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GLOSSARY 
 
Aeration – exposure to air, cause air to circulate through.  
 
Aquifer – A layer of soil or rock below the land surface that is saturated with water.  
 
Bacteria(ium) - microscopic living organisms usually consisting of a single cell.  
 
Baseline – the state against which change is measured. 
 
Bioaccumulation – the accumulation of a toxic chemical in tissue. 
 
Biomagnification – the increased concentration of the toxic chemical as you go up the food 
chain. 
 
Climate Change – any change in climate over time, whether due to natural variability or as a 
result of human activity. The United Nations Framework Convention of Climate Change defines 
climate change as due directly or indirectly to human activity that alters the composition of the 
global atmosphere in addition to natural climate variability. 
 
Chlorine - A disinfectant added to water to protect against bacteria and other micro-organisms.  
 
Chlorination – the application of chlorine to water, sewage, or industrial wastes for disinfection 
(reduction of pathogens) or to oxidize undesirable compounds. 
 
Cistern – a tank for storing potable water (or other liquids) above ground. 
 
Drinking Water - Water of sufficiently high quality that can be consumed or used 
without risk of immediate or long term harm. 
 
Effluent – the treated liquid released from a wastewater treatment system. 
 
Euthrophication - excessive nutrients in a body of water, frequently due to runoff from the land, 
causing a dense growth of plant life and death of animal life from lack of oxygen. 
 
Hypoxic – deprived of oxygen. 
 
Lagoon – A shallow pond where sunlight, bacterial action, and oxygen work to purify 
wastewater.  
 
Ocean acidification - The increasing input of anthropogenic carbon dioxide (CO2) from the 
atmosphere to the ocean is increasing ocean acidity. CO2 reacts with seawater to generate 
hydrogen ions and form carbonic acid, which makes seawater more acidic and lowers its pH. 
Ocean acidification is a direct consequence of CO2 emissions. 
 
pH – a measure of acidity of water. The lower the scale the, the more acidic. 
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Potable water – water that is destined for human consumption, consumed as drinking water, used 
in cooking, used to wash food, and used to bath. 
 
Super chill – Water can get to lethally cold temperatures for 2 reasons. The first reason involves 
aquaculture facilities being exposed during the winter to very cold wind blowing and cooling 
surface water onto a cage system. The the cage system is down wind so the waves and wind are 
coming directly at the system. The second reason is due to the normal freezing point depression 
of seawater due to the salt content. The second type of event always happens, for example, Seal 
Island and most coastal areas are predictably below lethal temps each winter.  What Robin Stuart 
and others have observed is that, generally speaking, the border between lethally cold water 
temperatures and survivable temperatures in the Bras d’Or Lakes, is moving eastward over the 
last 10 years at about 1 km. per year (Stuart, R., personal communication, March 10, 2017). 
  
Wastewater – a combination of water and dissolved or suspended solids carried from homes, 
businesses, industries or farms. 
 
Wastewater system –an organized process and associated structures for collecting, treating, and 
disposing of wastewater from five or more houses. 
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ACRONYMS 
 
BWA – Boil Water Advisory 
CO2 – Carbon dioxide 
COP – Conference of Parties 
DNCA – Do Not Consume Advisory 
DWA – Drink Water Advisory 
DNUA – Do Not Use Advisory 
ERP – Emergency Response Plan 
FMS – Fisheries Management System 
IFMP – Integrated Fisheries Management Plan 
IPCC – Intergovernmental Panel on Climate Change 
MMP – Maintenance Management Plan 
MPA – Marine Protected Area 
OA – Ocean Acidification 
PPT – Parts per Thousand 
SST – Sea Surface Temperature 
SWPP – Source Water Protection Plan 
UNDRIP – United Nations Declaration on the Rights of Indigenous Peoples 
UNFCCC – United Nations Framework Convention on Climate Change 
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Executive Summary 
 
 

CO2 is the exhaling breath of our civilization, literally... Changing that pattern requires a scope, 
a scale, a speed of change that is beyond what we have done in the past. Al Gore, Vice President 

of the United States of America. 
 

 
The Atlantic Policy Congress of First Nation Chiefs (APC) is a policy and advocacy organization 
that represents 30 Mi’kmaq, Maliseet, Passamaquoddy, and Innu Chiefs in the Atlantic 
Provinces, including portions of Quebec, and the state of Maine. APC was incorporated in 1995 
to develop and promote the policy needs of their member First Nation communities on a number 
of matters affecting community life, and provide the research and policy analysis in order that 
the leadership of the communities are able to make informed decisions. One of those policy areas 
is water infrastructure.  
  
Media outlets have been screaming headlines about the crisis in drinking water in First Nation 
communities across Canada. CBC News headlines ‘Cape Breton’s Potlotek First Nation protests 
dirty water’ (MacPhee, 2016). The Globe and Mail headline, ‘Unsafe to Drink’, highlights a First 
Nation community on Lake Huron, 130 kilometres west of Sudbury Ontario off of the Trans- 
Canada Highway, that despite a new water treatment plant, is on a Drink Water Advisory and has 
to have water trucked into their community (McClearn, 2017). Global News reports ‘First 
Nations living in Third World conditions’ as communities endure water advisories (Minsky, 
2017). The Atlantic Region has six (6) Boil Water Advisories in place, one in place since 2008 
(Health Canada, 2017). In 2014, the United Nations Special Rapporteur on the Rights of 
Indigenous Peoples noted that more than half of the First Nations in Canada face issues that 
place their communities at risk (Anaya, n.d.). In March, 2017, the Government of Canada 
announced that they would eliminate all long-term drinking water advisories by 2020 
(Government of Canada, n.d.). 
 
The Paris Agreement, pursuant to the United Nations Framework Convention on Climate 
Change (UNFCCC) ratified by Canada in 1994, came out of the 2015 Paris Climate Conference, 
and committed signatory countries including Canada to develop an effective response to climate 
change (UNFCCC, 2014b). The Pan Canadian Framework on Clean Growth and Climate 
Change (Framework) is Canada’s plan response to the Paris Agreement, which will focus efforts 
on advancing clean growth and reducing emissions (Government of Canada, 2017b). The 
Framework commits Canada to respect and protect the rights of Indigenous Peoples and that they 
are protected from climate risks like flooding, droughts, or extreme weather events (Government 
of Canada, 2017b).  
 
The Government of Canada’s response to the water crisis in First Nations across Canada, and its’ 
response to address the climate crisis countries world-wide are facing, provides an opportunity 
for APC to conduct research and provide an initial analysis on these important issues. More 
importantly, APC understands that climate change has been an emerging issue for First Nations 
in the Atlantic Region in particular. In late 2016, APC submitted a proposal to the federal 
government to undertake research and provide analysis on the probable impacts of climate 
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change on drinking water and wastewater systems, fisheries, and aquaculture. Climate Change 
Impacts on Atlantic First Nations Drinking Water, Wastewater Systems, Fisheries and 
Aquaculture is intended to provide a synthesis of the academic literature, the grey literature, and 
the results of conversations with community experts, researchers, and advisors in the fields of 
drinking water, wastewater systems, fishing, and aquaculture. 
 
The Report provides an overview of the state of climate change research in Canada, from 
Canada’s current commitments to climate change under the Pan Canadian Framework on Clean 
Growth and Climate Change and the recognition that First Nations may be among those that are 
most impacted by a changing climate, to the positions that the various provincial governments 
are putting forth on initiatives within their respective jurisdictions. Climate change is happening, 
and unless governments understand and proactively plan for the impacts that climate change will 
have on First Nations, from the combined forces of rising ocean and air temperatures, increasing 
precipitation, the more frequent and extreme storm events, and storm surge and rising sea levels, 
there will be serious consequences. The federal government has made climate change a priority 
and is committed to work with First Nations to protect them from these risks.  
 
The research project was introduced to the community by the Atlantic Policy Congress and the 
final report will be distributed to all First Nations in the Atlantic Region. Chapter 1 provides an 
in-depth overview of the regulatory environment, climate change scenario data consistent with 
those developed by the Intergovernmental Panel on Climate Change (IPCC) and case studies for 
how climate change is already impacting several First Nations in the region. Chapter 2 explores 
how these climate change can be expected to impact drinking water and wastewater systems, the 
challenges that First Nations are already experiencing, and case studies on how climate change 
planning will be beneficial. Chapters 3 and 4 address issues for fisheries and aquaculture, and the 
important considerations that need to be addressed in terms of the impacts that climate change 
can have on this important driver of First Nation economies and their infrastructure. Fishing and 
aquaculture are important economic drivers of First Nation economies and contributes over $43 
million annually into local economies (APC, 2014a). Finally, Chapter 5 explores the potential 
impacts that climate change will have on the health and well-being of First Nation communities 
if these important considerations are not addressed.  
 
Climate Change – What could be in the future? 
 
In 2000, the town of Walkerton, Ontario, experienced the first and largest documented outbreak 
of Escherichia coli (E. coli) and Campylobacter jejuni, pathogens that were determined to come 
from the municipal water supply that had been infected with cattle manure. This outbreak 
became the worst public health crisis ever faced in Canada (Ali, 2004; Hrudey et al., 2002) and 
the world’s second most tragic E. coli event in history (Hipel, Zhao, & Kilgour, 2003). The 
contribution of heavy precipitation, spring thaw, and runoff from snowmelt, were contributing 
factors to this event (Hrudey et al., 2002). In the earliest days of the crisis, 160 people went to 
the hospital for treatment, while another 500 people made calls into hospitals complaining of 
bloody diarrhea, vomiting, severe stomach pains and fever; within a week more than 2,300 
people experienced gastroenteritis, 65 people were hospitalized, 27 people developed haemolytic 
uremic syndrome (HUS), a potential fatal kidney ailment, and seven people died (Ali, 2004; 
Hrudey et al., 2002). Of the 27 people diagnosed with HUS, 23 were children (Richards, 2005). 
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One child died in the early stages of HUS, and 8 children required dialysis (Richards, 2005). The 
long term health consequences of E. coli are altered bowel habits compatible with irritable bowel 
syndrome, progressive kidney disease, colonic strictures, pancreatitis, diabetes mellitus, and 
cholecystitis and cholecystectomy (Richards, 2005).  Exposure to Campylobacter jejuni 
contamination is associated with a variety of neurological syndromes such as Guillain-Barré and 
Miller Fisher syndromes, idiopathic polyneuropathy, and reactive arthritis (Richards, 2005).  
 
Although laboratory tests revealed the presence of the E. coli in the water, neither the Walkerton 
Public Utilities Commission nor laboratory staff, notified the Ontario Ministries of Health or 
Environment (Hipel, Zhao, & Kilgour, 2003), and a subsequent Inquiry into the disaster 
determined that, beyond the impacts of torrential rains, policies regulating the water systems 
were deficient, management of the water supply system was weak, environmental laws and 
regulations were not stringent enough, and there was inadequate financial support for monitoring 
the systems properly when the province downloaded this responsibility to the municipality (Ali, 
2004; Hipel, Zhao, & Kilgour, 2003).  
 
In 2005, the Commissioner of the Environment and Sustainable Development tabled reports in 
the House of Commons on the federal responsibility for the safety of drinking water in general, 
and drinking water in First Nations, and to reiterate that the responsibility for the safety of 
drinking water is shared between the federal and provincial governments (Minister of Public 
Works and Government Services Canada, 2005). For First Nations, Indian and Northern Affairs 
and Health Canada both provide funding and support to assist First Nations in providing drinking 
water, but First Nations are responsible for the management of the systems (Minister of Public 
Works and Government Services Canada, 2005). In 2011, the federal government undertook an 
assessment of all First Nation water and wastewater systems across Canada and determined that 
there were serious deficiencies in most of the systems. The second highest percentage of high 
risk systems across this country are in the Atlantic Region, systems that could result in quality of 
water that could lead to serious health and safety issues. 
 
Harper et al (2011) argue that impacts associated with climate change, such as changes in 
precipitation intensity or frequency, can alter conditions which will increase the risk for 
waterborne disease. Studies exploring water related gastrointestinal illnesses among the 
Indigenous population in Canada are limited and baseline data is needed to understand the 
connection between water quality and human health (Harper et al., 2011).  
 
It is clear that First Nations, and the policymakers that work on these issues with the 
communities, must understand the impacts that climate change will have, not only on the 
drinking water and wastewater systems, but on important economic drivers in the community 
like the fisheries and aquaculture operations. This report is, therefore, designed and written with 
a general audience in mind. Case studies have been provided in each chapter to demonstrate the 
impacts that climate change is already having, or to demonstrate the potential impacts that could 
be expected. The final chapter outlines the health impacts of drinking or being exposed to 
contaminated water, or eating contaminated seafood.  

There is important work already underway. Recently, APC met with members of the Atlantic 
Regional Liberal Caucus to discuss key priorities of the Region. The Atlantic Caucus heard 



	   4	  

about establishing an Atlantic First Nations Water Authority. Twenty-three (23) APC 
communities have already signed on and formed strategic partnerships with Halifax Water and 
Ulnooweg Development Ltd. to make this a reality (APC, 2016b). In March, 2017, the federal 
government announced a $325M Atlantic Fisheries Fund, along with innovation and partnership 
funding opportunities. John Paul, Executive Director of APC stated “[t]his is significant because 
in many Atlantic First Nations communities, the fishery has been the sole contributor to deficit 
reduction and financial sustainability” (APC, 2014b, para. 4).  
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CHAPTER 1  CLIMATE CHANGE 
 
Variability in climate has occurred as long as we can remember, which is why there are those 
who say that climate change may not be happening. Climate change may not be discernible to 
most people, yet, human-induced global warming is happening and there are serious 
consequences for us if we chose to ignore it. Data from the Canadian Surveys on Energy and the 
Environment reveal that in Nova Scotia 87% of those surveyed say climate change is happening, 
compared to 82% in Prince Edward Island, 75% in New Brunswick, and 76% in Newfoundland 
and Labrador (Mildenberger et al., 2016).  
  
In Canada, the federal government has taken the lead in climate change, and recognizes that First 
Nations may be among those that are the worst impacted by climate change. Prime Minister 
Justin Trudeau announced in December, 2016 that 

Climate change is indisputable; as are the significant impacts it is having in Canada. We 
agreed to take action to adapt to the changing climate and to build climate resilience, 
recognizing that coastal, northern and Indigenous communities face unique 
circumstances. These communities are especially vulnerable to the threat of rising 
temperatures and feel the impacts of climate change first. (Justin Trudeau, n.d., para. 2) 

 
 
Background   
 
The United Nations Framework Convention on Climate Change (UNFCCC) was adopted in 
1994. One of three conventions1 that came out of the Rio Earth Summit of 1992, the UNFCCC 
has been ratified by 197 countries worldwide, including Canada (UNFCCC, 2014a). In 2001, the 
Intergovernmental Panel on Climate Change (IPCC)2 stated that there is scientific consensus that 
human activity is affecting the Earth’s climate as a result of an increase in greenhouse gas 
concentrations (Intergovernmental Panel on Climate Change (IPCC, 2017a). These changes are 
causing surface air temperatures and sub-surface ocean temperatures to rise (Oreskes, 2004, p. 
1686).   
 
By 2014, the IPCC (2017b, p. 2-4) was reporting the following: 

•   emissions of greenhouse gases were at the highest ever; 
•   the period between 1983 to 2012 was the warmest period in the last 1400 years in 

the Northern Hemisphere; 
•   globally, ocean temperatures in the upper 75 meters have warmed by 0.11°C per 

decade between 1971 and 2010;  
•   precipitation is increasing in the Northern Hemisphere; 
•   snow cover in spring is decreasing; 
•   permafrost temperatures are increasing; 
•   where precipitation dominates, oceans become less saline;  

                                                
1	  The other two conventions are the UN Convention on Biological Diversity and the Convention to Combat 
Desertification. 
2 Created jointly by the United Nations Environment Programme and the World Meteorological Organization in 
1988 to assess climate change. See Intergovernmental Panel on Climate Change website for more information  
(http://www.ipcc.ch/organization/organization.shtml). 	  
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•   ocean uptake of CO2 causes acidification and a decrease in pH of surface water; 
and 

•   between 1901 and 2010, sea level has risen by 0.19 meter, and has been 
accelerating since the mid-19th century. 

 
Climate change is impacting “hydrological systems, affecting quantity and quality of water, and 
terrestrial, freshwater and marine species have shifted their geographic ranges, seasonal 
activities, migration patterns, abundances, and interactions (IPCC, 2017b, p. 6). Climate change 
will challenge the productivity of fisheries (IPCC, 2017b, p. 13).  
 
The Paris Agreement, pursuant to the UNFCCC, came of out the Conference of the Parties -
COP213 - also known as the 2015 Paris Climate Conference, and committed signatory countries, 
including Canada4, to develop an effective response to the urgent threat of climate change 
(UNFCCC, 2014b).  The Paris Agreement commits the signatories to work towards efforts that 
would limit global temperature increase to 1.5°C above pre-industrial levels, and commits 
developed countries to undertake efforts towards reducing greenhouse gas emissions (UNFCCC, 
2014b)  
 
The Paris Agreement commits the signatories to ensure the rights of Indigenous peoples and the 
integrity of Mother Earth5 are protected, to ensure that food security is safeguarded, and that 
decisions be based on the best available science, including traditional knowledge (UNFCCC, 
2014b). In fact, Canada is looking to promote Indigenous leadership in international climate 
change actions (Government of Canada, 2016).  
 
 
Federal Regulatory Environment  
 
The Pan Canadian Framework on Clean Growth and Climate Change (Framework) is Canada’s 
plan to focus on advancing clean growth and reducing emissions, and consistent with the terms 
of the Paris Agreement, commits Canada to respect and protect the rights of Indigenous Peoples 
(Government of Canada, 2017b). In Canada that means recognizing, respecting, and 
safeguarding the inherent Aboriginal and Treaty rights of Indigenous Peoples as affirmed in 
Section 35 of the Constitution Act, 1982, and the United Nations Declaration on the Rights of 
Indigenous Peoples, including the right to free, prior and informed consent. Canada is committed 
to ensure that First Nations are protected from climate risks like flooding, droughts, or extreme 
weather events (Government of Canada, 2017b). In the North, federal, provincial, and northern 
governments will work together to develop and implement a Northern Adaptation Strategy and 
to support community-based monitoring initiatives in order to understand the impacts of climate 
change in this region (Government of Canada, 2017b). The Assembly of First Nations is working 
towards a collaborative approach to implement the Framework and address and mitigate climate 
change impacts on First Nations in this country, including opportunities for the incorporation of 

                                                
3 Representatives of the Wabanaki Confederacy attended this conference to voice concerns over the impacts of 
hydraulic fracturing. 
4 Canada ratified the Paris Agreement in October, 2016 (see United Nations Framework Convention on Climate 
Change website for further information – www.unfccc.int). 
5 This includes the integrity and biodiversity of all ecosystems, including the oceans. 
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regional views and perspectives as the Government of Canada moves ahead to implement the 
Framework in national and provincial structures (Assembly of First Nations, n.d.b).  
 
In Budget 2017: Building a Strong Middle Class, the federal government has committed to 
establish a new Canadian Centre for Climate Services and regional climate resilience centres to 
improve access to climate science. The centres will make it easier for Indigenous partners and 
others to access data and information on climate science, and help support climate adaptation 
decisions (Government of Canada, n.d.). The government also commits $25 million over five 
years for Indigenous and Northern Affairs Canada (INAC) and Environment and Climate 
Change Canada (ECCC) to develop an Indigenous Guardians Program for Indigenous peoples to 
manage their traditional lands and waterways, to monitor ecological health, maintain cultural 
sites and protect sensitive species and areas (Government of Canada, n.d.).  
 
