperature changes (DFO, 2008). Interactions between iBoF, hatchery and farm salmon include competition for food, parasite and disease outbreaks, and the potential for hybrid breeding between groups, which can lead to less viable offspring or limitations in reproductive success (DFO, 2008). The additional threat in the marine environment is that ecological dynamics can be altered by changes in water temperature, which reduce ocean productivity, limiting the availability of food sources for Atlantic salmon (DFO, 2008). However, it is important to note that marine survival is an area that requires further research to understand how to mitigate factors negatively impacting Atlantic salmon. 
Freshwater threats include changes to the environmental conditions, such as climate change impacting water temperatures, which can cause premature smolt migration and decreased freshwater productivity (DFO, 2008). Additionally, atmospheric changes can increase ultraviolet radiation in freshwater systems, which can lead to immunological suppression and affect salmon’s susceptibility to diseases, as well as reductions in growth (DFO, 2008; Alves and Agusti, 2020). Barriers to safe passage for salmon, such as dams and culverts, are a major concern as they lead to reduced lengths of tidal portions of rivers for spawning, leading to reduced movement of saltwater upstream, reductions in nutrient transfer between the Bay of Fundy and rivers, and ultimately block the migration of salmon to and from the Bay (DFO, 2008). A specific example of this occurred during the construction of the Petitcodiac River causeway in 1968, which obstructed the passage of adults and smolts on the river, extirpating this population (DFO, 2008). It was estimated that this may have affected the persistence of the entire DU, as the aftermath of this construction led to a 20% reduction in iBoF production (DFO, 2008). Additionally, contaminants are a major freshwater concern as studies have provided experimental evidence that suggests a negative relationship between exposure to containments in freshwater environments and subsequent survival at sea (DFO, 2008). 
The threats that are influencing the population decline of Atlantic salmon in Canada and the Bay of Fundy specifically are important for management approaches to consider when creating strategies and initiatives to conserve Atlantic salmon. Chapter Three will provide a more detailed analysis of Atlantic salmon threats through a historical perspective. 
[bookmark: _Toc1680967569][bookmark: _Toc826451824][bookmark: _Toc377397089][bookmark: _Toc184318867]1.5 Management Problem 
Currently, Atlantic salmon management approaches are facing significant challenges and struggling to find a direction forward. There is a pressing need for guidance and actionable strategies to address population declines, however, this need is not being met. The complexity of the Atlantic salmon management scene, marked by numerous moving parts and diverse impacts on people and the environment, has caused management efforts to feel disjointed and uncertain. Without a clear direction forward, management approaches are left ineffective. This paper will explore how the lessons of past management approaches of Atlantic salmon in the Bay of Fundy and their resulting impacts on iBoF salmon can be addressed through a transdisciplinary approach and layering of governance from the local to the global scale. Ideally, this will aid management approaches to move forward in an effective and positive direction to tackle population decline and help protect the future of Atlantic salmon. 




























[bookmark: _Toc179821654][bookmark: _Toc151038003][bookmark: _Toc1473285499][bookmark: _Toc1743535948][bookmark: _Toc184318868]Chapter 2: Methodology
[bookmark: _Toc1271894594][bookmark: _Toc1343672971][bookmark: _Toc944830884][bookmark: _Toc184318869]2.1 Historical Literature Review
This paper is a historical literature review with two parts, the first, focused on the 1800s to 1960s, when industrialization began in Atlantic Canada and Atlantic salmon began to face negative impacts that ultimately led to wide-spread declines in later years. The second section focuses on the period from the 1960s onward, examining the shift to conservation-oriented management approaches for Atlantic salmon, and using examples from iBoF management approaches. 
To conduct the historical literature review, a systematic approach was taken using search strings across Google Scholar, the DFO Intranet, and Google. This process allowed for the inclusion of both peer-reviewed and grey literature to understand the historical trajectory of Atlantic salmon populations, including their decline and how management strategies evolved, or did not evolve, to address these concerns. 
	The historical literature review began by developing and refining several search strings, incorporating both Atlantic salmon’s common name (Atlantic salmon) and scientific name (Salmo salar), as well as Boolean operators for specificity (Appendix A). These search strings were used in the literature review: 
	(Atlantic salmon OR Salmo salar) AND management 
	(Atlantic salmon OR Salmo salar) AND management AND Bay of Fundy 
	History AND (Atlantic salmon OR Salmo salar) AND management AND Canada 
	Timeline AND History AND (Atlantic salmon OR Salmo salar)
Initial testing of search strings revealed that using both common and scientific names improved results, particularly when combined with geographic and contextual keywords, such as “Bay of Fundy” and “Maritimes”. For the first part of the review, papers that had subject matter focused on Atlantic salmon decline, or management from the 1800s to the 1960s were included in the review. Focusing on the pre-conservation era in this part of the review allowed for the understanding of early management practices and factors that still contribute to the current decline. 
	Search results were initially screened by reviewing titles, abstracts and results sections, to determine relevance. Papers were included if they specifically addressed historical management techniques for Atlantic salmon or factors contributing to their decline, for example, fish passage barriers or hatcheries management approaches. Papers were excluded if they did not focus on management approaches, impacts of Atlantic salmon decline, factors that led to the decline, historical context, or were not relevant for the time period. Fourteen papers were included in the review. These papers were cataloged in an Excel sheet with author names, paper focus, and links for easy access (Appendix B). This system also helped create a system to identify management approaches through the decades and identify key themes. 
	Saturation was determined when searches began to yield repeated results, and recommendations from experts in the field aligned with previously reviewed papers, resulting in repetitive results as opposed to new information.  
	Each paper was thoroughly reviewed from start to finish, with a focus on extracting details related to Atlantic salmon management, major factors of decline, and key historical events. Historical timelines often require deep dives into the text, as these details were not always apart of abstracts or summaries. Relevant information was synthesized by identifying recurring themes (Appendix C), such as aquaculture impacts, and management and fish passage barriers impacts and mitigation. Data was then organized decade by decade to construct a cohesive timeline that highlighted major changes and trends.  
[bookmark: _Toc1258344330][bookmark: _Toc1603296524][bookmark: _Toc185087087][bookmark: _Toc184318870]2.1.1 Inner Bay of Fundy Case Study and Current Management Approaches 
	 The same approach as listed above was taken to explore the Inner Bay of Fundy DU management strategies and current management approaches for Atlantic salmon from the 1960s to current day. The same systematic approach was used, creating search strings (Appendix A) and utilizing Google Scholar, the DFO Intranet and Google. The search strings used above were still relevant for the current management approaches. However, for the Case Study more specific search strings were used, such as: 
	(Inner Bay of Fundy OR iBoF) AND (Atlantic Salmon OR Salmo Salar) AND Management
(Inner Bay of Fundy OR iBoF) AND (Atlantic Salmon OR Salmo Salar) AND Conservation 
 	(Inner Bay of Fundy OR iBoF) AND (Atlantic Salmon OR Salmo Salar) AND Decline 
Since iBoF DU management approaches are a very specific area to study, search strings were more precise. 
In a similar fashion as above, search results were screened by reviewing titles, abstracts and results sections to determine relevance. Papers were included in this section if they addressed management techniques and approaches for Atlantic salmon, factors contributing to their decline, and conservation measures in place to address Atlantic salmon decline, all specific to the Inner Bay of Fundy or in general and from the 1960s onward. Papers were excluded for the same reasons listed above, or if they were not relevant for the time period. In this case, many of the same papers were screened for the first part of the literature review as well, eight of which were used in both instances. Thirty-two papers were utilized in this review and were organized into international, national and local categories to understand the complexity and overlap of current-day management approaches (Appendix D). Saturation was completed in the same way as above, and data extraction and analysis were completed in the same way as well. 
[bookmark: _Toc363153509][bookmark: _Toc1671215253][bookmark: _Toc441145645][bookmark: _Toc184318871]2.2 Highlighting the Importance of Holistic Management
For Atlantic salmon management to move forward successfully, a transdisciplinary approach that incorporates a holistic management perspective must be adopted. Currently, this holistic view is lacking in management practices, this is further emphasized as an issue when considering the negative impacts that the Atlantic salmon decline has had culturally, ecologically, socially and economically on the Maritimes and the Bay of Fundy.
