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Introduction 

This document has been created to provide a concise and comprehensive review of information 
relating to the salmon aquaculture industry in British Columbia (BC).  The British Columbia 
Salmon Farmers Association (BCSFA) is dedicated to educating the general public about the 
salmon farming industry in the province.  The material in this document has been summarized 
from a broad range of resources, including peer-reviewed scientific papers, books, government 
and industry publications, websites and media releases.  Every attempt has been made to present 
a balanced description of all aspects of the industry, from regulation to the known and potential 
environmental impacts of salmon farm operations. 

The purpose of such a document is to assist people outside of the industry, and those involved in 
the Cohen Commission of Inquiry into the Decline of Sockeye Salmon in the Fraser River, in 
developing a better understanding of salmon farming in BC.  The BCSFA recognizes that some 
publications about salmon farming that are distributed to the general public by industry 
opponents are prepared to deliver a specific message.  Intentionally or unintentionally, many of 
these publications do not always deliver a balanced message.  It is hoped that the material in this 
document will educate readers and allow them to develop an informed opinion about the salmon 
farming industry in BC. 

Preamble 

1. Why farm salmon in BC? 

There are a number of reasons for farming salmon in BC. The sheltered, deep inlets, strong 
currents and cool temperatures characteristic of BC coastal waters provide ideal growing 
conditions and locations for fish farms. The proximity of farm sites to the market is favourable, 
allowing fresh prime product to reach the customer within 48 to 72 hours.1  The worldwide 
demand for seafood, including salmon, is growing, and the commercial fishing industry is 
struggling to keep up.2 

Currently, salmon aquaculture is BC’s most important agricultural crop, supplying products to 
the rest of Canada, the United States and Asia. The aquaculture industry also provides 
employment for many individuals in remote coastal communities. A group of leading researchers 
have noted: 

“Salmon farming provides employment in coastal communities and it reduces the 
pressure on Pacific salmon (Oncorhynchus spp.) stocks at a time when a warming 
climate is complicating the management of wild Pacific salmon stocks.”3 

2. How long has salmon aquaculture been practiced in BC?  

“Finfish aquaculture” began in the 1850s when governments engaged in the incubation and 
hatching of different species.4   In the early 1900’s the Canadian Fisheries Service developed a 
widespread hatchery program, but by the mid 1930’s marginal success led to the closure of most 
of the hatcheries established in BC.5  The modern salmon farming industry started commercial 
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operations in Canada in the early 1970s.6   

The first commercial salmon farms in BC were located on the Sunshine Coast, but the challenges 
of frequent algae blooms encouraged the industry to expand to more remote areas along the coast 
of Vancouver Island where conditions were more favourable. In conjunction with this move, 
farmers also began to farm Atlantic salmon (Salmo salar) in addition to the chinook 
(Oncorhynchus tshawytscha), coho (O. kisutch) and sockeye (O. nerka) that were originally 
farmed. 

The aquaculture industry in Canada has grown to be one of the top competitors in the world. In 
2010, BC was responsible for over 50% of the nation’s exports of farmed finfish (including both 
salmon and freshwater trout production).7  The majority of the remaining finfish production 
occurred in eastern Canada (primarily New Brunswick, with lesser amounts in Nova Scotia, 
Newfoundland and Labrador, and Prince Edward Island) with a small amount of production 
occurring in Ontario and Quebec.8 

3. Who farms in BC? 

The consolidation of ownership of many smaller companies has transformed the industry in BC 
over the last two decades.  The majority of farmed salmon production is now managed through 
four larger companies, three of which are listed on stock exchange(s) and are publicly traded. 
Marine Harvest Canada, Mainstream Canada, and Grieg Seafood BC Ltd. are all part of 
multinational businesses whose parent companies are public. Creative Salmon Company Ltd. is 
privately owned. 

4. What benefits is this industry bringing to the people of BC? 

In 2009, PricewaterhouseCoopers LLP (PWC) prepared an economic ‘snapshot’ of the entire 
industry based on 2008 financial results and previous work commissioned, at the time, by the BC 
Ministry of Agriculture, Food and Fisheries. The report found salmon farming in BC provides an 
estimated 6,000 direct and indirect full-time jobs. Direct employment of 2,800 person years 
occurs in hatcheries, farm sites, administration, and processing.9    

Employment opportunities in the aquaculture industry vary from physically demanding field 
work to upper level management positions. Most positions require formal education in addition 
to on-the-job training and hands-on experience. Examples of positions within the aquaculture 
industry include: senior managers, scientists and technicians, veterinarians and fish health 
specialists, farm and hatchery workers, boat captains and deckhands, truck drivers, workers in 
manufacturing and processing facilities, administrators, sales and marketing staff, and 
transportation sector employees.10 

In 2010, Fisheries and Oceans Canada (DFO) released a study entitled Socio-Economic Impact of 
Aquaculture in Canada.11 The study indicated in 2007, the aquaculture industry in Canada 
created 14,500 full-time-equivalent (FTE) Canadian jobs. Direct employment in hatcheries, on 
farms, in processing plants and administration was estimated at 4,900 FTE. Indirect employment 
(includes impacts in the industries supplying goods and services to aquaculture activities) created 
6,400 FTE, while induced activities (arising from spending of income earned by those employed 
in direct and indirect activities) added 3,200 FTE. In terms of income, direct labour income in 
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Canada in 2007 totalled $156.8 million, while indirect income for support industries totalled 
$241.2 million.  

According to the DFO report, in BC in 2007, aquaculture generated about 6,000 FTE of 
employment: 2,220 FTE in direct activities, 2,330 FTE in indirect jobs and 1,410 FTE in 
induced activities, totalling $223.3 million in labour income.12 Total direct labour income was 
$78.4 million (averaging $35,250 FTE), indirect income totalled $95.1 million (averaging 
$40,900) and induced activities in the broader economy earned $50.4 million (averaging 
$35,700). The output value in 2007 was $559.7 million, resulting in gross value of economic 
activity generated of $946.1 million. The industry made an overall contribution to provincial 
GDP of $425.3 million. In comparison, commercial fisheries (including processing) employ 
approximately 1,600 people, many being seasonal workers only. By providing job security in 
coastal communities where other resource-based employment opportunities have been depressed, 
salmon farming also provides economic and social stability.  

Another recent study commissioned by the Living Oceans Society and the Regional District of 
Mt. Waddington, examined the economic livelihoods of people, businesses and communities to 
the marine environment in that district in the Northern portion of Vancouver Island.13  Having 
calculated aquaculture, commercial fisheries, marine recreation, and marine transport 
collectively it was determined these industries “generate $48 million in wages & benefits and 
1,160 person-years of employment directly” to the area’s residents, the study notes (as presented 
in Table 1) aquaculture represents the largest source of these direct benefits.14  Worth $178.3 
million in revenue, $19.2 million in wages and 400-person years of employment within the 
Regional District directly, aquaculture plays an important role in communities such as Port 
Hardy and Port McNeill. 15 

Table 1. Economic importance of marine-based activities in Regional District of Mt. Waddington16 

Direct Industry Impacts Wages & Benefits  
$ million 

Employment  
per person-year or PYs 

Commercial Fisheries 8.3 305 
Aquaculture 19.2 400 
Marine Recreation  -   Sport Fishing 
                                -   Other 

5.0 
8.0 

                                     120   
225 

Marine Transportation 7.5 110 
Total 48.0 1,160 

Note: Taken from GSGislason & Associates Ltd., 2011. 

5. What species of salmon are farmed in BC? 

In 2009, the three main species grown were Atlantic, chinook, and coho salmon; however, the 
vast majority (95%) of salmon grown is Atlantic salmon.17 

6. Why farm Atlantic salmon in BC?  

Atlantic salmon is the most commonly farmed salmonid species in BC due to the fact it is an 
efficient converter of feed to edible protein,18 is easier to manage, has low mortality in sea cages, 
adapts well to being farmed and commands a high market value.19  
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7. What is the size of the BC salmon aquaculture industry? 

There are 134 licensed salmon farms in BC, and this number can vary depending on the timing 
of renewals, amendments, and new applications. Roughly three quarters of the licensed farms are 
actively employed for scheduled production and of this number, approximately one third are 
fallow at any given time. In effect, there are 70 to 75 salmon farms operating at any given time in 
BC. 

8. What is the size of a fish farm? 

A typical salmon farm consists of two to 24 net pens of varying sizes from 15 metres by 15 
metres to 30 metres by 30 metres. Some companies also use circular pens which have a 
circumference of 23 to 35 metres. Cage depth depends on the size and shape of the pen, and 
tends to be between 12 to 30 metres. The number of fish stocked into a net pen depends on its 
size and depth; however a 30 metre pen would usually be stocked with 35 – 60,000 fish for a 
stocking density at harvest of less than 15kg/m3. 

9. How does the efficiency of aquatic farming compare to terrestrial farming? 

Land-based agriculture accounts for 80% or more of the food we eat. Much of the world’s arable 
land has been committed to the production of food, and few remaining areas are available for 
increasing production. Farming aquatic animal protein is generally more efficient and cost 
effective in terms of space and resource utilization compared with land-based animal proteins.20 
The Canadian Aquaculture Industry Alliance notes: 

“Most aquaculture production methods rank on the lower end of the carbon 
footprint/output scale for food production when compared to industrial harvesting 
practices. When wastes from bycatch, fishery discards and processing by-products 
are factored into the equation, the differences are even greater.”21 

In terms of surface area, this means that much greater production per hectare can be achieved in 
general from aquaculture.22  Based on statistics provided by the Ministry of Environment for the 
2009 production year, 4,575 hectares (ha) of tenures produced 76,300 tonnes of salmon.23 This 
gives a yield of 16.68 tonnes per hectare. The result is even more striking when one considers 
that less than 1.25 ha of a salmon farm tenure is used to grow fish and the remainder is used for 
storage and anchoring.  In comparison, the amount of land required to raise cattle for the beef 
industry is larger: 6,982 ha of good pasture are needed to produce 1,250 kg of edible beef, 
compared to 1.6 ha, to produce the same amount of edible salmon. 24 

10. What is the production of farmed salmon in BC? How does this compare to the 
production of wild salmon at the same time? 

While the production of farmed salmon has remained relatively consistent in recent years, the 
commercial harvest of wild salmon has been more variable from year to year.  Table 2 (below) 
summarizes farmed salmon production in BC compared to the commercial salmon harvest for 
the period of 2006 to 2009.  
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Table 2. Farmed salmon production compared to the commercial salmon harvest, BC, 2006-2009 

Year Farmed Salmon Production25 Wild Salmon Harvest26 
Tonnes $ Value (millions) Tonnes $ Value (millions) 

2006 78,000 407.4 24,300 60.9 
2007 78,900 384.1 20,200 31.6 
2008 81,400 409.3 5,400 21.6 
2009 76,300 394.2 18,500 23.7 

11. What is the relationship between finfish aquaculture and First Nations in BC? 

First Nations have a complex relationship with aquaculture, and they are neither universally 
opposed to aquaculture, nor universally in favour of it.  A recent book by Nathan Young and 
Ralph Matthews, The Aquaculture Controversy in Canada: Activism, Policy, and Contested 
Science attempts to put these competing views of salmon farming by First Nations into context: 

“While First Nations groups are adopting different and sometimes competing 
stances on aquaculture development, the issues of rights and self-governance are 
front and centre both in opposition to and in support of the industry.”27 

As an example, in 2010 when environmental groups protested the Ahousaht First Nation 
involvement with aquaculture and copper mining companies, the Ahousaht hereditary chiefs 
issued a media release asking that external stakeholders recognize the Nation’s sovereignty and 
cease in their efforts to impose their agendas on the Nation, its Leaders and its People.28  In 
contrast, the Homalco First Nation openly opposed the production of farmed salmon in their 
traditional territory near the mouth of Bute Inlet and welcomed the support of environmental 
groups.29 This position has since changed.29a 

Authors Matthew and Young note that because aquaculture has been cast in the role of “an 
economic saviour and problem solver for troubled regions”, it has unintentionally become 
“married… to the problem of coastal economic and environmental hardship”.30  The authors say 
the more realistic way to view the industry is as “part of a broader diversification of coastal 
economies.”31  As the Ahousaht press release suggests, whether aquaculture balances their 
traditional ways of life with economic, social and environmental sustainability is an issue that 
each First Nation must decide for itself. 

There are other examples of positive relationships between the aquaculture industry and First 
Nations in BC. The Aboriginal Aquaculture Association (AAA) was established in 2003 by six 
Founding Members, representing a cross-section of aboriginal leaders in BC. Following a 
number of studies, these leaders “concluded that various forms of aquaculture may provide 
successful careers for their communities, especially among young aboriginal people.”32 The 
association has a mission to “promote and assist the development of First Nations’ aquaculture 
that respects and supports First Nation communities, culture and values.”32a The association has 
also taken the lead with the development of the Aboriginal Certification of Environmental 
Sustainability (ACES) Program for aquaculture.33 

The salmon aquaculture industry in BC has developed partnerships with many First Nations 
people. For example, Marine Harvest Canada has been working together with the 
Kitasoo/Xai'xais people in Klemtu for over 10 years.  The state-of-the-art aquaculture program 
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developed with the Kitasoo processes 5,000 tonnes of salmon a year from local farms, while 
providing stable, long-term employment for members of the community.34 
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Section 1.  Does the regulatory regime for finfish aquaculture protect 
both farmed and wild salmon? 

The regulatory regime that applies to salmon farming in BC is designed to protect both wild 
salmon and farmed salmon, as well as other marine life and habitats.  Although exclusive 
jurisdiction over salmon farming in the province has only recently been given to the Federal 
Government of Canada, the new federal regulations and licences adopted many of the 
environmental monitoring and audit programs introduced by the Provincial government and 
included additional requirements to ensure the salmon aquaculture industry is in compliance with 
its obligations, provides for greater public reporting of compliance and environmental 
performance.  By regulating the industry primarily through individualized licence conditions, the 
DFO (Department of Fisheries and Oceans, also known as Fisheries and Oceans Canada) also 
ensures that its management of salmon aquaculture is able to continuously adapt to current 
scientific knowledge to address potential impacts on wild salmon and the environment. 35  

Regulatory backgrounder - context: 

Apart from the regulatory framework, the DFO has numerous policies and programs that relate 
to aquaculture either directly by setting out the role of the Department with respect to 
aquaculture, or indirectly by establishing practices which touch upon aquaculture activities.  A 
brief overview of several of these policies and programs is provided below. 

Federal Aquaculture Development Strategy (FADS)36 

Aquaculture lies between fishing and farming, and developed in a complex jurisdictional context 
involving the participation of regional, provincial/territorial and federal governments.   The 
Federal Aquaculture Development Strategy was developed to foster and guide the development 
of sustainable aquaculture in a manner consistent with the DFO’s “responsibilities in such areas 
as habitat and biodiversity”37 and the International Council for the Exploration of the Seas 
(ICES) position that “aquaculture, when properly managed, is an environmentally sound 
commercial activity.”38 

Aquaculture Policy Framework (APF)39 

Under the APF, aquaculture is a strategy that functions within DFO’s management and 
conservation of wild salmon.  It notes that aquaculture can reduce pressure on wild fish stocks, 
“helping to sustain and enhance the wild fishery”.40  The APF reports that “by 2025 annual 
demand for seafood will outstrip the capacity of wild fisheries by some 55 million tonnes”.41 
Furthermore, it reads: 

“With global demand increasing and natural stocks already largely at or 
exceeding their maximum capture potential, it is clear that aquaculture will play 
an important role in satisfying future global demand and in contributing to the 
security of the global food production system.” 
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The APF identifies numerous pressures on natural resources.  These include population growth, 
the expansion of the world economy putting pressure on natural resources, climate change, air 
pollution, threats to water quality and availability, and declining biodiversity.42  It recommends 
that governments and the private sector “take measures to ensure the long-term sustainability of 
the world’s natural resources through responsible stewardship, sound environmental 
management and scientific innovation.”43   

The APF integrates consideration of sustainable development, adaptive management, and the 
precautionary approach into the development of the aquaculture industry.44 Under the APF the 
DFO will, “where applicable, consider the social and economic benefits associated with 
aquaculture development in the course of its decisions.”45  This approach balances the risks of 
aquaculture to the environment with the social and economic benefits, and ensures that the risks 
are well-monitored, mitigated and offset wherever possible. 