ECCC has a mandate to protect the natural environment and to conserve and protect Canada’s 
water resources (ECCC, 2016a). Canada’s commitment to climate change, as evidenced in 
Canada’s Second Biennial Report on Climate Change in 2016, is focused on leading the way to a 
clean and low-carbon economy (ECCC, 2016b). However, in the report, only Alberta identified 
specific actions targeted toward First Nation communities, stating that the province intends to 
direct some revenues generated from carbon pricing toward transition supports for Indigenous 
communities as the province moves to reduce emissions by introducing clean technology, 
renewable energy, and energy efficiency initiatives (ECCC, 2016b).  
 
Indigenous and Northern Affairs Canada takes the lead role to help Indigenous and northern 
communities face the challenges of climate change, both in the short-term and long-term (INAC, 
2017a). For example, the Climate Change Preparedness in the North Program will assist 
Nunatsiavut assess vulnerabilities and risks of climate change impacts, develop hazard maps and 
adaptation plans, and develop adaptation options (INAC, 2017b). The First Nation Adapt 
Program will assist First Nations to assess and respond to climate change impacts on community 
infrastructure, such as drinking water and wastewater systems, as a result of sea level rise or 
flooding, and will assist with emergency planning (INAC, 2017c). Communities will also be 
assisted to do vulnerability assessments, develop and assess adaptation options, and to do cost 
benefit analysis of those options (INAC, 2017c). The federal government announced in the 2017 
budget that they continue to work towards reducing the reliance on diesel fuel in Indigenous and 
northern communities by supporting the deployment of renewable energy projects and providing 
funding in the amount of $21.4 million over four years to INAC to continue the Northern 
Responsible Energy Approach for Community Heat and Electricity Program, $220 million to 
reduce the reliance of rural and remote communities south of the 60th parallel on diesel fuel, and 
invest an additional $400 million in an Arctic Energy Fund to address energy security for 
communities north of the 60th parallel, including Indigenous communities. (Government of 
Canada, n.d., p. 127-128). 
 
Since 2012, Natural Resources Canada has hosted the Adaptation Platform, a forum to bring 
together key groups in Canada to collaborate on climate change adaptation priorities (Natural 
Resources Canada, 2017a). The Northern Working Group addresses issues related to northern 
Canada, including Nunatsiavut Inuit communities (Natural Resources Canada, 2017b). The 
Atlantic Climate Adaptation Solutions (ACAS) Project, out of the University of Prince Edward 
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Island (UPEI), administers the Atlantic Canada Climate Change Adaptation Strategy as part of 
Natural Resources Canada’s Regional Adaptation Collaboration Program (Daigle, Mundee, 
Pupek & Hughes, 2012). Lennox Island First Nation has participated (see Joint Initiatives on 
next page). 
 
Health Canada has a particular role to ensure that commitments made in the Framework for the 
health and well-being of Indigenous Peoples are followed through, and that Indigenous Peoples 
are protected from the growing risks of climate change impacts such as extreme heat, pathogen 
and disease exposures, and food insecurity issues (Government of Canada, 2017b).  
 
In 2015, the Canadian Council of Ministers of the Environment (CCME) provided the 
Implementation Framework for Climate Change Adaptation Planning at a Watershed Scale 
(Implementation Framework). The Implementation Framework, as an adaptive management tool, 
is intended to assist watershed managers with a process for people to “come together to assess 
and manage vulnerabilities and risks stemming from climate change at a watershed level” 
(CCME, 2014, p. iv). It is informed by existing international and domestic climate change 
adaptation frameworks and can be tailored to meet the needs of every watershed, as it is expected 
that climate change will impact the hydrologic cycle and variability of water supply within 
watersheds (CCME, 2014).  
 
 
Provincial Regulatory Environment 
 
Each province in the Atlantic Region has their own approach to address climate change impacts.   
 
Nova Scotia – Climate Change Nova Scotia. 
 
Nova Scotia’s Environmental Goals and Sustainable Prosperity Act imposes targets to reduce 
greenhouse gas emissions, promote renewable energy, improve air and water quality, and protect 
ecosystems. Nova Scotia’s Climate Change Action Plan has provided an opportunity for First 
Nations to partner in renewable energy projects throughout the province. Efficiency Nova Scotia 
administers energy efficiency programs that are available to First Nations.  
 
New Brunswick – Environment and Local Government 
 
New Brunswick’s Climate Change Action Plan 2014-2020 recognizes that First Nations are 
among the most vulnerable to climate change impacts in the province due to their proximity to 
coastal and inland waterways, and seeks long-term engagement in a number of areas including 
representation on a climate change advisory committee, the sharing of information and tools, 
supporting capacity to respond to climate change, and supporting programs to improve energy 
efficiency on reserves (New Brunswick Environment and Local Government, 2017). 
 
Prince Edward Island (PEI) – Communities, Land and Environment 
 
The PEI Climate Change Strategy reflects a risk-based approach to the vulnerability created by 
climate change in PEI (Prince Edward Island Communities, Land and Environment, 2016). 
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Adapting to events such as storm surges, coastal erosion, altered coastal habitats, or nitrate 
contamination in waterways requires planning, tools such as hazard mapping, and a review of 
policies to ensure sustainable development in the province (Prince Edward Island Communities, 
Land and Environment, 2016). 
 
Newfoundland and Labrador – Office of Climate Change 
 
Newfoundland and Labrador Climate Change Action Plan 2011 outlines actions to strengthen 
relationships with the Nunatsiavut Government and the Innu Nation on climate change 
adaptation efforts (Newfoundland and Labrador Office of Climate Change (NLOCC), 2017).  
 
Joint Initiatives - The Atlantic Climate Adaptation Solutions (ACAS) Project 
 

 The Atlantic Climate Adaptation Solutions 
(ACAS) Project, out of the University of 
Prince Edward Island is a partnership between 
the Atlantic provinces, non profits, tribal 
governments and industry, funded by Natural 
Resources Canada, as a collaborative effort to 
address climate change (ACAS, n.d.a). 
Lennox Island First Nation has participated in 
a study that assesses the risk of saltwater 
intrusion in wells so as to inform the 
appropriate siting of wells in the community 
(ACAS, n.d.a). Nain and Memorial University 
have partnered to undertake a community-
level vulnerability study and the development 
of case studies on adaptation in the north 
(NLOCC, 2017). Figure 1.1 illustrates an 
example of the mapping activities that are 

undertaken by ACAS (ACAS, n.d.b).  
 
 
Inter-jurisdictional Partnerships 
 
The Gulf of Maine Council on the Marine Environment 
 
The Gulf of Maine Council on the Marine Environment, established in 1989, is a partnership of 
the Governments of Nova Scotia, New Brunswick, Maine, New Hampshire and Massachusetts to 
foster collaboration on matters impacting the Gulf of Maine watershed (Horton & McKenzie, 
2009). The Climate Change Network is a cross-cutting committee within the Council that 
presents the latest climate change science, impacts and adaptation information to membership 
(Horton & McKenzie, 2009). Activities include preparing and monitoring sea-level rise or 
increased storm activity, preparing regional ecosystem indicators, monitoring contaminants, or 
supporting coastal and marine spatial planning and mapping (Gulf of Maine Council on the 
Marine Environment, n.d.). The Gulf of Maine watershed encompasses a “total land area of 

Figure 1.1 Extreme Waves and Wave Run-up  
in Halifax Harbour 50-year event. (Source: ACAS)  
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69,115 square miles (179,008 square kilometers) that drains into the Gulf of Maine, 
encompassing much of Nova Scotia, New Brunswick, New Hampshire, and Massachusetts, all of 
Maine, and a small portion of Quebec (see Figure 1.2) (Gulf of Maine Council on the Marine 
Environment, n.d., p. 14-15). 
 

 
 
Arctic Council 
 
The Arctic Council is an international intergovernmental forum among Arctic states promoting 
cooperation on issues impacting the environment (Arctic Council, n.d.). The Nunatsiavut 
government participates through the Inuit Circumpolar Council of Canada (ICC). The ICC 
participated with the Arctic Council to develop the Arctic Climate Impact Assessment (ACIA) to 
examine how climate change has affected the Arctic, how it will continue to affect the Arctic, 
and what the consequences mean for our planet (Inuit Circumpolar Council of Canada, 2016). 
The Arctic Climate Impact Assessment, developed by the Arctic Monitoring and Assessment 
Programme, a working group of the Arctic Council, provides valuable research on how climate 
change has impacted, and will continue to impact, various sectors such as fisheries and 
aquaculture, marine systems, hydrology, infrastructure, and human health (Arctic Monitoring 
and Assessment Programme (AMAP), 2017). Indigenous people have observed, as an example, 
that there is less snow and more wind, freeze up is later, breakup is earlier, and permafrost is 
thawing, traditional lifestyles and survival of a hunting culture is being threatened, health is 
threatened by the emergence of zoonotic diseases, and there are safety issues around traditional 
modes of travel (AMAP, 2017). 
 
 
 
 
 
 
 

Figure 1.2 Gulf of Maine Watershed. (Source: Gulf of 
Maine Council on the Marine Environment, n.d., p. 15) 
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Climate Change Scenarios 
 
Ocean Temperatures  
 
Upper-ocean temperature observations over the past 60 to 80 years from mid-latitude regions to 
the west of the Grand Bank, such as in the Bay of Fundy, are showing warming trends (Bush, 
Loder, James, Mortsch, & Cohen, 2014). Warming is apparent in both the surface and near-
bottom waters in the Gulf of St. Lawrence and Scotian Shelf (Bush, et al., 2014). The entire 
Atlantic aquatic basin can expect to see increases in sea surface temperature (SST) of anywhere 
between 1 to 4°C over the next 50 years (Department of Fisheries and Oceans (DFO), 2013c, p. 
16). The largest increases are expected in the Scotian Shelf, the Gulf of Maine, and the Gulf of 
St. Lawrence, with smaller increases in the Newfoundland/Labrador Shelf/Slope (DFO, 2013c, p. 
16). Surface warming in the Gulf of St. Lawrence is consistent with increasing air temperatures, 
and the higher near-bottom warming rate is related to an increasing influence of subtropical 
waters from the Gulf Stream (see Figure 1.3) (Bush, et al., 2014). There is evidence of decline in 
concentrations of dissolved oxygen in subsurface (100 to 400 m) waters, which can be attributed 
to increasing temperatures and upper ocean stratification, influence of subtropical waters, and 
euthrophication from river run-off (Bush, et al., 2014).  These hypoxic conditions are detrimental 
to marine organisms (Bush, et al., 2014). Ocean acidification (OA)reduces the stability of the 
carbonate ions used by marine organisms to build shells and skeletal structures (Bush, et al., 
2014), which we have also noted in the fisheries and aquaculture chapters. 
 
 

 
 
 
 
 
 
 

Figure 1.3 - Location of Grand Banks, Gulf of St. Lawrence, Scotian Shelf, and Gulf Stream (Source: 
https://upload.wikimedia.org/wikipedia/commons/d/db/Grand_Banks.png; 

https://journals.lib.unb.ca/journalimages/GEOCAN/2009/Vol_36/No_02/geocan36_2ser06_fig1.jpg)  
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Air Temperatures 
 
In Atlantic Canada  

climate regions range from cool humid-continental, through sub-arctic to arctic tundra, 
with the influence of the warm Gulf Stream in the south giving way to that of the cold 
Labrador Current (see Figure 1.3) in the north. Seasonal conditions reflect competing 
tropical and polar, continental and maritime influences. (Vasseur & Catto, 2008, p. 124) 

 
By 2050, it is anticipated that there will be a 2 to 4°C increase in summer temperatures and a 1.5 
to 6°C increase in winter temperatures in the Atlantic Region (Vasseur & Catto, 2008 p. 131; 
Daigle et al., 2012). By 2080 it is anticipated that there will be a 4°C increase in summer 
temperatures and an increase of 1.5 to 6°C increase in winter temperatures (Vasseur & Catto, 
2008 p. 131; Daigle et al., 2012). The only exception to this is in Labrador, which will see 
temperatures decrease slightly (Daigle et al., 2012). If we look at the data for New Brunswick 
only, Daigle et al. (2012) predict that by 2080 annual maximum air temperatures will increase by 
4°C, minimum temperatures will increase by 4-5°C, and spring temperatures will increase by 
6°C, with the largest increases experienced in central New Brunswick. 
 
Precipitation 
 
In New Brunswick, Daigle et al. (2012) predict that by 2080 total annual precipitation may 
increase by 25-50% in the northern part of the province, and by 9-14% in the southern portions, 
with winter precipitation coming in the form of rain rather than snow. Snowmelt is predicted to 
increase river flow volume earlier in spring, which may have ecological impacts for estuaries and 
coastal water of the Gulf of Maine, including impacts on nutrient cycling and inland migration of 
salt water (Horton & McKenzie, 2009). For example, the Saint John River, well known for ice-
jam flooding, is experiencing more flooding as a result of increased rain-on-snow events, when 

run off cannot infiltrate the ground (Horton & 
McKenzie, 2009). Average annual discharge 
(waterflow) in New Brunswick will increase 
by 16-45% by the 2080s, especially in winter 
and spring, and significantly decrease in 
summer (Daigle et al., 2012). Flood 
magnitude and frequency is expected to 
increase for New Brunswick (Daigle et al., 
(2012). 
 
Atlantic Canada will experience drier 
summers, affecting water supplies, which can 
lead to saltwater intrusion into groundwater 
(see Figure 1.4) (Vasseur & Catto, 2008). 
Reductions in summer stream flow could 
affect freshwater fisheries, tourism, and 
municipal water supplies (Horton & 
McKenzie, 2009). The Annapolis Valley 
watershed, for example, is expected to see a 

Figure 1.4 Salt Water Intrusion. (Source: http://mgh-
images.s3.amazonaws.com/9780073383217/6318-17-
10IPQ1.png) 
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decrease in groundwater flow in streams as the ratio of evapo-transpiration to precipitation 
increases over the next century (Horton & McKenzie, 2009).  
 
Weather Events 
 
Trends toward greater extremes and higher frequencies of seasonal events such as winter and 
tropical cyclonic storms, summer heat and drought, early or late season frost, and winter rain and 
thaw events, are evident (Vasseur & Catto, 2008, p. 131). The extent of sea ice coverage in the 
Gulf of St. Lawrence is impacted during a negative North Atlantic Oscillation (NAO) (warmer, 
drier winters and reduced snow cover), resulting in enhanced coastal erosion in Prince Edward 
Island and southeastern New Brunswick (Vasseur & Catto, 2008, p. 134). Nearshore sea-ice 
coverage reduces wave run-up and, offshore, deflects and reduces the amplitude of waves, so 
more open waters means more waves breaking at the shoreline (Bush et al., 2014; Horton & 
McKenzie, 2009). The images below (Figure 1.5) are of Esgenoôpetitj and Lennox Island First 
Nations, which are exposed to the effects in the Gulf of St. Lawrence, and Pictou Landing First 
Nation which is exposed to the Northumberland Strait, which is part of the Gulf of St. Lawrence.  
 

 

Figure 1.5 - (1 & 2) Esgenoôpetitj First Nation shoreline facing the Gulf of St. Lawrence, 
(3) Lennox Island First Nation shoreline facing Gulf of St. Lawrence, and (4) Pictou Landing First 

Nation shoreline facing Northumberland Strait. (Source: D. Lewis, 2017). 
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Figure 1.6 provides the annual maximum wave height for all of Prince Edward Island using data 
complied between 1958-2010, and computed using the the largest wave height in each year and 
averaging them out over that period. The turquoise arrow is pointing to the vicinity of Lennox 
Island First Nation. As you can see, Lennox Island could be exposed to maximum wave heights, 
but is provided protection from the impacts by Hog Island. 
 

 
 
Storm Surge  
 
In the Atlantic Region, the effects of storm surge and sea 
level rise is compounded in many areas by post-glacial 
crustal subsidence6 (Daigle et al., 2012, p. 211). Storm 
surge, an elevation of water resulting from meteorological 
effects on sea level where the elevation is the difference 
between the normal tide in the absence of a storm and the 
observed water level during the storm, are highest in the 
southern Gulf of St. Lawrence, where a storm surge in 
excess of 3.6 m (see Table 1.1 to convert meters to feet) 
above mean sea level occurs once every 40 years, and is 
predicted to occur annually by 2100 (Vasseur & Catto, 
2008, p. 131-132). Storm surge in excess of 4.0 m would 
occur every 10 years (Vasseur & Catto, 2008, p. 132). Storm 
surge becomes even more problematic when it coincides with high tides.  
 
 
 
 
 
 

                                                
6 Subsidence – sinking of land. 

Figure 1.6 Maximum Wave Height Prince Edward Island (Source: Coldwater Consulting Ltd., 2011) 

Table 1.1 Conversion  
Meters to Feet 

Meters Feet 
0.5  1.64 
1.0  3.28 
1.5  4.92 
2.0  6.56 
2.5  8.20 
3.0  9.84 
3.5 11.48 
4.0 13.12 
4.5 14.76 
5.0 16.40 
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Sea Level Rise 
 

Over the past century Atlantic Canada has seen 
a 0.3 m sea level rise, and is expected to 
experience a 0.6 m sea-level rise in the coming 
century (Bush et al., 2014; Daigle et al., 2012). 
Areas in southeastern New Brunswick will 
potentially experience sea level rise in the 
range of 0.5 to 0.7 m between the years 2000 
and 2100 (Vasseur & Catto, 2008, p. 134). 
Figure 1.7 demonstrates the change in high 
tide level at Fort Louisburg, Nova Scotia, 
between 1783 and 1998. The Gulf of Maine is 
expected to see a rise in sea level of 0.35 to 
0.45 m as a result of changes in ocean salinity, 
density and circulation (Horton & McKenzie, 
2009).  
 
Figure 1.8 shows the present coastal sensitivity 

to sea level rise in the Maritime provinces. Atlantic Canada is the largest region in Canada of 
high sensitivity, and will experience events such as coastal overwashing, inundation of 
dykelands, coastal erosion causing beach migration, and saltwater intrusion of freshwater 
aquifers. Daigle et al. (2012) suggest that more research is required to understand the potential of 
saltwater intrusion on freshwater aquifers and drinking water wells.  
 

 
 

 
 
 
 

Figure 1.8 Coastal Sensitivity to Sea Level Rise in the Maritimes. 
 (Source: Horton & McKenzie, 2009; Shaw et al., 1998) 

Figure 1.7 Sea Wall at Fort Louisburg, NS. High Tide 
in 1783 versus High Tide in 1998. (Source: Wake, 
Burakowski, Lines, McKenzie, & Huntington, 2006) 
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Combined Impact of Weather Events, Storm Surge, Sea Level Rise, and Coastal Erosion 
 
A number of First Nations in Atlantic Canada are located on the coast, making them more 
vulnerable to climate change impacts such as severe weather events, storm surge, sea level rise, 
and coastal erosion. Storm sewer drainage systems that cannot keep up with the amount of storm 
rainfall runoff can cause sewer backups that flood basements and result in contaminants such as 
raw sewage entering and damaging homes, and introducing pathogens that are harmful to human 
health (Horton & McKenzie, 2009). Run-off during heavy precipitation can also carry 
hydrocarbons (components of gas or petroleum), PAHs (polycyclic aromatic hydrocarbons from 
diesel fuel, gasoline or oil), and heavy metals (such as lead, cadmium or mercury) from 
roadways and can enter groundwater systems, especially in nearer heavier populated areas 
(Horton & McKenzie, 2009).  
 