Drawing on the Brundtland Commissions' (1987) three pillars three pillars of sustainability, with Nurse’s (2006) cultural component, this paper identifies four pillars for holistic management. These pillars are ecological, social, economic, and cultural. The ecological pillar emphasized the importance of protecting the planet’s ecosystems and conserving natural resources (Brundtland Commission, 1987). The social pillar focuses on the significance of social cohesion and embracing diversity, and the economic pillar focuses on cultivating prosperity and progress responsibly (Brundtland Commission, 1987). The addition of the cultural pillar underscores the importance on the incorporating belief systems and worldviews that shape human relations and interactions with the environment (Nurse, 2006). Together, these four pillars form the foundation for a holistic management perspective that is applied in the paper’s literature review. Although originally developed for sustainability, all four of pillars are highly relevant to management as well, particularly in the Bay of Fundy, which is explored in detail below. The failure to consider these perspectives has resulted in the haphazard management of Atlantic salmon. The absence of holistic management in past planning, combined with reactionary mitigation responses, highlights the need for a holistic management approach. 	 
[bookmark: _Toc449035076][bookmark: _Toc1027924172][bookmark: _Toc625606185][bookmark: _Toc184318872]2.2.1 Cultural Pillar 
Atlantic salmon hold cultural significance to the Indigenous communities surrounding the Bay of Fundy. The Passamaquoddy, Wolastoqiyik and Mi’kmaq People have connections with Atlantic salmon that are irreplaceable, as these communities have been connected to Atlantic salmon since time immemorial.
Atlantic salmon will always be a culturally iconic species for the Passamaquoddy Wolastoqiyik and Mi’kmaq People as well as a valuable food source (Bassett 2021; NASCO, 2023). For the Wolastoqiyik People, salmon was the main source of nourishment and to keep communities healthy (Tremblay, 2022). These communities depended on annual spring salmon migrations for sustenance (Tremblay, 2022). A once reliant connection to Atlantic salmon has now transitioned to distant relationship, where many members of Indigenous communities have forgotten a time when large runs of salmon inhabited rivers in New Brunswick (Tremblay, 2022). To the Mi’kmaq People, Atlantic salmon is of the utmost importance, the sharing of plamu (salmon) between families has been described as the backbone of Mi’kmaq culture (UINR, n.d.). The relationship between Atlantic salmon and the Mi’kmaq is rooted in history and is fundamental to cultural expression (Mi’kmaq Maliseet Nations News, n.d.). Elder Albert Marshall, who coined two-eyed seeing, explained that any loss of life is a loss of kin and spirit, a loss as big as the eradication of Atlantic salmon would lead to a loss of cultural identity (Denny and Fanning, 2016). The connection between Indigenous communities surrounding the Bay of Fundy and Atlantic salmon cannot be eliminated, protecting Atlantic salmon and ensuring their future is extremely important to these communities. This is highlighted in a quote from Patricia Saulis of the Wolastoqiyik First Nation: “What happens to them, will happen to us, as long as we remain, we must seek their survival” (NASCO, 2023).
As outlined above, the connection between the Indigenous communities that surround the Bay of Fundy and Atlantic salmon is deeply rooted and needs to be reflected in management approaches. The incorporation of Indigenous knowledge systems will aid in Atlantic salmon conservation. For example, Indigenous communities place great emphasis on their responsibility of ensuring the future of nature’s gifts for the next seven generations of families and communities (Denny and Fanning, 2016). This consideration of the next seven generations could help guide the long-term conservation management approaches of Atlantic salmon. 
[bookmark: _Toc424620352][bookmark: _Toc1617066896][bookmark: _Toc1142023230][bookmark: _Toc184318873]2.2.2 Ecological Pillar
It is important that management approaches consider the ecological niche that Atlantic salmon fill as they play several crucial roles in their environment. They are a keystone species, meaning they are critical to both the structure and functioning of the ecosystem they are in (Atlantic Salmon Trust, 2022). The anadromous nature of Atlantic salmon allows for them to work as a vehicle of nutrient transport from salt-to-freshwater environments (Hilderbrand et al., 2004). In the marine environment, salmon accumulate carbon, phosphorus and nitrogen in their tissues and deliver these nutrients when they migrate back to their natal rivers to spawn. Through egg deposition and carcass decomposition, these nutrients are distributed in the environment (Hilderbrand et al., 2004). Nutrient input, especially in rivers that are nutrient-limited, increases productivity for freshwater environments, benefiting resident organisms. The loss of Atlantic salmon would mean the loss of the transport of these vital nutrients to ecosystems. 
Atlantic salmon are also known as an indicator species, meaning they are an indicator of ecosystem health and quality (DFO, 2024). Salmon can show signs such as shifts in their growth and survival rates as well as decreased productivity and abundance levels if the environment is not suitable (Woo and Noakes, 2014). Relatedly, other species in the environment can be reliant on Atlantic salmon for their survival. For example, freshwater pearl mussel larvae attach to the gills of salmon juveniles for survival (Atlantic Salmon Trust, 2022). Additionally, salmon are prey for several species; they are a dependable and accessible food resource that is high in energy and protein (Hilderbrand et al., 2004). The eradication of Atlantic salmon would be detrimental to the environment as the ecological role of Atlantic salmon is not easily filled. Their decline would lead to the decline of other species that rely on salmon for food, nutrient regulation, and ultimately, survival. If populations were to continue to trend negatively the impacts to natural ecosystems and the animals within them would be detrimental. 
[bookmark: _Toc716135990][bookmark: _Toc1952587025][bookmark: _Toc771914956][bookmark: _Toc184318874]2.2.3 Social Pillar
The decline of Atlantic salmon has banded groups together in hopes of seeing populations recover in the future. For example, relevant to the Bay of Fundy, several hatcheries work towards the rehabilitation of the species. These hatchery programs not only strive to meet conservation objectives but also social objectives for their employees and volunteers. These hatcheries allow for the facilitation of social relationships, provide networking opportunities and allow individuals to contribute to something bigger than themselves (Harrison et al., 2018). The loss of hatchery activities would be a loss for the community and members who rely heavily on these social interactions. These community members have become passionate about conserving both the salmon and their environment as many have them have seen the populations decline firsthand (Shankar et al., 2024). The personal connection to a species feels like an intimate loss when numbers decline; the co-existence of humans and salmon runs deep in the Bay of Fundy and is the driver to conserve this species. The loss of Atlantic salmon would not only disrupt these vital social networks but would also diminish a social heritage and sense of identity.
Beyond hatcheries, the entire Bay of Fundy is interconnected on a social scale. Ensuring that those who are connected to the Bay or Atlantic salmon, because of work, recreation, or passion, are reflected in management approaches is important. 
[bookmark: _Toc178039850][bookmark: _Toc1952433123][bookmark: _Toc33602054][bookmark: _Toc184318875]2.2.4 Economic Pillar
The Bay of Fundy plays a significant role in the economy of the Maritimes, particularly as the site of New Brunswick’s aquaculture industry. The industry is a vital contributor to the province’s economy, generating 139 million CAD in sales in 2020 alone (Province of New Brunswick, 2020). It is important that the Province of New Brunswick continues to grow and develop however, economic development in the Bay of Fundy has had serious impacts on Atlantic salmon populations, as will be explored in Chapters 4 and 5. It is important that management approaches moving forward continue to consider the economic pillar, however, it cannot be the only pillar of importance. There needs to be balance. 
Ensuring that ecological, cultural, social, and economic considerations are integrated into management approaches is going to be extremely important for the future of Atlantic salmon, this concept will be explored further in Chapter 5.
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Chapter 3: Understanding the Past to Instruct the Future: Early 1800s to 1960s
To understand the evolution of Atlantic salmon management in the Maritime and better address future management, it is important to consider the history of Atlantic salmon and the factors that contributed to their decline. Effective Atlantic salmon management requires understanding of the entire interconnected system; the threats, the connection to people, and the overall decline. When threats are viewed in isolation or without considering contributing factors or impacts, the underlying causes of the issues will not be fully appreciated.
 Historical knowledge evidences the deep-rooted connection between Atlantic salmon and Indigenous communities, displaying how salmon is part of the fabric of communities and further emphasizing the need to get future management correct. 
We hear of a time, long ago in pre-colonization, where within North America Atlantic salmon were native to almost every river north of the Hudson River in New York State (Kocik and Brown, 2002). The history of Atlantic salmon in those times is the root of the cultural connection between Atlantic salmon and Indigenous Peoples (Kocik and Brown, 2002). Salmon were a significant part of many traditions and were an important part of Indigenous communities’ diet (Parks Canada, 2024).
 History, through market data and archeozoological records, also demonstrates that Atlantic salmon population declines have been witnessed since the early Middle Ages. These declines were linked to the introduction and rise of water mills, the blockage of spawning tributaries, small hydropower initiatives, and the later damming, channelization, straightening and pollution of large rivers (Lennox et al., 2021). This is an early demonstration of the impact of human activity on Atlantic salmon populations, a trend which continues today.