Wild Salmon Policy (WSP)46 

The WSP explains that the DFO’s conservation mandate and responsibilities under the WSP are 
consistent with the previously-published APF.47  It notes that the DFO’s role, “as the lead federal 
agency for aquaculture, is to manage aquaculture so that it is environmentally sustainable, 
socially responsible, and economically viable”, and that the APF directs the DFO to “support 
aquaculture development in a manner consistent with its commitments to eco-system based and 
integrated management, as set out in departmental legislation, regulations and policies.”48 

The WSP says that aquaculture “will be regulated in a manner consistent with other human 
activities that may adversely affect salmon or their habitat” and provides: 

“If specific Conservation Units of wild salmon are threatened by aquaculture 
operations, corrective actions will be taken under the Fisheries Act, or longer-
term solutions will be pursued as part of an integrated planning process.”49 

B.C. Aquaculture Regulatory Program (BCARP)50 

BCARP is a new DFO program for managing, administering, and regulating aquaculture in BC 
and for governing the aquaculture industries now subject to federal regulation.  Under this 
program, DFO will develop policies and Integrated Management of Aquaculture Plans (IMAPs), 
review licences and management plans, liaise with stakeholders, other governments and First 
Nations, and report publicly on the performance of the aquaculture industry.51 In conjunction 
with the regular reporting obligations and approvals required under the new aquaculture licences, 
DFO may refuse to approve the transfer of new fish to sites before certain environmental 
thresholds are achieved, and may undertake prosecutions for breaches of the licence, and require 
“site observers” where other measures prove insufficient to achieve compliance.52 

Policy for the Management of Fish Habitat (No Net Loss) 

DFO defines “No Net Loss” to mean “A working principle by which the department strives to 
balance unavoidable habitat losses with habitat replacement on a project-by-project basis so that 
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further reductions to Canada’s fisheries resources due to habitat loss or damage may be 
prevented.”53  It is a flexible policy that operates through a hierarchy of preferences and other 
procedures to permit works or undertakings where “other techniques, including those used to 
restore and develop habitat, may be employed by proponents to achieve no net loss and the 
conservation goal.”54 

12. Are salmon aquaculture sites in BC regulated? 

Canada’s aquaculture industry operates under a comprehensive set of federal, 
provincial/territorial, and regional legislation and regulations.55  Aquaculture in BC was 
regulated by both the federal and provincial governments until December 18, 2010.  The 
Province of BC continues to issue tenures where operations take place on crown land in either 
the marine or freshwater environment, licence marine plant cultivation, license and inspect 
seafood processing plants and manage business aspects of aquaculture such as work place health 
and safety within the province.56 

Formerly, aquaculture sites and farm siting were regulated by the Province of BC pursuant to 
numerous pieces of legislation.57  The Federal Government of Canada regulated marine 
navigation and performed reviews and environmental assessments of aquaculture projects under 
the Fisheries Act (Canada),58 the Navigable Waters Protection Act (Canada),59 and the Canadian 
Environmental Assessment Act (CEAA).60   

Following the decision of the B.C. Supreme Court in Morton v. British Columbia (Ministry of 
Agriculture and Lands) in 2009,61 the Federal Government of Canada now regulates finfish 
aquaculture in BC, whereas the Province of BC regulates crown land tenures for aquaculture 
sites and the aforementioned additional processing and business aspects of aquaculture.  Justice 
Hinkson in the Morton v. British Columbia (Ministry of Agriculture and Lands) decision held 
that the specific provisions of the B.C. legislation and regulations pertaining to finfish 
aquaculture were to be read down to only apply to the cultivation of marine plants.62  
Aquaculture in BC is now regulated under the Fisheries Act (Canada), the Fishery (General) 
Regulations, and the recently-enacted Pacific Aquaculture Regulations (PAR).63  

13. How are farm sites regulated in BC?  

The PAR sets out various conditions required in aquaculture licences including the waters in 
which aquaculture is permitted,64 measures that must be taken to minimize the impact of the 
aquaculture facility’s operations on fish and fish habitat,65 and the measures that must be taken to 
monitor the environmental impact of the aquaculture facility’s operations.66  For example, the 
licence and conditions for finfish aquaculture under the PAR provides for the protection of fish 
habitat at section 13.  Section 13 requires the industry to take numerous steps such as monitoring 
benthic impacts, fallowing farms, and in some cases providing habitat compensation and taking 
measures to mitigate the loss of productivity to the seabed.  

14. Do aquaculture operations undergo an environmental assessment?  

Environmental assessments of aquaculture sites under the CEAA67 were performed to determine 
the significance of the potential adverse environmental effects that an aquaculture facility may 
have posed, including determining whether the site would impact fish and fish habitat under the 
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Fisheries Act (Canada).68  However, the Morton v. British Columbia (Ministry of Agriculture 
and Lands)69 decision introduced some uncertainty on whether CEAA continues to apply to 
aquaculture, as it ruled that aquaculture is a “fishery”.  There is case law that says fishing is not a 
“project” requiring environmental assessments under CEAA.70   

Fisheries are not required to conduct environmental assessments.  Nevertheless, a CEAA 
assessment is necessary for new or modified salmon farms if Transport Canada determines the 
project is likely to cause a substantial navigational interference when giving an approval under 
the Navigable Water Protection Act.71 

15. What role does government play in aquaculture management?  

As of December 18, 2010 the Federal Government of Canada is the regulator of the aquaculture 
industry in BC.  Because of the substantial economic benefits of aquaculture, particularly to rural 
coastal areas,72 in addition to regulating and enforcing compliance with the PAR and aquaculture 
licence conditions under the Fisheries Act (Canada), the Federal Government of Canada also 
supports the development of  sustainable aquaculture.73  There are 17 federal departments and 
agencies that have a direct influence on aquaculture development and management.  Together, 
these departments cover issues such as research, environmental sustainability and interaction, 
and product safety inspections.74  The Fisheries Act (Canada) does not directly reference 
Aquaculture activities and for this reason there is growing support across Canada within the 
salmon farming business for the development of an Aquaculture Act which would clearly define 
rights and responsibilities for this growing sector.75 

16. Are aquaculture operations inspected on a regular basis?  

Until December 18, 2010, DFO and the other federal departments and agencies, as well as the 
province of BC monitored aquaculture operations by reviewing monitoring data gathered by 
aquaculture operators as part of the requirements of their licence, lease or other approval, and by 
conducting periodic on-site audits of operations. Furthermore, BC Ministry of Agriculture and 
Lands (BCMAL) and the BC Ministry of Environment (BCMOE) conducted on-site audits to 
assess compliance, verify the accuracy of industry-reported information and to collect samples 
for disease testing. 

The Fisheries Act (Canada) provides for inspectors to enter and inspect operations, including to 
check for deposition of deleterious substances by taking samples, tests and measurements, and 
requires every person in the place being inspected to give inspectors all reasonable assistance in 
carrying out their duties.76  Under BCARP the DFO will conduct compliance evaluations for fish 
health and environmental protection, review and analyze environmental and compliance data, 
and evaluate the effectiveness of environmental protection.77  A Conservation and Protection 
unit will now be enforcing compliance with the new PAR by inspecting and auditing sites, and 
undertaking investigations and enforcement actions.78  According to the DFO, the new unit will 
create a substantial enforcement presence focused on aquaculture.79  

17. What types of ongoing monitoring take place? Who does the monitoring?  

Under BC’s jurisdiction, compliance with regulatory requirements and the terms and conditions 
of Aquaculture Licences was determined by way of regular inspections of farm sites by 
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provincial and federal inspectors.  A comprehensive inspection of every active salmon farm was 
made once every year to measure compliance with the regulatory requirements of the BCMAL 
and the BCMOE, and terms and conditions of the Aquaculture Licences issued by BCMAL.80  
Provincial inspectors would interview company employees, review the farm’s operational 
procedures and practices, inspect all aspects of the operational systems (cages, nets and ancillary 
infrastructure) and review maintenance records for completeness and compliance.  On average, 
each operational finfish facility was visited several times each year by various government 
representatives other than the BCMAL inspectors, including BCMAL Fish Health Technicians, 
the BCMOE Environmental Protection Division staff, the DFO, and WorkSafeBC.81   

Federal aquaculture licences granted under the PAR require licence holders to conduct ongoing 
monitoring themselves. The PAR requires additional information than was previously required 
by the Province’s auditing process.  Certain monitoring must also be accompanied by 
documented analysis.  For example, fish health records must be “reviewed by the licence 
holder’s veterinarian and/or fish health staff to look for patterns in fish health and disease”, and 
these reviews must be documented and kept as part of the fish health records to be made 
available to the DFO upon request.82  As formerly under the Finfish Aquaculture Waste Control 
Regulation (BC), aquaculture licence holders continue to be required to perform ongoing 
environmental monitoring of sediments below and in the vicinity of the farm site and to report 
results.  They must collect raw benthic monitoring data and have analytical reports prepared and 
kept for a six year period.83 

18. Does the DFO apply Sections 35 and 36 of the Fisheries Act (Canada) in 
consideration to aquaculture? 

The DFO states that the PAR and the Fishery (General) Regulations apply to “individual 
Harmful Alteration, Disruption or Destruction (HADD) authorizations issued under Section 35 
of the Fisheries Act.”84  Section 35(2) contemplates the authorization of HADDs by Ministerial 
authorization or regulations by the Governor in Council, whereas section 36(4) contemplates 
regulations prescribing the deposition of deleterious substances. Authorizations under section 
35(2) of the Fisheries Act (Canada) permit aquaculture operations to create HADDs, and require 
them to exercise due diligence with respect to the deposition of deleterious substances under 
section 36(3) of the Act. However, at present there appears to be some uncertainty as to the 
application of sections 35 and 36 of the Fisheries Act (Canada)85 to aquaculture.   

For example, the National Aquaculture Strategic Action Plan Initiative (NASAPI) West Coast 
Marine Finfish Sector recommended in its Strategic Action Plan 2011–2015 there should be 
“regulations under the Fisheries Act to enable administration of drugs and pest control products 
in aquaculture for fish pathogen and pest treatment within the conservation and protection 
mandate of the Act (i.e. s.35)”.86  The plan recommends “a regulatory process by which drugs 
and pest control products, technologies and procedures can be used for fish health management 
without contravening s. 32 or s.36 of the Fisheries Act while ensuring that proper measures are in 
place to conserve and protect fish and fish habitat.”87 

For salmon farming operations in BC, DFO apparently intends to establish conditions of licence 
and a separate section 36 authorization to manage environmental impacts.88 Conditions of the 
licence may include “setting limits on the extent of environmental impact, requiring 
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compensatory measures for altered habitat, setting out monitoring and reporting requirements, 
and working with industry on aquaculture siting and assessment measures to ensure negative 
impacts to sensitive fish habitats are avoided”.89 

19. What has been the industry’s level of compliance with the regulatory requirements 
in recent years?  

The BCMAL and BCMOE joint report Regulatory Compliance of British Columbia’s Marine 
Finfish Aquaculture Facilities: 2008, reports that in 2008 the salmon aquaculture industry had an 
average compliance level of 99% on both the BCMAL and the BCMOE inspection points.90  The 
industry has demonstrated a high level of compliance since 2003.91 

20. Are penalties given to aquaculture operators who break the rules? What kind?  

The Fisheries Act (Canada) section 40 provides for criminal offences and penalties for the 
unauthorized HADDs under section 35(1) or deposition of deleterious substances under section 
36(3) of that Act.  The licences issued under the PAR provide that “Contravening a condition of 
this licence is an offence under the Fisheries Act.” 

Contravening sections 35(1) and 36(3) of the Fisheries Act (Canada) may result in an offence 
under the Act. Subsections 40(1) and 40(2) of the Fisheries Act (Canada) make it an offence to 
contravene subsections 35(1) and 36(1) of (3) respectively, and provide that a person may be 
guilty of either an offence punishable on summary conviction or an indictable offence. There are 
substantial fines of up to $300,000 for a summary conviction offence and up to $1,000,000 for 
indictable offences, as well as potential jail time of up to six months for a subsequent summary 
conviction, and up to three years for indictable offences under the Act. Section 40(3) also 
provides a list of other acts and omissions under the Fisheries Act for which, for a first offence a 
fine of up to $200,000 and for subsequent offences a fine up to the same amount or 
imprisonment of up to six months. 

Both DFO and Environment Canada possess a suite of tools apart from prosecutions and 
convictions to encourage compliance with the Fisheries Act (Canada).  The Compliance and 
Enforcement Policy for the Habitat Protection and Pollution Prevention Provisions of the 
Fisheries Act says that “warnings, directions by Fishery Inspectors, authorizations, and 
Ministerial orders” may be used to enforce the habitat protection and pollution prevention 
provisions.92  Court actions other than prosecutions are also available, including injunctions and 
civil suits for recovery of costs.93 

21. How do Canada’s introductions and transfers regulations guard against introducing 
new pathogens/ diseases in the environment? 

The movement of aquatic animals and eggs from other countries, and even within Canada, 
involves a risk of transferring fish pathogens or parasites.  The introduction and transfer of eggs 
and aquatic animals in BC used to be governed by the Fishery (General) Regulations (Canada),94 
the Regulations Respecting the Protection of Health of Fish (Canada),95 and the Introductions 
and Transfers Committee applying the National Code on Introductions and Transfers of Aquatic 
Organisms (ITO Code).96 The purpose of the ITO Code was to reduce the risk of introducing 



 

 - 19 - 

new infectious agents that may cause disease outbreaks, in a manner “consistent with Canada’s 
commitments under the 1992 Convention on Biological Diversity.”97   

The Canadian Food Inspection Agency (CFIA) is the federal agency now responsible for disease 
control and importation of fish and eggs, with the mandate to further reduce the risk to disease 
introduction and eradicate or control the disease if it occurs.  The CFIA will administer the 
introduction of eggs through the recently-amended Health of Animals Act (Canada)98 (HAA) and 
Health of Animals Regulations (Canada)99 (HAR), and the National Aquatic Animal Health 
Program (NAAHP).  These amendments were introduced to create a comprehensive national 
regulatory framework to protect against the introduction of diseases or spread of diseases within 
Canada, and to help Canada meet international standards for aquatic animal health control 
measures set by the World Organisation for Animal Health (OIE).100   

As of December 2010, introductions and transfers are regulated by the CFIA applying the HAA 
and HAR, and in cooperation with DFO in delivering the NAAHP.  Under the HAA, the CFIA 
must be informed of the presence of reportable and notifiable diseases, and must implement 
controls to prevent these diseases from being introduced into, or spread within, Canada.  The 
parts of the HAR affecting movement of aquatic animals within Canada will come into effect 
once the health status of eradication areas have been declared.101 

The HAA requires aquatic animals be presented for inspection when they are imported and 
requires a permit for importations of species susceptible to the diseases listed in the HAR.102  
Permits contain conditions which are designed to allow the importation of aquatic animals while 
minimizing the risk of introducing or spreading the listed diseases.  Various risk factors are 
considered to determine the conditions of the import permit or whether a permit should be denied 
where the risk is too great.  These factors include “species, life stage, disease agent, method of 
transmission and disease status of place of origin or specific uses such as bait, feeding to, or 
manufacturing feed for aquatic animals, research or diagnosis, or any other purpose that produce 
offal or effluent from those aquatic animals.”103  Although the government admits that “these 
amendments will not completely eliminate the risk of the introduction of the listed diseases”, it 
says:  

“However, it will constitute reasonable steps to control the preventable risk, and 
to harmonize Canadian requirements with international standards. As well, these 
amendments mirror the current provisions for land animals in that they include 
tools to help prevent the spread of disease as well as measures to prevent 
introduction.”104 

A person who owns or has the possession, care or control of an animal must immediately notify 
the nearest veterinary inspector of the presence of a reportable disease or any fact indicating its 
presence.105 A veterinarian or person who analyses animal specimens and who suspects a 
reportable disease must also immediately notify a veterinary inspector appointed under the Act 
of his or her suspicion.106 Failure to notify is an offence under the Act, as is concealing a 
reportable disease.107 The enforcement of permit conditions is achieved through the examination 
of animals and of records of hatcheries and other facilities that move aquatic animals.108  
Conviction of an offence under the HAA can result in a fine of up to $50,000 for a summary 
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conviction or $250,000 for an indictable offence, and imprisonment of up to six months or two 
years respectively.109 

Formerly, under the Fisheries Act (Canada) it was prohibited to release or transfer live fish into a 
rearing habitat except as authorized by a federal licence,110 or to possess, transport, or traffic live 
fish unless authorized by a provincial licence.111  Under the Fishery (General) Regulations 
(Canada), a licence could only be issued if the release or transfer of the fish would be in keeping 
with the proper management and control of fisheries, the fish did not have any disease or disease 
agent that may be harmful to the protection and conservation of fish, and the release or transfer 
of the fish did not have an adverse effect on the stock size of fish or the genetic characteristics of 
fish or fish stocks.112  The Regulations Respecting the Protection of Health of Fish (Canada)113 
furthermore required a certificate that the eggs were inspected in the approved manner and were 
free from enumerated diseases before an import permit could be issued.  