The Unama’ki Institute of Natural Resources (UINR), an organization representing the five 
Mi’kmaq communities in Unama’ki (Cape Breton), completed a study on the impacts of climate 
change and sea level rise on the Mi’kmaq Communities of the Bras d’Or Lakes in 2015. 
Working with Enviro and Géo Littoral Consultants, UINR recently studied an increase in 
frequency and intensity of storms, the impacts of sea-level rise, and shorter durations of sea ice 
cover in the Bras d’Or Lakes using LiDAR imagery for present-day sea level elevation contours 
and the future sea levels for time frames 2030, 2050 and 2100 (UINR, 2016).  
 
The following image (see Figure 1.9) shows the impact of a nor’easter storm, common in the 
Atlantic Region, typically in the winter months, generating northeast to east winds from 50 to 
100 km/h for periods exceeding 24 hours. The storm lasted for 72 hours, from December 21st to 
December 24th, 2010. What happens in the Bras d’Or Lakes is that the winds will push water 
towards the west ends of both Big Bras d’Or and Little Bras d’Or Lakes after which a seiche 
effect (a standing wave equivalent to water sloshing back and forth in a bathtub) cycled the water 
back towards the opposite end, thereby generating similar storm surge levels throughout the 
lakes (UINR, 2016, p. 15). The surge from this particular storm was 0.9 m. The annual average 
that Potlotek First Nation usually experiences is 0.5 m (UINR, 2016).  
 

 

Figure 1.9 - (1) Flooding Limits of December 21, 2010 Storm Impacting Potlotek at the Chapel Island 
Mission site at 0.9 m (red line); (2) Year 2100 Projected Storm Surge for Potlotek at Chapel Island 
Mission site at 1.3 m (blue line), 1.8 m (yellow line), and 2.1 m (red line). (Source: UINR, 2016) 
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Flooding limits for the year 2100 at Potlotek, at a projected average surge of 1.8 m and 
maximum surge projection of 2.1 m will result in a scenario where they will lose most of the 
island (UINR, 2016). The image below (see Figure 1.10) shows projected shoreline erosion for 
Potlotek First Nation at the Chapel Island Mission site. 
 

 
 
Potential Weather Damage to Infrastructure Assets 
 
Daigle et al. (2012) suggest that infrastructure planning is essential to identify and reduce climate 
risks and vulnerability. Planners will need to understand the impacts of future development 
activities in tandem with land uses in watersheds, climate projections, change in sea-levels and 
potential storm impacts, and the capacity of storm water infrastructure to cope with the onslaught 
of potential flooding events. Weather damage claims have emerged as the largest expense for 
property insurance companies in Canada, therefore, climate change has become a significant 
priority for property insurers (Kovacs & Thistlethwaite, 2014). 

 
The sensitivity of the insurance industry to 
climate change could see limited availability 
of insurance coverage to limit risk of coverage 
for hurricane, storm, or flooding event 
damages (Kovacs & Thistlethwaite, 2014). 
This has implications for insurance coverage 
for drinking water and wastewater systems, as 
well as fisheries and aquaculture 
infrastructure. Some insurers are using pricing 
as a way to incentivize adaptive measures, for 
example, sewer backup coverage based on loss 
prevention actions such as the installation of a 
backwater valve (Kovacs & Thistlethwaite, 
2014, p. 144). I use Figure 1.11 to illustrate 

Figure 1.10 - Year 2100 Potlotek Projected Shore Line 
from Erosion. (Source: UINR, 2016) 

Figure 1.11 Comparing Coastline at Pigots Point, PE 
1968, 1981 & 1990 (Source: Vasseur & Catto, 2008). 
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how erosion can impact a shoreline, putting community infrastructure in the way. First Nations 
that are on municipal water systems will want to assess how municipalities are managing and 
mitigating these risks, as it could result in unanticipated costs if insurance is inadequate to cover 
damages that could potentially occur.  
 
Case Study – Sipekne’katik First Nation  
 
Sipekne’katik First Nation (formerly known as Indian Brook) is the second largest Mi’kmaw 
community in Nova Scotia, with an on-reserve population of 1,268 out of a total Band 
membership of 2,645 as of February, 2017 (INAC, 2017). It is located about 5 km from the town 
of Shubenacadie, situated within the downstream portion of a watershed of 124 km2 (see Figure 
1.12), intersected by five brooks (Mi’kma’ki All Points Services, 2016). Approximately, one-
third of the reserve consists of wetlands and floodplain, the largest wetland area located in the 
centre of the reserve dividing two residential areas.  
 

 
      
In 2016, Mi’kma’ki All Points Services7 worked with Applied Geomatics Research Group8 and 
EastCan Geomatics in 2016 to assess recurrent flooding in the community that inundates the 
main road at Spring Brook connecting the two residential areas, blocking off access between 
these two areas and impeding access into and out of the reserve. Residents are reporting that the 
frequency and severity of flooding is increasing (Mi’kma’ki All Points Services, 2016). With 
climate change, precipitation is expected to increase and snowmelt is expected to increase flow 
                                                
7	  Mi’kma’ki All Points Services is a research institution specializing in Mi’kmaq Ecological Knowledge Studies, 
Aboriginal land use research, mediation and dispute resolution, GIS mapping, and capacity building.  
8 The Applied Geomatics Research Group is based out of Nova Scotia Community College's Centre of Geographic 
Sciences (COGS) in Middleton, Nova Scotia.  Founded in 1990, a team of research scientists, researchers and 
students employ geomatic tools to conduct environmental research, and to solve pressing environmental, health, and 
social issues like climate change. The kinds of research they conduct includes flood risk mapping, hydrology and 
river flooding, wetlands mapping, and modelling of coastal processes. COGS is only one of two schools in North 
America using topographic-bathymetric lidar (light detection and ranging) sensor to map the bottom of the ocean 
Davies, 2017). 

Figure 1.12 - Map of Sipekne’katik First Nation (Indian Brook) and Watershed. 
 (Source: Mi’kma’ki All Points Services, 2016). 
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volumes in the spring (Horton & McKenzie, 2009), impacting, for example, the discharge rate of 
Spring Brook (see Figure 1.13). The study determined that the current configuration of a bridge 
and culvert system over Spring Brook constructed almost 50 years ago has become a flow 
impediment during flooding, and results in the backed up water that inundates the main road 
(MAPS, 2016). 
               

 
 
Sipekne’katik can now model heavy precipitation flood-risk. They have assessed the risk of land 
use activities in the watershed to understand factors that contribute to increased run-off, such as 
clear cuts and farm pastures, and have mapped potential sources of coliform contamination and 
areas of contaminant concentration (MAPS, 2016). These tools are important to ensure the health 
and safety of the residents of Sipekne’katik, and will be invaluable for the protection of current 
and future community infrastructure. Note the location of the wastewater treatment lagoon in the 
bottom left corner of Figure 1.14. 
 

 
 

Figure 1.13 - (1) Spring Brook Discharge During a Weather Event. (2) Discharge at the end of Winter 
Season. (Source: Mi’kma’ki All Points Services, 2016 and D. Lewis, 2017) 

Figure 1.14 Sipekne’katik First Nation – Flooding Between Two Residential Areas in Community. 
 (Source: Mi’kma’ki All Points Services, 2016). 
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Figure 1.15 illustrates the real issues that Sipekne’katik is already dealing with. 
 

 
 
Case Study – Lennox Island First Nation 
 
Lennox Island First Nation is located on the northern shore of Prince Edward Island. It is a 
Mi’kmaq community of almost 400 on-reserve residents, with another 600 members that live off 
reserve (INAC, 2017). Lennox Island is connected to the mainland by bridge and causeway. 
 
In 2013, INAC funded the Mi’kmaq Confederacy of Prince Edward Island (MCPEI) through the 
Climate Change Adaptation Program to assist their member First Nations understand the risks 
posed by climate change, and to consider options for adaptation to the real impacts they are 
already facing such as sea level rise, storm surges, land loss, invasive species, threats to the water 
and wastewater systems, and the changes they will continue to face in the future (MCPEI, 2016).  
 
MCPEI was able to develop high resolution aerial imagery and 3D terrain modelling of Lennox 
Island and Abegweit First Nations’ Rocky Point Reserve, develop adaptation plans for storm 
surge and wave roll up events, and provide storm surge visualization (MCPEI, 2016). This 
project has enabled the PEI First Nations to be able to prioritize climate change action plans as 
they plan for development and infrastructure (MCPEI, 2016). See Figure 1.16 for an example of 
the work that illustrates the impacts, under different scenarios, the projected sea level rise can 
have on the community of Lennox Island.  
 
 
 

Figure 1.15 Sipekne’katik Flooding on Main Roads and Under Bridge Connecting Main Residential 
Areas. (Source: Mi’kma’ki All Points Services, 2016). 
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Between December 21-22, 2010, Lennox Island was impacted by a severe storm, bringing waves 
from the north and a 36-hour storm surge, which caused damage at the Lennox Island end of the 
causeway, temporarily closing the roadway (Coldwater Consulting Ltd., 2016). Highway 153 
(Sweetgrass Trail), which continues onto the reserve from the mainland, has an elevation of 2.7 
m above sea level (Coldwater Consulting Ltd., 2016). The storm also threatened the sewage 
treatment plant and associated lagoons, and the wharf (see Figure 1.17) (Jardine, D. 2016). There 
are also two dozen homes vulnerable to flood and erosion hazards, and it is estimated that the 
community has lost 4.3 hectares in the period between 2000-2010 (Coldwater Consulting Ltd., 
2016).  
 

 
 
Gilbert Sark, Community Planner for Lennox Island, estimated that he has seen the water rise 
about 0.75 m over the period of just the last five years, and although erosion has not reached 
where the homes are standing in the community, it is getting very close to some (Personal 
communication, March 15, 2017). An Elder remembered seeing the community lose a road and 
an entire ball field near his house in the past 60 years alone (Personal communication, March 15, 
2017).  

Figure 1.16 - Projected Sea Level Rise Lennox Island  
(Source: Jardine, 2016). 

Figure 1.17 - (1) Causeway from Lennox Island to Mainland, and (2) Aerial View of Lennox Island 
Wharf. (Source: (1) D. Lewis, 2017; (2) D. Jardine, 2016) 



	   22	  

The most serious hazard identified by Coldwater Consulting Ltd. (2016) is a breach of the barrier 
Hog Island (see Figure 1.18), which could expose Lennox Island to the predicted climate change 
impacts coming off of the Gulf of St. Lawrence. On December 3, 2013, during a storm event on 
the Gulf of St. Lawrence, Environment Canada issued a warning that 6 to 7 m waves and a 0.60 
to 0.85 m storm surge could be generated and hit the coast of Prince Edward Island (Jardine, D. 
2016), a scenario that could become more common with climate change. 
 

 
 
 

 
 
 

 
 

 
 

 
 
 
 

Hog Island 

Figure 1.18 - Map of Lennox Island and Hog Island. (Source: Coldwater Consulting Ltd., 2016)  

Lennox Island 
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CHAPTER 2  DRINKING WATER AND WASTEWATER 
 
The United Nations Millennium Development Goals reflect commitments by Member States to 
embody actions that ensure access to safe drinking water and basic sanitation (United Nations, 
2016a). The continued water rights of Indigenous Peoples are assured in the United Nations 
Declaration on the Rights of Indigenous Peoples (UNDRIP), recently adopted, without 
qualification, by the Government of Canada. Article 25 of UNDRIP states that: Indigenous 
peoples have the right to maintain and strengthen their distinctive spiritual relationship with their 
traditionally owned or otherwise occupied and used lands, territories, waters and coastal seas and 
other resources and to uphold their responsibilities to future generations in this regard (United 
Nations, 2016c). The United Nations General Assembly Resolution 64/292 recognizes the 
human right to water and sanitation and acknowledges that clean drinking water and sanitation 
are essential to the realization of all human rights (United Nations, 2016b, para. 1). The UN 
Committee on Economic, Social and Cultural Rights adopted General Comment No. 15 on the 
right to water. Article I.1 states that "The human right to water is indispensable for leading a life 
in human dignity. It is a prerequisite for the realization of other human rights", and defines the 
right to water as the right of everyone to sufficient, safe, acceptable and physically accessible 
and affordable water for personal and domestic uses (United Nations, 2016b, para. 2). 

In 2014, the United Nations Special Rapporteur on the Rights of Indigenous Peoples reported 
that the water situation in First Nation and Inuit communities was troubling, in that “more than 
half of the water systems pose a medium or high health risk to their users” (Anaya, n.d., p. 8). 
The Special Rapporteur noted concern around the lack of consultation with the design of 
legislation that affects Indigenous people like the Safe Drinking Water for First Nations Act, and 
noted that laws such as this should only be implemented following appropriate consultation, with 
meaningful accommodation of concerns (Anaya, n.d.). 
 
Water Governance 
 
Water governance in Canada is characterized as highly fragmented and decentralized (Bakker  & 
Cook, 2011). Canada does not recognize a right to water, therefore, there is no explicit federal 
legislation to ensure Canadians that their right to water is protected in the Constitution (Boyd, 
2011). Drinking water quality management is not standardized across Canada. Water 
management in Canada is shared between the federal and provincial governments: the federal 
government has authority over navigable waters, fisheries, transboundary waters, and federal 
lands; the provincial governments have authority over water resources and water supply, with 
water supply municipally managed (Bakker  & Cook, 2011; Cook et al., 2013). Adding to this 
complexity is the existence of Aboriginal and treaty rights and Aboriginal title issues, with 
historic and modern-day treaties (comprehensive land claims settlements), and in areas not 
covered by treaties, unresolved claims to land, creating a duty to consult and accommodate on 
government on matters impacting these rights (Bakker  & Cook, 2011; Simeone, 2010). Lack of 
harmonization of laws leads to a fragmented approach to water governance (Bakker  & Cook, 
2011). 
 
The Federal-Provincial-Territorial Committee on Drinking Water, under Health Canada, 
coordinates the Canadian Drinking Water Quality Guidelines and the Canadian Council of 
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Ministers of the Environment (CCME) has developed a voluntary and non-enforceable pan-
Canadian water quality monitoring framework and policy (Cook et al., 2013). The lack of a 
coordinated approach makes Canada the only Organization for Economic Cooperation and 
Development (OECD) country without enforceable federal drinking water standards (Bakker  & 
Cook, 2011).  Canadians in general, are not adequately protected from floods, water shortages, or 
water related hazards, and these issues are likely to be exacerbated by climate change (Bakker  & 
Cook, 2011).  The federal government has also adopted the CCME Municipal Wastewater 
Effluent Strategy and the Wastewater Systems Effluent Regulations (CBCL, 2013a). 
 
When it comes to First Nations, the federal government has jurisdiction on reserve lands. The 
federal government has been promising, since 1977, to “provide reserves with water and 
sanitation services comparable to similarly situated non-Aboriginal communities” (Boyd, 2011, 
p. 81). However, until recently, the federal government still did not have regulations that 
governed the health and safety of drinking water and wastewater on First Nations (Auclair & 
Simeone, 2010; Simeone, 2010), so to close this regulatory gap, the Safe Drinking Water for 
First Nations Act (Safe Water Act) was designed and came into force in November, 2013. This 
enabling legislation would provide the federal government with the authority to develop water 
and wastewater regulations, but it did not compel government to do so (David Suzuki 
Foundation, 2017). The Safe Water Act allows for enforceable federal regulations to govern 
drinking water and wastewater management on reserve lands (Dyck, Plummer, & Armitage, 
2015; Indigenous and Northern Affairs Canada (INAC), 2014a). It is expected that regulations 
will harmonize as much as possible with provincial and territorial laws so that First Nations have 
comparable levels of health and safety protections as all Canadians expect (Institute on 
Governance (INAC, 2014a).  
 
However, as the UN Special Rapporteur noted, First Nations were not consulted in its 
development. Dyck, Plummer, and Armitage (2015) argue that the federal government needs to 
ensure that First Nation perspectives and interests are reflected in the regulations, such as 
cultural practices that protect water resources. Other have also echoed this sentiment, and would 
also include the social or cultural values around the use of water, lifestyle, water related habits 
and needs (Basdeo, & Bharadwaj, 2013; Boyd, 2011; Bras d’Or Lakes Collaborative 
Environmental Planning Initiative, 2011; Daley, Castleden, Jamieson, Furgal, & Ell, 2015; 
McGregor, 2012; Plummer, de Grosbois, Armitage, & de Loë, 2013; White, 2012).  For 
example, the federal government has overlooked the special role that Indigenous women have in 
water protection, and what their knowledge can contribute to the development of culturally 
appropriate water management practices. Women are holders of water knowledge and should be 
given this acknowledgement to participate in the development of water management regimes 
(Anderson, Clow & Haworth-Brockman, 2013; Basdeo, & Bharadwaj, 2013; McGregor, D., 
2008; McGregor, 2012).  
 
Nova Scotia  
 
The Nova Scotia Environment Act provides that no person shall “release or permit to release into 
the environment of a substance in an amount…that causes or may cause an adverse effect, unless 
authorized by an approval or the regulations. Regulations under the Nova Scotia Environment 
Act that are in effect are the Activities Designation Regulations, Approvals Procedure 
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Regulations, On-Site Sewage Disposal Regulations, Solid Waste Resource Management 
Regulations, Wastewater Systems Effluent Regulations, Water and Wastewater Facilities and 
Public Drinking Water Supplies Regulations, and Well Construction Regulations. Under the 
Health Act there is the Reporting of Notifiable Disease and Conditions Regulations. The 
Municipal Government Act provides that municipalities can apply for Protected Water Area 
Designation, which allows the municipality to enforce a Municipal Source Water Protection Plan  
 
(Source: INAC, 2014a). 
 
New Brunswick 
 
In New Brunswick (NB), the Clean Water Act (Act) prohibits the release of contaminants into 
water where it could affect the quality of the water, endanger human or animal life, or damage 
property or plant life, unless permitted under authority of the Act. The Act also requires that new 
well construction, the deepening of existing wells, and well abandonment must be carried out by 
licensed NB water well contractors. Clean Water Act – Appeal Regulation provides for an appeal 
process for decisions made under the Act. Other regulations that are in effect are the Water 
Quality Regulation, Water Well Regulation, On-Site Sewage Disposal Regulation, the Potable 
Water Regulation, the Environmental Impact Assessment Regulation, and the Reporting and 
Diseases Regulation.  
  
The Watershed Protected Area Designation Order regulates watersheds used for municipal 
drinking water supply. The Wellfield Protected Area Designation Order restricts activities 
around wells that draw water from the aquifer to supply a public water system. The Clean 
Environment Act allows the Minster of Environment to enforce decisions to ensure public safety; 
the Clean Environment Act – Appeal Regulation provides for an appeal process for those 
decisions. The Provincial Offences Procedure Act provides the authority to impose fines. The 
NB Public Health Act and the Emergency Measures Act apply. 
 