Early examples of Atlantic salmon management date back to 1215, when The Magna Carta, an early Charter of Rights (UK Parliament, n.d.), legislated to remove dams and weirs that blocked migrating salmon in English rivers (Lennox et al., 2021). In North America, in response to depleted Atlantic salmon due to European colonization leading to increases in fishing, treaties were created to prevent overexploitation in Quebec (Nettle, 1857; Lennox et al., 2021) and to stop the extirpation of the landlocked salmon of Lake Ontario (Huntsman, 1944; Lennox et al., 2021). Although Atlantic salmon and their management have a long-standing global history that is important to acknowledge, for the purpose of this project, the historical review will officially start in the 1800s. 
[bookmark: _Toc184318877]3.1 Early Fish Passage Barriers
The early to mid-1800s in Eastern Canada brought the industrial age and large increases in population and development. Increased industrialization led to several instances of fish passage barriers. To combat the impacts of barriers on Atlantic salmon migration, New Brunswick introduced rules in 1810 that mandated fish passage on all dams in the colony (Dunfield, 1985). These regulations set out by the provinces outlined the importance of local-scale measures to aid in Atlantic salmon survival. These measures became increasingly important as the population growth of the Maritimes accelerated. A good example of this population growth was in the Province of New Brunswick, where a population of 40,000 people in 1815 grew to over 150,000 people in 30 years (Dunfield, 1985; Kocik and Brown, 2002). Such a dramatic population rise was accompanied by development and industrialization growth, including gristmills and flood control dams that resulted in fish passage issues. Throughout the population increases of the 1800s and even before then, fish passage issues were recognized. However, it is important to note that these efforts to address fish passage barriers were reactive actions taken to address industrial development, not for the purpose of conservation.
[bookmark: _Toc184318878]3.2 Early Hatcheries Management 
It was in the 1800s when hatchery initiatives became a recognized management option to address declining Atlantic salmon populations through stocking salmon into rivers, a practice still used today. 
Early records of hatchery management in the Maritimes date back to the 1860s, with the establishment of hatcheries on the Miramichi and Restigouche rivers in New Brunswick by Samuel Wilmot, a farmer and pisciculturist (Kocik and Brown, 2002). Wilmot believed that the then-current management practice, adopted from the United States, of transporting naturally spawned eggs from their redds to hatchery environments, was not the best practice for hatchery management, as this technique was not seeing successful hatching rates. (Kocik and Brown, 2002). Instead, he suggested spawning adults in the hatchery and growing the eggs until later life stages for eventual release (MacCrimmon and Gots, 1979). This technique saw much higher successful hatching rates, and this practice continued into the 1900s (MacCrimmon and Gots, 1979). 
For the first 100 years of hatchery programs, young salmon, mainly unfed and fed fry and parr, were stocked into several river systems throughout the Maritimes provinces without an awareness of potential impacts of these stocking activities on wild populations (Marshall et al. 1994; Kocik and Brown, 2002). From this time, until the 1990s, hatchery facilities were used to increase the production of salmon for higher economic returns in both commercial and recreational fisheries (NASCO, 2017). Around this time, scientific evidence indicated that stocking pre-smolt stages of Atlantic salmon into rivers was not producing significant increases in adult returns, contrary to the expectations of hatchery managers (Kocik and Brown, 2002). Analyses of adult returns from hatchery unfed and fed fry and parr emerged stating that in all three Maritime provinces, from the span of 1907 to 1947, hatchery contributions could not be distinguished from natural variations in adult returns (Elson, 1957; Kocik and Brown, 2002). This meant that the data did not show a clear, consistent impact of hatchery practices on adult fish returns compared to what would have been expected from natural population fluctuations (Elson, 1957; Kocik and Brown, 2002). This evidence promoted a shift in hatchery programs in the 1960s from the production of fry and parr to the production and ultimate stocking of smolts (Kocik and Brown, 2002). The objective of stocking shifted to a conservation mindset around this point as well, with a focus on mitigating anthropogenic impacts in Atlantic salmon rivers, such as silt deposition, acid deposition and hydroelectric development (Kocik and Brown, 2002). 
[bookmark: _Toc184318879]3.3 Identifying the Cyclical Nature of Mismanagement 
Throughout the 1800s to 1960s in both hatcheries and fish passage barriers management we see a pattern, the cyclical nature of mismanagement. There is the creation of problems and implementation of mitigations as opposed to solutions. This cycle can have unintended consequences on Atlantic salmon populations due to mitigations occasionally making new problems or making old problems worse. We first see the cycle with fish passage barriers being constructed such as flood dams in the 1800s, these dams are barriers to Atlantic salmon migration causing harm to populations. To address this harm, mitigation techniques are needed to either create passage for the salmon or attempt to ensure that it does not happen again, as is the case with the fish passage mandate in New Brunswick from 1810. 
[bookmark: _Toc1535328292][bookmark: _Toc2084801004][bookmark: _Toc1074975020][bookmark: _Toc184318880]Today, it is known that stocking projects can have genetic and ecological impacts on both salmon and their environment, however, during this time period that was not well understood. Hatcheries practices of the past fell into the same cyclical nature as fish passage barriers, stocking projects were implemented with little knowledge of the long-term impacts, Atlantic salmon populations face consequences, and several decades of mitigation are necessary to attempt to correct the mismanagement even at the risk of making things worse. The impact of hatcheries practices from the past will be explored further in Chapter 4. 




Chapter 4: Management Strategies from the 1960s to Current Day: Insights from the Inner Bay of Fundy DU Case Study 
[bookmark: _Toc951485333][bookmark: _Toc1199594964][bookmark: _Toc1116069537][bookmark: _Toc184318881]4.1 Atlantic Salmon Management Approaches
This chapter examines the growing importance of conservation in addressing environmental challenges, focusing on the management and protection of Atlantic salmon in the Bay of Fundy. Since the 1960s, conservation has become a critical global priority, operating at multiple scales, from international to local. However, conservation remains fragmented and uncoordinated in practice. Considering the rise to environmentalism and shift to conservation, this chapter highlights the significant efforts invested in protecting Atlantic salmon on the international, national and local scales. These efforts underscore the complexity of management approaches on varying scales, the progress made and the challenges that persist in creating cohesive strategies. 
Using the Inner Bay of Fundy Designatable Unit as a case study, this chapter explores how different scales of management are applied in practice and evaluates the strengths and weaknesses of these approaches. It emphasizes the importance of overlapping management efforts between local and federal initiatives to enable rehabilitation at various scales, starting locally and extending to global conservation efforts. By drawing on specific examples of iBoF DU management, this chapter illustrates the importance of local, place-based knowledge and community engagement in Atlantic salmon management that is tailored to the unique threats and place-based characteristics. Ultimately, this chapter seeks to identify pathways for integrating these efforts into a more unified and transdisciplinary approach to Atlantic salmon management. 
[bookmark: _Toc1596174965][bookmark: _Toc1957240521][bookmark: _Toc1674644429][bookmark: _Toc184318882]4.1.1 International Scale
As the threat of declining salmon populations persists on a global scale, management recommendations at the international level have been examined to help combat the decline and assist with conservation efforts. International level recommendations and global targets should be used as an end goal to work towards. However, these recommendations should not be used as sole guides for management as they do not incorporate place-based considerations. 
The North Atlantic Salmon Conservation Organization (NASCO) is the main international body focused specifically on Atlantic salmon conservation; Canada is a member along with seven other governments and the European Union (NASCO, 2024). NASCO’s goal within the next 10 years is to focus and implement actions to slow the decline of Atlantic salmon populations and showcase that restoration can be achieved (NASCO, 2024). 
NASCO has played an important role in the international management of Atlantic salmon since 1984 and has initiatives related to the restoration, enhancement and ultimate conservation of Atlantic salmon in the North Atlantic Ocean (ICES, 2024). These initiatives and associated responsibilities are discharged through three commission areas: The North American Commission, which Canada is a part of along with the United States, The West Greenland Commission, and the Northeast Atlantic Commission (ICES, 2024). Through the consultation and cooperation of several countries, the conservation, enhancement, rational management and restoration of Atlantic salmon stocks are pursued at an international level. 
NASCO has pushed for the global conservation of Atlantic salmon by releasing documents such as The Oslo Resolution in 1994 (NASCO, 2010). The Oslo Resolution was a response to information presented at a NASCO symposium (NASCO, 2010). The goal of the resolution was to minimize the impacts of aquaculture escapees on Atlantic salmon populations (NASCO, 2010). The Resolution was developed in consultation with the salmon farming industry and a Liaison Group. The Liaison group worked to establish a mutually beneficial working arrangement to make recommendations for salmon conservation and sustainable salmon farming practices (NASCO, 2010). 