The safeguards implemented by DFO in its salmonid importation policies included: 

• importation of eggs only (live fish are not permitted) 

• certification of the exporting facility under the Fish Health Protection 
Regulations (FHPR) and inspection by a Canadian Fish Health Officer (or 
competent authority of the exporting country) 

• surface-disinfection of eggs prior to shipping 

• rearing of eggs and fry in a DFO-approved quarantine facility within the Pacific 
Region until the fish are at least 3 grams. During this time monthly health 
monitoring must be done to test for infectious agents.114 

The certified exporting facility approved by the DFO is located in Stofnfiskur, Iceland, where 
Infectious Salmon Anemia (ISA), the primary pathogen of concern, has never been detected. 

The ITO Code, which is still listed on the DFO’s website discussing the CFIA’s delivery of the 
new NAAHP, required proponents to provide detailed information relating to the transfer, and a 
risk assessment is then carried out to determine whether the introduction poses a low, medium or 
high risk on the basis of international models, processes, and scientific knowledge and expertise.   

Introductions and transfers to which the ITO Code applied occurred for a variety of reasons such 
as to create or improve new recreational fisheries and expand enhancement programs,115 
aquaculture, increase fish stocks, biocontrol, or fill perceived gaps in certain aquatic 
communities is permitted under certain conditions.116  It is also important to note the ITO Code 
never applied to numerous other human activities which posed significant threats of disease 
transfer to wild salmon in the marine environment.117  In particular, ballast water used in the 
shipping industry is considered “the largest single source of new aquatic invasive species … 
ranging from bacteria to larger organisms.”118 When processing wild fish, processing plants may 
also harbour substantial concentrations of viable pathogens from distant locations.119  

22. Does the DFO have a conflict with its mandate(s)? 

Some  ENGOs claim that the DFO is in a conflict of interest with respect to its mandates to 
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conserve wild salmon and to regulate and promote aquaculture.  The Living Oceans Society 
credits this notion to the “Federal Auditor General’s audit” in 2000 which it says “identifies a 
conflict of interest between the Department of Fisheries and Oceans’ (DFO) promotion of 
salmon farming and its mandate to protect wild fish and wild fish habitat”.120  The audit’s 
purpose was to determine “whether the Department, as the agency responsible for the 
conservation and protection of wild salmon stocks, is meeting its obligations under the Fisheries 
Act and the Oceans Act, while participating in the regulation of the salmon farming industry in 
B.C. …”   

However, the Report of the Auditor General of Canada121 (December 2000) does not say DFO’s 
conservation mandate and its commitment to develop sustainable aquaculture are in a clear 
conflict, only that DFO was not adequately meeting its obligations.  The potential conflict noted 
by the Report was between federal and provincial legislation.122 The Report in fact says:  

“…It is in the Department [of Fisheries and Ocean]’s and B.C.’s mutual interest 
to create an environment in which wild salmon and the farming industry can co-
exist, thus maximizing sustainable economic benefits.”123 

The Report noted a number of areas in which DFO needed to improve, such as in monitoring 
habitat and enforcing compliance under the Fisheries Act, using scientific criteria for siting 
farms, assessing cumulative effects as required by CEAA, and monitoring impacts on wild fish 
by farms, including by escaped Atlantic salmon.  The Auditor General noted 69% public support 
of expanding the BC salmon aquaculture industry in 1999 “assuming the guidelines in the B.C. 
Salmon Aquaculture Review are turned into workable regulations”.124   

Now that BC no longer has jurisdiction over salmon aquaculture in the Province, the possibility 
of conflict with provincial laws is minimized.  Moreover, DFO is seeking to implement more 
rigorous monitoring and reporting requirements than what was mandated by BC.  It is possible 
that many of the concerns expressed in the Auditor General’s report are now being addressed or 
will be addressed by the DFO’s new regulation of the industry. 

The future development of an Aquaculture Act would also assist in clarifying governments roles 
and responsibilities.125 
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Section 2a.  Can diseases of farmed fish be managed to minimize or 
eliminate risk to wild stocks? 

Concerns raised about the potential fish health impacts of salmon aquaculture on wild 
populations relate to the amplification of endemic pathogens, the introduction of new diseases, 
and use of antibiotics.126 The BC salmon aquaculture industry is a strictly regulated food 
production industry, and one that strives to continuously improve its practices to prevent and 
control disease.  

23. Why are diseases found in farmed fish? 

Diseases have been found on salmon farms because fish can become infected by endemic 
pathogens in the marine environment. Farmed fish are free of marine pathogens when they are 
introduced to net pens – juveniles are routinely monitored while being raised in hatcheries, and 
any health issues are addressed immediately. The development of vaccines has provided a 
valuable tool to protect farmed salmon from endemic diseases found in the marine environment. 
In addition, farmed fish are monitored by trained personnel and fish health professionals for any 
sign of stress or disease: 

“In BC, fish health management on salmon farms is overseen by an aquaculture 
veterinarian and involves continuous monitoring and assessment of mortalities 
and underperforming fish by trained site and fish health personnel.”127 

24. Why are we looking for pathogens/diseases in farmed fish? 

In food production industries, the health performance of crops or stocks is key to profitability: 
therefore most effort is directed at establishing and maintaining the best possible conditions for 
these to remain healthy. Fish health monitoring on salmon farms, in concert with rigorous 
biosecurity measures and proven husbandry practices (discussed below), help to maintain healthy 
stocks by tracking performance (i.e., growth) and survival, along with the occurrence of 
pathogens and/or diseases. Fish health monitoring and reporting have been required under both 
federal and provincial legislation, and they are also essential to ensure profitable farming. Farm 
operators have been reporting monitoring results to the BC Salmon Farmers Association 
(BCSFA) database, on a monthly basis and to BCMAL – now the BC Ministry of Agriculture - 
on a quarterly basis.  

25. How is this different from wild fish? 

Fish health in wild populations has not received the same attention as in farmed stocks. 
Aquaculture provides captive populations that can be scrutinized throughout the production cycle 
in a controlled environment, leading to a better knowledge of the diseases of captive fish. This 
control also allows for the investigation of the roles of pathogens and the environment in these 
fish diseases.128  As reported by Kent in 2011,129 “the state of the science for understanding the 
impacts of pathogens on wild salmon in British Columbia is minimal”. There is no provincial or 
federal fish health (disease) monitoring program for wild stocks, and periodic field surveys have 
provided only snapshots of the state of wild salmon health. The study of fish health in wild 
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salmonid population is complicated by their large migratory distribution and complex 
interactions with their environment. As a result, even though pathogens and diseases are most 
likely common and persistent in wild populations, they are rarely documented and therefore it is 
difficult to demonstrate changes in the patterns of disease in wild stocks.130  

26. How is fish health managed on finfish aquaculture facilities?  

Since 2004, salmon farmers have been required to develop and maintain an up-to-date, 
government-approved Fish Health Management Plan (FHMP) as a condition of licence. A 
FHMP is a document that encompasses all aspects of growing salmon on the farm, including 
biosecurity measures, proper fish handling (to reduce stress), standardized record keeping, as 
well as monitoring and reporting.130a In addition to the FHMP, aquaculture operations have Best 
Management Practices (BMPs) and Standard Operating Procedures (SOPs), which complement 
the FHMP and, in some cases, exceed the requirements set in the regulations.  

To maintain fish health, farmers appreciate the interactions between the fish (host), the 
environment and pathogens (Figure 1).  

Figure 1. Elements involved in fish health. 

 

 

 

 

 

 

 

Some have speculated farmed salmon are more stressed than wild salmon since they are caged 
and kept at higher densities. However, fish densities in net pens are maintained to optimize 
growth and minimize stress: stocking densities are kept at approximately 15 kg/cubic meter 
(equivalent to, just prior to harvest, 3 fully grown fish / 1000 litres) of water meaning the fish 
occupy a small percentage (less than 5%) of the pen volume.  

“There is certainly no evidence to support the assertion that farmed fish are more 
stressed than the ‘fight or flee’ world of wild salmon. St. Hilaire et al. (1999) 
compared stressors affecting wild and farmed fish, and concluded that wild fishes 
are not necessarily subjected to fewer stressors.”131 

Since the inception of salmon aquaculture in BC, improvements in husbandry, along with 
advances in disease prevention and control measures (e.g., vaccines) have increased the efficacy 
of fish health management. Practices which may have contributed to disease outbreaks on farms 
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in the past are no longer used, such as: the movement of juvenile fish between hatcheries; 
growing multiple brood years, simultaneously, at one site; and live hauling (i.e., transporting live 
fish from the farms to the processing facilities).  

The health of farmed salmon, unlike wild and enhanced salmon, is subject to routine and 
frequent scrutiny by the aquaculture industry.  Farmers undertake many preventative measures to 
ensure the health of the fish at every step of the process:  

a) Parent fish (to the next generation), at company hatcheries, are screened to ensure that 
they are healthy before they are used as a source of eggs;  

b) Eggs are disinfected (with an iodine solution) and reared in facilities where contact with 
fish pathogens (found in the natural environment) is limited. Water coming into 
hatcheries is disinfected, and treated according to Ministry of Environment regulations 
prior to being discharged; 

c) Smolts are routinely screened for disease while being raised at hatcheries, until they are 
released in the net pens; and,  

d) Fish in net pens are monitored along with their environment (i.e., water quality), until 
harvested. 

At farm sites, biosecurity activities include: strict sanitary measures (e.g., foot bath before 
entering site and regular equipment disinfection), traffic/close contact restrictions (e.g., 
no/limited traffic between sites), containment and/or treatment of effluent and organic waste, 
pest management protocols. Water quality at the farms (e.g., temperature, salinity and the 
presence of algae blooms) is also monitored on a daily basis to ensure good conditions for the 
fish. When natural algae blooms occur near farms, various actions can be taken to maintain fish 
health (e.g., the use of bubble curtains to disperse the algae). Sanitary measures are also taken 
during harvest and transport of fish to the processing facilities (e.g., equipment used for the 
transfer of the fish and the transport vessels are disinfected).  

Blood-water as a result of on-site harvesting of farmed fish is collected into secure containers or 
well boat holds using suitable methods to avoid spillage into the marine environment and 
transported to the processing plant for disposal. Effluents from processing plants are screened 
and tested regularly. Walcan, a seafood processing facility located on Quadra Island, for 
example, hires a third-party environmental company to sample and test effluent, including liquid 
coming from the outfall. Effluent levels are kept under minimum guidelines approved by the 
BCMOE132.  For example, water quality parameters which may be monitored at processing 
plants include: flow rates, total suspended solids, 5-day biological oxygen demand, total oil and 
grease, nitrite, nitrate, nitrate plus nitrite, ammonia, total nitrogen, orthophosphate, total 
phosphate, total residual chlorine and fecal coliform. Testing may be done at a reference station, 
the output terminus and 100 metres downstream of the terminus on an annual basis. Industry is 
also working with government to further increase treatment standards with newly-developed 
ultraviolet systems. This treatment will kill pathogens and is a much more environmentally- 
friendly alternative to chemical use. 
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27. What is the role of the fish health veterinarian? 

The company veterinarian, in conjunction with fish health staff, is responsible for overall fish 
health management for the operator.  BC is the only jurisdiction in Canada where every company 
either has a full-time aquatic animal veterinarian on staff or immediate access to one. 
Veterinarians are responsible for broodstock management, fish welfare, international export 
requirements, developing biosecurity measures and disease outbreak management. They also 
review practices and procedures with facility managers to identify and rectify any gaps in fish 
health sampling. If, despite all of the preventative measures, some salmon become ill, the 
veterinarian will examine the fish and determine the appropriate action that must be taken.  

28. Are antibiotics used on salmon farms? 

In Canada, antibiotics are regulated by the CFIA and each therapeutic product used by the BC 
aquaculture industry is approved by Health Canada. In addition, the Ministry of Agriculture 
maintains a database of antibiotic usage for the industry. Antibiotics are used in the salmon 
aquaculture industry to treat bacterial diseases (not prophylactic, nor to promote fish growth). All 
antibiotics are prescribed by a licensed veterinarian: this makes salmon farming unique amongst 
the food-producing industries, which are not bound by the same strict regulation. Antibiotics 
used on fish farms are recorded and reported. Furthermore, the development of vaccines, along 
with improvement in fish health management and husbandry practices, has reduced the need for 
antibiotics over the last decade (Figure 2) with the end result that salmon farming is the protein 
producer that uses the least amount of antibiotics (with on average only 2.5% of all milled feeds 
being medicated each year).133 

Figure 2. Antibiotics use in BC aquaculture 1995-2008134 
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29. Are the fish health measures in place effective? 

The measures in place to prevent and control disease have been successful, as the BC salmon 
aquaculture industry now experiences only low occurrence of disease and very low mortality 
rates.  BCMAL has reported in the 2009 Annual Fish Health Report, “less than 1.0% (and in 
many cases less than 0.5%) of the Atlantic salmon died of possible infectious disease each 
quarter.”135  

“The development of effective vaccines in the fish farming industry has 
significantly reduced the problems associated with some of the serious diseases 
(Youngson et al., 1998). Where vaccines are not available, alternative disease 
management approaches have proved to be successful in reducing disease 
incidents on farms (McVicar 2004). Such approaches include, removing all fish 
from a farm facility to break disease cycles, area or bay management, and use of 
single generations and targeted administration of chemotherapeutants at critical 
times in the disease development cycle (e.g., of lice).”136 

Results from the Provincial Fish Health Audit and Surveillance Program (FHASP), a provincial 
initiative started in 2000 aimed at improving understanding of fish health at aquaculture facilities 
by monitoring disease and pathogen (i.e., sea lice) occurrences, have shown the same endemic 
diseases were found during the audits as those reported by industry. The strong agreement 
between audit results and Fish Health Event reports from the BCSFA has demonstrated the 
efficacy of farm-level diagnosis of disease and reporting system. DFO will from now on be 
carrying out similar monitoring and audits in the future in the context of the new BCARP. 

30. What happens if disease is detected on a fish farm? 

In any suspected disease outbreak, a fish veterinarian is contacted to determine, in consultation 
with government veterinarians, the best course of action.  If a farm is affected by a disease of 
concern (e.g., Infectious Hematopoietic Necrosis; IHN), procedures are in place to prevent it 
from spreading. These include: disinfection procedures, limited movement of all personnel, 
equipment and boats, special procedures for removal and disposal of dead fish, as well as for 
harvesting. When necessary, the stocks are removed from the environment and disposed of. 

31. How is the risk of introduction of exotic pathogens being managed? 

Salmon aquaculture has been practiced for over 30 years in BC and no exotic pathogen has been 
introduced. In his review of fish health data (produced by the BCMAL and BCSFA), Korman 
(2011) reported “[t]hese records do not show the presence of new or novel high risk pathogens to 
wild salmon”.137 The regulations and measures in place to prevent the introduction of exotic 
diseases are rigorous and strictly implemented. DFO was formerly responsible for enforcing 
importation requirements under the Fish Health Protection Regulations. Now, the CFIA enforces 
importation and national disease reporting requirements under the HAA, which provides 
inspection powers and enforcement by way of prosecution for offences. 

In BC, only milt and surface-disinfected eggs are allowed for importation by the salmon 
aquaculture industry. The importation of eggs requires permits, which also requires the 
originating facility obtain a certificate through a local fish health officer (LFHO). Imported eggs 
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are disinfected and held in quarantine for up to one year. The resulting progeny are subjected to 
regular disease testing before introduction to net pens; results have been reported to the LFHO 
on a monthly basis. Fish are only released from quarantine if all reports from screening come 
back as satisfactory.138 

The industry in BC produces the great majority of its stocks through its own hatcheries (thus 
only a limited amount of eggs are imported each year). Through selective breeding, salmon 
farmers have succeeded in improving stock resistance to endemic diseases. Since 2004, only 
eggs from a certified (pathogen free), land-based facility in Iceland have been imported into the 
province.139 

32. Can farmed fish pass diseases to wild populations? 

Diseases found on BC farms have been shown to originate in wild populations. The transfer of 
infection, however, is not unidirectional,140 and although the risk of disease transmission from 
farmed salmon to wild fish exists, the likelihood is small as “surveys of pathogens in wild and 
hatchery fish show no patterns that could be attributed to salmon farming.” 141 Furthermore, 
there has been no evidence of an impact at a population level: 

“Over the last 20 years, several reviews have already comprehensively assessed 
the available scientific literature on the potential for disease interchange between 
wild and farmed fish (Hastein and Lindstad 1991; Brackett 1991; McVicar et al. 
1993; McVicar 1997a, b; Hedrick 1998; Reno 1998; Amos et al. 2000; Amos and 
Thomas 2002; Olivier 2002). Notably, none of these reviews has found 
irrevocable evidence that fish farming has contributed to detectable adverse 
changes in wild fish populations, yet the topic remains one of the most 
controversial in the media and scientific community.”142 

Pathogens and diseases are common among fish populations. For example, the IHN virus has 
been found to be prevalent in wild BC and Alaska sockeye salmon.143  In fact, Traxler et al. 
(1997) reported:  

“All sockeye salmon populations along the Pacific coast of North America 
examined to date are infected with IHN virus”. 144 

The IHN virus is contracted by juvenile sockeye in freshwater; they can be carriers of the virus 
and are suspected to be one of the sources of infection for farmed fish, instead of the other way 
around.145.  