(Source: (INAC, 2014b) 
 
Prince Edward Island 
 
In Prince Edward Island, the Environmental Protection Act prohibits the release of a contaminant 
into the environment. The Drinking Water and Wastewater Facility Operating Regulations 
protect water supplies for the municipalities. The Sewage Disposal Systems Regulations ensures 
the protection of groundwater and surface water to protect public health and the environment. 
The Water and Sewerage Act authorizes permits for water and sewerage systems. The Water 
Well Regulations prescribes standards for well construction and that a licensed well driller must 
do the construction. The Notifiable Diseases and Conditions and Communicable Diseases 
Regulations requires reporting of occurrences of notifiable or other regulated diseases be 
reported. The Ticket Regulations provides for penalties. The Public Health Act requires 
investigations of health hazards. The Emergency Measures Act authorizes emergency 
management plans. The Island Regulatory Appeals Commission Act provides for appeals. 
 
(Source: INAC, 2014c) 
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Newfoundland and Labrador  
 
In Newfoundland and Labrador, the Environmental Protection Act prohibits the release of a 
substance into the environment that causes or may cause an adverse effect. The Municipalities 
Act allows municipal councils to make regulations to prevent pollution of their drinking water 
source and contains the authority to approve dumping sites/stations. The Water Resources Act 
(Act) protects lands surrounding a potential or present source of public water supply and provides 
that waterworks and sewage works have permits to construct and operate. Failure to do so can 
result in enforceable penalties. The Act requires that standards for drinking water are based on 
the Guidelines for Drinking Water Quality. It also enables operator certification. The Act allows 
inspectors to undertake inspections. 
 
The Communicable Diseases Act determines when a communicable disease, including 
waterborne illnesses, are to be reported. It also permits the Minister to make general orders to 
prevent the introduction or spread of communicable disease, including waterborne illnesses. The 
Minister may direct appropriate individuals to investigate and direct the removal of unsanitary 
conditions. The Emergency Services Act allows for the adoption of emergency management 
plans and the declaration of emergencies. The Health and Community Services Act authorizes the 
removal of sewage facilities and regulates inspections. 
 
The Environmental Control Water and Sewage Regulations puts prohibitions on discharges of 
water sewage or effluent and requires monitoring of wastewater effluent. The Sanitation 
Regulations require that buildings where people work, live or frequent shall have an approved 
means for the disposal of sewage, and that sewage systems shall not dispose of sewage or 
effluent onto the ground. The Sanitation Regulations also require that water systems maintain a 
certificate of approval and conform to the requirements of the Public Health Act. The Well 
Drilling Regulations specify construction and location of water wells. The Private Sewage 
Disposal and Water Supply Standards require wastes form holding tanks should be disposed of at 
approved dumping stations and haulers are to be licensed. 
 
(Source: INAC, 2014d) 
 
Issues for First Nations Under this Regulatory Regime 
 
In 2009, after the federal government initiated engagement sessions on the proposed federal 
legislative framework for potable water and wastewater in First Nation communities that would 
incorporate by reference provincial/territorial regulations, the Institute of Governance (IOG) was 
tasked with summarizing regional input into one national report for INAC (IOG, 2009). 
Overwhelmingly, the IOG found that First Nations were concerned with the inadequate 
consultation process on the part of the federal government. First Nation participants stated that if 
provincial standards were forced on them, they would be in non-compliance, creating liability 
issues for Chiefs and Councils (IOG, 2009). Before any regulatory changes could happen, the 
federal government would need to bring on-reserve systems up to par, ensure that operations and 
maintenance practices were appropriate for the new standards, and that drinking water and 
wastewater staff be adequately trained. The First Nations also pointed out that in many instances, 
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provincial standards were inappropriate for on-reserve needs. The Atlantic Region was in 
concurrence with these issues.  
 
In 2011, INAC undertook the National Assessment of First Nations Water and Wastewater 
Systems (Assessment), to address water and wastewater system deficiencies (INAC, 2016). 
Health risks were identified after a simple walk through of drinking water and wastewater 
facilities by the consultant, Neegan Burnside and each system was ranked low, medium, or high 
risk. Low risk systems operate with minor or no deficiencies, that is, they meet water quality 
parameters, and should they encounter a problem, the system and management as a whole should 
be able to compensate and continue to provide safe water while the issue is resolved (INAC, 
2016). Medium risk systems have minor deficiencies in several components, or major 
deficiencies in one to two components, which pose a medium risk to water quality and human 
health. Should a problem occur, the system and management can probably compensate for the 
problem, although there is a medium probability that the problem could result in unsafe water 
(INAC, 2016). High risk systems have major deficiencies in most components that pose a high 
risk to water quality that may lead to potential health, safety, and environmental concerns, and 
could result in drinking water advisories. Should a problem occur, the system and management 
will unlikely be able to handle the issues, and there is a high probability that the issue will result 
in unsafe water (INAC, 2016). Hrudey et al. (2002), expert witnesses in the Walkerton Inquiry, 
notes that because the failure of one barrier may not cause a total failure of the system, 
inadequate remedial action may be ineffective to protect people from unsafe water.  
 
For the Atlantic Region it was was determined that six (6) drinking water systems are high risk, 
nineteen (19) are medium risk, ten (10) are low risk (INAC, 2016). For wastewater systems 
seven (7) are high risk, twelve (12) are medium risk, and nine (9) are low risk (INAC, 2016). The 
second greatest percentage of high risk systems are found in the Atlantic Region (25% of all 
systems in the Region) behind Ontario (36%) (INAC, 2016). In 2011, only 15% of the First 
Nations had a Source Water Protection Plan9 (SWPP), 3% had Maintenance Management Plans10 
(MMP), and 17% had Emergency Response Plans11 (ERP) for drinking water systems. Only 4% 
had an MMPs and 18% had ERPs for the wastewater systems (INAC, 2016). 
 
The fragmented approach to drinking water and wastewater management, and the approach 
proposed by the federal government under the Safe Water Act, creates issues for First Nations in 
the Atlantic Region. The First Nations contend that federal government has not ensured that 
adequate consultation has taken place to ensure that their perspectives and interests are reflected 
in the regulations, or that adequate resources have been provided to ensure that the First Nations 
can deliver the services while protecting the residents of their communities (Auclair & Simeone, 
                                                
9	  SWPPs identify threats at the water source, establish policies and practices to prevent contamination of the water 
source, and ensure that the water service provider is equipped to take corrective action in the event of water 
contamination. A SWPP is appropriate for groundwater and surface water sources (INAC, 2016).  
10 MMPs improve the effectiveness of maintenance activities, with a focus on planning, scheduling and documenting 
preventative maintenance activities. They also document unscheduled maintenance efforts (INAC, 2016).  
11 ERPs are a quick reference to assist operators and other stakeholders in managing and responding to emergencies, 
including key contact information for those to be notified and can assist (agencies, contractors, suppliers, etc.). ERPs 
have standard communication and response protocols to be followed, identify corrective actions, and establish 
methodologies for addressing unforeseen circumstances, in order to protect the drinking water supply and the 
environment and mitigate damages (INAC, 2016). 
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2010; Simeone, 2010).  
 
INAC has developed water and wastewater protocols to ensure that on-reserve residents enjoy 
comparable standards of health and safety as off-reserve residents (INAC, 2014e). There are 
three (3) protocols, one for centralized drinking water systems, one for centralized wastewater 
systems, and one for decentralized water and wastewater systems. According to the Assessment, 
it would cost over $32,000,000 to meet the INAC Water Protocol and over $11,000,000 to meet 
the INAC Wastewater Protocol (construction, non-construction, and operations and maintenance 
costs) in the Atlantic Region (INAC, 2014e). As of January 2015, 136 Drink Water Advisories 
(DWA) were in effect in 91 First Nations across Canada (Dyck, Plummer & Armitage, 2015). 
 
In February, 2016, the Assembly of First Nations notified the federal government’s Working 
Group of Ministers responsible for a review of laws, policies, and practices related to Indigenous 
peoples that they will be expected to work in partnership with First Nations in the review to 
ensure that all laws, policies, and practices are consistent with treaty and aboriginal rights and 
adhere to international human rights standards, including those in the UN Declaration on the 
Rights of Indigenous Peoples (Assembly of First Nations, n.d.a). In March, 2016, Minister of 
Indigenous and Northern Development, Carolyn Bennett, announced that the federal government 
has asked her department to review all laws, policies, and practices in partnership with First 
Nations and has put “work on developing water regulations…on hold…[to provide] an 
opportunity for First Nation stakeholders to share views, concerns, and priorities before any 
further work is done” (Krakow, 2016, para. 14).  
 
In Budget 2016, the Government of Canada committed to ending all long-term DWA within five 
years, providing $1.8 billion over five years for First Nation communities to significantly 
improve on-reserve water and wastewater infrastructure, ensure proper facility operation and 
maintenance, and strengthen capacity by enhancing the training of water system operators and to 
improve drinking water monitoring and testing on reserve for microbiological contamination.  
 
As of February 28, 2017, Health Canada (2017) reported that there were 98 long-term DWA and 
28 short-term DWA in 81 First Nation communities south of 60º, excluding British Columbia 
and communities within the Saskatoon Tribal Council. The long-term advisories mean that the 
advisory has been in place for more than a year; short-term means there was a temporary water 
quality issues on a specific water system (Government of Canada, 2017a). In Budget 2017, the 
government promised it would eliminate all long-term drinking water advisories by 2021 
(Government of Canada, n.d.). 
 
There are three types of DWA issued: Boil water advisories (BWA) means bring water to rolling 
boil for at least one minute before drinking, cooking, bathing infants or toddlers; Do not 
consume advisories (DNCA) mean do not consume tap water for any reason, except adult or 
older children showering; Do not use advisories (DNUA) are used when the public cannot use 
the water for any reason (Government of Canada, 2017a). BWA are caused by operational 
deficiencies such as inadequate levels of chlorine, or the presence of disease-causing bacteria, 
parasites, or viruses such as E. coli (Government of Canada, 2017a). See Table 2.1 for those 
communities in the Atlantic Region that are under BWA. DNCA may be due to high levels of 
natural chemical compounds like lead (Government of Canada, 2017a). DNUA are issued water 
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poses a health risk due to contamination that boiling cannot handle, or exposure to a chemical 
may cause a skin, eye, or nose issue (Government of Canada, 2017a). 

 
Table 2.1 - Risk and Type of Advisories in Atlantic Canada  

(Source: Health Canada, 2017 as of April 2, 2017) 
First Nation Type of Advisory Date 

Set 
Date Revoked Population 

Bear River BWA 2017/01/18   
Eel Ground BWA 2008/10/08  0-100 
Elsipogtog BWA 2017/01/28   

Esgenoôpetitj (Burnt Church) BWA 2017/01/28  501-1000 
Miawpukek BWA 2014/09/10  501-1000 
Mushua Innu BWA 2017/02/21   

 
First Nations in Canada face unimaginable conditions accessing safe drinking water and are 
over-represented in the number and severity of drink water advisories (Centre for Aboriginal 
Health Research (CAHR), 2011). When we consider the climate change risks to First Nation 
communities in the Atlantic Region, we can see that these communities are very vulnerable. 
 
Status of First Nation Drinking Water and Wastewater Systems in Atlantic Canada 
 
In 2013, APC contracted the Centre for Water Resources Studies at Dalhousie University to 
carry out a water and wastewater asset condition assessment for the First Nations in Atlantic 
Region, which then sub-contracted CBCL Limited to take on the technical and costing aspects of 
the assessment. Typically, First Nations own the water and wastewater assets within their 
communities, with employees carrying out the operations and maintenance of the systems 
(CBCL, 2013a). When the assets are connected to a municipal water/wastewater system, the 
municipality operates and maintains the system under agreement with the First Nation (CBCL, 
2013a). In communities where the watershed is within reserve boundaries, the Chief and Council 
of the First Nation has jurisdiction (CBCL, 2013a). In cases, where the boundaries of watersheds 
extend beyond the reserve, the jurisdiction is shared, and agreements must therefore be 
negotiated with the province and land owners (CBCL, 2013a). 
 
CBCL (2013a) limited their assessment to infrastructure and equipment related to the supply of 
potable water, collection and disposal of wastewater, and the operation and maintenance costs of 
the systems. Table 2.2 and 2.3 presents the CBCL findings for systems under a municipal 
transfer agreement (MTA) (assets are connected to a municipal water/wastewater system) and 
those who manage their own systems (non-MTA). All of the systems under an MTA have minor 
issues. Most of the systems that are managed by the First Nation (non-MTA) have significant 
issues, although I have highlighted (in green) those non-MTA systems where the issues are 
minor as well. 
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Table 2.2 - First Nations Under Municipal Transfer Agreement (Source: CBCL, 201312)  
First Nation Issues  

 
Acadia, NS Minor water quality monitoring and equipment calibration issues. O & M costs 

should be documented by municipality. 
Eel River Bar, NB Minor water quality monitoring and equipment calibration issues. O & M costs 

should be documented by municipality. 
Fort Folly, NB Minor water quality monitoring and equipment calibration issues. O & M costs 

should be documented by municipality. 
Glooscap, NS  Minor water quality monitoring and equipment calibration issues. O & M costs 

should be documented by municipality. 
Membertou, NS  Minor water quality monitoring and equipment calibration issues. O & M costs 

should be documented by municipality. 
Millbrook, NS  Minor water quality monitoring and equipment calibration issues. O & M costs 

should be documented by municipality. 
Oromocto, NB Minor water quality monitoring and equipment calibration issues. O & M costs 

should be documented by municipality. 
Saint Mary’s, NB Minor water quality monitoring and equipment calibration issues. O & M costs 

should be documented by municipality. 
  
Table 2.3 First Nations Not Under Municipal Transfer Agreement (Source: CBCL, 201313)  
First Nation Issues  

 
Abegweit Disinfectant and monitoring systems at Morell and Rocky Point are not up to 

benchmark requirements.  
Annapolis Valley Minor upgrades to meet water treatment benchmarks, mainly due to standard 

changes since initial system development. 
Buctouche System upgrades are up to benchmark requirements. 
Burnt Church Potable water supply system requires construction of a new water treatment 

facility to address ongoing concerns with dissolved metals in source water. A new 
storage tank is required to ensure adequate storage for fire flow. The water 
distribution system is in good condition. The wastewater collection system 
requires repair and replacement to portions of piping, pump stations, and 
manholes. Upgrades to wastewater treatment facility are required to meet 
benchmark requirements. 

Elsipogtog The water supply and treatment systems are in need of significant investment and 
struggles to meet water quality objectives. Available quantity of water is an 
ongoing issue. The distribution system conditions are highlighted by the condition 
of the elevated storage tank, which is significantly depreciated. The wastewater 
collection system experiences regular overflows. The wastewater treatment plant 
does not appear to meet effluent standards, lacks an operating disinfection system, 
and may require effluent polishing to meet new effluent quality goals. 

Eskasoni The majority of components of the existing water supply and treatment 
infrastructure require upgrades to meet benchmark requirements. The distribution 
system has issues with high pressure in some areas, and there are reported 
frequent watermain breaks in areas of high pressure. There are some signs of 
inflow and infiltrations in the wastewater infrastructure, and issues with pump 
stations.  

                                                
12	  The data for the table was taken from all of the CBCL (2013) reports for those First Nations under MTA’s. 
13 The data for the table was taken from all of the CBCL (2013) reports for non-MTA First Nations. 
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Kingsclear Water supply and treatment systems are undergoing major upgrades. The 
wastewater collection system requires repair and replacement of sections of 
collection system piping and manholes. The wastewater treatment facility requires 
supervisory control and data acquisition (SCADA) monitoring capability in order 
to comply with benchmark requirements.  

Lennox Island Water treatment, water distribution, wastewater collection, and wastewater 
treatment systems in good condition.  

Miawpukek  The water distribution system has extensive documented issues with corroded and 
ruptured service laterals, which has led to very high water use. The wastewater 
collection system requires repair and rehabilitation of pump stations to resolve 
issues with overflows and pump failures. The communal septic tank which 
discharges untreated effluent into Fortune Bay should be replaces with a pump 
station to connect that section of the community to the wastewater collection 
system. The wastewater treatment plant requires process equipment upgrades 
including a new aeration system and UV disinfection system.  

Pabineau System upgrades will result in a system which in nearly new. 
Paq’tnkek Water treatment facility require process upgrades and structural modification to 

comply with benchmark requirements. The wastewater system treatment facility 
requires upgrades to process equipment to comply with benchmark requirements, 
including the replacement of sequencing batch reactor (SBR) treatment system, 
representing a significant cost. The wastewater collection system requires repair 
and/or replacement of collection piping, pumping stations, and manholes to 
comply with benchmark requirements. 

Pictou Landing The water treatment system requires additional raw water pumping capacity and 
upgraded treatment process equipment, representing a significant cost. The 
wastewater collection system requires some repair and replacement of collection 
system piping and manholes.  

Potlotek The water treatment system struggles to meet treatment objectives. The 
distribution system conditions are highlighted by the condition of the elevated 
storage tank, which is significantly depreciated. The wastewater collection system 
experiences regular overflows. The wastewater treatment plan may require 
effluent polishing to meet new effluent quality goals. 

Red Bank The water treatment infrastructure is inadequate, and there is a need for a new 
water treatment plant for metals removal, which represents a significant cost to 
the community. The wastewater collection system requires some repair and 
replacement to sections of collection system piping, pump stations, and manholes. 
The wastewater treatment facility requires upgrades to allow effluent filtration 
and nitrification in order to comply with benchmark requirements. 

Sheshatshiu Innu The water treatment system requires upgrades to allow for increased capacity, 
improved manganese removal capability, and UV disinfection. The distribution 
system requires repairs to sections of piping and hydrants. The wastewater 
collection infrastructure requires repair and placement of sections of piping, 
manholes, and pump stations. An upgrade to the wastewater treatment facility to 
allow for effluent filtration and nitrification is required in order to comply with 
benchmark requirements. 

Sipekne’katik  The water supply systems in Indian Brook and New Ross require process 
upgrades, addition of new instrumentation, and development of a backup well. 
The wastewater collection system in Indian Brook requires some repair and 
replacement of collection system piping and manholes, and rehabilitation of a 
pump station. The wastewater treatment plant is not equipped with SCADA or 
stand-by power capability, and may require the addition of process equipment in 
order to comply with benchmark requirements. 
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Tobique The primary well has been recommended for abandonment to redrill at a higher 
elevation. The backup well is non-functional. The water treatment system is 
susceptible to flooding and the mechanical and electrical system associated with 
both wells are dated and deteriorated. The distribution system requires leak 
detection and hydrant repairs. The wastewater collection system shows some 
signs of inflow and infiltration. The aeration system requires replacement. 

Wagmatcook Measurements within the water distribution system indicate that pressures are 
high within certain areas. The wastewater collection system shows some signs of 
inflow and infiltration. 

Waycobah The water treatment system has ongoing concerns with storage capacity, 
particularly the fire flow storage, which represents significant costs to address. 
Rehabilitation of pump stations and manholes within the collection system in 
order to meet benchmark also represents significant costs to address. The 
wastewater treatment facility is cost-shared with the Municipality. The plant is 
over capacity and a new facility is required, at significant costs. 

Woodstock Disinfection and monitoring systems are not up to benchmark requirements. The 
distribution pressure pump and fire flow pumping system at Well # 4 requires 
maintenance or replacement. The wastewater collection system has some debris 
and root infiltration. The monitoring alarms at the wastewater treatment facility 
were not functioning at time of site visit. 