This resolution was particularly relevant to Canada and the Bay of Fundy as aquaculture development was in its infancy and growing exponentially in New Brunswick. In 1997, harvested production of finfish aquaculture was estimated to be at 19,700 tonnes which was worth 145 million CAD (Kocik and Brown, 2002). Ninety-four percent of this production was from southwestern New Brunswick, with 80 marine sites located in the Bay of Fundy; the remaining six percent was from Nova Scotia and its 11 marine sites (Kocik and Brown, 2002). This production level meant New Brunswick was home to the second-largest aquaculture initiative behind British Columbia, which produced 23,332 tonnes of Atlantic salmon in the same year. Aquaculture in Atlantic Canada originally began as an economic development initiative to support fishermen introduced by the government, however, it boomed into a multi-million-dollar industry in the matter of a decade. The rapid increase in aquaculture outpaced management, which had unintended consequences on Atlantic salmon populations. International resolutions, such as the Oslo Resolution, helped inform Canadian aquaculture management, however, these large-scale resolutions do not take place-based considerations into account, which can also have unintended consequences. 
Following The Oslo resolution NASCO released The Williamsburg Resolution in 2003, which was then amended in 2004 and 2006 (NASCO, 2010). The goal behind the resolution was to work towards the conservation of Atlantic salmon in the North Atlantic Ocean by minimizing impacts from aquaculture, introductions and transfers and the transgenics on the salmon populations (NASCO, 2006). The Resolution was guided by The Oslo Resolution guidelines and guidelines on stocking and included elements to ensure consistency with the precautionary approach towards salmon management (NASCO, 2010). Both of these resolutions were adopted by Canada and considered in management practices. The integration of international regulations by federal governments, such as Canada, aids in working towards the global conservation of Atlantic salmon, which is the big-picture approach that NASCO is working towards. However, blanket solutions applicable to multiple countries are not always viable solutions as they do not account for local, place-based considerations. Global conservation should be the end goal to work towards, and to get there the federal government of Canada must look to national and local scale considerations to guide conservation.
[bookmark: _Toc1914003755][bookmark: _Toc293384701][bookmark: _Toc1582719833][bookmark: _Toc184318883]4.1.2 National Scale
On a national scale, Canada has made efforts towards Atlantic salmon conservation as well. The Department of Fisheries and Oceans Canada (DFO) has worked towards the conservation of Atlantic salmon by releasing several initiatives outlining conservation strategies, adopting international resolutions and putting mitigation measures in place to offset anthropogenic effects on Atlantic salmon. However, there were several management decisions made by the federal government in the past that are still having negative consequences on salmon today, further highlighting the cyclical nature of mismanagement. For example, in the 1950s decisions were made to stock the Magaguadavic River with DFO hatchery fish using various genetic stocks, which we now know can cause complications for future generations due to decreased fitness levels (Glebe, 2024). This is an example where the long-term impacts of salmon management decisions were unknown which has had serious ecological and, in this case, genetic consequences for Atlantic salmon. 
Conservation initiatives started to take real form in the 1960s. An example of this is on the Saint John River in New Brunswick, when the Mactaquac Dam was constructed without the implementation of a fish ladder, meaning there was a major disruption to Atlantic salmon migration (Marshall et al. 1994). In response to this, the Mactaquac Fish Culture Station was constructed to help mitigate the habitat loss, and ultimately, still provide passage of salmon by collecting and trucking the fish up beyond the dam (Marshall et al. 1994). The 1960s brought another shift in salmon conservation as Atlantic salmon catches in Canada moved from historic-in-river and mixed-stock ocean commercial fisheries to catch-and-release recreational fisheries and Indigenous food, social, and ceremonial (FSC) fisheries (Kocik and Brown, 2002). This transition moved Canada away from the exploitation of Atlantic salmon for profit and mass consumption, to regulated fisheries for cultural and recreational reasons (Kocik and Brown, 2002). From 1967 to 1998 the total reported catch of Atlantic salmon in Canada declined from 2,863 tonnes to 149 tonnes, because of the management restrictions in place to promote stock recovery due to the declines in abundance (ICES-NASWG 1999). This is an example of federal regulations and management decisions in place to enhance the conservation of populations, while still taking social and cultural considerations into account by keeping the recreational and FSC fisheries open.
[bookmark: _Toc1838701718][bookmark: _Toc184318884]4.1.2.1 Introduction of Aquaculture to the Maritimes
Marking the beginning of the rapid decline of populations that Atlantic salmon, the 1970s also introduced the Atlantic salmon farming industry to the Maritime provinces (Kocik and Brown, 2002). Norway had introduced the idea of floating sea cages for farming Atlantic salmon in 1969; at this time, it was thought that the winter water in the Maritimes would be too cold for this type of aquaculture (Kocik and Brown, 2002). However, in 1978, DFO, the New Brunswick Department of Fisheries and a private company, the Marine Research Association, joined together on a salmon aquaculture project to show that it was feasible in southwestern New Brunswick (Chang, 1998). This project was conducted at Lords Cove in Deer Island and produced the first harvest of farmed salmon in Atlantic Canada (Chang, 1998). Early in the salmon farming industry, the Bay of Fundy was exposed to escapees due to a cage mooring failure and unusually high spring tides (Glebe, 2024). This was the beginning of a multi-million-dollar industry and the interaction of aquaculture and salmon. By 1998, it was estimated that about 8.6 million smolts for aquaculture were produced by 31 freshwater hatcheries in the Maritimes (Kocik and Brown, 2002). New Brunswick, at this time, was only using Saint John River stock salmon for aquaculture. Nova Scotia used mostly Saint John River stock as well, plus the inclusion of a few local stocks (Kocik and Brown, 2002). Aquaculture grow-out was taking place in floating net cages that were located in nearshore marine sites; the use of floating net cages raised concern as there was more potential for the escape of aquaculture fish. Escapees can have negative consequences on populations as they compete for food and space, and any interbreeding would lead to genetic complications (Kocik and Brown, 2002). Ensuring the structural integrity of net-cages is important in protecting Atlantic salmon populations from interactions with aquaculture escapees. 
[bookmark: _Toc1039384348][bookmark: _Toc184318885]4.1.2.2 Live Gene Bank Programs
A large conservation effort done by the federal government was the establishment of the live gene bank (LGB) program for iBoF salmon in 1998. LGB programs were created to preserve the iBoF DU and protect the remaining genetic diversity of the DU (DFO, 2008). The primary candidate rivers in the iBoF region are those that contain residual native populations; these are the Stewiacke, Big Salmon, Upper Salmon, Pointe Wolfe, Gaspereau, Great Village, Economy, Debert, Folly and Portapique rivers (DFO, 2008). The LGB program has been used to prevent the extinction of iBoF salmon through captive breeding and rearing, which has been designed to minimize the loss of genetic diversity and ultimately support the recovery of iBoF populations into rivers in the region (DFO, 2008). The number of juveniles in rivers benefiting from LGB support has risen, attributed to the release of salmon into these waters and their survival rates (DFO, 2008). Modelling suggests that without the LGB program, iBoF salmon would quickly face extinction, but with the program in place, populations are projected to endure at low levels over the long term (DFO, 2008). These populations will include LGB offspring along with salmon from the limited reproduction still happening in the wild (DFO, 2008). The increase in both juvenile salmon in iBoF rivers and the number of smolt migrating from these rivers support the claim that freshwater habitat quality within the iBoF region is currently sufficient to maintain juvenile salmon populations, even amid habitat degradation (DFO, 2008).  The LGB program became especially important in 2003 when iBoF salmon were listed as endangered under SARA. This listing meant there were new limitations against any killing, harming, buying, selling, capturing, or trading of iBof salmon (Government of Canada 2020). Additionally, under SARA, there are prohibitions against the damage or destruction of a listed species natural habitat (Government of Canada, 2020). This enforced strict management practices and further licensing under SARA, ensuring iBoF salmon remained unharmed. The establishment of the LGB program has greatly supported Atlantic salmon conservation, but greater work needs to be done to reach the goal of self-sufficiency of the iBoF population. 