“It is unlikely that the Atlantic salmon smolts are infected with the virus while in 
fresh water because the hatcheries that produce smolts do not use surface water 
or are located on streams not accessible to anadromous fish. Also, IHN virus has 
not been detected in routine viral monitoring of Atlantic salmon pre-smolts.”146 

The sources of the 1992-1994 and 2001-2003 IHN outbreaks in BC are unknown, however wild 
sockeye are suspected. Furthermore, Saksida (2003)147 has shown the impacted farmed fish 
during the 2001-2003 outbreak were infected with different “isolates”, meaning there had been 
more than one single source of infection. The 2001-2003 event was the last IHN outbreak in BC 
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salmon farms; also confirmed by Korman (2011) in his review of the last 10 years of fish health 
records.148 

As more studies are conducted on fish health - in the province and around the world - and new 
tools are being utilized to investigate, “novel” pathogens and diseases (whether newly present in 
the environment or never observed or described before) may emerge. This may be the case with 
the findings of a study conducted in recent years, using biotelemetry (radio tracking) and 
genomics to investigate Fraser River sockeye en-route mortality.149 The study found a 
correlation between the occurrences of premature mortalities and a certain gene expression 
profile in sockeye salmon. The authors of the study hypothesized the genomic profile could be 
associated with a viral infection. Although the limitations of the study were made clear by the 
authors (i.e., no disease agent was identified) and they made no association between this gene 
expression profile (or “signature”) and farmed salmon, unfounded speculations were made 
linking the emergence of a “new virus” to salmon aquaculture.150 Dr. Kristina Miller, the 
primary author of the study, recently provided clarification of the research results and 
significance. 151 In this document, Dr. Miller stated: 

“First of all, the involvement of a virus in eliciting the mortality-related signature 
(MRS) was only a hypothesis, as no specific disease agent was identified in this 
study. Second, this study was based solely on wild sockeye salmon returning to 
spawn in the Fraser River, not farmed salmon. Importantly, the MRS was 
observed in fish tagged both in Johnstone Strait and in Juan de Fuca Strait, and 
unpublished data shows the signature is also present in salmon migrating through 
the Haida Gwaii, before they would have encountered salmon farms.”152 

Furthermore, Miller reported the mortality-related signature was also found in Cultus Lake 
sockeye leaving the hatchery153, as well as in other Fraser River sockeye smolts: 90% of tested 
smolts in 2007, and 82% in 2008. 154 

Concerns raised about the potential for fish farms to act as an amplifier for pathogens have not 
been supported by scientific knowledge.155  Whereas diseases on salmon farms in BC are quickly 
detected and dealt with by professionally trained staff, this may not be the case for all 
enhancement facilities: a review of the Salmon Enhancement Program (SEP) by DFO (2009) 
concluded reduced funding for Community Economic Development Program (CEDP) hatcheries 
has, in some cases, resulted in lack of training and problems with diagnosing and treating fish 
diseases.156 Internationally, hatchery fish (from BC, Washington, Alaska and Japan) with no 
visible sign of disease at release may still carry pathogens and infect other fish during migration.   

In his review, Korman (2011) stated: 

“Reliable information on pathogens in salmon farms that could potentially 
infect wild salmon is available for the period 2002/2004-2010. This 
information includes data from statistically representative audit samples from 
provincial salmon farm regulators (BCMAL), and data from all farms sampled 
on a more frequent basis provided by the industry. The combined government-
industry monitoring program is impressive in terms of the fraction of farms 
that are audited, the number of pathogens that are tested for, the intensity of 
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industry-based sampling and reporting, and the annual reporting and 
comparison of audit and industry-based results by regulators.” 157 

The author also reported a statistically significant decline in the number of high risk diseases 
reported by industry between 2003 and 2010. Furthermore, “[i]n the vast majority of audit cases 
where […] dead fish from salmon farms were tested, bacterial and viral infections were not 
found and no sign of disease was observed.” Korman (2011) concluded negative impacts of 
salmon farms on Fraser River sockeye returns (2002-2010) “were not apparent based on a 
qualitative comparison with salmon farming data”. 158 
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Section 2b.  Can sea lice on fish farms be managed to minimize or 
eliminate the risk of transfer to wild stocks? 

“The fact that sea lice infestations pass to and from wild salmon is agreed by 
scientists and environmental groups alike.  However, it is debatable whether the 
transfer of sea lice from the farmed salmon to the wild salmon is on a sufficient scale 
to have an impact.”159 

When considering the risk and potential impacts of sea lice to wild and farmed fish, it is 
important to remember that not all fish species are the same, and not all sea lice species are the 
same.  Variability exists in both host susceptibility and pathogenicity of the parasites. 

The monitoring and management of sea lice associated with salmon farms in BC is currently 
required by sections 4(f), 4(g) and 4(j) of the PAR under the Fisheries Act (Canada).160  Specific 
monitoring and management requirements are stated in Part B (6) and Appendix VII of the 
Finfish Aquaculture Licence issued to active salmon farms in BC.161 

Prior to December 2010, aquaculture companies were required to produce a Fish Health 
Management Plan (FHMP) as a condition of their operating license issued by the Provincial 
government (BCMAL).  The FHMP included the sea lice monitoring practices and management 
strategies that were implemented by the companies to control lice production on the farmed fish.  
Industry was required to report the results of their internal monitoring and compliance 
monitoring and reporting was conducted by government representatives. Overall, industry 
compliance with the monitoring and management requirements was high under the Provincial 
licensing system.162   

Currently, industry is required to have FHMPs under the new federal regulation, and these must 
be submitted to DFO by March 31, 2011.  The required content of the FHMPs is very similar to 
the previous documents; therefore industry should be able to easily transition to the new 
regulatory requirement. 

The relationship between sea lice, farmed salmon and wild salmon is one of the most widely 
discussed topics relating to the finfish aquaculture industry in BC (and around the world).  
Several publications have been produced that express concern about the impacts of sea lice 
transferring from farmed to wild salmon in BC.163 Others have shown that farmed salmon 
represent only one potential host of sea lice in the nearshore environment164 and that other 
mechanisms for infection of wild salmon must be considered. While some researchers report that 
even one motile lice will kill a young juvenile pink and chum salmon,165 others have reported 
that motile lice are very rare on juvenile salmon in nearshore habitats166 and that some species 
(for example, pink and coho salmon) have an innate resistance to sea lice.167  

While the base of knowledge relating to sea lice in coastal waters off of BC is growing, a direct 
cause-effect relationship between the contribution of sea lice from farmed salmon and recent 
fluctuations in salmon populations has not been demonstrated.168 
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33. What are sea lice? 

Sea lice are small, salt water crustaceans.  These ectoparasitic copepods are common on wild 
marine fish.  Species reported on salmon belong to the Caligidae family.  These parasites 
generally develop through 10 life stages, including two non-infective planktonic larval stages 
(nauplii), an infective planktonic copepodid stage, infectious non-motile chalimus stages and 
motile pre-adult and adult stages.  When attached, the lice feed on the mucus, scales and blood of 
the host.  While some level of infection is natural and tolerated by the host, excessive infestation 
can result in severe lesions that may lead to osmoregulatory failure, blood loss and / or the 
development of secondary diseases.  

34. Are sea lice endemic in BC?  

Sea lice are present in all areas of the BC coast, whether or not salmon farms are present.169  In 
BC, 12 species of sea lice belonging to two genera (Caligus and Lepeophtheirus) parasitize 
many different species of marine fish.170 Two species, Caligus clemensi and Lepeophtheirus 
salmonis, are the most commonly reported on wild and farmed salmon in BC.   

C. clemensi are found on a wide range of fish and are reported to be common on herring, juvenile 
salmon and stickleback.  An analysis of sea lice infection on farmed salmon in BC between 2004 
and 2010 found that this species was the most prevalent.171 Parker and Margolis (1964) note that 
this species of parasite seems to be more specific to environment (found primarily on hosts 
captured in the surface layer of sheltered coastal waters) than to host species.172  This species is 
very mobile and will abandon their host very quickly if they are handled.173 In at least two 
regions of BC (Gulf Islands and North Coast), C. clemensi has been reported on juvenile sockeye 
at significantly higher levels of abundance than L. salmonis leading to the perception that this is 
the species most commonly found infecting juvenile sockeye.174 Numbers of juvenile sockeye 
captured in other regions have been very low and infection rates reported are a combination of 
both L. salmonis and C. clemensi, therefore it has not been confirmed that the high rates of C. 
clemensi infection among juveniles occurs coastwide.175 

L. salmonis, commonly referred to as the salmon louse, is the species of sea lice most frequently 
reported on wild and farmed salmon in BC.176 Jones et al. (2006) noted that while the species has 
been considered specific to salmonids, it has also been reported on white sturgeon, sand lance 
and saithe (pollock).177  This 2006 Jones study in the Broughton Archipelago also reported three-
spine stickleback as a newly discovered host population for L. salmonis in BC.178 

While L. salmonis is reported on farmed salmon around the world, the population in BC has 
recently been found to be genetically distinct from the population in the Atlantic Ocean.179 This 
is significant as the degree of infection, and the physical damage experienced by salmonid 
populations infected with L. salmonis in the Atlantic Ocean, has not been documented in BC, and 
is likely related to the genetic variation between these species, and the host species.180 

35. How do levels of sea lice vary in the environment? 

In addition to requiring a host population, sea lice also require specific environmental conditions 
to successfully mature and reproduce.  In particular, water temperature and salinity are reported 
to play an important role in regulating sea lice in the marine environment.181  Ocean currents 
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have also been considered by researchers evaluating the mechanisms of sea lice dispersal from 
host to host.  

While correlations between sea lice abundances and water temperature in BC have not been 
conclusively shown, conflicting studies exist relating salinity to abundance of sea lice.  While a 
number of studies find no relationship between the prevalence and abundance of sea lice on 
juvenile salmon, others do note a relationship between these two factors. 

In a 2005 paper, Dr. Kenneth Brooks summarizes a number of studies relating to the influence of 
the environment on sea lice development.182  For example, the generation time of L. salmonis has 
been estimated to require 106 days at 7.5 degrees Celsius and 32 days at 14 – 15 degrees Celsius.  
Tucker et al. also reports that fewer infectious copepodids establish themselves on hosts at lower 
temperatures (7°C versus 12°C).183  Brooks states that “sea lice larvae do not consistently 
develop to an infectious stage at salinities <30 ‰”.184  As surface water salinity typically ranges 
between 15 – 25 ‰ from June through November in the Broughton Archipelago due to estuarine 
currents, this results in a natural control mechanism for sea lice infection in that region.  Other 
findings reported by Brooks include results of net current speeds measured at salmon farms in 
the Broughton, which when used to predict the transport of larval sea lice, indicate that the larva 
could be transported distances of 7.3 to 10 km in the time it requires for them to develop to their 
infectious stage.  Other studies found that nauplii released in the vicinity of two farms in the 
Broughton travelled 10 – 40 km before becoming infective.  While these findings are 
contradicted by reports of increased prevalence and abundance of lice on juvenile pink and chum 
in the immediate vicinity of salmon farms185 independent of temperature or salinity levels, other 
researchers have observed gradients of sea lice infection corresponding to salinity changes (or 
distance from freshwater sources) that suggest at least some level of natural lice control related 
to environmental conditions.186  

Saksida et al., (2007) note that a relationship between surface water temperature and sea lice 
infection levels on salmon farms has not been shown in BC, and that this may be due to the fact 
that the range of temperatures experienced around farms is not great enough to have a significant 
effect on the abundance levels of sea lice.187  Attempts to correlate sea lice infection with salinity 
measured at farms have also been unsuccessful, but this could be attributed to limitations 
associated with the measurement equipment frequently used by salmon farmers. 

36. How do sea lice impact fish health? 

Under natural conditions, salmon and sea lice co-exist with minimal impact to the host, as 
evidenced by the continual return of sea lice infected adult salmon to BC rivers.  When extreme 
infestations (epizootics) occur, and if fish health is compromised for other reasons, such as 
reduced food supply or fish are small (i.e., juvenile pink salmon less than 0.7g)188 there is 
increased potential for impacts to fish survival.  Regulated fish health management practices on 
BC salmon farms control lice levels on farms with the ultimate goal of protecting the health of 
all fish.189 

Sea lice feed predominantly on host mucus, skin and blood.190 They can be found on the skin, 
fins and, less frequently, gills of their hosts.  The only reported incidence of wild fish mortality 
in BC relating to sea lice infection occurred in 1990 on the west coast of Vancouver Island, when 
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returning adult sockeye salmon were forced to delay their migration into the rivers (due to low 
river flows and high river temperatures) and developed L. salmonis infestations.191  These 
infestations by L. salmonis resulted in skin lesions that altered osmoregulatory processes and 
permitted secondary infections to develop that lead to mortality of the mature fish.  It was noted 
that the extreme environmental conditions at the time led to the adult fish to become more 
susceptible to infection, and also more conducive to rapid reproduction of the lice, leading to the 
atypical infestation levels.  This outbreak was not linked to the production of farmed salmon, but 
represented a natural epizootic induced by extreme environmental conditions. 

Laboratory studies conducted by Webster et al. (2007) found that sea lice infestation results in an 
alteration of behaviour in juvenile pink salmon.192  More research is required to determine if the 
benefit of the behaviour (loss of parasite) outweighs the potential negative effects associated 
with the behaviour (increased energy expenditure, increased susceptibility to predation).  A study 
of the impacts of sea lice infection on the swimming endurance of juvenile pink salmon showed 
reduced swimming endurance only when the fish were infected with mature female L. salmonis 
(no change in endurance if infected with adult male or pre-adult lice).193  The authors of this 
study note the reduced swimming endurance could increase the possibility of predation on the 
infected individuals, or could slow seaward migration.  Work by Nendick et al. (2011) reported  
effects of infection on swimming performance and post-exercise ion balance of juvenile pink 
salmon were detected on small fish (0.34 g) and when lice were larger (stage 3 chalimus or 
greater).194  Both of these studies suggest the energetic cost of sea lice infection is most 
significant when large (motile) lice infect very small pink salmon that have not yet developed 
their natural resistivity to infection.195  

Another concern associated with sea lice infection of salmon is the potential for the lice to act as 
a vector for pathogen transmission. For example, researchers in Norway have isolated the 
Infectious Salmon Anemia (ISA) virus from L. salmonis collected from diseased fish, implying 
that the sea lice could transmit the virus between hosts.196 Locally, researchers have isolated 
three species of bacteria on the external surfaces and stomach contents of sea lice collected from 
farmed Atlantic salmon (Tenacibaculum maritimum, Pseudomonas fluorescens and Vibrio 
spp.).197 Further study is being undertaken to attempt to determine if lice can transfer these 
bacteria between hosts, and what the significance of this transmission is.  While studies like 
these indicate the potential for transmission of pathogens by sea lice moving between hosts, 
more information is required before it can be confirmed fish will develop diseases from this 
mode of transfer, what the incidence of this type of transmission is and what impact it could have 
on wild salmon populations.  Fortunately, fish health management on salmon farms in BC is 
successful in controlling pathogens on the farmed fish, further reducing the potential this mode 
of pathogen transmission as a significant concern for wild salmon in BC. 