 
A low-risk rating is an inspection that reveals a low chance of producing unsafe drinking water 
or poorly treated wastewater and such a system should be able to continue working effectively 
even if problems occur (ECCC, 2016c, p. 5). A high-risk system might produce water or 
wastewater of equal quality to to low-risk system, but not be able to respond adequately in the 
event of a problem, that is, if an issue like flooding were to occur, a high-risk system might not 
be able to respond without service interruption (ECCC, 2016c).  
 
Types of Issues Water Operators Deal With 
 
The burden placed on water operators to apply regulations for the safety of drinking water is 
often overwhelming, especially when they are told the safety of the community is dependent on 
them (Kot, Castleden, & Gagnon, 2011). Often they have the added burden of assuring residents 
that water is safe to drink, when there are only minor esthetic issues such as odor or discoloration 
(Kot, Castleden, & Gagnon, 2011). Table 2.4 provides some of the types of water quality issues 
that a water operator might confront and what the manifestation of the issue might include.  
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Table 2.4 Types of Water Quality Problems and Likely Causes.  
(Adapted from Nova Scotia Environment – Groundwater in Nova Scotia, 2014). 

Water Issue Manifestation 

Chloride Salty taste 
Coliform bacteria Health problem 
Gasoline, oil Odor (oily) 
Hardness  Scaly deposits in kettles, pipes or bathtub ring (scum) 
Hydrogen sulphide and/or sulphate-reducing bacteria  Odor (rotten eggs) 
Iron (red/orange) 
Iron bacteria (red/brown) 

Stains or slime 

Low alkalinity (green) Stains 
Manganese (black) Stains 
Sodium High blood pressure 
Sulphate  Laxative Effect 
Turbidity Cloudy, dirty or muddy appearance – might be just an 

aesthetic issue. 
 
Exposure Scenarios under Climate Change 
 
Exposure to pathogens can occur by ingestion in contaminated water or pathogens transmitted by 
the fecal oral route (Smith et al., 2014). Climate change may have a direct impact on the growth, 
survival, persistence, transmission, and virulence of pathogens, or may influence species that act 
as reservoirs (Smith et al., 2014). Salmonella and campylobacter are common water-borne 
bacterial pathogens that are shown to be climate sensitive. Enteric viruses show distinct seasonal 
variation in infection and show up in drinking water frequently after heavy precipitation. In the 
Arctic, the melt of permafrost hastens the transport of sewage to groundwater, drinking water, or 
other surface waters, or can damage the drinking water and wastewater system infrastructure 
(Smith et al., 2014, p. 726). More information on exposures in provided in Chapter 6 - Health. 
 
 
Potential Impacts on Drinking Water and Wastewater Systems 
 
Case Study - Sipekne’katik First Nation 
 
The water and wastewater system in Sipekne’katik First Nation is not connected to a municipal 
system, and the First Nation is responsible for the operations and maintenance of the system 
(CBCL, 2013c). There are approximately 345 houses, a Band Office, gas station, and 10 
commercial buildings connected to the system (CBCL, 2013c, p. 9). The water supply consists of 
one groundwater well, a treatment plant, a conventional water distribution system with a water 
storage tank, and the wastewater system includes conventional collection, pump stations, a three-‐
cell aerated lagoon with effluent sand filtration, disinfection by Ultraviolet Irradiation (UV), and 
discharge to Spring Brook (CBCL, 2013c). 
 
Funded by INAC under the Climate Change Adaptation Program, Sipekne’katik was able to 
study the impact of the recurrent flooding that inundates the main road, and separates two 
residential areas in the community, potentially putting at risk homes and other infrastructure, 
including water treatment facilities, or the wastewater pond (see Figure 2.1) (MAPS, 2016). The 
study concluded that the bridge and culvert system over Spring Brook (see Figure 1.13) impedes 
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the flow of the brook during flooding, and results in the backed up water that inundates the main 
road and puts the nearby wastewater lagoon at risk (MAPS, 2016). 

 
 
Case Study - Lennox Island First Nation 
 
The water and wastewater system in Lennox Island is not connected to a municipal system, so 
the First Nation is responsible for their own operations and maintenance of the system (CBCL, 
2013b). The water supply consists of four groundwater wells, a main pump house with 
disinfection, a standpipe for water storage, and a conventional water distribution system (CBCL, 
2013b, p. 9). The pump house, which is located adjacent the standpipe, includes pressure tanks, 
pumps, and a fire pump (CBCL, 2013b, p. 9). The wastewater collection system includes seven 
pump stations. The wastewater treatment plant provides primary treatment in a three-‐cell 
facultative lagoon, and disinfection by Ultraviolet Irradiation (UV), with discharge to the 
engineered wetlands, which subsequently flows to Malpeque Bay (CBCL, 2013b). 
 
A severe storm that impacted Lennox Island in 2010, brought a storm surge which threatened the 
sewage treatment plant and associated lagoons (Jardine, 2016). There are also two dozen homes, 
as well as their associated drinking water and wastewater infrastructure, that are vulnerable to 
flood and erosion hazards (see Figure 2.2) (Coldwater Consulting Ltd., 2016). As most of the 
northern coast of PEI is highly sensitive to sea level rise, if Lennox Island were to experience a  
1 - 3 m potential rise in sea level, it will have a serious impact on their water and wastewater 
infrastructure as well.  
 

Figure 2.1 - (1) Sipekne'katik First Nation (Indian Brook) Flood Risk ((Source: Mi’kma’ki All Points 
Services, 2016) and (2) Water and Wastewater Infrastructure Assets. (Source: CBCL, 2013). 
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On a recent visit to Lennox Island First Nation, Gilbert Sark, Community Planner, took me 
around to show me how climate change is already impacting their community. The First Nation 
has been using stone reinforcement along the shoreline throughout the community as a 
mitigation measure to try and stabilize the banks that face the water. Figure 2.3 shows a 
residential area that is very vulnerable is coastline erosion. 
 
 
 

 
 
 
 
 
 
 

Figure 2.2 - (1) Lennox Island Sea Level Rise Projection (Source: Jardine, 2016); Lennox Island 
Water and Wastewater Infrastructure Assets. (Source: CBCL, 2013). 

Figure 2.3 - Lennox Island housing close to shoreline. (Source: D. Lewis, 2017). 
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Case Study - Esgenoôpetitj First Nation  
 
The Esgenoôpetitj First Nation is located near Miramichi, New Brunswick. There are over 1300 
on-reserve residents, with just under 550 living off-reserve (INAC, 2017). The community is 
serviced by conventional water distribution and wastewater collection systems. The water system 
includes two drilled wells, and a water distribution system with water storage and hydrants. The 
wastewater collection system includes a conventional wastewater collection system with pump 
stations and a two-‐cell aerated lagoon wastewater treatment system, with discharge to the Gulf of 
Saint Lawrence. There are over 350 homes, a Band Office, school, Wellness Centre, Daycare, 
and commercial buildings connected to the systems (CBCL, 2013d, p. 9). Fifty homes are 
serviced by individual wells and individual on-‐site sewage disposal systems (CBCL, 2013d). The 
northeastern end of the community (see Figure 2.4) is low-lying and is vulnerable to sea level 
rise, storm surge, and coastal erosion.  
 

 
 
Although Applied Geomatics Research Group provided imaging for the northeastern end of the 
community, there are other areas within the community that appear to be vulnerable to the affects 
of sea level rise, storm surge, flooding, and coastal erosion as well (see Figure 2.5).  
 
 

Figure 2.4 - (1) Esgenoôpetitj  First Nation (Source: Data acquired and processed by the Applied 
Geomatics Research Group, Nova Scotia Community College) and (2) Esgenoôpetitj  First Nation 

Water and Wastewater Infrastructure Assets. (Source: CBCL, 2013). 
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Case Study - Pictou Landing First Nation 
 
The Pictou Landing First Nation is located in northern shore of Nova Scotia, on the 
Northumberland Strait which opens to the Gulf of St. Lawrence. There are over 480 people 
living on-reserve, and over 150 living off-reserve (INAC, 2017).  
 
The Pictou Landing First Nation is serviced by conventional water distribution and wastewater 
collection systems. The water supply system consists of three groundwater wells and a 
conventional water distribution system with a storage tank (CBCL, 2013e, p. 9). The wastewater 
system consists of a conventional wastewater collection system and a rotating biological 
contactor (RBC) wastewater treatment plant (see Figure 2.6 – image 1) (CBCL, 2013e, p. 9). All 
the buildings within the Pictou Landing First Nation, including the RCMP Station, Band Office, 
Health Centre, and other commercial businesses are serviced as well as approximately 152 
households (CBCL, 2013e, p. 9). 

Figure 2.5 - Various parts of Esgenoôpetitj First Nation - (1) Looking towards Church and Bayview 
Drive; (2) Looking towards Diggle Point Rd. area; (3) Looking towards Quash Ct.; (and 4) Looking 

towards Diggle Point Road area closest to the beach. (Source: D. Lewis, 2017) 
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The image on the right illustrates what can be expected with a 2.5 m sea level rise, storm surge, 
or flood. As you can see form the two images, there are portions of the community infrastructure 
that would be vulnerable. 
 

 
 
 

Figure 2.6 - (1) Pictou Landing Water and Wastewater Infrastructure Assets. (Source: CBCL, 2013) 
and (2) Pictou Landing First Nation at 2.5m sea-level rise (Source: Data acquired and processed by 

the Applied Geomatics Research Group, Nova Scotia Community College)  
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CHAPTER 3   FISHERIES AND CLIMATE CHANGE 

In a time where most are beginning to acknowledge the effects of anthropogenic climate change 
worldwide, it is imperative that First Nations start to prepare for its impacts. With rising ocean 
temperatures and sea levels creating problems for marine species, Atlantic Canadian fisheries—
including First Nations fisheries—are at risk. Despite clear evidence that climate change will 
impact this sector of the Atlantic economy, Canadian fisheries regulations and community 
fisheries management strategies have not adequately prepared for the coming years. To ensure 
the economic sustainability of these ventures, and to keep First Nation communities and oceans 
healthy, research must continue to assess climate change impacts on the Aboriginal fishery, and 
integrate that research into fishery management plans. Climate change is already impacting First 
Nation communities, as we have shown in Chapter 2 with the impacts on Sipekne’katik, Lennox 
Island, Esgenoôpetitj, and Pictou Landing First Nations. Fisheries management must start to 
address climate change impacts as well. 
  
Background 

  
Since the Marshall decision in 1999, First Nation fisheries are managed under commercial 
fishing licenses issued by the Department of Fisheries and Oceans (DFO), and regulated under 
the Fisheries Act. DFO has invested hundreds of millions of dollars into Atlantic Canadian First 
Nations fisheries to ensure that First Nations accept the federal regulations in place to implement 
the rights that were recognized in the Supreme Court decision, and to assist the First Nations as 
they develop their fisheries into economic ventures that could compete within larger fisheries 
markets (Cooper, Hickey, Sock, & Hare, 2010).  
  
Historically, fishing and fisheries have been important to the First Nations in the Atlantic 
Provinces. Fishing played a large part in how communities supported themselves; much of the 
important seasonal migration patterns that characterized life before—and even after—Europeans 
arrived, revolved around what times of year were best to set up camp near areas where they 
could catch fish to feed their people. In the spring and summer months, for example, Mi’kmaq 
people relied on a diet that “consisted principally of products from the sea, with less reliance on 
land animals and plants” (Miller, cited in Coates, 2000, p. 24). At the same time, the 
Wolastoqiyik, who lived “along the Saint John River valley…sustained themselves by hunting, 
fishing, and agriculture” (Coates, 2000, p. 25).  

 
Fish and shellfish species were crucial to the diets of both groups. However, as colonial 
settlement increased, despite treaty agreements, European settlers imposed an economy based on 
resource exploitation on First Nations in the Atlantic Provinces, stripping them of their rights to 
support themselves freely, confining them to reserves and barring them from fishing to support 
themselves—and their culture—the way that they had done for centuries (Coates, 2000, p. xv). 
According to Coates (2000),  

Through the changes that followed the Second World War, the resources of land, river, 
and ocean in the Maritimes were heavily commercialized. Hydro dams were built across 
fishing rivers and the provincial governments enforced fishing regulations more 
aggressively. New markets emerged for hitherto marginal species, such as lobster and 
crab. The non-Aboriginal communities experienced shocks of their own in the 1980s and 
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1990s, as overfishing resulted in sharp economic depressions and severe dislocations. (p. 
48) 
 

As many First Nations struggled financially at the time, the Marshall decision came as a relief, 
especially with its acknowledgement “of [the Mi’kmaq and Wolastoqiyik’s] ‘Aboriginal right’ to 
harvest resources for subsistence purposes” (Coates, 2000, p. 4). The Marshall decision has been 
crucial to the success of First Nations fisheries in the Atlantic Provinces, allowing communities 
to build commercial operations of their own, following a “push to Aboriginal self-management 
through the 1990s” that continues today (Coates, 2000, p. 57). In the years since, First Nations 
fisheries in the Maritimes have grown substantially, establishing themselves and developing 
formalized processes, as well as plans to diversify their markets, gaining more commercial 
licenses and therefore more jobs and income for their people. Overall, the Atlantic Policy 
Congress of First Nations Chiefs Secretariat (APC) (2014c) reported in 2009 that the 35 First 
Nations communities in the Atlantic Provinces involved in the fisheries had gained between $58 
and $76 [million] in financial return since the implementation of the Marshall decision (p. 30). 
By 2015, APC (2014a) was reporting that direct spending by First Nations in the fisheries sector 
alone contributed over $43 million annually back into the local economy. According to Lewis 
(2009), “revenues generated from fisheries…[are] commonly used to offset [costs in] programs 
such as social development and education, or for youth and elder programs, community events, 
or economic development ventures” (p. 9).  
 
Regulatory Framework 
 
Aboriginal Communal fishing licences are regulated under the federal Fisheries Act (DFO, 
2016b). The Minister of Fisheries and Oceans Canada maintains the authority to designate who 
may fish, but can delegate that authority to an Aboriginal organization defined as an Indian 
Band, Band Council, a tribal council, or an organization that represents a territorially based 
Aboriginal community (DFO, 2016a). The Minister also sets out the provisions that guide the 
management and control of the fisheries, and the conservation and protection of species (DFO, 
2016a). The Aboriginal Fishing Policy facilitates Aboriginal participation in the fisheries and 
aquaculture (DFO, 2017a). The Aboriginal Fisheries Strategy, in place since 2002, is under 
renewal, with the federal government seeking a more collaborative and equitable approach to the 
fishery (DFO, 2012a)  
 
Atlantic First Nations hold 1,200 commercial fishing licences, however, a high percentage of 
those are inactive because they are not viewed as economically viable to operate (Atlantic Policy 
Congress, 2014c). There are several First Nations in the Atlantic Region that have elected to fish 
without a communal fishing agreement with DFO. Over the years, APC has been working with 
DFO through the Atlantic Integrated Commercial Fisheries Initiative (AICFI), the Aboriginal 
Aquatic Resource and Oceans Management Program (AAROM), and the Aboriginal 
Aquaculture in Canada Initiative Program, programs that are intended to build capacity and skills 
in the industry, acquire the skills to participate in advisory bodies for aquatic resource and ocean 
management, and to explore business opportunities in the aquaculture industry (APC, 2014c). 
Budget 2017 commits the Government of Canada to expand the successful AICFI and to 
augment the successful Indigenous collaborative management programming (Government of 
Canada, n.d.). 
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Climate Change Impacts on Fisheries 
 
Fisheries have become an integral part of First Nations economies in Atlantic Canada and 
communities have shown a desire to grow their operations (APC, 2014c, p. 43). While it makes 
sense that First Nation communities continue to build their economies on the basis of their 
participation in the fisheries, they must not overlook the importance of planning for the impacts 
of climate change on the industry. The Report from the National Aboriginal Fisheries Forum II 
held in October, 2012, indicates that the key focus of the forum was on capacity development, 
economic development, and aquaculture (Assembly of First Nations, 2012). Reports from the 
Annual Fisheries Conferences (2013-2015) indicate that discussions focus on economic 
considerations and that climate change had not been on the agenda (APC, 2014d). At the most 
recent Annual Fisheries Conference (2017), it was announced that climate change research was 
underway that would focus, in part, on fisheries and aquaculture. Discussions with the British 
Columbia First Nations Fisheries Council reveal that climate change considerations are an 
emerging area of interest on the west coast as well (D. Machin, personal communication, 
February 23, 2017). 

 
Integrated Fisheries Management Plans (IFMPs) are used by the DFO to manage marine species 
in Canada (Fisheries and Oceans, 2017c). In the Atlantic Region there are IFMPs for the Gulf, 
Maritimes, Newfoundland and Labrador, and Quebec Regions (Fisheries and Oceans Canada, 
2017c). In 2016, the Office of the Auditor General (OAG) of Canada (n.d.) reported that DFO 
has not been managing Canada’s fisheries for sustainability and conservation adequately, that 
about 30% of IFMPs are outdated or incomplete, and that for “12 of the 15 major fish stocks in 
the critical zone and required rebuilding plans, the department had no plans or timelines for 
developing them” (para. 2.14). The OAG (n.d.) has warned that the fishing industry is facing 
serious threats from overexploitation of species, that climate change is causing warmer and more 
acidic oceans (para. 2.1), and that DFO has classified fewer than half of Canada’s major fish 
stocks as healthy, which has serious implications for First Nations who rely on the fisheries not 
only for commercial purposes, but for food, social, ceremonial purposes as well (para. 2.2).   
 
DFO (2016b) has outlined in their 2017-2018 Department Plan their intent to integrate climate 
change into fisheries management, developing adaptation measures to prepare for the future. 
Budget 2017 commits the Government of Canada to continue the Aquatic Climate Change 
Adaptation Services Program (ACCASP), and has allocated funding for that purpose 
(Government of Canada, n.d.). The government has also allocated funds to support research on 
cleaner technology in fisheries to address the issue of invasive species and toxic algae 
(Government of Canada., n.d.). 
 
The ACCASP allows DFO to monitor and study the effects that changing conditions in the ocean 
is having on Canada’s fisheries, aquatic ecosystems, and coastlines (DFO, 2017c). According to 
the ACCASP they will analyze three areas of climate change risk that can affect various DFO 
sectors - how sea-level rise and storm surges impact safety and infrastructure, how changes in 
ocean temperature, precipitation and freshwater runoff impact ecosystems, how a decrease in 
oxygen levels, rising acidification, and changing nutrients impact fisheries (DFO, 2017c).  
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Many ACCASP research projects have focused on the Northwest Atlantic. Among other things, 
the ACCASP’s 2014-2015 research on ocean 
acidification, has determined that the Northwest 
Atlantic contains the largest amount of 
anthropogenic-sourced CO2 in the ocean on 
Earth (DFO, 2017f). The results of this study are 
going to be used to develop regional maps of 
bottom water saturation sites, which will be used 
to track the potential damage risk of crabs, 
shrimp and other shellfish to inform fisheries 
management. Other studies have produced high-
resolution ocean models, like the one created by 
Dr. Z. Wang (DFO, 2017b) for the Northwest 
Atlantic, demonstrating changes in sea-surface 
temperature (SST) between the present day, and 
future climate simulations between 2046 and 
2065 (see Figure 3.1) This research, led by 
David Brickman, has shown that we are going to 
see temperature rises of up to 2°C in the north 
Atlantic Ocean (DFO, 2017b). 
 