[bookmark: _Toc1097143095][bookmark: _Toc184318886]4.1.2.3 Recovery Strategies
	Canada began to publish recovery strategies to aid in Atlantic salmon conservation and survival starting in 1984, when an Atlantic salmon stock recovery strategy was released that resulted in quota reductions in salmon fishing that extended through to 1991 (O’Connel et al. 1992). This led to Canadian commercial harvesting of Atlantic salmon to decline from 2,400 tonnes in 1980 to 5 tonnes in 1998 (Kocik and Brown, 2002). Fast forward to 2018 which brought DFOs published Wild Atlantic Salmon Conversation Policy (DFO, 2023). This policy provided a framework for the Government of Canada to set objectives to work towards the conservation of Atlantic salmon (DFO, 2023).
The ultimate goal of the policy was to restore and maintain healthy and self-sustaining Atlantic salmon populations (DFO, 2023). In association with this policy goal, the government then introduced the Wild Atlantic Salmon Conservation: Implementation Plan 2019-2021 to aid in directing efforts and choosing priority actions (DFO, 2023). The Implementation Plan was ambitious, with 18 action items to be addressed in two years, one of which was understanding and mitigating the impacts of climate change on salmon populations. This action item involved monitoring water temperatures and their link to climate change and its impacts on Atlantic salmon populations (DFO, 2019). However, unfortunately the plan fell short of the desired outcomes. The downfall of the plan led to important lessons being learned for the Canadian Government, including prioritizing threats and activities that produce long-term results, allocating appropriate resources, considering the scale of projects, and finally, the importance of partnerships and diverse knowledge systems in planning and decision making (DFO, 2023). In 2021, the Government of Canada committed to work closely and in collaboration with provincial and territorial authorities, fishing and stewardship organizations, implicated communities and Indigenous partners to develop a conservation strategy to restore and rebuild Atlantic salmon populations and their habitats (DFO, 2023). This new strategy was to be built off of the conservation work and previous policies that the Government had already put in place including the Wild Atlantic Salmon Conservation Policy (2018), The Implementation Plan (2019-2021), The Wild Atlantic Salmon in Eastern Canada Report (2017) and the Special Report on Atlantic Salmon in Eastern Canada (2015) (DFO, 2023). The newest strategy, titled Restore, Maintain and Thrive, is committed to continued feedback and engagement from Indigenous communities, partners, stakeholders and other relevant parties. Set to be released in 2024, the policy will be based on key themes of the importance of Atlantic salmon to Indigenous communities, mitigating key threats to salmon survival, using an ecosystem approach to achieve interconnected goals of restoring healthy salmon populations, ecosystem connectivity and sustained human connections with these salmon for generations to come (DFO, 2023). The integration of previous federal documents into the most current Atlantic salmon conservation strategy is important as it shows the government is adapting from what was learned in the past to prepare for the future of Atlantic salmon. 
The protection and management of Atlantic salmon is shared across multiple jurisdictions and levels of government and is implemented collaboratively. While the federal Minister of Fisheries and Oceans Canada has the authority and tools to manage Atlantic salmon under federal legislation, such as the Fisheries Act and the Species at Risk Act (SARA), the provincial governments also have authority concerning the management of the species and their habitat in inland waters. This is important as it highlights the need for federal, provincial and local governments to overlap alongside local communities to ensure the future of Atlantic salmon on a variety of scales. 
[bookmark: _Toc1854069641][bookmark: _Toc184318887]4.1.3 Local Scale
The importance of local scale initiatives and utilizing place-based knowledge in management is becoming increasingly important for the future of Atlantic salmon management. The move towards local involvement has been seen several times throughout the history of Atlantic salmon management, however, it needs to be more prevalent if successful and collaborative management is to be reached. One of the most substantial shifts to local and community involvement was the transition from federal run to local run hatcheries. The example of hatcheries management and enhancement projects will be further explained below to emphasize the importance of local and place-based considerations in management. 
[bookmark: _Toc1557093978][bookmark: _Toc184318888]4.1.3.1 Transition to Local Scale Hatcheries Management 
In 1997, Fisheries and Oceans Canada terminated its responsibility for most Atlantic salmon hatcheries, transitioning hatcheries management to local and community scale initiatives (Kocik and Brown, 2002; NASCO, 2017). DFO was now only responsible for two facilities in the Maritimes, both of which were involved in LGB programs (Kocik and Brown, 2002; NASCO, 2017). These two facilities are the Mactaquac and Coldbrook Biodiversity Facilities and are still operational today. DFO transferred responsibility for hatcheries to the private sector, provincial governments and Indigenous communities (Kocik and Brown, 2002; NASCO, 2017). Facilities for stocking transitioned to smaller, more localized rearing facilities to stock parr into local watersheds (Kocik and Brown, 2002). These facilities had the goals of providing education opportunities and ultimately producing salmon for enhancement projects to help build back populations that were seeing depletion (Kocik and Brown, 2002). Enhancement projects involve the introduction or reintroduction of Atlantic salmon into rivers that contain or previously contained wild populations to aid in rehabilitation. While the decision to transition from federal to local-scale hatcheries can be beneficial as the hatcheries are now relying on local and Indigenous knowledge to run, it can also have negative implications as the funding the hatcheries received from the federal government was removed and now rely on smaller budgets. 
As local enhancement projects continued, surveys were done to track return rates of wild and hatchery fish from such projects. These surveys concluded that forty percent of adult returns in 5 New Brunswick rivers, and up to one hundred percent of returns in 24 Nova Scotia rivers were of hatchery origin and were primarily stocked as smolts (Marshall et al. 1994). In 1998, it was concluded that approximately 90% of one-sea winter adult returns and sixty-five percent of multi-sea winter returns were of hatchery origin (Marshall, 1998). This is still the case as hatchery-origin fish currently make up a significant percentage of adult returns in Maritimes rivers. This is important to recognize that generally, wild Atlantic salmon and hatchery-released salmon are considered separate entities. Including both in Atlantic salmon management is the reality of the situation and should be echoed in management and conservation strategies.
It was already of concern in the late 90s that there was no policy to guide stocking projects; this is still a concern of many hatcheries today (NASCO, 2017). Instead, some provincial governments established temporary policies to guide activities locally, and all activities were monitored and authorized under relevant acts and regulations such as the Fisheries Act, The Fisheries General Regulations Section 52, Section 56, The Species at Risk Act Section 73, and The National Code on Introductions and Transfers of Aquatic Organisms. License requests are all managed under the Introductions and Transfers Committees for each province where proper management, fish disease, and impacts to Atlantic salmon populations are all considered during the licensing process (NASCO, 2017).
[bookmark: _Toc476568699][bookmark: _Toc184318889]4.1.3.1.1 The Hatcheries Debate
Although it seems as if enhancement could be a solution to Atlantic salmon decline, it is a heavily contested method that continues to face serious backlash. Salmon hatcheries and smolt-to-adult supplementation (SAS) programs have the intention of increasing the survival of young salmon and producing more adults to increase the population through spawning (NASCO, 2017). However, although there is significant output from these hatcheries in Atlantic Canada, salmon populations are not seeing steady increases as conservationists would have hoped. This calls into question the effectiveness of hatcheries in meeting their conservation objectives. On top of this, in recent years as Atlantic salmon populations decline and enhancement programs continue, scientists have called into question the genetic and ecological impacts these enhancement fish have on Atlantic salmon populations (Hagen et al., 2020; Lennox et al., 2021). The debate surrounding the effectiveness of enhancement projects on Atlantic salmon conservation has grown alongside the decline of salmon. It is a three-pronged dilemma, with genetics and ecological concerns on one side, social and cultural considerations and relationships on another, and the fear that doing nothing will make things worse on the last. With this dilemma in mind and contrasting views from the public, management struggles to move forward. Efforts should be put forward to nurture the relationship between people and salmon, and between communities and governments as well. This controversy surrounding both hatcheries and enhancement programs highlights the need for careful management and increased scientific research to assess the effectiveness of these programs. Regardless of the divided public view on hatcheries and enhancement programs, they are currently a conservation strategy that is being carried out for Atlantic salmon. Ensuring the consideration of ecological, genetic and socio-cultural impacts is of the utmost importance when planning and executing enhancement programs.
[bookmark: _Toc785211724][bookmark: _Toc184318890]4.1.3.1.2 Current Inner Bay of Fundy DU Enhancement Projects 
 In 2024, there are nine facilities across the Maritimes that participate in enhancement programs. Enhancement programs can take place for various life stages of Atlantic salmon, with the most common being smolt-to-adult supplementation (SAS) programs which allow for the bypassing of the marine phase of salmon’s life cycle (DFO, 2018). As mentioned in Chapter 2, Atlantic salmon face high mortality rates during their river-to-sea migration due to predation and other unknown causes; circumventing this migration is thought to lead to higher survival rates (DFO, 2018). In SAS programs, juvenile salmon, known as smolts, are caught during their migration and grown to adult size in hatchery tanks, once they reach maturity and are ready to spawn, they are released to their natal rivers (DFO, 2018). Enhancement projects that are relevant to iBoF populations will be further explored below.