A high prevalence of IHN virus has been found in ectoparasitic leeches (Piscicola salmositica) 
and copepods (Salmincola sp.).198    It has been speculated that sea lice may also act as a vector 
to transmit the virus to farmed fish from persistently infected or carrier wild marine 
salmonids.199  In 2009, Dr. Duane Barker from Vancouver Island University (VIU) was granted 
$413,000 in NSERC grants to undertake a 3 year study examining the potential role of sea lice as 
pathogen (bacteria and virus) vectors to salmon.200   

Sockeye salmon populations along the Pacific coast of North America have been shown to be 
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infected with IHN virus although the source of the virus is unresolved.201  Persistent infection of 
wild marine salmonids can be a source of infection for farmed fish.  Direct horizontal 
transmission is the most important route of spread and IHN-infected fish are known to shed the 
virus in feces, urine, sexual fluids, and external mucus.  Since the virus is directly transmitted in 
the absence of any parasitic vector, sea lice are unlikely to play any significant role in the 
epidemiology of IHN. Although IHN has been demonstrated in sockeye populations, the 
enhanced susceptibility of Atlantic salmon suggests that infection in farmed fish will be 
recognized.  The last occurrence of IHN in farmed salmon was in 2003. 

Fortunately, sea lice in BC do not affect wild and farmed salmon as significantly as in other areas 
of the world.  In fact, treatment of farmed salmon for sea lice infection (for the purpose of 
protecting the health of the farmed fish) was rare in BC prior to the implementation of the 
Provincial Fish Health Management protocols designed to protect outmigrating juvenile salmon 
in 2003.  In addition, the data collected on farmed salmon during required fish health inspections 
in 2003 and 2004 “confirmed scientific reports that farmed Pacific salmon harbour very few 
lice.”202 

37. Do sea lice “originate” from salmon farms? 

Farmed salmon from freshwater hatcheries enter the marine environment free of lice. Over time, 
sea lice from wild fish infect the farmed salmon.  Industry monitoring programs have shown that, 
without efforts to control lice, the infection level on farmed salmon increases with the amount of 
time the fish are in the marine environment.203  A review of the relationship between farm 
salmon, sea lice and wild salmon in the Broughton Archipelago found that a relationship could 
be shown between the natural seasonal increase in lice load on wild salmon and the subsequent 
increase on farmed salmon in the same area.  This study also showed that the farmed fish were 
then the main source of salmon lice (L. salmonis) infecting juvenile pink salmon in the area .204 
Therefore, the original source of the sea lice could be directly linked to the lice load on the 
returning wild fish the previous fall. 

As lice reproduce on the farmed salmon, their offspring can be released to the environment. 
Industry implements management practices to effectively reduce the sea lice load on salmon 
farms, and ultimately minimize the release of the offspring into the surrounding areas. 

At this time, there is no way to conclusively determine the origin of sea lice found on wild 
salmon.205  Recent analysis of DNA collected from sea lice obtained from three geographically 
separated wild and farmed salmon populations found notable variability in genetic structure not 
only between the geographically separated wild populations (Barkley Sound and Broughton 
Archipelago), but also between farmed and wild populations within one region (Broughton 
Archipelago).206  The latter observation indicates sea lice migration between farmed and wild 
populations in the Broughton Archipelago was low enough for the two populations to remain 
genetically distinct.  The authors note this observation must be considered preliminary due to the 
small sample size and should not be used “to make conclusive statements about the frequency of 
transmission of lice from wild fish to farm fish”.207 
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38. Can sea lice be spread by salmon farms? 

Salmon farms can act as a static host population for sea lice, as can other non-migratory fish 
populations.208 Due to the possibility of host to host transmission when fish are in close 
proximity to each other, sea lice infection can spread between individuals on a salmon farm, in 
the same way that infections would spread within a schooling population of wild fish.  As the sea 
lice mature on the farmed salmon, their eggs are released into the environment, potentially 
infecting other host populations (within 7.4 to 26.8 days under laboratory conditions, at 
temperatures ranging from 15 degrees to 5 degrees Celsius)209 as the larval lice mature to the 
first infectious state (copepodid).  There is also the possibility of direct host to host transmission 
between the farmed and wild salmon, but the low number of motile lice reported on juvenile pink 
and chum salmon suggests that this mechanism is not a significant source of infection on wild 
fish. 

In their review of the relationship between farm salmon, sea lice and wild salmon populations, 
Marty et al. (2010) note their analysis of sea lice infection on wild and farmed fish in BC 
supports the hypothesis reported in earlier studies that farm fish are the primary source of L. 
salmonis infesting juvenile pink salmon in the Broughton Archipelago.210  Recent work by Price 
et al. (2010, 2011) indicates lice from farmed salmon appears to be related to the levels of sea 
lice on juvenile pink, chum and sockeye salmon in the Discovery Islands region.211 However, the 
results in this area differ from the Broughton in that the abundance of C. clemensi (the species of 
lice known to infect several species of fish in the region) was significantly higher than the 
abundance of L. salmonis (the species of lice most frequently associated with farmed salmon) on 
the captured fish.  The prevalence of C. clemensi on juvenile salmon varied by year (study was 
conducted in 2007 and 2008), and their analysis of sea lice data collected on at least three active 
salmon farms in the study area (there are 18 farms total in the area) indicated that the pattern of 
infection seen on the wild fish could be similar to the pattern seen on the farmed salmon.   

What is not clear from any of the studies conducted in BC is how the level of sea lice infection 
impacts the populations of wild salmon.  While the juvenile sockeye present in the Discovery 
Islands survey area were theoretically exposed to a higher proportion of L. salmonis (the species 
of lice thought to pose a higher risk to juvenile wild salmon) originating from salmon farms in 
2008 than in 2007, the return of adult sockeye resulting from those outmigrations was higher in 
2010 (2008 outmigration) than in 2009 (2007 outmigration).  Korman (2011) also noted this 
discrepancy, finding that the salmon lice infection levels on farmed salmon was “40% below the 
2004 – 2010 average” in spring 2007, while the infection level in the spring of 2008 “was very 
close to the multi-year average rate.”212 

Sea lice levels are managed on salmon farms according to practices established by the Provincial 
government in 2003, thereby reducing the potential for transmission of juvenile and mature lice 
from farmed to wild fish.  Management options such as single-year class stocking, fallowing and 
therapeutant treatment have been effective in maintaining low levels of sea lice on farmed 
salmon in BC.213 When lice are managed on salmon farms, researchers have reported a 
corresponding reduction in sea lice infection in wild juvenile salmon.  
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39. How is industry controlling sea lice on farms? 

The BC salmon farming industry has implemented management practices aimed at controlling 
the levels of motile sea lice on farmed salmon.  These practices include the following: 

• Single age class stocking 
• Area management planning, including strategic fallowing 
• Treatment 
• Harvest  

 

These measures are implemented (when necessary) with the specific goal of reducing the 
potential exposure of outmigrating juvenile salmon to sea lice that may be released from farmed 
salmon, and also to protect the health of fish being raised on the salmon farms. 

A recent review of sea lice levels on farmed salmon in BC found that “the effects of Slice 
treatments last up to 5 months following treatment”.214  The treatment efficacy in Europe and 
Eastern North America has been reported to last between 43 days and 14 weeks, indicating that 
this method of sea lice management is very effective for the species of lice present in BC.215 

40. Does farm fallowing reduce sea lice abundance? 

While fallowing is primarily used as mitigation for managing salmon farm impacts on the 
seafloor, it also has the secondary effect of removing a static host population for a period of time.  
By removing the mature (Year 2) fish, which typically carry the heaviest sea load (compared to 
smolts, or Year 1 fish) and the higher proportion of reproductive lice, there will be an immediate 
reduction in the production of lice in the area.  However, as the natural (baseline) lice load has 
not yet been determined in the established salmon farming regions in BC, it is not possible to 
conclusively determine the significance of the removal of this portion of the lice load. 

Reports have been published that attribute a decline in sea lice infection on juvenile salmon in an 
area of fallowed farms in the Broughton Archipelago in 2003, suggesting that fallowing is an 
effective action to reduce impacts to wild fish.216 However, some research has also shown a 
significant reduction in sea lice abundance regardless of whether farms were held fallow or not. 
Beamish et al. (2006) note that salmon farm production in the entire Broughton Archipelago 
remained the same in that year compared to 2001 and 2002 (years of extremely high lice 
infection and poor pink salmon production in the region).  They note, “This is a significant 
finding because active and viable salmon farming continued even as wild salmon showed high 
marine survival”, referring to the 2003 outmigrating pink salmon population.217 

41. Has there been a decline in SLICE® efficacy in BC? 

The use of SLICE® had been regulated by the Provincial government in the past, and currently is 
regulated under the PAR.  When required to treat farmed salmon, SLICE® must be prescribed by 
a licensed veterinarian.  Use of SLICE® in BC was rare prior to the implementation of the 
Provincial Fish Health Program in 2003, as infestations of sea lice were not significant enough to 
farmed fish health to warrant treatment. 
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Saksida et al. (2010) considered sea lice infection levels on salmon farms in BC that were treated 
with SLICE® in 2003, 2007 and 2008.  The results of their analysis showed that “unlike most 
other salmon farming regions, a decline in efficacy of SLICE® is not evident on salmon farms in 
British Columbia”.218  It was hypothesized that the difference may be because of the larger 
number of wild salmon and the fact that sea lice in the Pacific appear to be less pathogenic than 
those in the Atlantic.  Messmer et al. (2010) have also found through genetic comparisons of 
several populations of L. salmonis in the Pacific Ocean there is little genetic variability between 
lice from wild and farmed salmon in this region.  This suggests sufficient mixing between treated 
and untreated populations to reduce the potential for the species to develop resistance to 
SLICE®.218a 

Fish health professionals associated with salmon farming on both coasts of Canada have 
expressed a desire to develop Integrated Pest Management plans in order to control levels of sea 
lice on farmed salmon.219  However, this strategy requires Industry to have access to multiple 
treatment options to help reduce the potential for resistance to treatment.  At this time, SLICE® 
is the only treatment permitted for use in BC.220  

42. What sea lice research is being carried out?  

Monitoring programs aimed at collecting data related to sea lice have been running continuously 
in various locations on the coast of BC since 2003.  Initially, the research and monitoring 
programs were primarily run independently by salmon farm opponents and DFO researchers. 
Recently, these programs have evolved into collaborative projects involving multiple parties 
(environmental non-government organizations (ENGOs), industry and government) in an attempt 
to increase the consistency between data collection methodologies221 and reduce the 
disagreement in findings between research programs. The current monitoring programs include: 

(a) Broughton Area Monitoring Program (BAMP) – Collaborative sea lice research 
program in the Broughton Archipelago, involving ENGOs, DFO researchers and 
three aquaculture companies.  The sea lice monitoring program began in 2010, 
taking over for the program previously managed by DFO (2003 – 2009) and 
involving other independent researchers that had previously been working in the 
area. 

(b) Clayoquot Sound Sea Lice Working Group – Collaborative monitoring program 
being conducted by two local First Nations and two aquaculture companies 
operating in Clayoquot Sound, on the west coast of Vancouver Island.  This group 
has been collecting data since 2004. 

(c) Klemtu Monitoring Program – A First Nations led sea lice monitoring program 
that has been monitoring sea lice in the Finlayson / Mathieson Channel areas 
since 2005.  It was funded by the Pacific Salmon Forum from 2005 to 2008, and 
by Marine Harvest Canada from 2009 to the present. 

(d) Nootka Sound Monitoring Program – Initiated by DFO in 2003 (prior to the start 
of finfish aquaculture in the region), monitoring of sea lice abundance and 
prevalence on juvenile salmon has been conducted by Industry since 2004.   
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(e) North Coast Sea Lice Research Program – This program is unique in that it 
operates in a region that does not have any established finfish aquaculture farms.  
Partners in this program, designed to collect baseline sea lice data on salmon 
populations in the region, have included the Skeena Fisheries Commission and 
local First Nations.222  It has received funds from a number of sources including 
the Pacific Salmon Forum. 

43. Are sea lice from fish farms contributing to salmon mortality?  

Despite some publications suggesting a link between sea lice from farms and declining pink 
salmon abundance,223 there has been no direct cause and effect relationship shown between lice 
presence on farmed salmon and fluctuating salmon populations in BC.224  While current research 
suggests a regional relationship between sea lice levels on farmed and wild salmon, there has 
been no confirmation to date that the degree of infection on wild salmon has resulted in sufficient 
mortality that results in impacts at the population level.  

In 2005, Morton and Routledge reported that juvenile pink and chum infected with only a single 
motile sea lice were more likely to die than uninfected fish.225  However, there have been 
questions raised about the statistical validity of this study, and whether the earlier research 
correlating sea lice infestation to salmon mortality considered other possible sources of mortality 
while the fish were being held in artificial enclosures.226  Contrary to Morton’s report, recent 
laboratory studies lead by Jones et al. (2009) on juvenile pink salmon in BC have shown 
mortality will typically only occur if individuals are infected by L. salmonis when the fish are 
less than 0.7 g.227  

As noted above, in 1990, an epizootic of L. salmonis on adult sockeye returning to two rivers on 
the west coast of Vancouver Island was caused by extreme environmental conditions, and was 
linked to higher than normal pre-spawning mortality.228 Evidence of this type of mass mortality 
of wild salmon linked to sea lice has not since been recorded in BC. 

Jones (2007) has also shown juvenile pink salmon develop an immune response to infection by 
L. salmonis that is superior to the response of chum salmon.229  This immune response develops 
as the pink fry reach a weight of 0.7 g, defining a very brief period of vulnerability of these 
species when they first enter the marine environment, as the weight of pink fry when they first 
enter the marine environment is approximately 0.3 g.  As the small fish develop scales, they 
become less susceptible to infection, as noted by Morton: 

“...there's a great deal of literature already on the existence of sea lice on larger 
salmon. Once the fish are larger, they're considered a benign parasite.” 230 

In comparison, juvenile sockeye salmon, which rear in freshwater lakes for one year prior to 
migrating to the marine environment (compared to pink and chum salmon fry that outmigrate 
immediately after emergence) are significantly larger when they first become exposed to 
potential sea lice infection (approximately 2 to 8 g in BC).231  Fast et al. (2002) also noted that 
coho salmon demonstrated an increased resistance to infection to multiple species of sea lice, 
compared to rainbow trout and Atlantic salmon.232  

While it is apparent that infection of salmon by sea lice has the potential to impact fish health, 
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and cause mortality under certain conditions, the significance of this type of mortality compared 
to other natural causes of mortality is very difficult to define.  For example, the mortality rate of 
juvenile pink salmon has been reported in the range of 55% to 77% within the first 40 days of 
sea life, with much of this mortality attributed to predation by juvenile coho salmon.233  The 
results of exposure studies under laboratory controls suggests juvenile salmon can tolerate 
exposure to high levels of potential infection, and in some cases, develop resistance as they 
grow.  This ability to avoid the effects of infection, as well as the documented ability of mature 
salmon to “live” with lice, all suggests that sea lice infection (regardless of the source of the 
parasite) does not unequivocally result in fish mortality. 
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Section 2c.  Are escaped farmed salmon a threat to wild salmon 
stocks? 

44. What are the main causes of escapes on BC salmon farms? 

In the early 1990s, system failure (most often attributed to extreme weather or ecological events) 
was the main cause for escapes. Improvements to system design and infrastructures have since  
reduced the occurrence of system failure, thus decreasing escape events. Handling (generally 
attributed to human error) is believed to be the main cause of escapes in recent years. Boat 
operations (e.g., collisions and propeller damage) and net failure (due to predators, poor 
maintenance or vandalism) have also been identified as causes for escapes. 234 

45. How is the risk of escapes being managed on farms? 

Improved net-pen technology, farm siting and farming techniques have reduced escape events 
dramatically. Comprehensive Best Management Practices (BMPs) and Standard Operating 
Procedures (SOPs), along with proper staff training (which may include periodic Escape 
Response Drills) greatly reduce the risk of escapes due to human error. Preventive measures 
include, but are not limited to: redundant containment systems at hatcheries, escape prevention 
procedures while transferring fish between hatcheries and grow out sites, regular inspection and 
maintenance of nets and cage support system and strict guidelines for boat operation near farms. 
In addition, the BC Salmon Farmers Association has developed its own Code of Practice235 with 
respect to escape prevention, setting out standards for minimum net strength, net testing, and 
escape-response plans. 

Prior to 2000, aquaculture licence holders in BC were only required to “take reasonable 
precautions to prevent escapes”. Since, the regulations and standards for escapes prevention in 
BC have developed to become the most rigorous among other salmon aquaculture regions - 
including the United States, Chile and Europe.236 Escapes prevention was, until recently, 
regulated under the BCMAL Aquaculture Regulation and the Escapes Prevention Policy. 

Regulatory compliance reports (publicly available since 2000) have shown the industry’s high 
level of compliance in regards to escapes prevention. Compliance with BCMAL requirements 
averaged 99% in both 2007,237 and 2008,238 Despite a significant increase in production, escapes 
have not increased since 1991 (Figure 3 below), further demonstrating that efforts by industry to 
improve infrastructures and practices are effective.  