In the Atlantic Provinces, the ACCASP has 
released a report about the use of marine 
protected areas (MPAs) to create buffer zones for 
marine species and habitats, protecting them 

from the impacts of climate change. After conducting a Climate Change Vulnerability 
Assessment (CCVA) to test the vulnerabilities of 39 important fish and invertebrate species 
based on projected warming patterns for the next 20 to 50 years, and dividing them into high, 
medium and low vulnerability groups, DFO will use the results to inform MPA planning for the 
Scotia Shelf region in the future. The results of many of these projects either will be, or have 
been, published in scientific journals recently, and while we cannot say how useful the tools will 
be, the focus on climate change and how it impacts fisheries will be important for First Nations 
fisheries management in the future (DFO, 2017g).  
 
According to the Unama’ki Institute of Natural Resources (UINR), Mi’kmaw communities on 
the island are supportive of MPAs. Beginning in 2011, St. Ann’s Bank (see Figure 3.2), off the 
coast of Cape Breton Island, “was announced as an Area of Interest and is currently working 
through legislation as a MPA” (UINR 2017, para. 3). UINR stated,  

In principle our Unama’ki leaders support the concept of MPAs. Biodiversity, 
sustainability, protection for the future are all concepts that align with our practice of 
netukulimk. The Mi’kmaw right to our food, social, and ceremonial fisheries is included 
in the [MPA] legislation. (UINR 2017, para. 9) 
 

  

Credit: The output of a high-resolution ocean model for 
the Northwest Atlantic (above) illustrates the predicted 
change in annually averaged sea-surface temperature 
between the present climate and a future climate 
simulation (2046-2065). Temperature changes of up to 2℃ 
are projected for the Labrador Sea and Maritime shelf seas. 
Negative temperature changes south of the Scotian Shelf 
reflect a predicted southward shift in the average position 
of the Gulf Stream. Credit:Dr. Z. Wang, DFO-BIO. 
Figure 3.1 High-Resolution Ocean Model. Source: 
http://www.dfo-mpo.gc.ca/science/rp-pr/accasp-
psaccma/projects-projets/043-eng.html 
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UINR does mention some of the difficulties 
that MPAs can produce when those securing 
the space do not consult with First Nations. 
For example, Membertou made a significant 
investment to secure and get authorization to 
fish for tuna on St. Anns Bank. Approvals 
were given at the local, regional, and national 
levels. A few months after the tuna license 
was purchased, Membertou was informed they 
could not fish in the St. Anns Bank MPA 
(UINR, 2017, para. 10). Other issues arose 
when the Mi’kmaq around the Bras d’Or 
Lakes attempted to designate the lakes as an 
MPA. However, fears of the restrictions on 
mining, oil, and gas development have made it 
difficult to proceed. While the designation 
would protect traditional fisheries… and 

expand tourism opportunities, it would impose restrictions on the landowners around the Bras 
d’Or and the residents would need to support the designation (UINR, 2017, para. 11). 

 
These issues stress the importance of working collaboratively with First Nations to protect access 
to the marine resources. 
 
NGOs conducting Climate Change Research 
 
The Atlantic Climate Adaptation Solutions Association (ACASA) works with all four provincial 
governments, as well as tribal governments, nonprofits and industry to prepare Atlantic 
Canadians for climate change (ACASA, n.d.). Much of the ACASA research focuses on 
developing community infrastructure to combat rising sea levels, storm surges and increased 
flooding, but they have focused on aquaculture infrastructure as well.  
 
The Climate Network has been conducting research for communities to develop climate 
adaptation plans, and they produce the Quarterly Climate Impacts and Outlook reports which 
provide information on significant climate events on land and in the water. For instance, the Fall 
2016 report mentions that autumn SST “anomalies in the Gulf of Maine ranged from around 1°C 
to greater than 2°C (Climate Network, 2016, p. 1). At the same time, they mention that we are 
seeing “the largest deviations from the mean” of peaks in positive anomalies in the Gulf of 
Maine since mid-2009 (Climate Network, 2016, p. 1).  The Climate Network brings leading 
experts in climate change to the region to help promote awareness around the issue (Climate 
Network, n.d., para. 1).  
 
The Adapting Atlantic Canadian Fisheries to Climate Change Report, published by the Ecology 
Action Centre (EAC) (2013), notes that rising ocean temperatures can trigger issues like shifts in 
the migration of “bottom dwelling species northwards and to deeper waters…an increase of 
harmful algal blooms (HAB)…[and] population decline in southern range[s] of species including 
plaice, halibut, capelin, northern shrimp and especially snow carb, Greenland halibut and 

Figure 3.2 - St. Ann’s Bank (Source: http://www.uinr.ca/  
wp-content/uploads/2017/02/map2.jpg) 
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Atlantic salmon” (p. 2).  The EAC also notes that climate change would increase the productivity 
of certain species like haddock and shallow-habitat lobster (EAC, 2013, p. 5). However, the EAC 
(2013) states that ocean acidification, dropping oxygen levels, and seasonal migration shifts 
caused by climate change can ‘offset’ this rise (p. 5). 
 
First Nations Fisheries Management  

 
When it comes to managing the First Nations fishery, Taylor et. al. (2015) would argue that not 
only are their direct impacts to consider, but that there are the indirect impacts such as rising fuel 
and energy costs if species are shifting habitat, or are in decline. There are many factors that can 
affect fish health and population numbers that make it difficult to narrow down which changes 
are caused by climate and which changes are due to “natural variability” (Brander, 2015, p. 16). 
For example, a study conducted under ACCASP determined that climate change does indeed 
have an effect on different marine species’ distribution in the Gulf of St. Lawrence, but that there 
are other factors like density dependence and seal predation that are actually the main causes in 
the shift of the distribution of various species (DFO, 2017h). It is important to understand all of 
the factors involved with shifts in distribution so as not to misinterpret population changes or 
species productivity.   
 
As oceans warm, it will become more difficult to fish selectively in the future, especially for 
operations with individual species quotas to fill (Dunn, 2016). Fish that are temperature sensitive 
may spread out, making species harder to target, or it may become harder to keep bycatch rates 
down in a multispecies area (Dunn, 2016). Understanding oceanographic variables to 
spatiotemporally manage and improve targeting of species has seldom been done, not that the 
data does not exist, but mostly because of a lack in scientific, technological or policy capacity, or 
poor communication between those with the data (Dunn, 2016).  
 
There is important data that is already captured by the fishers that are involved in the First 
Nations fishery. APC uses customized Fisheries Management System (FMS) software, 
developed by Advanced DataSystems (ADS) Ltd, that allows fishers and fisheries management 
staff to track data on the people employed in the fishery (certifications, training, industry 
experience), vessels (equipment, insurance, captains and crews), licenses and quotas (by species, 
season start and end dates), fishing trips (port landed, species sought, fishing area, landings, 
locations, and fishing and weather conditions). In FMS Version 2.0.11 (Figure 4.3), there were a 
number of reports that could be generated that would be very useful. The Catch Results Details 
Report generates a line graph (one per species) showing the landing by species, selectable either 
weekly or monthly and selectable by license or season. The Catch Results Summary by Species 
and License Report generates a table showing species sought by license and season, vessels 
fished and the quantities landed/sold, and landed weight and dollar value by vessel for quota 
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species. The Catch Summary All Species 
Report generates a stacked bar graph showing 
the landings by weight and value by species by 
year. The Trip Details Report provides data on 
landings by size and value, trip costs, and crew.  
In FMS Version 3 (Figure 3.4), ADS updated 
some features, but essentially the reporting is 
the same. The potential within the FMS to track 
climate change would require another update of 
the system. The update would require a module 
that allows fisheries managers to arrange for 
the collection of  spatial and temporal data 
tracking changes in ocean and air temperatures, 
changes in ocean salinity and CO2 levels, and 
track weather. This data could then be compiled 
to generate reports and provide important 
baseline, such as trends in temperature changes 
or whether the catches of species vary over 
time, for research and planning purposes. 
 
 

 
 

  
 
 
 
 
 

Figure 3.4 - Adapted from APC Fisheries Management System V. 3.0 

Figure 3.3 Adapted from APC Fisheries Management  
System V. 2.0.11 
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Potential Implications for Fisheries Assets  
 
The following image (Figure 3.5) shows the result of severe flooding after the December, 2010 
storm event that hit Lennox Island First Nation in December, 2010. The fishing wharf has an 
elevation of 2.1m. The other photos are provided for context. The peak water level during the 
storm was estimated to be 2.1m. This illustrates the flooding that can be anticipated in a 25-year 
flood event (Coldwater Consulting, 2016). Besides the wharf, there are other valuable assets such 
as a shed, traps, and a fueling station, that would be vulnerable to the impacts of a strong storm.  
 

 

Figure 3.5 - (1) Flooding Event Lennox Island, December, 2010. Compared to 
Normal Photos. (Source: Coldwater Consulting, 2016). 

Other photos D. Lewis, March, 2017. 
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CHAPTER 4   AQUACULTURE AND CLIMATE CHANGE 

Aquaculture is increasingly seen as a solution to the issues natural fisheries face because of 
climate change. However, aquaculture operations are not completely immune to climate change 
impacts. Rising sea surface temperature (SST), rising ocean salinity, acidification, 
deoxygenation, storm surge events, and sea level rise, put this industry at risk. Much of the 
information available on aquaculture as an industry focuses on its economic merits and how to 
maintain an operation’s economic sustainability, as well as on ensuring that pre-existing 
aquaculture operations do not pollute the environment around net pens. Only recently has there 
been commentary on the role that aquaculture could play in a world affected by anthropogenic 
climate change—or, at the same time, the issues that could plague the industry. This literature 
review analyses current aquaculture policy in the Atlantic Provinces, and individual aquaculture 
operations, determining that despite recent research, climate change has yet to become a priority 
in aquaculture management. I will then focus on how climate change can affect Atlantic First 
Nations-owned operations, and First Nations communities. Researchers examining the effects of 
climate change on aquaculture operations and species have identified areas where the industry 
can take steps to adapt to future changes before they happen, as have identified research areas 
that have yet to be explored. Some of these projects will be summarized here.  
 
As First Nations communities in the Atlantic face unique challenges with the development and 
sustainability of marine economic ventures, it is imperative that they begin thinking about how to 
adapt their current and future operations to climate change and protect their assets. Employees of 
the Waycobah Trout Farm have already noted changes in their operations due to climate change. 
Interviews with some of the employees of the aquaculture operation are included to incorporate 
and reflect their valuable knowledge. 
 
Background 
 
According to the Department of Fisheries and Oceans (DFO) (2013a) “Aquaculture represents 
about a third of Canada’s total fisheries value and about 20% of total seafood production”. 
Especially over the last decade or so, which saw a 63% increase in production value of the 
industry, aquaculture has become an important part of the Canadian economy, but even more so 
in the Maritimes (DFO, 2013b, para. 2). As of 2013, 46% of aquaculture production in the 
country comes from the Atlantic Provinces (DFO, 2013b, para. 3). However, because of its 
economic importance, much of what is written about aquaculture tends to focus on how the 
industry contributes to Canadian prosperity. DFO emphasizes that “the future of Canada’s 
aquaculture industry is directly linked to its economic viability, success in creating stable jobs, 
and increasing access to domestic and international markets” (DFO, 2013b, para. 5). For First 
Nation communities in the Atlantic Provinces, especially in the wake of the Marshall decision, 
aquaculture has become an exciting industry because of its potential for economic development. 
In the face of climate change, the industry must be aware of the impacts that climate change can 
have on aquaculture ventures and have mitigate measures in place before any harm is incurred.  
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In the Bras d’Or Lakes, Waycobah First Nation has been running a Steelhead Trout Farm since 
2011 and have found major success developing their operation into a sustainable, 
environmentally friendly venture (Thompson, n.d.). The Lakes’ unique environment has 

presented aquaculture farmers with rare 
opportunities. Robin Stuart, Operations 
Manager at Waycobah’s aquaculture farm 
explains that “one of the reasons we selected 
the Bras d’Or [for aquaculture] years ago is 
because it’s actually the least stress on a fish 
because of the lower salt [concentration in the 
water]” (Personal communication, March 10, 
2017). Stuart said that while the salt levels in 
the Atlantic are around 30 ppt (parts per 
thousand), the brackish water of the Bras d’Or 
Lakes sits at 14 to 15 ppt, making it easier to 
breed populations requiring lower salinity for 
survival, like the Rainbow Trout Waycobah 
currently grows (Personal communication, 
March 10, 2017). While the communities’ 
aquaculture operations are prosperous, climate 
change is putting them at risk. According to 
Davies et. al (2016), low lying sections of the 
Mi’kmaq communities on the shores of the Bras 
d’Or Lakes are often flooded due to the 
devastating effects of extreme storms and 
storm-surge events, because of the proximity of 
the Bras d’Or Lakes to the North Atlantic 
Ocean. This will only worsen with more 
frequent storms, the associated storm surge 
events, stronger winds and sea levels that are 

expected to rise by nearly 1 m by year 2100, and all of these will come as a result of climate 
change (Davies et. al., 2016, p. 5). Those employed by the Waycobah Trout Farm operation have 
already begun to notice these changes. Stuart says  

Climate change…[is] a big issue [on the lakes]…I’ve been monitoring water 
temperatures since 1973 in the Bras d’Or Lakes…but we’ve seen a big change in the 
winter especially…There was only one place that we knew of back in 1974-75 when I 
was working with fish…that you could grow fish without hitting superchill14. Today 
you’d be hard pressed to find those temperatures. You can put fish almost anywhere [now 
as long as you avoid where the] the ice flows [in the spring]. (Personal communication, 
March 10, 2017) 

                                                
14 When Stuart started fish farming in the Bras d’Or, the whole system generally was below lethal temperatures, 
with a few exceptions, and this was below ice cover. That has been changing. Now because of warmer winters, this 
problem is decreasing and there is more of the super-chill situation due to lack of ice cover, and the cages being 
exposed. These events are specific and short term as compared to a site being below lethal temperatures all winter 
(Personal communication, March 10, 2017). 
	  

Figure 4.1 - (L to R) Robin Stuart, Winston Patles, and 
George Toney of Wacobah. (Source: M. Peters, 2017) 
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Stuart’s data trends have seen a temperature rise in the lakes of almost one degree in forty years.  
 
In terms of extreme weather events, Site Manager Winston Patles, who has been working on the 
Lakes for twenty years has noticed rises in water levels. “We’ve noticed the [shoreline] erosion 
and stuff [too],” he says, “it’s a lot more than it used to be” (Personal communication, March 10, 
2017). A rise in extreme, more turbulent winds, has resulted in less ice cover on the Lakes. Stuart 
mentioned that 

[they] used to find that at Christmas time everything was frozen solid. Now, [over] the 
last few years, it’s not predictable because you get a lot of high winds. This year it was 
the middle of January really before it froze. (Personal communication, March 10, 2017) 

 
Warmer temperatures have also welcomed a rise in the Multinucleated Syndrome X (MSX) 
parasite, which has destroyed oyster populations in the Bras d’Or. DFO reports that 

 the first occurrence of MSX in Canada was discovered in the Bras d’Or Lakes on Cape 
Breton Island, Nova Scotia in 2002 following heavy mortalities in oysters…It is not 
known exactly how the MSX pathogen found its way to the Bras d’Or Lakes.” (DFO, 
2017d, para. 2) 

 
Stuart feels that he knows what happened, 

I think [the parasite has] had every opportunity to come here over the past forty years, but 
now that warmer temperatures are allowing it not only to thrive, but to survive through 
milder winters, it took off…and then wiped out 90% of the oysters in the Bras d’Or 
Lakes. (Personal communication, March 10, 2017) 

  
It is important to note that MSX cannot survive in salinities below 10 ppt, and is usually 
restricted to salinities over 15 ppt, with rapid proliferation above 20 ppt (DFO, 2017c, para. 3). 
Stuart share that the salinity of the Bras d’Or Lakes is around 15 ppt. It is also important to note 
that the parasite does not affect humans, not does it appear to affect other bivalve shellfish such 
as clams, mussels or scallops (DFO, 2017d, para. 10).  
 
Warming waters do not only mean a jump in parasite populations, but in fish populations not 
typically found in the Lakes themselves. Striped bass is one of these cases, according to Stuart:  

Thirty years ago…you’d see the odd story about striped bass being caught in the Bras 
d’Or Lakes, but today there’s hundreds and hundreds and hundreds of them and that is a 
function of climate change. It’s warmer waters. These animals don’t usually winter here, 
but the ice fishermen are catching them through the ice. (Personal communication, March 
10, 2017) 
 

Patles has noticed an exponential increase in jellyfish in the lakes as well.  
[W]e get a lot of jellyfish here now. We hadn’t ever seen jellyfish—from my experience 
growing up around the Bras d’Or Lakes, we never used to get jellyfish ‘til…maybe the 
second week of July. Now as soon as the ice melts we get hundreds of those small ones. 
(Personal communication, March 10, 2017) 
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Stuart told us that the increase in jellyfish is related to warmer waters, but also lower water 
quality. Jellyfish do well in areas where fish requiring higher levels of oxygen, for example, 
cannot survive (Personal communication, March 10, 2017).  
 
With the experienced fishermen in Waycobah, the aquaculture operation has already begun to 
adapt. To combat stronger winds and moving ice flows that have the potential to uproot steel net 
pens, Waycobah’s plastic pens stretch and move with turbulent winds and water current, keeping 
them grounded and protecting the fish (see Figure 4.2). “You have to be able to evolve,” Stuart 
says of climate change issues, “and if you’re not going to adapt, then you’re not going to survive, 
whether you’re a fish farmer or a land farmer” (Personal communication, March 10, 2017). 
 

 
 
It is in Waycobah that we see the importance of incorporating local knowledge into our climate 
change adaptation strategies. “One thing you’ll find about fish farmers, and I don’t know if 
people really realize that,” says Stuart,  

[Fish farmers] are probably the biggest source of information on climate change in terms 
of the water…they know more about their sites and what’s happening [with] water 
temperature, the oxygen, the algae blooms, all these things; they have to know that 
because their animals have to live in that environment…They probably do more 
monitoring than any government organization does, and people don’t realize that. 
[We’re] a huge source and if they don’t do that, then they can’t adapt…you’re working in 
the dark, and you can’t work in the dark. (Personal communication, March 10, 2017) 

 
Waycobah’s fish farm is not only an example of the impacts of climate change that we see today, 
but of the benefits of employing local knowledge to adaptation strategies. The first hand 
experiences of fish farmers are crucial to preparing for the future, and as we move forward, their 
expertise cannot be overlooked.  
 
 
 

Figure 4.2 - (1) Net Pens in Ice Closer to Shore. (2) The Net Pens in Open Water a Few Meters 
Offshore. (Note: The pens are made of plastic, which allows them to withstand the forces of turbulent 

winds and ice movement. (Source: M. Peters, 2017). 



	   51	  

Regulatory Framework 
 
Federal 
 
Currently, there is no complete federal regulatory framework governing aquaculture in Canada. 
The Canadian aquaculture industry is predominantly managed by provincial governments—save 
for British Columbia and Prince Edward Island—but the federal government maintains authority 
over navigation, disease prevention affecting international trade, and the environment under the 
federal Fisheries Act and Heath of Animals Act (DFO, 2017e, para. 2). DFO enacts the 
Aquaculture Activities Regulations under the Fisheries Act that allow the federal government to 
bring together the management of three substance classes used within the aquaculture industry 
for the greater protection of fish and fish habitat: drugs, pesticides and biochemical oxygen-
demanding matter (BOD) (DFO, 2017a, para. 6). This is meant to ensure that use of these 
substances by aquaculture facilities do not affect the waters and species surrounding them, 
protecting “recreational, commercial and Aboriginal fisheries” (DFO, 2017e).  
 