 In Nova Scotia, two locations are involved in enhancement efforts that ultimately feed into the Bay of Fundy. The Coldbrook biodiversity facility, as previously mentioned, is operated by DFO and is a LGB program (DFO, 2024). Additionally, Dalhousie University in Halifax houses the Aquatron Laboratory, Canada’s largest university aquatic research facility (Dalhousie University, n.d.). The Aquatron engages in research and enhancement programs to aid in Atlantic salmon rehabilitation (Dalhousie University, n.d.). New Brunswick has three locations to note as well. The Mactaquac Biodiversity Facility is an LGB program and operates similarly to Coldbrook, as previously mentioned. Additionally, the Charlo Salmonid Enhancement Centre, run by a non-governmental organization (NGO) and funded privately, has been enhancing salmon for over 70 years in collaboration with local groups such as the Nepisiguit Salmon Association and Pabineau First Nation (Province of New Brunswick, n.d.). Finally, a unique initiative that takes place in New Brunswick is the Wild Atlantic Salmon Marine Conservation Farm on Grand Manan, also known as Fundy Salmon Recovery (FSR) (Parks Canada, 2018). This collaborative project involves multiple partners, including Parks Canada, Cooke Aquaculture, Fort Folly First Nation, the University of New Brunswick, the Atlantic Canada Fish Farmers Association, and the Village of Grand Manan (Parks Canada, 2018). This project aims to raise Atlantic salmon in net pens that mimic their natural environment to improve their survival rates in the wild (Parks Canada, 2018). This model is currently applied in the Petitcodiac River, which is important to the Fort Folly First Nation community, and the Upper Salmon River in Fundy National Park (Parks Canada, 2018). While FSR focuses on iBoF DU rehabilitation, it exemplifies the collaboration and innovation necessary for the restoration of all Atlantic salmon DUs. Projects such as Fundy Salmon Recovery work in collaboration with federally run LGB programs to ensure the genetics of iBoF salmon remain protected. LGB programs need to collaborate with initiatives aimed at securing the survival of iBoF salmon in the wild. LGBs partnering with innovative and targeted efforts ensure that the genetic diversity of this declining DU is preserved for a purpose beyond conservation, fostering a future where Atlantic salmon thrive in their natural habitats. The work being done at FRS has received international interest as at the 40th annual meeting of NASCO, delegates visited Fundy National Park to learn about the FSR program (DFO, 2023). Fundy Salmon Recovery is a unique initiative that involves national and local scale collaboration and has received international recognition that provides opportunities for other initiatives to learn from.
On the local scale, communities and Indigenous groups have worked towards the restoration of Atlantic salmon in their own backyards. This is seen in habitat recovery initiatives, in collaboration with or separate from enhancement projects, to ensure that Atlantic salmon have suitable river systems to allow them to thrive. On top of this, local governments have been taking initiative to mitigate impacts causing Atlantic salmon decline. In 2024, the Department of Fisheries and Aquaculture Nova Scotia implemented a catch-and-kill order for smallmouth bass in the Margaree River watershed in Cape Breton (Wentzell, 2024). Chain pickerel are under the same order in the East River in Pictou County (Wentzell, 2024). The catch-and-release of either of these species in given areas can lead to a $100,000 fine for a first offence and up to $500,000 for a second with the possibility of two years of jail time (Wentzell, 2024). This pilot project has the goal of attempting to control the population of both invasive species, as they are outcompeting and praying on native salmon and trout (Wentzell, 2024). This catch-and-kill order is an example of the Government is supporting local communities by adapting to the concerns of local knowledge and implementing regulations to address these concerns. 
	Local communities, Indigenous organizations, and local governments have been working towards salmon restoration to address concerns and mitigate impacts. These communities and groups have seen the Atlantic salmon decline firsthand and have felt the impacts deeply. It is important that these groups, their knowledge and their management strategies are considered on the broader scale of federal initiatives. The collaboration between federal and local initiatives will work towards the betterment of Atlantic salmon’s future.
The above information highlights the important factors that have played a role in the decline of Atlantic salmon and how management approaches on the international, national and local scale have attempted to address the decline. This Chapter highlights the importance of international, federal and local considerations in Atlantic salmon management. None of these major concerns can be met without the collaboration and consideration of all rightsholders and stakeholders. Highlighting the significance of local and Indigenous knowledge in management moving forward will allow for place-based solutions to drive management. Focusing on the local scale in collaboration with federal agencies and partners will allow for of the local scale success to cascade into national and the eventual international rehabilitation. On top of considering varying scales of management, it is important that conservation objectives are discussed. Management without direction will not provide solutions that the Bay of Fundy needs. Identifying objectives and creating management approaches and strategies based on those will allow for management to no longer be directionless but instead have a path forward. 
[bookmark: _Toc210536962][bookmark: _Toc184318891]4.2 Conservation Approaches and Objectives
	The complexity of Atlantic salmon management leaves the future of management uncertain. Deciding on what direction to go in is a difficult task when the paths are not easily laid out.  Differing objectives and goals of conservation-oriented groups and governments will continue to make this path more difficult. When speaking of Atlantic salmon conservation, three different objectives have been observed in the Atlantic Canada: protection, recovery and maintenance. Protection involves the legal protection of Atlantic salmon under the Fisheries Protection Provisions of the Fisheries Act, as well as protection under SARA as is the case for the Inner Bay of Fundy DU (Government of Canada, 2020). The conservation objective of protection revolves around maintaining this protection status of the iBoF DU and striving for the listing of the other DUs in the Maritimes under SARA to ensure their legal protection into the future. Recovery is the process in which the decline of endangered species is reversed, and steps are taken to remove threats and improve habitat to increase the chance of survival of the species in the wild (Government of Canada, 2013). In this case, efforts are put forward to attempt to ensure the rehabilitation of the population and their natural habitat. Finally, maintenance refers to the management of a species to prevent exploitation or decline (Maceachern et al., 2015). This is more targeted towards Atlantic salmon populations that are not seeing major declines, such as populations in the more northern geographical range who have yet to face the same intense impacts of climate change and habitat destruction as southern populations. 
	The varying scales of Atlantic salmon management needs to decide what path to take to ensure collaborative movement forward. While maintenance is out of the picture for populations such as the inner iBoF DU, will protection or recovery be the way of the future? 
Chapter 4 outlines the multitude of factors that have led to the decline of Atlantic salmon populations. Industrialization, continued development and destruction of natural environments, aquaculture escapees, ecological and genetic impacts of enhancement projects, aquatic invasive species, and increased climate change are all considerations that need to be involved in Atlantic salmon restoration. Atlantic salmon are not declining because of one impact; therefore, management is faced with the serious challenge of mitigating multiple risks at the same time. This juggling act of threat prioritization will vary depending on who is completing the salmon conservation project. There is not an answer to which impacts are the most significant overall, it is up to management to decide the best way forward for each DU to ensure Atlantic salmon survival. Additionally, examples of international, federal and local effort collaboration to combat Atlantic salmon decline should be used to guide multi-layer management. Overlapping management strategies are important in ensuring the local rehabilitation of Atlantic salmon which contributes to the global conservation. Knowledge sharing is crucial in management and understanding international, federal, and local, including Indigenous, considerations will be important moving forward.
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Chapter 5: Lessons Learned from Management Approaches: 1800s to Current Day
The past shapes the future, and the decisions that are made currently for Atlantic salmon conservation now will dictate what Atlantic salmon populations look like years to come. Understanding the past is important to guide management and to ensure that yesterday’s mistakes are not repeated today. A historical literature review can be a tool to help understand what decisions were made in the past, why they were made, and how management adapted to shape different choices in the future. Human activities are impacting the natural environment and Atlantic salmon populations, because of this, Atlantic salmon populations are declining, and this decline is driving mitigation efforts to combat the original human activity. If management approaches first work to address the initial aspect of the dangerous cycle and decrease the negative impacts of human activities, there will be movement away from constant mitigation.
Throughout the history of Atlantic salmon management decline, four constant themes emerged that were examples of non-holistic management approaches. These themes are fish passage management, hatcheries management, climate change considerations and aquaculture management. These themes have adapted through time to focus on conservation, however, many of the newer efforts are still focused on mitigation from past management decisions. Addressing all four of these themes and ensuring they are considered in a holistic lens moving forward will aid in mitigating long-term impacts to Atlantic salmon into the future. 