 

 - 42 - 

Figure 3. Atlantic salmon production (top line) and reported escapes (bottom line) in BC, 1991 to 2005.239 

 

 
46. Do escaped Atlantic salmon compete with native Pacific salmon stocks for habitat 

and food? 

Escaped Atlantic salmon represent a small fraction of the enhanced and wild salmon production 
in BC. Furthermore, the domesticated Atlantic salmon has been shown to be “less 
environmentally aggressive than Pacific salmonids”240, making it an under-matched competitor. 
Studies have found that the majority of escaped Atlantic salmon have nothing in their stomachs 
and only a very small percentage have wild prey.241 

“Atlantic salmon are fed large pellets in the marine net pens so it is not within 
their normal behaviour pattern to capture and feed on live prey.”242 

The Atlantic Salmon Watch Program (ASWP) is a cooperative research program initiated in 
1991-92 and operated by DFO. The purpose of the program is to study the abundance, 
distribution and biology of Atlantic salmon in BC and adjacent waters. The ASWP monitors 
commercial and sport catches and relies on fishers, fish processors, government field staff and 
hatchery workers to report observations of Atlantic salmon.  

“Over a span of 10 years, limited numbers (in some cases 1 or 2 fish) were 
observed in approximately 80 different streams, but not in the same year.”243  

In a 2001 coast-wide study under the First Nation Atlantic Watch Program, 103 surveys were 
carried on 49 river systems: out of more than 350,000 salmonids counted, only two (adult) 
Atlantic salmon were observed.244 

47. Can Atlantic salmon mate with Pacific salmon? 

The likelihood of escaped Atlantic salmon successfully mating with Pacific salmon is extremely 
low as these fish belong to two separate genera: Salmo and Oncorhynchus, respectively.  
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Hybridization between Atlantic and Pacific salmon has been attempted repeatedly in laboratory 
conditions, but none of the experiments generated offspring that would have been expected to 
survive in the wild, much less reproduce. 245 

48. Have Atlantic salmon colonized streams on the West Coast (i.e. is there evidence 
they are established)? 

There is no evidence Atlantic salmon are becoming established in BC. In his review of the 
ASWP data, Korman (2011) reported “an average of 30,000 Atlantic salmon have escaped from 
salmon farms or juvenile production facilities annually between 1991 and 2008.”246 The author 
reported a decline in the average number of escapees (with the average for 2003-2008 being less 
than half that of the 1992-2002 period), along with a decline in the number of captures or 
sightings of Atlantic salmon in BC waters (over the same periods).  The author also reported 
only “33 adult Atlantic salmon have been caught or sighted in the Fraser River drainage since 
1991, and reproduction of Atlantic salmon (based on capture of juveniles) in the Fraser River 
drainage has never been documented.” In fact, the BC Environmental Assessment Office, the 
Department of Fisheries and Oceans Canada, the US National Marine Fisheries Service, and the 
Washington Department of Fisheries and Wildlife agree the likelihood of Atlantic salmon 
colonizing habitat occupied by Pacific salmon is very small:247  

“Escaped farmed salmonids generally have lower survival in both freshwater and 
marine systems compared to wild conspecifics, due to both genetic effects of 
domestication and environmental effects of rearing in culture.”248 

The recovery of a small number feral juvenile Atlantic salmon in 3 BC streams does not 
constitute evidence that a self-sustaining population has developed.249 To become permanently 
established, not only would Atlantic salmon need to successfully complete all stages of their life 
history (i.e., from egg to spawning), but they would have to do so in numbers sufficient to 
perpetuate the population.250 

“Given the unfavourable marine survival conditions for Pacific salmon including 
steelhead trout, it is unreasonable to assume that progeny from Atlantic salmon 
would fare any better than Pacific salmon in the foreseeable future.”251 

Since the early 1900’s there have been repeated and intensive attempts, both in Canada and the 
US, to introduce Atlantic salmon on the West Coast for recreational and commercial fisheries: all 
have failed. Atlantic salmon have had over 100 years to colonize the Pacific Ocean, but have 
simply been unable to do so. Even in their natural home range Atlantic salmon have shown poor 
capacity to compete against introduced Pacific salmon species (as demonstrated by failed 
attempts at reintroducing Atlantic salmon in Ontario Lake, where chinook salmon has become 
established).252 Thus, the likelihood of escaped Atlantic salmon becoming established on the BC 
coast is extremely small.  
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Section 2d. Can the benthic impacts associated with salmon farming 
be managed to minimize or eliminate risk to fish habitat? 

Benthic impacts associated with finfish aquaculture occur as a result of the intentional or 
unintentional discharge of organic and inorganic wastes from the farm. Many studies have 
examined the benthic impacts of aquaculture to determine the spatial and temporal scale of 
effects.  

49. What kind of waste comes from salmon farms? 

As the DFO notes:  “All fish, whether wild or farmed, produce waste.” 253  There are different 
types of wastes that are associated with salmon farms.  These include uneaten fish feed 
(including trace amounts of zinc, copper and antibiotics sometimes added to feed), fish feces, 
fish carcasses, net-washing debris, farm litter and facility effluent.  

50. Do farms dump waste directly into the ocean? 

It is inevitable that some waste material (biological and anthropogenic) is released to the 
environment through the net pens. Regulations have been and continue to be in place, which 
control the volume and composition of salmon farm waste that is released  Under the PAR, 
licence holders are required to prepare and implement a Chemical and Other Substances 
Management Plan as well as a Mortality Management Plan.  The former was implemented on 
March 31, 2011 and includes plans to manage and control therapeutants, disinfectants, pesticides, 
anti-fouling agents, hydrocarbons and bloodwater.  The Mortality Management Plan addresses 
the appropriate storage and disposal of regular fish mortalities. 

Industry managers and staff hold annual reviews to identify products, methods or practices which 
may assist in reducing potential wastes or pollutants discharged from farms. Currently, industry 
BMP’s and SOP’s are in place to help achieve this goal. For example, Industry SOP’s include 
directions on removing and disposing of all mortalities on all farms and all associated material 
according to existing regulatory standards. Reducing the use of anti-foulants on nets is a key 
measure for farm companies, however ensuring that nets are clean to support water flows is also 
a key consideration for fish health.  

Licence holders are required, under the PAR, to maintain on-site records of the in situ removal of 
biofouling, which should include: the date of cleaning, equipment or procedure used, the number 
and type of nets, the cumulative net area cleaned and if applicable the type of anti-foulant and the 
date of application.  In an effort to reduce the environmental impacts associated with large inputs 
of organic material from the nets, in-situ maintenance is conducted regularly. Companies 
practice in situ net washing which must be done according to regulations and in a manner to 
reduce the amount of waste material released.  Whenever possible, net washing is done on land. 

The amount of waste released to the environment as a result of fish carcasses is minimized 
through management practices on the farms. Net pens are inspected daily and fish carcasses are 
removed on a routine basis before they begin to decompose and fall through the nets and deposit 
on the benthic environment below the cages. Any carcasses removed from the net pens are stored 
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in secure totes and transported to composting facilities or land-based disposal sites.  No fish 
carcasses are intentionally dumped into the ocean.  Historically, dumping fish carcasses in the 
ocean was allowed with a federal permit, however  this practice has been discontinued and 
industry BMPs and SOPs now outline requirements, in accordance with the regulations, to 
appropriately dispose of any fish carcasses. 

Until December 2010, domestic sewage associated with finfish aquaculture operations was 
regulated under Section 7 of the Provincial Finfish Aquaculture Waste Control Regulations. 
Guidelines remained the same when the current PAR came into effect. All sewage must be 
treated according to standards outlined in the regulations. 

Waste associated with finfish aquaculture disperses into the marine environment through 
hydrological processes. The amount of operational waste being produced at a salmon farm has 
been reduced through industry best management practices and technological advances in feed 
composition.254  Waste generated on the facility not directly associated with the production of 
fish (household/ commercial garbage) is stored on the facility until it can be taken to a landfill.  

51. Are chemicals released to the environment through feed or through the use of 
antifoulants regulated? 

The use and release of these chemicals is controlled by provincial and federal regulations. For 
example, active salmon farms are required to conduct routine sediment sampling at and near net 
pens to evaluate concentrations of metals in the sediments that may have originated from excess 
fish feed or antifoulants.255  The results of metals testing is compared against the federal 
standards for the protection of marine aquatic life, and if the standards are exceeded, additional 
monitoring is then required.256 Only chemotherapeutants and antibiotics which have been 
approved by Health Canada and prescribed by a veterinarian can be used. 

Under the PAR, finfish aquaculture companies are required to prepare and implement a 
“Chemical and Other Substances Management Plan”.  The purpose of this plan is to detail the 
management and control of “therapeutants, disinfectant, pesticides, anti-fouling agents, 
hydrocarbons and bloodwater”.257  The DFO required aquaculture companies to submit these 
plans by March 31, 2011. 

52. Do leftover food or feces from farmed fish affect wild fish or pollute the marine 
environment?  

Uneaten fish feed has the potential to fall through the net pens and settle on the ocean floor 
beneath the cages. Over the last decade, industry best management practices and standard 
operating procedures, along with advancements in feed technology, have reduced the amount of 
feed that actually reaches the benthic environment.  The use of underwater cameras for example 
has improved feed practices significantly.  Improved feed formulas have been developed which 
result in higher digestibility258 (reducing the amount of solid waste discharged to the 
environment) and contain the minimum levels of zinc necessary for salmon health.259  

Leftover food and feces have the potential to alter the natural composition of the benthic 
ecosystem through prolonged or excessive exposure, however many studies argue that benthic 
changes are usually limited to the near-field environment260 and that these changes can be 
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reversed if the input of material is stopped.261 

For example, when a salmon farm is at “peak production” (i.e., the fish are at their largest size 
just prior to being harvested), it is typical that the deposition of fish waste (feed and feces) is the 
most significant.  The deposition of waste at this time can act to alter the physical and chemical 
properties of the sediments directly below the farm, and result in an alteration in the biological 
community in that location.  Fortunately, once the fish are harvested and the site is able to 
fallow, the recovery of the habitat, and the associated biological community, typically follows 
quickly (within weeks to months).262 

BMP’s, farm siting protocols and the PAR also work to avoid or minimize the severity of these 
impacts. For example, at sites with strong current flows residual food or feces is dispersed over a 
greater distance, reducing the degree of impact.263 It has never been shown that waste from 
salmon farms has a measurable impact on wild salmon populations. 

53. What are the potential impacts of waste deposition on the benthic environment?  

The potential benthic impacts of waste deposition are highly site specific and are affected by a 
number of factors including community structure, site history, hydrodynamics, water chemistry, 
topography, farm size and intensity and management practices.264 Wastes associated with farms 
are deposited in minimal amounts which do not have a significant impact unless they 
continuously accumulate and remain in one location over time.265 

(a) Potential impacts associated with deposition of organic waste 

The benthic environment has the ability to naturally absorb organic waste associated with finfish 
aquaculture.266 However, when this natural capacity to absorb waste is overloaded a number of 
potential impacts can occur, including: 

(i) Changes in substrate composition and bottom type, changes in benthic 
macrofauna species composition and abundance, decreased diversity, with 
increased abundance of opportunistic species, organic enrichment and 
eutrophication.267 

(ii) Changes in faunal structure in sediments beneath fish farms toward 
smaller opportunistic species results in slower mineralization rates and 
increased accumulation of organic wastes. 268 

(iii) Continuous inputs of organic matter can cause sediments to become 
anoxic or hypoxic resulting in the death of sensitive organisms and a shift 
in benthic pelagic coupling.269  

Brooks (2001) noted “[t]he degree and distance at which negative effects are observed are 
sensitive to farm management practices and can be controlled.” 270 
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(b) Potential impacts associated with the deposition of chemicals and other 
substances. 

Organic matter particles and chemicals added to feed or used as antifoulants can accumulate on 
or in sediments and have the potential to be re-released into the environment through re-
suspension processes. However most of the chemicals deposited on the sea bed are bound in the 
sediments which helps to decrease their toxicity. 271 

In aquatic environments the toxicity of both copper and zinc are affected by a number of 
variables including, water hardness, salinity, temperature, alkalinity and the presence of other 
contaminants. Sediment quality criteria has been established at the lowest observed effect level 
to ensure impacts associated with these chemicals are kept at a minimum.272  Studies have also 
shown that the toxicity of heavy metals is much higher in freshwater than in marine 
ecosystems.273 

Fallowing and site selection prevent potential long term impacts associated with the release of 
these substances.274 “In general, measurable (benthic) effects have extended to between 145 and 
165 m from netpen perimeters.”275 

Proper siting plays a key role in reducing or eliminating the potential impacts of waste deposition 
on the benthic environment. Modelling systems are used as a management and planning tool by 
the industry to assist with siting farms in areas which will experience the least environmental 
impact from an operating farm. DEPOMOD is used in BC to create a theoretical footprint of the 
potential area of impact associated with a farm based on site specific characteristics including 
hydrographic data, benthic characteristics, cage layout, feed characteristics and specific seasonal 
characteristics.276 

(c) How long before any impacts are reverted?  

There is no specified time limit on how long it will take the benthic ecosystem to recover from 
impacts associated with finfish farms.  Numerous studies  have shown that recovery time is site 
specific and depends on a number of factors, including current speed, bottom type, production 
levels, operating procedures and management practices. 277  

For example, studies have shown that recovery times can vary from weeks to years.278  Sites 
which displayed longer recovery times were sites located in shallow, depositional environments, 
with weak current flows. In contrast, sites that showed signs of recovery within weeks to months 
were located in areas with strong bottom currents and are at depths greater than 30 m.   
Conclusions from these studies support the assertion that benthic impacts can be reversed but the 
spatial and temporal extent of the benthic recovery will vary from site to site. 

(d) What are the benthic impacts associated with SLICE®? 

Some argue that there is the potential for SLICE® to accumulate in sediments (through repeated 
application) and enter the food chain through organisms like crabs, mussels and oysters. 
However, one study reported that SLICE® was not detected in sediment samples collected near a 
fish farm for 10 weeks after treatment and no positive results were measured in mussels after 4 
months. 279  Additional studies conducted at active sites did not find a relationship between levels 
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of SLICE® in sediments and benthic community changes.280 

To prevent the development of SLICE® resistant sea lice, Canada has limited the number of 
SLICE® treatments during a fish grow out cycle to three. Under the PAR, licence holders are 
required to report the use and amount of any medicated feed administered. In addition, Industry 
BMP’s and SOP’s outline medicated feed protocols which include safe storage and handling of 
medicated feed. All medicated feed is administered under prescription and supervision of a 
veterinarian. 

54. How are the potential impacts from waste deposition mitigated? 

Potential impacts caused by waste deposition associated with finfish aquaculture are prevented or 
mitigated through a number of options, including Federal legislation, Industry Best Management 
Practices and Standard Operating Procedures, appropriate siting, fallowing of sites and through 
ongoing research to better understand benthic impacts.  

Under the PAR, specific licence conditions are outlined to reduce potential impacts to the 
environment and protect fish and fish habitat.281 This section of the licence requires completion 
of a Benthic Monitoring Program to ensure compliance standards are attained at peak biomass 
and prior to re-stocking.  Licence holders are required to submit annual reports on the monthly 
amount of feed purchased and used including therapeutants, pigments, pesticides and zinc and 
copper formulations, the names of all materials released into the water during the reporting 
period including anesthetics, anti-fouling agents and other substances, and the monthly weight of 
mortalities and the disposal method. 

(a) Siting 

Proper siting has become recognized as an important part of the regulation and management 
process.  There are numerous standards for new sites that have been developed to reduce 
environmental impacts. These standards outline minimum distance requirements from salmonid 
bearing streams, sensitive fish habitat, pre-existing aquaculture sites, shellfish beds and kelp 
beds.  

As previously mentioned farms that are located in well-flushed environments will have faster 
remediation times and the effects on the benthic environment will be greatly reduced.  As Dr. 
Brooks (2001) explains: 

“Salmon farms located in well flushed environments frequently increase both the 
abundance and taxa richness of infaunal communities, even at high levels of 
salmon production.”282 

Annex 1 of the Finfish Aquaculture Licence recognizes DEPOMOD as a useful tool to predict 
the potential carbon footprint of an aquaculture facility, to appropriately site the containment 
structure array, and to locate appropriate compliance monitoring stations. 