In light of the lack of centralized regulations, the Canadian Aquaculture Industry Alliance 
(CAIA) has proposed an Aquaculture Act for the federal government to develop that would  

foster a healthy, responsible and sustainable farmed seafood sector in Canada, ensure a 
science-based accountable and transparent management approach, re-vitalize hard hit 
coastal communities including First Nations communities with sustainable high value 
jobs, enable greater federal/provincial co-operation and collaboration and meet future 
demand with global best practices and international competitiveness. (CAIA, 2017a,  
para. 3) 
 

Instead of a federal framework, what we see are aquaculture sites “[adhering] to a strictly 
enforced array of provincial statutes, regulations, policies and guidelines and farms often must 
also comply as well with with numerous municipal, regional district, and First Nations’ land use 
and development regulatory instruments” (CAIA 2017b, para. 4). Outside of these regulations, 
many aquaculture operations are seeking to comply with a series of different certifications that 
can be achieved. CAIA (2017b) explains that 

 independent third party aquaculture certification is a trusted ‘stamp of approval’ 
validating that farmed seafood products meet comprehensive food safety, environmental 
and social standards [they provide] assurance of responsible seafood farming practices in 
a country that already has some of the world’s toughest and best-enforced regulatory 
frameworks for aquaculture.” (para. 5-6) 

 
The Atlantic Provinces each have aquaculture regulations of their own designed to ensure that 
their operations remain economically sustainable, involve the public as much as possible, and 
have minimal impact on the surrounding environment.  
 
Nova Scotia 
 
The Government of Nova Scotia recently updated its regulatory framework. Before an 
aquaculture site is registered, the site has to undergo a performance review as described in the 
Aquaculture Licence and Lease Regulations (Government of Nova Scotia, 2015, para. 3). In an 
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effort to be more transparent and accountable, there are more opportunities for public input 
regarding [license] and lease decisions and Nova Scotians can access more information on fish 
health, environmental monitoring and decisions on licensing and leasing (Government of Nova 
Scotia, 2015, para. 6). 
 
New Brunswick 
 
The New Brunswick Agriculture, Aquaculture and Fisheries Department administers the 
Aquaculture Act and regulates licencing, leasing, harvesting, processing, health and disease, 
waste management, wastewater treatment, environmental impacts, and farmed and wild fish 
interactions (New Brunswick Agriculture, Aquaculture and Fisheries, 2017). New Brunswick has 
developed strategies for the management of finfish and shellfish operations and administers a 
comprehensive monitoring program to protect the industry and surrounding environment (New 
Brunswick Agriculture, Aquaculture & Fisheries, 2017). 
 
Prince Edward Island 
 
Prince Edward Island Department of Agriculture and Fisheries manages the aquaculture program 
which provides information to the mussel and oyster operators, focused on ensuring a more 
efficient, safe, and productive and growing industry (Prince Edward Island Agriculture and 
Fisheries, 2016). 
 
Newfoundland and Labrador 
 
Newfoundland and Labrador has the Aquaculture Act (and Regulations). The Sustainable 
Aquaculture Strategy (2014) guides policy development for the management of aquatic animals 
(Government of Newfoundland and Labrador Fisheries and Land Resources, 2017).  
   
Indeed, these regulatory frameworks and provincial industry standards emphasize the importance 
of a healthy environment and have taken extensive steps to keep their operations, and the 
ecosystems that surround them, clean. While the focus on the environment is encouraging, 
provincial and First Nations communities’ aquaculture plans are not taking into account the 
impacts that climate change can have on aquaculture operations and the communities that benefit 
from them.  
 
The Aboriginal Aquaculture Association advocates and provides support for the sustainable 
development, regulation, and management of the aquaculture industry, and sees the industry as a 
major player in diversifying and strengthening First Nation economies (Aboriginal Aquaculture 
Association, 2016, para. 2-3).  
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Climate Change Impacts 
 
With the rise in ocean temperatures and sea levels, and more intense weather events and flooding 
due to climate change, our ocean and land-based aquaculture operations face new challenges. 
Feindel, Cooper, Trippel and Blair (2013) explains that “climate change will result in temporal 
and spatial shifts in the fundamental niche of species” (p. 196) which in turn could affect the 
success of aquaculture operations, or change the way that they are being run. Something as 
simple as a rise in SST (sea surface temperatures) can result in longer growing seasons, declines 
in oxygen levels in the water, increased levels of disease and parasites in marine culture 
populations, as well as harmful algal blooms (Feindel et. al., 2013, p. 196). Potential current 
shifts can mean changes in the populations of species used as fishmeal, or, as Feindel et. al 
(2013) argues, “decreased flushing rates and food availability to shellfish” (p. 196).  
 
Robin Stuart, Waycobah Trout Farm, told us how they vaccinate their fish against vibrio 
bacteria. “We vaccinate fish in the hatchery a month or two before they go to…[the] water. You 
have to allow so many degree days for the immunity to build up in the fish” (Stuart, R., personal 
communication, March 10, 2017). Climate change can affect the length of time operations have 
to administer treatments like this. Ongoing research on the changing marine environment is 
necessary to ensure the viability of this valuable and growing industry. Data, such as what Stuart 
has collected over the past five decades will be very helpful in this research.  
  
At the same time, ocean temperature, movement, and chemistry are only part of the issues that 
could face aquaculture facilities as climate change continues to affect marine life. Rising sea 
levels can mean coastal erosion, and as a result, a decline in areas suitable for aquaculture both 
on shore and on land. Pre-existing operations could now become damaged, or be forced to 
change their zoning (Feindel et. al., 2013, p. 196). Increases in extreme weather events and storm 
activity will also cause problems. With larger waves, stronger storm surges and rises in ocean 
salinity, the potential for stock loss and net pen and facility damage increases; storm-proofing 
facilities and purchasing proper insurance will become more expensive (Feindel et. al., 2013, p. 
197). Cooke Aquaculture, an operation with three locations in Nova Scotia, has already begun to 
insure against events that will increase due to climate change, such as superchill15 (CBC News, 
2015). A rise in insurance costs may hit smaller operations with less financial wiggle room—like 
those in First Nations communities—and leave them with less options. It is important to note that 
the issues caused by climate change can affect different regions, and even particular species, 
differently (Brander, 2015). Feindel et. al (2013) breaks down some of the impacts on species 
particularly important to Atlantic Canada, like Atlantic Salmon and Blue Mussel, which is 
highlighted below.  
 
 
 
 
 
 
 
                                                
15 Fernando Salazar, Aquaculture Business Development Advisor, Ulnooweg Development Group, stated that there 
is not a single company that insures for superchill, something that DFO has noted. 
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Atlantic Salmon 
 
Atlantic salmon face the most issues when it 
comes to shifts in temperature and oxygen 
levels in the ocean (Feindel et. al., 2013, 
198).  This particular species does not thrive 
in temperatures that sit at about 16°C. At that 
temperature, the spread of disease and algae 
and phytoplankton blooms that depress 
oxygen levels in the water increases (Feindel 
et. al., 2013, 198-199). Beyond the 16-degree 
danger zone, about 50% of Atlantic Salmon 
populations can survive in temperatures of 
22-28°C for about a week; above 30°C many 
cannot survive longer than ten minutes. On 
the other end, especially with the increase of 
winter storms, salmon cannot survive in 
temperatures below -0.7°C. Feindel et al. (2013) says that this “has resulted in high mortality in 
sea cages in the northwest Atlantic.” (199).  
  
Indeed, Cooke Aquaculture in Nova Scotia has experienced issues with dropping temperatures, 
in particular with superchill16. In 2015, CBC reported that at three of their aquaculture facilities 
in Nova Scotia, Cooke Aquaculture lost large amounts of their fish populations due to the 
phenomenon. In the article, a representative from DFO explained that superchill happens every 
five to seven years, but the deaths would not hurt the environment, and that Cooke Aquaculture 
was insured against superchill so everything would be fine17(CBC News, 2015). However, Ray 
Plourde, with the Ecology Action Centre, explained that superchill had been happening more 
frequently recently, especially because the style of net pens Cooke Aquaculture was using could 
not control interactions with the natural environment, something that exposes stocks to weather 
extremes (CBC News, 2015). Plourde argued that moving fish farms into closed containment 
systems to control for variables with the potential to harm fish is an important move to make, 
especially, he said, because the winter temperatures in 2015 had resulted in above average fish 
population deaths in Nova Scotia’s fish farms (CBC News, 2015). Cooke Aquaculture lost more 
of their population in 2017 due to a severe winter storm that left salmon dead at “higher than 
expected” rates. (CTV News, 2017, para. 1).  
 
A recent study Economic Opportunity for Aboriginal Aquaculture in Canada, commissioned by 
DFO, highlights that climate change is a concern, and in most of the Atlantic region, climate 
change is having an increasing impact as a result of a number of superchill events since 2013, 

                                                
16 Different species of fish can only survive within a certain range of water temperatures. Stuart explained that when 
water temperatures get too cold for a species to survive, ice crystals form in their blood, and they freeze to death 
from the inside out, this phenomenon is called “superchill.” 
17 According to Stuart, who is on the Board of Directors of the Aquaculture Association of Nova Scotia, operations 
are often only insured for superchill events until they happen, in which case prices to insure soar, like they would in 
the event of a car accident. Insurance after a superchill event may be cost prohibitive.	  	  

Figure 4. 3 - Atlantic Salmon Cages in Southern 
Newfoundland. Photo. Chris Hendry (DFO). Source: 

http://www.dfo-mpo.gc.ca/aquaculture/sci-
res/rd2015/sal-eng.html) 
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which highlights the potential loss this could mean for the aquaculture industry (RIAS Inc., 
2015). 
 
Beyond mortalities, temperature changes can shift the length of the growing period for a farmed 
species. Using Atlantic salmon as an example, Feindel et. al. (2013) explains,  
 

Salmon may only be exposed to critical winter temperatures for a shorter time period 
resulting in a longer optimal growing period. However, if temperature increases at a rapid 
rate during spring and summer (optimal growing time), salmon will be exposed to 
prolonged temperature increases and in some areas be exposed to elevated temperature 
for the entire growing season. This may affect the welfare of the salmon, increase stress, 
and could result in poor production and in some cases mortality for certain areas.   
(p. 199) 
 

The rise can also cause salmon to take in more oxygen than normal, “which can lead to low 
oxygen levels [in the water] and hypoxic events in [submerged] sea-cages” increasing stress 
levels in the stocks and even mortalities (Feindel et. al., 2013, p. 199). Finally, SST increases can 
also affect the ability of aquaculture managers to treat or prevent sea-lice and other diseases 
“with hydrogen peroxide and other therapeutants” (Feindel et. al., 2013, p. 200).  Hydrogren 
peroxide treatments should only be used to treat or prevent sea-lice and other diseases in water 
up to 14°C; anything more can kill the fish. Depending on when temperatures rise—especially if 
they do so in the spring and summer, there may even be shorter windows in which to apply these 
treatments safely (Feindel et. al., 2013, 200). 
 
Blue Mussel 
 
Blue Mussel requires very specific environmental conditions in order to thrive. The important 
thing to watch for is salinity; mussels grow best in “lower saline waters” (Feindel et. al., 2013, p. 
206). While most of Atlantic Canada has “full saline water (>30 ppt),” Prince Edward Island’s 

(PEI) saline levels are much lower, (25-30 
ppt), and because of this, most of Atlantic 
Canada’s mussels are grown there (Feindel 
et. al., 2013, p. 206). Temperatures for young 
mussels are “tolerate[d]…between 3-25°C 
and adult mussels can withstand temperatures 
as low as -1.5°C” (Feindel et. al., 2013, p. 
206).  
  
“As climate change further warms oceans,” 
Feindel et. al. (2013) says, “prime culture 
sites may change and industry will need to 
explore and identify new areas that will 
contain optimal environmental growth 
conditions” (p. 206).  
  

Figure 4.4 - Blue Mussel Farming on Prince Edward 
Aquafarms in Prince Edward Island. Source: 
http://www.peaqua.com/mussel_farming.php 
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In 2015, researchers launched a project in St. Peter’s Bay on the north coast of Prince Edward 
Island where they looked at “the combined effects of climate change, nutrient loadings and 
mussel aquaculture pressures” on the industry (Aquaculture Association of Canada (AAC), 2015, 
p. 65). They developed a climate change scenario for the year 2050, which “predicted a 30% 
increase in mussel production but also predicted elevated summer temperatures (>25°C) that 
may have deleterious physiological effects on cultured mussels and possibly increase summer 
mortality levels” (AAC, 2015, p. 65). The researchers have acknowledged the importance of this 
scenario development “for adapting the management of coastal ecosystem resources and 
services, while [emphasis added] these changes are occurring.” (AAC, 2015, p. 65). Lewis 
(2009) explained how crucial being proactive with climate change adaptation strategies, rather 
than being reactive (p. 18). More research that explores mitigation measures for climate change 
impacts will be essential.  
 
Ongoing Research 
  
Despite the main focus of the aquaculture industry being on economic sustainability, over the 
past few years, researchers have been exploring the impacts that climate change can have on 
aquaculture in the future. Daggett and House (2016) report on research conducted by Salem State 
University at the Cat Cove Marine Laboratory (CCML), “a 13.4 ha commercial scale mussel 
farm sit[uated] 13.7 k[ms] off the coast of Cape Ann, Massachusetts” (p. 9). Right now, CCML 
is “assess[ing] the feasibility of shellfish culture along the New England coast” but at the same 
time, and they are looking at how climate change affects mussel vulnerability (Daggett & House, 
2016, p. 9). While the research is not yet available, the project “will hopefully generate a 
protocol to assess and pursue other aquaculture projects in federal waters” (Daggett & House, 
2016, p. 10). 
  
Daggett and House (2016, p. 17) report that in St. Andrews, New Brunswick, the Huntsman 
Marine Science Centre has been awarded funding to support research on the following: 

-   the ecology and epidemiology of Tenabaculum and Moritella (causative agents of mouth 
rot and skin ulcers); 

-   a risk assessment of pathogens of cleaner fish [like] (cunners [and] lumpfish); 
-   the role of sea lice in potential transfer of ISAV [Infectious Salmon Anemia Virus] and 

Renibacterium;  
-   pathogen exchange in integrated multi-tropic aquaculture (IMTA)18 systems; and 
-   climate change impacts on fish health  

                                                
18 According to DFO (2013a), “IMTA mimics a natural ecosystem by combining the farming of multiple, 
complimentary species from different levels of the food chain… IMTA farmers combine species that need 
supplemental feed such as fish, with “extractive” species. Extractive species can include filter feeders (e.g. mussels) 
and deposit feeders (e.g. sea urchins), and seaweeds (e.g. kelps). The filter feeders and deposit feeders use the 
organic particulate nutrients (uneaten feed and faeces) for nourishment. The seaweeds extract the inorganic 
dissolved nutrients (such as nitrogen and phosphorous) that are produced by the other farmed species. Essentially, 
extractive species act as living filters. The natural ability of these species to recycle the nutrients (or wastes) that are 
present in and around fish farms can help growers improve the environmental performance of their aquaculture 
sites.” (2). 
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The AAC (2015) recently reported on an interesting development in the use of eelgrass to 
mitigate OA19 as a result of climate change on oyster farms. According to the AAC, the 
“preservation, restoration, and conservation of eelgrasses has been proposed by various 
governmental agencies as a remediation strategy for coastal habitats impacted by OA.” As the 
use of eelgrass, which is a seagrass, to mitigate OA has not been explored in the past, this project 
is one of the first tests to examine whether it will be a viable remediation option” (AAC, 2015, p. 
91). “Seagrass grows faster in high CO2 environments, and…may benefit from OA 
environments, in part because seagrass removes dissolved inorganic carbon from the water 
column during photosynthesis”20 (AAC, 2015, p. 91). The Aquaculture Association of Canada 
(2015) explains that OA is a particular threat to species with calcifying shells, which can lead to 
closures of oyster aquaculture sites, production losses, economic loss, and ecological losses “as 
well, as oysters provide numerous ecosystem functions, including water filtration and formation 
of reef habitats” (p. 91). Horton and McKenzie (2009) explain 

Acidification is a problem in the marine environment. Shellfish larvae, including those of 
lobsters, clams, mussels, and scallops, begin their lives in shallow coastal waters where 
they must begin building their protective shells immediately. They do so by pulling 
calcium carbonate out of seawater. As seawater becomes more acidic the critical 
ingredient, aragonite, is in shorter supply as it is used to buffer (make more alkaline) the 
water itself. If the acidity level exceeds a certain threshold shells begin to disintegrate. (p. 
23).  
 

Research that continues to explore how eelgrass counters decreases in seawater pH, increases the 
alkalinity and the aragonite saturation state, and improves oyster survival and growth rates, will 
be invaluable (AAC, 2015, p. 91). It may point to the development of more diverse climate 
change adaptation strategies for aquaculture operations.  
 
In British Columbia, a research project focuses on developing a web-based water quality 
monitoring network of aquaculture farm sites in the coastal regions to collect spatial and 
temporal data on water quality (AAC, 2015). Communities in the Atlantic are already beginning 
to do this. Stuart (2017) told us that Waycobah will be installing CO2 monitors—which will track 
CO2 levels in real time—in the next few months (personal communication, March 10, 2017).  
  
Aquaculture as a Climate Change Solution 
 
According to the Centre for Indigenous Environmental Resources (CIER) (2006), “aquaculture 
may thrive in the face of climate change…with the decrease of natural fish stocks due to climate 
change and other influences (such as over-harvesting), aquaculture can fill the void left by 
decreasing fish stocks” (p. 31). Warming temperatures can lengthen growing seasons of certain 
                                                
19 “When CO2 is absorbed by seawater,” says the Pacific Marine Environmental Laboratory Carbon Program 
(PMEL) (n.d.), “chemical reactions occur that reduce seawater pH, carbonate ion concentration, and saturation states 
of biologically important calcium carbonate minerals. These chemical reactions are termed OA. Calcium carbonate 
minerals are considered “building blocks for calcifying organisms to build their skeletons and shells” (PMEL, n.d.); 
as OA reduces these important materials, it becomes harder for some species to develop the shells they need to 
survive.	  	  
20 Plants need a combination of sunlight, CO2 and water for photosynthesis. The plant takes the energy from the sun 
to turn CO2 and water into glucose and oxygen (Royal Society of Chemistry, 2004). By taking CO2—something 
required in large amounts for OA—out of the water to feed itself, eelgrass combats OA. 
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species which thrive in warmer waters, which could mean larger aquaculture populations (CIER, 
2006, p. 31). De Silva and Soto (2009) argue that future increase in demand for food fish will 
likely have to be met by aquaculture, making the industry a solution to some of future climate 
change pressures.  
 