[bookmark: _Toc184318893]5.1 Fish Passage Management 
Throughout the history of Atlantic salmon in the Maritimes we see the cycle of humans making fish passage barriers, Atlantic salmon populations declining, and then actions being taken to mitigate the effect of the barriers. This cycle was seen in the 1800s when the construction of flood control dams blocked Atlantic salmon migration routes (Kocik and Brown, 2002). This triggered a response as a mandate was released in 1810 for fish passage on all dams in New Brunswick (Dunfield, 1985). This is further highlighted by the development of the Mactaquac Dam without a fish ladder on the Saint John River prompted the establishment of the Mactaquac Fish Culture Station to help mitigate habitat loss and provide passage for salmon by collecting the fish and trucking them beyond the dam (Marshall et al. 1994). The construction and establishment of the Petitcodiac River causeway in 1968 further illustrates this issue as it obstructed the passage of iBoF salmon adults and smolts (DFO, 2008). Free flow to the Petitcodiac River was achieved in 2010 after an 11-year campaign by the Petitcodiac Riverkeeper Alliance (Sentinelles Petitcodiac Riverkeeper, n.d.). This was Canada’s longest environmental battle and North America’s largest river restoration project (Sentinelles Petitcodiac Riverkeeper, n.d.). The combination of NGO perseverance with municipal and federal action led to the causeway being opened and fish passage on the Petitcodiac being possible. These examples ultimately contributed to the conservation of Atlantic salmon in the Maritimes, but these mitigation measures would not have been needed in the first place if fish passage had been considered earlier on. Ensuring fish passage in river systems for all Atlantic salmon populations is essential for safeguarding their survival in the future. 
[bookmark: _Toc184318894]5.2 Hatcheries Management 
Hatchery management has evolved from an early focus on economic gain to a more conservation-oriented approach. In the 1860s, hatchery practices were initiated in the Miramichi and Restigouche rivers to release unfed fry, fed fry, and parr into rivers throughout the Maritimes without any assessment of their ecological impacts (Kocik and Brown, 2002). This early management was driven by the economic interests of commercial and recreational fisheries rather than by scientific understanding. The lack of understanding persisted for many years; for instance, stocking in the Magaguadavic River with Saint John River fish in the 1950s raised concerns about genetic complications and offspring viability due to interbreeding (Glebe, 2024). However, the long-term complications were not fully understood at the time (Glebe, 2024). These examples highlight the need for evidence-informed hatcheries management. Improper management in the past is still harming current populations, ensuring that we learn from the past and do not make these mistakes in the future is crucial for Atlantic salmon survival. 
The major shift in hatchery practices of the 1960s, this involved transitioning to local hatcheries and led to smaller, more localized facilities focused on education and enhancing salmon populations. Monitoring efforts increased, with scientific surveys tracking adult returns and temporary provincial policies guiding local activities, all under the Fisheries Act and Fisheries General Regulations (Government of Canada, 2024). Local and Indigenous Knowledge were utilized to run these hatcheries, relying on smaller scale, place-based efforts. Many of these hatcheries are still around today, showing the perseverance and passion of local communities even as Atlantic salmon continued to decline. The evolution of hatchery management from an economically driven practice to a conservation-focused strategy highlights the growing recognition of the importance of proper hatchery management in sustaining salmon populations. Conservation-focused and evidence-informed management must continue to support the long-term survival of Atlantic salmon. 
[bookmark: _Toc184318895]5.3 Climate Change Considerations 
Although not static in time nor explicitly referenced in the historical review, an additional factor that has played a role in Atlantic salmon decline are the major impacts of climate change that are being felt globally. Anthropogenically driven climate change is a result of human development and industrialization, and the impacts of climate change only worsen over time.  Climate change has been evident since the early 19th century, however, efforts to address its impacts are moving slowly. The impacts of climate change are another example of the dangerous cycle that management is in, creating anthropogenically driven problems that impact the environment and then having to work to mitigate these effects but not at an acceptable rate. While climate change is a global problem, its impacts are felt in the Maritimes and the Bay of Fundy. Climate change management is crucial for the survival of Atlantic salmon, as environmental shifts driven by rising temperatures, acidification, and excess carbon dioxide are severely impacting salmon populations (Bowlby et al., 2013; DFO, 2008; DFO, 2014). Effective climate change management could help reduce acid precipitation and maintain healthier water conditions, which are vital for salmon survival. Additionally, as water temperatures rise and ocean currents shift, salmon struggle to find food, avoid predators, and return to their spawning grounds (DFO, 2008; DFO, 2014). In the inner Bay of Fundy, climate change alters migration routes and reduces the availability of forage species (DFO, 2008). 
 As the effects of climate change are only expected to worsen, integrating climate change considerations should be an essential step for all Atlantic salmon management moving forward. Climate change is felt on a local, national and international scale; it will take serious management efforts to collaborate and address these concerns to sup the future of Atlantic salmon and all other species at risk on the planet. 
[bookmark: _Toc184318896]5.4 Aquaculture Management 
Although aquaculture only emerged in the 1970s, its management shows patterns from the past, reflecting a cycle of poor decisions that fail to fully account for ecological and socio-cultural impacts. Even during the conservation era of the 1960s, which heightened awareness of environmental issues, mismanagement persisted. Aquaculture escapees have serious impacts on wild Atlantic salmon populations as the size of escapees causes them to out compete the wild salmon for resources. Additionally, the interbreeding between aquaculture and wild fish leads to genetic consequences and nonviable offspring (Chang, 1998). Aquaculture operations can have impacts on the natural environment as well, due to chemicals and excess nutrients from food and effluent build up. While some improvements have been made in modern management, such as improved cages to limit escapees, and improved effluent treatments to limit negative impacts on the environment (Chang, 1998), progress remains insignificant as escapees and negative environmental impacts persist. Originally intended for economic development, there were good intentions behind aquaculture’s implementation, however, original management did not take the appropriate lens to consider the ecological, social and cultural impacts. 
Aquaculture was introduced to the Maritime provinces in the 1970s, marking the beginning of interactions between farmed and wild Atlantic salmon populations (Kocik and Brown, 2002). International documents such as The Olso Resolution and the Williamsburg Resolution, discussed in Chapter 4, underscored the necessity of stringent aquaculture regulations to mitigate escapees and the transfer of pathogens and diseases (NASCO, 2010). In today’s management, salmonid aquaculture remains a high concern. To address the genetic and pathogen transfer concerns of aquaculture on salmon populations, DFO has implemented proper aquaculture facility siting practices, recognizing their critical importance for marine finfish operations (DFO, 2024). Under the Aquaculture Activities Regulations, applicants wishing to establish or expand marine finfish sites with an annual production exceeding five tonnes must conduct a baseline survey (DFO, 2024). This survey assesses the fish and habitats on the seabed and surrounding water column. This data helps regulators assess the potential impacts of aquaculture sites on local fish species, including Atlantic salmon. Additionally, since 2020, DFO has worked on several aquaculture initiatives to work towards sustainable aquaculture in the Maritimes (DFO, 2020). An example of this is area-based aquaculture management, which works to enhance collaboration between provincial, Indigenous and federal partners (DFO, 2020). This will allow for improved information sharing, collective planning and ongoing monitoring and management of all aquaculture activities (DFO, 2020). Area-based aquaculture management differs because it looks beyond the impacts on a specific site to consider the wider ecosystem (DFO, 2020). While Atlantic salmon aquaculture has significantly expanded in the Maritime provinces, careful regulation and mitigation efforts are crucial to minimizing its environmental impact, particularly concerning the health and genetic integrity of salmon populations.  
Aquaculture regulations are dependent on the government and rely on industry to follow them. Ensuring that aquaculture management considers sustainability, the protection of the natural environment, and the safeguarding of Atlantic salmon populations is important in supporting Atlantic salmon’s future. 
Aquaculture is an example of management failing to learn from the past and not consider ecological, social and cultural impacts. Although aquaculture management has greatly improved in current-day management, further steps need to be taken to limit escapees and mitigate negative impacts on the environment to work towards the coexistence of aquaculture and Atlantic salmon. 
[bookmark: _Toc184318897]5.5 Moving Forward
All four of the themes highlighted above did not consider holistic management in their implementation. Instead, the economic pillar of management has taken priority over all others. Economic priorities have been a large driver in the decline of Atlantic salmon. This is seen in fish passage barriers, where economic developments such as dams and causeways have blocked Atlantic salmon migration, leading to population declines or extirpation as was the case of the Petitcodiac River Causeway. This is seen again in early hatcheries management practices, where Atlantic salmon were stocked into rivers to continue to support the fisheries without considering the long-term ecological or genetic impacts. Additionally, over time, increased economic drive and industrialization has led to anthropogenically-driven climate change which is felt on a global scale and has impacted Atlantic salmon populations through warming waters and decreased water levels. Finally, even amidst the environmental movement that began in the 1960s, the booming aquaculture industry proved that economics were a priority above all else. The prioritization of economic gain has led to a cycle of reactionary mitigation. Moving forward in Atlantic salmon management approaches, considering holistic management will be essential to move away from mitigation and into restoration. 