(b) Fallowing 

Temporary impacts associated with waste deposition from finfish aquaculture are inevitable, 
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however fallowing of farms assists in reversing these impacts. Studies have shown changes to 
the benthic environment revert during fallow periods.283 Post-production fallow periods at fish 
farm locations have shown a reduction in the concentration of chemicals in sediment.284 It has 
been suggested that even in poorly flushed environments benthic recovery will occur naturally 
during a fallow period.285 

(c) Feeding practices 

There are a number of feeding guidelines outlined in Industry Standard Operating Procedures 
which help to reduce the amount of feed reaching and accumulating on the benthic environment. 
These include: 1) The use of underwater cameras placed in net pens during feeding to minimize 
feed wastage; 2) defined feed application rates based on fish weight and water temperatures; 3) 
correct feed size pellets. If the pellets are too big fish will be unable to ingest the pellets and they 
will settle on the benthos below the cages; 4) site managers are required to sample all feed 
deliveries for dust, floatation, fungus/mould and free oil, to determine feed quality. If the quality 
of the feed is below standards it will not be used; and, 5) weekly system calibrations to confirm 
if feeding is optimal for fish species, age and water quality conditions. 

In compliance with the PAR, licence holders are required to submit annual reports showing 
monthly quantities of antibiotics used, as well as any amounts of therapeutants released to the 
environment. Licence holders must ensure therapeutants used in feed are prepared at the feed 
mill and not on-site. 

Industry is careful to ensure that appropriate medication is safely administered to the target 
population. Only antibiotics which are licenced and approved for use are administered.  All 
antibiotics and therapeutants are used “judiciously” and only used for treatment or control of 
disease. Medicated feeds are fed first followed by unmedicated feeds to prevent loss of 
medicated feed to the environment. SOP’s clearly state that no spillage or discharge of 
antibiotics to the natural environment is allowed. Literature shows that there has been a steady 
decline in the amount of antibiotics used in Canada.286  

(d) Net cleaning protocols 

Licence holders are required (under the PAR), to maintain on-site records of the in-situ removal 
of biofouling. In an effort to reduce the environmental impacts associated with large inputs of 
organic material from the nets, in-situ maintenance is conducted regularly. Industry also aims to 
reduce the release of fouling materials to the environment when washing nets. To mitigate 
impacts associated with the use of antifoulants, nets are treated at the beginning of each 
production cycle and are not re-treated until after harvest occurs. 

(e) Benthic Monitoring 

Licence holders are required to comply with Benthic Monitoring requirements set out in 
Appendix XVI of the licence conditions. During peak biomass and prior to re-entry licence 
holders are required to ensure compliance standards are met. 

Monitoring is conducted in accordance to the regulations to assess chemical triggers and pre-
stocking requirements and standards. Farm management confirms waste control and pre-stocking 
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compliance before entering fish at a facility. 

55. Do farms cause Heterosigma blooms? 

Studies have stated that the potential for finfish aquaculture to cause enhancements in 
phytoplankton populations is “remote or non-existent”.287 Heterosigma blooms occur naturally 
in shallow bays with significant freshwater inputs and minimal flushing. These sites are 
considered poor locations for fish farms. 

However, in very rare cases where a farm is sited at a location as described above, some argue 
that there is the potential for nutrient input from salmon farms to further stimulate plant growth 
(under the right conditions).288 Once again, this possibility can be avoided by strategic siting of 
aquaculture operations: 

“…it has been suggested that salmon farms have little or no effect on ambient 
levels of either nutrients or phytoplankton density”.289 
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Section 3.  Why is science in a war of words over this industry? 

Salmon is an iconic symbol in BC and a topic of popular and often emotional discussions. There 
are many voices “speaking for the salmon”: government, academia, First Nations, ENGOs, as 
well as many other concerned groups and individuals. Because of the biological and ecological 
complexities associated with salmonids, there are still many unknowns about the factors 
influencing their productivity. There is general agreement that overfishing and habitat loss have 
contributed to the decline of Pacific salmon, and that Climate Change will have important effects 
on salmon productivity in the future. However, there is still much debate regarding the effects of 
salmon aquaculture on wild stocks, largely driven by polarized opinions on how to interpret 
existing knowledge as well as gaps in knowledge, and different scientific approaches.  As stated 
by Dr. Noakes and Dr. Beamish in 2011: 

”There continues to be no shortage of questions about this industry, and while it 
is important to at least better understand if not resolve some of the issues for the 
benefit of all involved, that has not always been the goal of everyone involved in 
the process. The lack of or selective use of data (such as excluding large 
proportions of the data) ignoring potentially important contributing factors and 
the selective use of reference points and modeling is not uncommon. The result is 
too often conclusions that are neither rational nor scientifically defensible (see, 
for example, Krkosek et al. 2007; Riddell et al. 2008).” 290  

Science has often been portrayed as the objective, non-biased voice among all others: it poses 
questions, tests hypotheses and reports facts, and it has traditionally done so primarily within the 
scientific community.  However, it is now accepted that science is not the only source of 
knowledge nor the only factor or voice guiding environmental policy and management decisions. 
Robust, unbiased science works mainly by process of elimination, revealing one tiny piece of the 
puzzle at the time, and often generating even more questions along the way.   

Where scientists generally seek to communicate their findings within the scientific community to 
increase knowledge, activists have a different audience in the public, and a different purpose in 
their communications.  The answers to scientific questions are often not black and white and 
scientists have a responsibility to report their findings truthfully including communicating both 
the significance and limitations of their work.  Activists are increasingly including goal-based 
science in their messaging and they have been effective in having their voices rise well beyond 
the scientific community, reaching both the public and government.  However, can and should 
research conducted with the precise objective to support one’s point of view be referred to as 
scientific research?  Can the resulting knowledge be trusted as unbiased? The results of this sort 
of research often claim to provide answers to public concerns and are usually presented in a way 
this is easy for the concerned layperson to grasp. It then becomes difficult to judge whether the 
source is reliable or not. As noted by Young and Matthews,291 the media play an important role 
in the controversy around aquaculture. What is reported (i.e., knowledge claims) in the media, 
and who is chosen to make those claims has a significant impact on risk perception. With so 
many voices making claims, how does one chose which to listen to?  

The weight of evidence may provide the answer. Not who speaks loudest, but where does most 
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scientific agreement lie?  This is not based on the number of papers published claiming one truth, 
but in terms of the likelihood of a knowledge claim, as presented by a large number of scientific 
experts rather than a small number multiple times. A large number of scientists have 
demonstrated through multiple robust studies that the impacts of fish farms on the environment 
are predictable to a large extent and can therefore be managed. They have also concluded that the 
likelihood of salmon aquaculture impacting wild salmon at the population level is very small.  
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Section 4.  Why does the industry worldwide have impacts that the BC 
industry says can’t happen here? How’s the BC industry different? 

Impacts related to finfish aquaculture vary around the world. Each country and its oceans have 
different ecosystems composed of different species, different topography and oceanography and 
different legislation regulating the potential impacts to these environments. 

56. How is BC model different from the Norwegian (and Chilean) model? 

The aquaculture industry in BC is subject to some of the most stringent regulations around the 
world.  BC aquaculture is regulated by the PAR. Licenses granted under the PAR outline 
conditions which must be followed to control and monitor pathogens, minimize fish escapes, and 
minimize and monitor the impact on fish and fish habitat. Regulations in BC also outline specific 
environmental standards which must be met prior to entering fish into a netpen site and at peak 
biomass.  New licenses or amendments to existing licences must meet specific site guidelines 
and require that a detailed application be submitted to DFO for approval. 

Aquaculture operations in BC are required to keep and submit records on fish biomass, treatment 
or diagnosis of disease, amounts of antibiotics used, total number of mortalities, inspection and 
maintenance of equipment, escapes or suspected escapes and benthic monitoring results. 
Auditing of this information is currently conducted by DFO, but was performed by Provincial 
government staff prior to December 2010. 

The aquaculture industry in Norway is regulated similar to the BC industry with individual 
licenses being granted under the Aquaculture Act (2005). Legislation in Norway also requires 
site specific information be collected and submitted with applications for new licences, however 
Norway has less stringent standards in regards to siting near existing finfish aquaculture sites, 
within marine protected areas and near areas used extensively by marine mammals.292 

Norway requires additional nets be deployed 20 m from farms to continuosly monitor for escapes 
(from Oct-April).293 Farms are also required to report escapes to the government, however  there 
is no specified time limit for when this report should be submitted, whereas in BC all escapes 
must be reported within 24 hours.  BC and Norway are the only jurisdictions with mandatory sea 
lice monitoring, reporting and auditing and both have mandatory net strength guidelines which 
must be met. 294  In Norway, regulations require mandatory fallowing of sites after each 
production cycle and unlike BC, aquaculture companies must post a public notice of any 
antibiotics used.295 

Chile, the second largest farmed salmon producer in the world, is not as strictly regulated as BC 
and Norway. An authorization or licence is not required in Chile for aquaculture activities 
carried out on private property.296 It has been suggested that “the regulatory structure in Chile is 
outdated and based on insufficient science”. 297  For example, escapes in Chile are prohibited and 
any escape event is published online or in newspapers;298 however regulations do not specify 
escape prevention practices as implemented in BC.299  There are no single age class stocking 
requirements outlined in Chilean legislation or Industry BMPs. In BC and Norway this is a 
requirement and the BC industry has adopted it into BMP’s and SOP’s.300  Furthermore, siting 
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guidelines require farms to be separated by 2.78 km; they do not establish siting distances in 
relation to any other important environmental factors (i.e., marine protected areas, shellfish or 
kelp beds, etc.). Fallowing (at the regional level) is not practiced in Chile.301  Legislation instead 
requires environmental monitoring and mandatory decrease in production if aerobic conditions in 
the vicinity of the farm are not maintained.302 

Farmers in Chile are only required to report specific diseases to the authorities and there is no 
specific threshold provided by law to define what encompasses a disease outbreak. In BC, all 
diseases, even suspected diseases must be reported.  Salmon farms in Chile, like BC and 
Norway, are required to provide annual reports on the amounts of any antibiotics used, however 
in Chile this data is not available to the public and it has been suggested that the reported 
amounts are only estimates generated by researchers, not by regulatory agencies. 303  In contrast, 
in BC, all antibiotics used in salmon farming have to be prescribed by veterinarians, as well as 
recorded and reported to government. 

57. Why do these countries have impacts that the BC industry says can’t happen here? 

In addition to strict industry regulations and best management practices, there are a number of 
reasons why impacts seen in other countries may not occur in BC.  The industry in BC produces 
significantly less farmed salmon than Norway or Chile.304  As less fish are being produced in BC 
this would decrease the probability of escapes and reduce the total amount of feed being 
discharged to the environment. 

Chilean studies have shown that escaped farmed salmon have successfully reproduced in Chilean 
rivers.305  Escaped Atlantic salmon have been found in BC rivers, although some of these 
escaped fish are suspected to come from farms in Washington.  To date, there are no reports of 
Atlantic salmon establishing self-sustaining populations outside of their home range. In addition, 
there is no evidence that Pacific salmon are being displaced or taken-over by Atlantic salmon.306  
Agriculture and Agri-Food Canada reports that “…[Atlantic salmon] cannot produce viable off-
spring from mating with local, Pacific Salmon”.307 

Fish diseases seen in BC are different from those seen in Chile and Norway, which are difficult 
to control or eradicate. Rickettsia, a bacterial disease in Chile, lacks an effective vaccine.  In 
addition, BC was the first jurisdiction to require comprehensive Fish Health Management 
Plans.308 

Regulations in each country limit the number of sea lice treatments that can be administered. In 
Canada this is restricted to three treatments per grow out cycle. In Norway up to five treatments 
per grow out cycle may be administered and in Chile up to eight treatments per grow out cycle 
are allowed.309 

All three countries have different ecosystem structures which have varying levels of carrying 
capacity. The west coast of BC is highly diverse and productive, which increases the ecosystems 
ability to take up and process organic inputs associated with aquaculture. Furthermore, BC 
salmon farms are located in deep waters with strong currents to aid in the dispersal of substances 
that can be released from farms. Chile and Norway have only recently begun to locate farms in 
deeper inshore waters,310 however surface currents (at farm locations) are still relatively low and 
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residence times (of deposited materials) are generally longer.311  

“BC centred studies are important because differences in oceanographic 
conditions, seasonal and annual environmental changes and the presence and 
distribution of other fish and shellfish species can make meaningful statistical 
comparisons between regions highly variable.”312 

BC also has the advantage that it is a relatively young industry and can learn from well 
established jurisdictions like Norway, Scotland and Chile. BC has the opportunity to examine 
past and current practices from other countries and compare what works and what doesn’t work 
and apply that knowledge here.  

58. Is it useful to compare sea lice in BC to other salmon farming regions? 

Variability in environmental conditions, host fish species and sea lice species limits the direct 
transferability of information from other salmon farming regions in the world to BC.  However, 
the experiences of other regions can be used to help predict potential evolutions in the 
management of sea lice, and allow the industry in BC to more quickly respond to potential 
impacts of this parasite to both the farmed and wild salmon. 

In Chile, salmonids are an introduced species unlike BC or Norway where they exist naturally.313 
Because salmon do not exist naturally in Chile, the species of sea lice associated with their 
farmed fish represent a concern for the endemic species of fish. The lack of historical exposure 
has prevented wild fish stocks from evolving a tolerance to these species of lice. In BC fish 
populations have naturally co-existed with the species of lice present on wild and farmed fish for 
centuries and it has been suggested that Pacific salmon have developed an innate resistance to 
species of sea lice.  For example, coho salmon and Atlantic salmon appear resistant to Caligus 
flexispina.314 

In addition, studies suggest that “Pacific and Atlantic populations of L. salmonis are genetically 
distinct and may have different evolutionary adaptations” and that the Caligus species more 
commonly found in Chile can be more difficult to control.315 

“…research done on environmental effects in other parts of the world can only be 
applied to BC with great care.”316 

In a rebuttal to comments made by Morton and Routledge on a previous publication, Butterworth 
et al. (2008) explain that European literature is of limited applicability in BC for a number of 
reasons, including differences in host salmonid species, the relative numbers of wild and farmed 
salmon in BC and Europe, and the presence of alternate potential hosts.317 
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Section 5.  Why doesn’t industry embrace closed containment as an 
ideal option in BC? 

The BC salmon aquaculture industry has been - and continues to be - a leader in improving 
practices and reducing effects on the environment. If closed containment was “the perfect 
solution” as claimed by certain groups, it is likely the industry would transition to it.  As the 
Pacific Salmon Forum noted in its Final Report & Recommendations to the Government of BC, 
“[t]here is a high degree of public misinformation on closed containment and many questions to 
be answered before it can be considered viable.”318  

59. What is closed containment? 

As the BC Pacific Salmon Forum explained, closed containment involves “a range of 
technologies that attempt to restrict and control interactions between farmed fish and the external 
aquatic environment with the goal of minimizing impacts and creating greater control over 
factors in aquaculture production.”319  

60. How would closed containment affect the industry? 

The BC salmon aquaculture industry understands closed containment technologies well. Farmed 
salmon are currently raised in land-based recirculating systems for one-third of their life. The 
industry supports continued efforts in developing new and improved technologies, and 
acknowledges closed containment could provide some advantages. However, it also recognises 
that, currently, it is not a sustainable option to grow salmon commercially and that a shift from 
net pen systems would bring significant challenges: 

Financially – In a recent study assessing the economic feasibility of 10 proposed salmon-rearing 
technologies, only net pens and recirculating aquaculture systems (RAS) showed “potential for 
financial feasibility.”320 However, RAS technologies were found to be only “marginally viable 
from a financial perspective.”321 

Should net pen farm operators attempt to convert to RAS, an initial investment of $22 million 
would be required, whereas capital expense for a net pen system is approximately $5 million. 
Third-year income for RAS was estimated at $381,467, producing a marginal return on equity 
(ROE) of 4%.  In comparison, third-year income for a net pen system was calculated at 
$2,641,147, with a ROE of 52%. 322  

In addition to raising capital cost from around $2,000 per tonne of product to over $9,000/t (with 
no increase in return), conversion to land-based closed containment systems would also translate 
into increased energy costs and labour requirements, which could significantly impact overall 
profitability.323   The analysis also showed RAS facilities could prove would be much more 
susceptible to pressures which had already been experienced by the industry. 

Based on the assessment of 10 proposed salmon-rearing technologies, only two (net pens and 
RAS) showed potential for financial feasibility, warranting a more in-depth financial and 
sensitivity analysis. The results of this subsequent analysis have shown that while both 
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technologies are profitable on a pro-forma basis, with returns significantly higher for net pen, 
RAS technologies are projected to be considerably more sensitive to market forces (e.g., 
exchange rate and market price) beyond the operator’s control, and may likely prove non-
profitable within a range of variability that has actually been experienced by the Canadian 
salmon aquaculture industry in the past. These sensitivities are due largely to the high initial 
capital investment and subsequent costs associated with it.324 

The systems, once employed, would also have little flexibility to natural fluctuations in the price 
of salmon – with small variations putting businesses in the red. This could result in lower wages 
and reduced job security. 