Aquaculture, Climate Change and Health 
 
The health benefits of fish consumption are well known today. DFO (2012b) explains that  
 

considerable volumes of research have demonstrated that seafood, and especially the 
long-chain omega-3 fats (eicosapentaenoic acid and docosahexaenoic acid), in seafood 
can deliver an array of potential health benefits. There is consistent evidence suggesting 
that eating seafood supports heart health in adults and normal growth and development in 
infants and young children. (19)  
 

According to Earle (2011), “emerging information suggests that traditional diets are able to 
supply a healthier pattern of fats and a greater amount of vitamins and minerals than Aboriginal 
peoples’ current consumption patterns” (3). When it comes to fish, Earle (2011) explains, 
 

 there is convincing evidence that the omega-3 fatty acids DHA and EHA found in fish 
and fish oils decrease the risk of cardiovascular disease. Numerous studies have 
demonstrated that traditional diets are rich in sources of omega-3 fatty acids. (3)  
 

Bacterial Illness 
 
Climate change is increasing ocean temperatures, which makes it easier for bacteria to spread 
quickly (McSweeney, 2016). De Silva and Soto (2009) argue that “it is clear that the spread of 
diseases is the most, or one of the most, feared threats to aquaculture” (p. 186). The Canadian 
Food Inspection Agency (CFIA) administers the Canadian Shellfish Sanitation Program (CSSP) 
(2016a) to protect Canadians against the health risks associated with the consumption of 
contaminated bivalve shellfish such as mussels, oysters, and clams. The CFIA monitor for 
harmful bacteria, viruses, and biotoxins that can be harmful to humans. The potential health risks 
from aquaculture will be addressed in Chapter 6 – Health Impacts. 
 
For example, in August 2015, the CFIA adjusted their bacteriological guideline for Vibrio 
bacteria in British Columbia’s raw oysters because of Vibrio parahaemoluticus (Vp) illnesses 
associated with the consumption of raw oysters that were harvested in the province (CFIA, 
2015). The guidelines were changed to explain that “the level of Vp in the harvest waters can 
change quickly due to a variety of factors such as a rise in temperature, heavy rainfall, flood or 
plankton blooms (McSweeney 2016).  
 
We are already seeing recalls of infected aquaculture species in the Atlantic. In September 2016 
the CFIA recalled Standard Northern Nova Oysters from an aquaculture operation in Nova 
Scotia, warning people that the oysters might be unsafe for raw consumption due to Vp bacteria 
(CFIA 2016b). The loss of revenue from recalls, and the potential loss of populations due to 
other climate related mortalities, are serious considerations for the aquaculture industry to plan 
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for. This does not only mean for diseases that can hurt humans, but also diseases that can destroy 
entire fish populations and as such, damage the prosperity of the venture.  
 
Much of the literature on aquaculture in First Nations communities focus on economic 
sustainability. Stuart argues that “we’re going to be into billions and billions of dollars of losses 
in our coastal communities if we don’t start acknowledging that we have to change and adapt to 
what’s happening” (Personal communication, March 10, 2017). Given that this industry provides 
much needed seasonal employment for a large number of First Nation residents, where 
alternative opportunities might be limited, it is critical that more effort be put into ensuring that 
communities have access to the latest research in order to stay ahead of the on climate change 
impacts that could potentially jeopardize their entire operation. First Nations communities in the 
Atlantic Provinces are particularly at risk. According to the Assembly of First Nations, 
“aquaculture has presented itself as an economic driver for some communities, and has provided 
much needed resources that have gone towards community social programs, building homes, 
jobs, training and education” (AFN, 2011a, 4-5)21.	  	  
	  

                                                
21 AFN cautions against citing this document in other publications, but it is available to the public.  
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CHAPTER 5   HEALTH IMPACTS  
 
 
Indigenous people will disproportionately bear the impacts of climate change, compounding the 
already overwhelming stressors Indigenous communities face (Cunsolo Willox, Harper, Ford, 
Landman, Houle, & Edge, 2012; Ford, 2012; Ford, Maillet, Pouliot, Meredith, & Cavanaugh, 
2016). In fact, the Prime Minister recognized publicly in 2016 that First Nations in Canada may 
be among the worst impacted by climate change (Justin Trudeau, n.d). Climate change can affect 
health in a number of ways: directly, by flood or extreme cold/heat events; indirectly, through 
environmental or ecological changes (for example, water-borne or infectious diseases); or 
indirectly through mental and emotional responses to climate change impacts such as food 
insecurity (Berner & Furgal, 2005; Cunsolo Willox et al., 2012; Martin, Belanger, Gosselin, 
Brazeau, Furgal, & Dery, 2007). Compounding those effects are the socio-economic conditions 
that most Indigenous communities endure. Overcrowded housing conditions, inadequate water 
infrastructure, the high prevalence of food insecurity associated with poverty magnifies the risk 
of climate change (Ford, 2012). 
 
Since COP16 (the Cancun Agreements, 2010), it is recognized that the effects of climate change 
will be felt most acutely by those segments of the population that are already vulnerable (Ford et 
al., 2016, p. 438). Indigenous peoples’ participation and their knowledge will be important for 
effective action on climate change (UNFCCC, 2014c, p. 4). As land-based societies, traditional 
practices such as hunting and fishing, or caring for the land, will undergo rapid shifts as a result 
of changes in the environment brought about by climate change (Bernal & Furgal, 2005; Cunsolo 
Willox et al., 2012; Ford, 2012; Ford, Maillet, Pouliot, Meredith, & Cavanaugh, 2016).  
 
Understanding that Indigenous health is understood as the balance between the physical, mental, 
emotional and spiritual realms as well as the environment, culture, family, and community, and 
that Indigenous well-being flows from balance and harmony among all these elements of 
personal and collective life (NAHO, 2007), we can then see how climate change will impact on 
so many of these aspects of health. The health risks associated with climate change include 
impacts on cultural identity, cultural activities, food security, and connections to land (Downing 
& Cuerrier, 2011).  
 
Health adaptation seeks to understand, assess, prepare for and help prevent health impacts, 
especially to those that are the most vulnerable (Berry Clarke, Fleury, & Parker, 2014). Extreme 
weather events or natural disasters can lead to illnesses from water contamination and outbreaks 
of disease from strains of water-borne pathogenic micro-organisms, diarrheal and intestinal 
diseases, food-borne illnesses, psychological distress, and impacts on diet due to non-availability 
of traditional foods (Berry Clarke, Fleury, & Parker, 2014). Climate change could affect the 
availability of some foods, potentially increasing food costs and reducing accessibility for people 
with low incomes or living in isolated communities. The health impacts from vulnerability to 
storms that result in widespread power outages is particularly problematic when emergency 
services, social and health services are insufficient to accommodate the challenges (Berry Clarke, 
Fleury, & Parker, 2014). Aggravation to chronic diseases from lack of proper food and potable 
water, exacerbation of heart and gastrointestinal illness resulting from the failure of refrigerators 
and freezers and the inability to prepare hot food, and the worsening of asthma symptoms after 
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rainstorms has been observed (Berry Clarke, Fleury, & Parker, 2014). Finally, psychosocial 
(psychological, social, and livelihood aspects of life) impacts include exposing people to 
stressful conditions and events can lead to alteration in moods, high risk behaviors, behaviors, 
increased levels of distress, inability to function normally in everyday events, and so on (Berry 
Clarke, Fleury, & Parker, 2014). 
 
Potential Health Risks – Drinking Water, Wastewater, Seafood 
  
Providing safe drinking water and water sanitation is becoming one of the most pressing health 
issues in First Nations (Basedo & Bhawadwaj, 2013; Daley et al, 2015). Waterborne infections 
are an important cause of preventable enteric disease (Wilson et al., 2009). According to a 
Canada-wide study of waterborne disease events (WBE), Giardia and Cryptosporidium 
(protozoa) are the most common causal agents, followed by bacteria and norovirus (Wilson, 
Aramini, Clarke, Novotny, Quist, & Keegan, 2009). Approximately 50% of communities 
experiencing WBE did not monitor water quality in the incriminated water system, but cited 
multiple factors that contributed to the events such as inadequate treatment, lack of source 
protection, and precipitation (Wilson et al., 2009). Table 5.1 presents the common causal agents 
of WBE, the source of the agent, and the symptoms that are manifested when ingested. 
 
Table 5.1 Etiologic Agent Causing Waterborne Disease Event (Adapted from Wilson et al., 
2009; Centres for Disease Control and Prevention, 2015) 

Etiologic Agent  Other Names Source Symptoms 
Protozoa 

 Giardia  
(Parasite) 

Giardia 
intestinalis, Giardia 
lamblia, or Giardia 
duodenalis 

 

Found in soil, food, or water that 
has been contaminated with feces 
from infected humans or animals. 
Water is the most common mode of 
transmission. 

•   Common - Diarrhea, 
abdominal cramps, 
nausea/vomiting, dehydration.  

•   Less common symptoms 
include itchy skin, hives, and 
swelling of the eye and joints. 

•   In children, severe giardiasis 
might delay physical and 
mental growth, slow 
development, and cause 
malnutrition 

 
 

Cryptosporidium 
(Parasite)  

Crypto Water is the most common way to 
spread the parasite.  

 

•   Common - Diarrhea, 
abdominal cramps, 
nausea/vomiting, dehydration, 
fever, weight loss. 

•   People with weakened immune 
systems may develop serious, 
chronic, and sometimes fatal 
illness. 

Bacteria and norovirus 
Toxoplasma  
(Parasite) 

Toxoplasma gondii 
 

Contaminated drinking water or 
eating undercooked, contaminated 
meat.  
 

•   Infected individuals may feel 
as if they have the flu with 
swollen lymph glands or 
muscle aches and pains that 
last for a month or more. 
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•   Severe toxoplasmosis, causing 
damage to the brain, eyes, or 
other organs 

•   Could cause serious health 
issues for pregnant women and 
individuals who have 
compromised immune 
systems. 

Campylobacter 
(Bacteria)  

Campylobacter jejuni 
 

Outbreaks of Campylobacter have 
most often been associated with 
unpasteurized dairy products, 
contaminated water, poultry, and 
produce. 

 

•   Common - Campylobacteriosis 
causes diarrhea (sometimes 
bloody), cramping, abdominal 
pain, fever, nausea and 
vomiting.  

•   Campylobacter occasionally 
spreads to the bloodstream and 
causes a serious life-
threatening infection. 

•   Some people develop arthritis 
or Guillain-Barré syndrome  

E. coli  
(Bacteria) 

Escherichia coli 
 

Consumption of contaminated 
food, consumption of unpasteurized 
(raw) milk, consumption of water 
that has not been disinfected, 
contact with cattle, or contact with 
the feces of infected people.  

 

•   Usually diagnosed through 
laboratory testing of stool 
specimens (feces). 

•   Severe stomach cramps, 
diarrhea (often bloody), and 
vomiting, dehydration, fever 
(usually is not very high). 

Helicobacter 
pylori 
(Bacteria) 

H. pylori Usually transmitted by the fecal-
oral or oral-oral route. 
Environmental reservoirs include 
contaminated water sources. 

•   Will cause chronic active, 
chronic persistent, and atrophic 
gastritis in adults and children. 

•   Causes duodenal and gastric 
ulcers.  

•   Infected persons have a 2- to 6-
fold increased risk of 
developing gastric cancer and 
mucosal- associated-lymphoid-
type (MALT) lymphoma.  

•   The role of H. pylori in non-
ulcer dyspepsia remains 
unclear.  

•   Gnawing burning pain, nausea, 
vomiting, loss of appetite, and 
possibly prolonged bleeding 
causing anemia. 

Legionella  
(Bacteria) 

 Found naturally in freshwater 
environments, like lakes and 
streams. It can become a health 
concern when it grows and spreads 
in human-made water systems like 
showers and faucets, air-
conditioning units for large 
buildings, hot water tanks and 
heaters, or large plumbing systems. 
Bacterium grows best in warm 

•   Cough, shortness of breath, 
fever, muscle aches, 
headaches. 

•   May also experience diarrhea, 
nausea, and confusion. 

•    People at increased risk of 
getting sick are 50 years or 
older, current or former 
smokers, people with a chronic 
lung disease (like chronic 
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water. Legionella grows and 
multiplies in a building water 
system. Contaminated water 
spreads in droplets small enough 
for people to breathe in.  
 

obstructive pulmonary disease 
or emphysema), people with 
weak immune systems (cancer, 
diabetes, or kidney failure), 
people who take drugs that 
suppress (weaken) the immune 
system (like after a transplant 
operation or chemotherapy). 

 
Salmonella  
(Bacteria) 

 Consumption of undercooked food 
such as poultry, meat, eggs, 
touching reptiles or birds, contact 
with the feces of infected people or 
pet feces. 

 

•   Sudden onset of diarrhea (may 
be bloody), abdominal cramps, 
fever, nausea/vomiting, 
headache, dehydration. 

•   In very young or old, or those 
with a weakened immune 
system, Salmonella infections 
may become invasive, and 
may affect the bloodstream, 
bone, joint, brain, or nervous 
system, or other internal 
organs. 

 
S. aureus  
(Bacteria) 

Staphylococcus (staph) 
 

 •   Usually does not cause any 
harm, but sometimes causes 
staph infections which can be 
serious or fatal including 
bacteremia (sepsis) when 
bacteria spread to the 
bloodstream, pneumonia 
(predominantly affects people 
with underlying lung disease, 
endocarditis (infection of the 
heart valves) which can lead to 
heart failure or stroke, 
osteomyelitis (bone infection). 

•   People with chronic conditions 
such as diabetes, cancer, 
vascular disease, eczema, and 
lung disease are at greater risk. 

Total coliform 
(Bacteria)  

  •   Coliform bacteria - microbes 
that do cause disease are hard 
to test for in the water, so total 
coliforms are tested instead. If 
the total coliform count is high, 
then it is very possible that 
harmful germs like viruses, 
bacteria, and parasites might 
also be found in the water. 

Vibrio 
parahaemoluticus 
(Bacteria) 

Vp Consumption of contaminated raw 
or undercooked seafood or 
exposing a wound to seawater. 
Usually occurs from May to 
October when waters are warmer. 

•   Common symptoms include 
diarrhea, nausea/vomiting, 
abdominal pain, fever, chills. 

•   Can cause skin infections when 
wound is exposed to water. 

Norovirus  
(Virus) 

  A highly contagious virus, you can 
become infected with norovirus by 

•   Norovirus causes acute 
gastroenteritis.  
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accidentally getting stool or vomit 
from infected people in your 
mouth. Usually happens by infected 
food workers touching raw fruits 
and vegetables or food handled 
after being cooked. Can also occur 
from foods, such as oysters, fruits, 
and vegetables, contaminated at 
their source, drinking liquids that 
are contaminated with norovirus, 
touching surfaces or objects 
contaminated with norovirus then 
putting your fingers in your mouth, 
or caring for someone with 
norovirus illness. 

•   Common symptoms include 
diarrhea, nausea/vomiting, 
stomach pain, fever, headache, 
body aches, dehydration. 

 

Hepatitis A 
(virus) 

 A liver infection, Hepatitis A is 
highly contagious. Usually 
transmitted by the fecal-oral route, 
either through person-to-person 
contact or consumption of 
contaminated food or 
water. Common and in areas where 
there are poor sanitary conditions.  
 

•   Common symptoms include 
fever, fatigue, loss of appetite, 
nausea/vomiting, abdominal 
pain, dark urine, clay-colored 
bowel movements, joint pain, 
and jaundice (yellowing of the 
skin or eyes) 

 

 
Climate factors such as heavy precipitation in the weeks prior to an event have been shown to 
increase the risk of WBEs (Thomas, et al, 2006), and are expected to increase under scenarios of 
climate change (Valcour, 2009). The lack of ability to change many of these risk factors, such as 
weather, directly highlights the need for vigilant water system management, particularly during 
known times of high risk (e.g. heavy precipitation (Wilson et al., 2009). Waterborne disease 
prevention plans and policies should take into account the potential for such weather events, and 
mitigation plans for potential impacts should be developed for use by local public health 
authorities and water utilities operators (Wilson et al., 2009). Daley et al. (2015) note that the 
fate and transport characteristics of waterborne pathogens may change, as will the health 
impacts, and unless health care and access is taken into consideration, community health care 
providers may be overwhelmed. When water quality is compromised, effective and trustworthy 
communication is essential to minimize risk to human health (Castleden, Crooks, & van 
Meerveld, 2015). 
 
BWA are issued 2.5 times more frequently for First Nation communities than non-First Nation 
communities (Patrick, 2011). The number of water-borne infections are 26 times higher in First 
Nation communities than the Canadian average (Basedo & Bhawadwaj, 2013; Patrick, 2011). 
Health Canada reported in 2009 that the average length of drinking water advisories in First 
Nations between the period 1995-2007 was 343 days, with one lasting as long as 13 years, a 
condition that would be deemed unacceptable in non-First Nation communities (Patrick, 2011, p. 
386). In the Kashechewan First Nation in northern Ontario, scabies and impetigo worsened as 
children in the community reacted to excessive chlorine in the water (Basedo & Bhawadwaj, 
2013).  
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There is evidence linking ocean temperature rise with an increase in Vibrio bacteria (Vezzulli et. 
al., 2016). McSweeney (2016) notes that as the Atlantic Ocean warms, we see more and more 
Vibrio cases in North Atlantic Countries, including cases where the person has contracted Vibrio 
by swimming during heat waves. CFIA (2016) responded to the rise of Vibrio by issuing an 
interim bacteriological guideline to be applied to all live oysters caught for human consumption. 
In September, 2016, CFIA recalled Standard Northern Nova Oysters, warning people that they 
might be unsafe for human consumption due to the presence of Vibrio bacteria (CFIA, 2016b).  
 
Bioaccumulation and biomagnification of contaminants 
 
The Gulf of Maine Council on the Marine Environment (2003) utilized blue mussels to assess 
contaminants in the Bay of Fundy, in order to measure exposure to organic and inorganic 
contaminants (see grey and orange symbols on the map in Figure 5.1 for Nova Scotia and New 
Brunswick testing stations). Mussels tends to uptake and store chemical contaminants in their 
tissues. Findings suggest that PAHs (polycyclic aromatic hydrocarbons from diesel fuel, gasoline 
or oil), PCBs (polychlorinated biphenyls from lubricants, plastics, hydraulic fluids, and 
pesticides), and chlorinated pesticides significantly increased at the Digby Harbour, NS site 
between the years of 1991-1997 (Gulf of Maine Council on the Marine Environment, 2003).  
 
Contaminants become an issue when bioaccumulation and biomagnification are taken into 
consideration (Gulf of Maine Council on the Marine Environment, 2003). Microbes, algae and 
plants, which are at the bottom of the food chain, take up these contaminants, which increase in 
concentration with each step up the food chain because they bioaccumulate (Gulf of Maine 
Council on the Marine Environment, 2003). At the top of the food chain, contaminants like PCBs 
can be over a million times higher in tissue of the predators than in seawater (Gulf of Maine 
Council on the Marine Environment, 2003). This is a warning that top consumers, including 
humans, may be at risk (Gulf of Maine Council on the Marine Environment, 2003). 
 

 
 
 

Figure 5.1 Contaminant Testing in Blue Mussels in Gulf of Maine  
(Source: Gulf of Maine Council on the Marine Environment (2003) 
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Harmful algae blooms can be formed by dinoflagellates that cause outbreaks of paralytic 
shellfish poisoning, ciguatera fish poisoning, and neurotoxic shellfish poisoning, by 
cyanobacteria that produce toxins causing liver, neurological, digestive, and skin diseases, and 
by diatoms that can produce domoic acid, a potent neurotoxin that is bioaccumulated in shellfish 
and finfish (Erdner et al., 2008). Increasing temperatures promote bloom formation in both 
freshwater (Paerl et al., 2011) and marine environments (Marques et al., 2010).  
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