It is important, moving forward with new management approaches, that the past is used as a lesson. New management approaches must move forward with a conservation focus and should be based on specific place-based situations; not a one-size-fits-all management strategy based on success from other countries. For the Bay of Fundy specifically, management needs to consider where the population is currently based and evaluate the damage done in the past that continues to impact Atlantic salmon populations. The Bay of Fundy has seen a trend of Atlantic salmon decline over time, and populations are now in a dire place. Traditional management will not be enough to reverse a trend of this magnitude. Instead, management needs to move towards methods tailored to place that address current realities, respect local relationships, and reduce the impacts of existing threats to move on a positive path forward. 

























[bookmark: _Toc1394783216][bookmark: _Toc184318898]Chapter 6: Recommendations for the Future of Atlantic Salmon Management Approaches
[bookmark: _Toc1573024293][bookmark: _Toc184318899]6.1 The Future of Inner Bay of Fundy DU Management Approaches
For the iBoF DU specifically, the LGB program is showing positive juvenile trends (DFO, 2008), and legal regulations aid in their protection, however, greater work needs to be done. Research needs to be done on the at-sea survival rates of iBoF salmon and the factors that lead to declining numbers of adult returns (DFO, 2008). Additionally, further research on factors that may limit recovery, such as predation, food web shifts, climate change impacts, and interactions with farmed and hatchery salmon, should be studied (DFO, 2008). Further information is required to understand the role of freshwater habitats on their recovery as well and should include methods to improve fish passage concerns (DFO, 2008). Although it is not required for the long-term persistence of iBoF salmon, all 32 historic rivers should be considered for distribution and rehabilitation targets if they contain suitable habitat (DFO, 2008). This is because increasing the number of populations being used to maintain genetic variation decreases the risk of later extirpation as a result of catastrophic events (DFO, 2008). Ensuring healthy ecosystems and genetically viable populations is important in considering iBoF survival into the future. 
Beyond the further research and natural science aspect of iBoF recovery, it is important that local, place-based knowledge and community level collaboration is highlighted. Fundy Salmon Recovery is a great example of government, industry, academia, and local and Indigenous community collaboration to work towards Atlantic salmon conservation. FSR should be used as an example of the importance of collaborating, knowledge sharing, and re-connecting salmon and people. The connection of diverse knowledge systems will aid in directing iBoF management approaches towards holistic management.
The iBoF DU faces significant challenges, but their recovery is not beyond reach. By learning from past management shortcomings, adopting holistic management and creating adaptive strategies, management approaches can work towards a future where iBoF salmon once again thrive in rivers where they once ran in numbers too big to count. 
[bookmark: _Toc1360426361][bookmark: _Toc184318900]6.2 Atlantic Salmon Management Approaches Rooted in Place-Based Knowledge
Moving forward, Atlantic salmon management should focus on a place-based, diverse knowledge driven, collaborative transdisciplinary approach. Scientific involvement is essential in Atlantic salmon management, however, there needs to be recognition that literature alone cannot guide decisions. Management strategies should account for unique local contexts, ensuring adaptive and evidence-based approaches. Different knowledge types are essential for the proper management of Atlantic salmon. Indigenous collaboration is crucial, as salmon hold deep cultural significance, and Indigenous communities have been connected to salmon since time immemorial. Inspiration should be taken from communities such as Fort Folly First Nation who have been actively participating in recovery efforts alongside Parks Canada. The involvement of Indigenous communities alongside federal agencies to restore a culturally significant species is an act of reconciliation, bridging conservation efforts with Indigenous values and traditions.
[bookmark: _Toc1067292786][bookmark: _Toc184318901]6.3 Climate Change Considerations 
Climate change is projected to significantly alter the thermal and hydrological dynamics of rivers, especially in the Northern Hemisphere, posing indiscriminate challenges to Atlantic salmon restoration efforts (Lennox et al., 2021). Historically low water levels, rising water temperatures, increased acidity, and excess carbon dioxide in the water, among other challenges, are causing serious harm to Atlantic salmon populations. For example, excess carbon dioxide in the natural environment can impact salmon’s sense of smell which can limit their ability to find food, return to their natal rivers, and avoid predation (State of Salmon, n.d.). Models predict continued instances of higher air temperatures and decreased summer precipitation across the majority of Atlantic salmon’s range (Schneider et al., 2013). These changes, coupled with more extreme weather events anticipated in the future, may disrupt the natural flow regimes of rivers throughout Atlantic salmon’s habitat. To ensure long-term survival, river restoration must anticipate and address the future needs of Atlantic salmon populations as the climate changes. This will require a focus on maintaining connectivity and flow regimes that can withstand warming and hydrological variability (Beechie et al., 2013). Mitigating and adapting to climate change is crucial, especially given salmon’s sensitivity to rising temperatures and decreasing pH levels. Creating environments that allow salmon to adapt to these changes is critical. Additionally, research is needed to understand how best to create suitable conditions for salmon survival in the face of climate change. Ensuring restoration efforts are proactive, effective and place-based is crucial. 
[bookmark: _Toc1834674451][bookmark: _Toc184318902]6.4 Ensuring Success 
Evaluating restoration techniques for Atlantic salmon is essential, as is proper monitoring to determine the success of these efforts. Specifically for enhancement projects, they must operate in conjunction with projects that address the root cause of the population decline. Hatchery management should progress alongside other restoration techniques, aiming to create a suitable environment that supports the survival of the species. Beyond traditional stocking, enhancement techniques such as habitat restoration should be prioritized. Regarding enhancement projects and habitat restoration, there remains a debate between what is being done and what should be done. For example, stocking efforts in areas impacted by activities such as logging as seen in Fundy National Park, (Parks Canada, 2023), reveal the disconnect between current realities and ideal management practices. Impacts from logging include degradation to Atlantic salmon spawning grounds or block migration routes (Chung, 2021), meaning rivers that have been impacted by logging may not be able to support Atlantic salmon populations. Focusing on suitable and restorable rivers with viable populations for enhancement projects could improve returns in the future. Additionally, considering cost-effective, semi-natural enhancement methods, such as instream incubators or eggboxes, should be explored. Establishing biological reference points based on historical baselines and current environmental conditions, along with setting intermediate objectives and timelines, will guide efforts to restore populations. The establishment of intermediate objectives will help guide management approaches by adopting more consistent monitoring of projects, which will allow for methods to be adapted if success rates are not being seen. Evaluating project success is important to understand how management should be moving forward based on what techniques are showing the most success in given areas. To restore a population successfully, the underlying problems must first be identified and addressed. To understand these underlying problems, further research should be done to identify impacts on specific DUs. This goes back to the dangerous cycle mentioned above, addressing the first part of the cycle and limiting negative anthropogenic effects on Atlantic salmon and their environment. This will allow for conservation efforts to be put in place, as opposed to mitigation for human activities. Additionally, it is important to recognize that all salmon DUs are unique, and threats are not uniform across all populations. To ensure survival, management efforts need to be place-based and DU-specific and be driven by holistic management which incorporates local and Indigenous knowledge. Beyond this, it is important that restoration initiatives are relevant to the resource users, and scientific evaluation should be done in collaboration with those who use and manage the rivers, such as Indigenous Nations, stakeholders and decision-makers. 
[bookmark: _Toc1853142028][bookmark: _Toc184318903]6.5 The Future of Atlantic Salmon Management Approaches
The ongoing decline of Atlantic salmon indicates that, despite their adaptability, they are being pushed beyond their limits in many modern ecosystems (Kocik and Brown, 2002). Without intervention, these populations will continue to dwindle. To reverse this trend, Atlantic salmon managers must learn from past experiences and apply those lessons to future efforts. Management must work in collaboration with stakeholders and rightsholders and consider diverse knowledge types. While restoration may be achievable, patience, holistic management approaches, continuous monitoring, and adaptive DU and place-specific strategies are vital to overcoming the challenges facing Atlantic salmon. Success stories show that with sustained investment in research, targeted interventions, and adaptive management, the long-term restoration of this iconic species can be a feasible goal. 
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