Technically – A report by the Canadian Science Advisory Secretariat (CSAS) showed, in order 
to transition to land-based systems, the net pen aquaculture industry would have several technical 
challenges to overcome. These include: CO2 build up, waste management, siting and installation 
and energy requirements.325 The greater complexity of closed containment systems would result 
in important changes to management and operational requirements: system maintenance to 
prevent mechanical failure would require a different set of skills than that found in the industry at 
the moment.  

Animal welfare – Various changes would have to be made concerning animal husbandry in the 
event of a shift to closed containment. The industry would have to find ways to maximize 
production, without compromising animal health. Higher fish densities could lead to greater risk 
of disease. 

Changes to the husbandry environment involving closed-containment technologies, including 
increases in fish densities and hydraulic retention times, could increase the risk of pathogen 
exposure and horizontal transmission, relative to current systems.326  

61. Are there any closed containment systems for salmon aquaculture? 

Land-based flow-through systems are used to commercially grow juvenile salmon, trout and 
tilapia.327  As mentioned, the salmon aquaculture industry in BC also uses land-base systems to 
grow fish to smolt stage. China, experimented with RAS technology for the rearing of Atlantic 
salmon, but discontinued its efforts in 2007. Thus, there have been no successful attempts at 
growing Atlantic salmon commercially, through its entire production cycle.  

The 2008 CSAS report concluded:  

“A review of over 40 closed-containment systems from around the world found 
that none was producing exclusively adult Atlantic salmon and that many 
previous attempts to do so had failed. Reasons for failure [...] included, but were 
not limited to mechanical breakdown, poor fish performance, management 
failure, declines in market price and inadequate financing.”328 

More recently, Trevor Swerdfager, former Director General of the Aquaculture Management 
Directorate at DFO said: 
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“We’re not aware of anywhere in the world that produces salmon at a 
commercial scale or even close to a commercial scale, both from a technological 
point of view and from a financial point of view. We’re not aware of that being 
done anywhere today.”329  

62. Is closed-containment technology, as it is currently, an economically viable 
alternative to net pens? 

Results from the latest feasibility study were clear; RAS technology is the only alternative to net-
pen systems, which could be economically viable. However, the report also stated “higher capital 
costs, energy costs and labour requirements considerably affected its overall profitability”.330  In 
addition, because RAS technologies may be more sensitive to market forces and considering the 
Canadian aquaculture industry has proven variable, the report concludes: 

“Overall, the analyses showed that RAS technology is marginally viable from a 
financial perspective, but that it presents a higher level of risk compared to net-
pen systems”.331 

63. What are the environmental impacts associated with closed containment? How does 
the severity of these impacts compare with net pen aquaculture? 

In a study which compared the potential environmental impacts of rearing salmonids in a net pen 
system with those of three reportedly environmentally-friendly alternatives, the authors 
concluded closed containment is not the perfect solution some have claimed it to be:  

“The implementation of closed-containment salmonid farming technologies would 
appear to represent a classic case of environmental problem shifting.” 332 

The study reported: 

“…while the use of these closed-containment systems may reduce the local 
ecological impacts typically associated with net-pen salmon farming, the increase 
in material and energy demands associated with their use may result in 
significantly increased contributions to several environmental impacts of global 
concern, including global warming, non-renewable resource depletion, and 
acidification.” 

“In order for these systems to have the capacity to be economically competitive 
with net-pen farming systems and other well-established seafood production 
seafood production systems, they will need to produce a large volume of fish. This 
will require the construction of larger closed-containment systems, or 
alternatively the construction of a greater number of small systems. In either case, 
the increase in material and energy demand involved with this expansion would 
be substantial, as would the associated life cycle impacts.” 333 

The 2008 CSAS report identified similar environmental costs associated with closed containment 
systems, including lower energetic efficiency compared to net pen.334 Not only have studies on 
closed containment been unable to show economic feasibility, but they have not produced 
evidence of greater environmental sustainability.  
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Section 6.  Is the quality of our ocean habitat being sacrificed for 
private industry? 

Some have argued farmed salmon is a “luxury” food, which does not contribute to feeding the 
world population, but rather to enrich private industry. Not only is this argument incorrect, but it 
shows a clear lack of understanding of the importance of salmon as a food source (today and into 
the future).  It is well known salmon is an important traditional food for First Nations (and 
coastal communities in general). However, its importance has yet to be fully recognized as an 
emerging cultural staple in modern society. Fish has become a symbol of “healthy eating”, not 
only for its beneficial properties, but also as it is perceived by many as one of the more 
environmentally sustainable sources of protein. In recent years, sushi (a traditional food from 
Japan) has become a major item in the North American diet and “a global food commodity”.335 
One only needs to look at the growing number of sushi bars in Vancouver to understand the 
magnitude of this phenomenon.336 

The FAO (United Nations Food and Agriculture Organization) reported the contribution of fish 
to global diets has reached an all-time high.337 The same report concluded the “..proportion of 
overexploited, depleted or recovering stocks increased from 10 percent in 1974 to 32 percent in 
2008”.338 

Salmon aquaculture is an economic activity to the same extent as commercial fishing; both are 
utilizing resources from ocean to provide a commodity, for which the demand is growing. 
Fishers remove their product from wild stocks, while farmers grow it. However, the uncertainties 
related with commercial fisheries are much greater than those associated with aquaculture. 
Fishers obtain their product from populations which have been difficult to assess and which, 
without increased enhancement efforts, are likely to become depleted over time (as a result of 
overexploitation, habitat destruction and climate change). Experts agree, in the course of this 
century, great changes can be expected as a result of climate change. 

“Pacific salmon from the Fraser River stocks will suffer major impacts in fresh 
water and in the ocean. Sockeye, pink and chum from the Fraser River will be 
reduced in abundance as a consequence of reduced freshwater survival as 
juveniles and spawning adults. The production of wild coho and chinook will also 
be reduced, but the reduction will be less than for the other species. Pacific 
salmon stocks from the Skeena and Nass rivers and to the north will increase in 
abundance as a result of improved ocean productivity. Pacific salmon will begin 
to reproduce in Arctic rivers. Pink salmon will be excellent indicators of climate-
related change. Basin-scale changes in growth, survival, and straying rates will 
all indicate when large-scale changes occur.” 339 

The effectiveness of enhancement efforts will likely be greatly reduced. With both wild and 
enhanced stocks in decline, how will commercial fisheries meet the ever-growing demand 
without further depleting Pacific salmon stocks? Already, the global demand for seafood has 
surpassed “capture” fisheries: 

“Globally, demand for finfish and shellfish is growing by 9 percent a year and 
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conventional “capture” fisheries can meet less than half the current and 
anticipated demand. Canadian aquaculture is uniquely positioned to capitalize on 
that growing demand.”340 

Fish farmers obtain from the ocean only what they have put in. Aquaculture provides a 
predictable and stable source of food. It is also a very efficient food production system: with a 
feed to growth ratio of approximately 1:1 to 1.2:1 (i.e., 1 – 1.2kg of feed for 1kg of fish 
produced), it is more efficient than any other farmed food source.341 Wild-caught salmon has an 
estimated food conversion ratio of 10:1. Furthermore, it is a system which deals with fewer 
variables than fishing does, and which can control many of these variables to reduce 
uncertainties. Climate change may not have the same impacts on farmed fish, than it does on 
wild stocks:  

• Changes in the freshwater environment, likely to impact early life stages of wild 
salmon, would not affect farmed salmon produced in hatcheries. 

• Increased sea surface temperatures (SST) may have a lesser affect on farmed 
salmon (which have lower somatic energy requirements), or greater tolerance 
could be bred into farmed stocks.  

• Any decline in ocean food production (i.e., ocean productivity) is less likely to 
affect farmed fish. 

Aquaculture has already taken an important place, alongside commercial fisheries, in feeding the 
world. In BC, salmon farming has emerged as a sustainable strategy to help fisheries meet the 
growing demand for fish. And with the increasing threat of continuous freshwater habitat loss 
(caused by population growth) and of changing ocean conditions (due to climate change), 
aquaculture may become even more important in the future, as a dependable food production 
system. 

64. What kind of environmental impacts (actual not perceived) are associated with 
salmon aquaculture?  

All human activities have an effect on the environment.  As one DFO paper explains: 

“Whenever there is a new use of the natural resources of an area, there is an 
inevitable alteration to that part of the environment being used.” 342 

Activities for which the impacts are well understood, manageable and reversible are more readily 
accepted for their benefits. Salmon farming may still be a relatively new activity in BC, but it has 
been practiced in Europe for approximately half a century and, during this time, much has been 
learned about the interactions between fish farms and the environment.  Although there are many 
differences between environmental conditions in BC and those found in other aquaculture 
regions, the industry in this province (because of its late coming) has benefited greatly from the 
knowledge gained elsewhere in the world and has built upon that knowledge to ensure its 
success. Today, the BC salmon aquaculture industry is a sophisticated and efficient food 
production system, well-adapted to the environment it operates within, and controlled by strict 
regulations that have been successful at making this industry sustainable.  
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The actual (as opposed to perceived) impacts associated with salmon aquaculture operations in 
BC today are quantifiable, predictable and transient. Furthermore, these impacts are regulated, 
monitored and mitigated. 

Diseases: Salmon farming in BC is regulated under the most stringent fish health policies in the 
world, and the most rigorous in the Canadian food production industry. Farmed fish are grown in 
controlled conditions to reduce the risk of disease. The fish are monitored daily for any sign of 
stress or infection. Diseases are rapidly identified and controlled by highly trained fish health 
personnel and veterinarians. Strict biosecurity measures are implemented to prevent the spread of 
infections.  

Of all the possible invasion pathways in BC for exotic pathogens, aquaculture is certainly the 
most regulated and least likely. Other pathways include pathogens in the ballast waters of cargo 
ships or shed from barnacles or mussels attached to cruise ships and sailboats, introduction 
through invasive host species (such as lionfish) which are extending their range across the oceans 
as a result of climate change,343 or through fish species introduced from the aquarium trade such 
as oriental weatherfish.344  

What is not well known is the status of fish health in wild populations. As the source of 
infectious diseases for farmed salmon are likely to be wild fish, information about diseases in 
wild populations could be useful to farm operators for preventative measures.  

Sea Lice: The BC aquaculture industry has implemented comprehensive management practices 
aimed at controlling the levels of motile sea lice on farmed salmon. These measures have been 
shown to be effective.345 Industry compliance with the monitoring and management 
requirements under the Provincial licensing system was very high.346 

There has been no direct cause and effect relationship shown between lice presence on farmed 
salmon and fluctuating salmon populations in BC.347 

Sea lice are present in all areas of the BC coast, whether or not salmon farms are present.348 
Farmed salmon represent only one potential host of sea lice in the nearshore environment349 and 
other mechanisms for infection of wild salmon must be considered. More research could be done 
on how levels of sea lice vary naturally, in relation to environmental conditions.   

Escapes: The regulations and standards for escapes prevention in BC have developed to become 
the most rigorous among other salmon aquaculture regions - including the United States, Chile 
and Europe.350 Compliance reports (MAL/MOE) have shown the industry’s high level of 
compliance in regards to escapes prevention. Improvements to system design and infrastructures 
have since significantly reduced the occurrence of system failure, thus decreasing escape events.  

There is no evidence Atlantic salmon are becoming established in BC.351  Atlantic salmon is a 
poor colonizer: despite sustained efforts in the early part the 20th century and some opportunities 
since, it has been unable to compete with wild stocks and establish itself in an environment 
which is simply not suitable to this species.352  The likelihood of escaped Atlantic salmon 
producing viable offspring with Pacific salmon is negligible.353  

The risk of introduction of other invasive fish species in BC and their impacts on endemic 
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populations are, however, very real. Exotic fishes can be (and have been) introduced through 
several pathways:354 shipping and ballast water, aquarium trade and illegal introduction for 
recreational fisheries. Good colonizers, such as various species of bass and carp, have rapidly 
become established in BC and are a real threat to endemic populations.355 The likelihood of 
introduction of alien, invasive fish species – and subsequent impacts on native stocks – is much 
greater from the above-mentioned activities (and related species), than from farmed Atlantic 
salmon.  

Benthic Impacts: Beginning March 31, 2011 licence holders are required to prepare and 
implement a Chemical and Other Substances Management Plan including the management and 
control of therapeutants, disinfectants, pesticides, anti-fouling agents, hydrocarbons and 
bloodwater. It is inevitable that some waste material is released to the environment through the 
net pens. Farmed fish are grown in sites specifically selected to minimize impacts on benthic 
communities. DEPOMOD has been recognised as a useful tool to predict the potential carbon 
footprint of an aquaculture facility, to appropriately site the containment structure array, and to 
locate appropriate compliance monitoring stations. Industry BMP’s are continuously working to 
reduce the discharge or potential discharge of wastes or pollutants to the surrounding 
environment.  

Numerous studies have examined the benthic impacts associated with aquaculture to determine 
the spatial and temporal scale of effects. The potential benthic impacts of waste deposition are 
highly site specific.356 Wastes associated with farms are typically deposited in minimal amounts.  
Studies have shown when most sites are left to fallow the potential for impact is reduced because 
this allows for waste to be dispersed away from the farm rather than continuously accumulating 
over time..357 Once the fish are harvested and the site is able to fallow, the recovery of the 
habitat, and the associated biological community, typically follows within weeks, to a few 
months. 358 

 



 

 - 63 - 

Section 7.  Can salmon farms and wild salmon co-exist? 

65. How do the environmental impacts of aquaculture compare to impacts from other 
anthropogenic activities? 

Aquaculture has been proposed as a sustainable strategy  - one that complements fisheries - to 
help meet the growing international (as well as local) demand for fish.359  

All human activities have an effect on the environment. For centuries, we have cleared large 
portions of forested areas, for lumber, to construct dwellings, commercial and industrial centres 
and to make room for agricultural operations. We have also fished the ocean with methods that 
sometimes remove significant volumes of by-catch or leave the seafloor barren. Ranched 
fisheries are currently releasing between 4 to 6 billion smolts annually into the North Pacific to 
support commercial fisheries (Alaska alone produces 1.5 billion smolts each year).360 However, 
there is growing evidence this might precipitate the decline of wild populations. 

“Large-scale salmon enhancement projects have also resulted in significant ecological 
and genetic interactions with wild salmon, particularly for coho and chinook stocks.”361 

We have accepted a certain level of impact from agriculture and from fisheries, because we 
believe the benefits (i.e., being able to maintain beef or halibut in our diet), outweigh the risks 
associated with these activities.  

Despite not fully understanding the risks involved, society is willing to accept them, as long as 
measures are in place to mitigate impacts and improve our practices. It may have been no 
different for salmon aquaculture, except for the fact that it is a relatively new industry in Canada, 
one that strives to become established in a much changed societal and regulatory context. 

“Aquaculture is unlike any other resource or agricultural sector in Canada 
simply because of its novelty. As a new industry, it has been formed in a unique 
crucible, shaped by structural and cultural forces that differ significantly from the 
circumstances that shaped Canada’s more established primary sector 
economies.”362 

When put into context and compared to other industries and anthropogenic impacts, salmon 
aquaculture, as conducted in BC today, represents a very small environmental footprint:  

(a) Physical footprint:  

There are currently 134 licensed salmon farms in BC, occupying an estimated area of 
approximately 46 km2 or 11,367 acres.  In comparison, agriculture has a much greater footprint.  
The 2006 census of agriculture reported 19, 844 farms in BC, occupying 7,006,569 acres, or 
approximately 30% of the province:363 “BC’s Fraser Valley has the highest concentration of very 
large farms in Canada, with 30 large farms for every square km of farmland available.”364 

Other developments and human activities have created more significant marine footprints than 
aquaculture.  For example, the BC Nearshore Habitat Loss Working Group reported, in 2001, 
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that 23% (60 km) of estuarine and other nearshore habitat in the Georgia Basin had been 
urbanized and altered by dykes, seawalls, docks, and other uses.365  Fisheries, such as trawling, 
have a direct footprint on the ocean floor:  

“From 1996 to 2005, the Pacific groundfish bottom trawl fleet fished over 38,000 
km2 of Canada’s Pacific Ocean floor. During this time, there was a general 
decline in the area trawled annually.”366 

Trawling may have also had significant unreported impacts on benthic habitat. 

(b) Nutrient loading:  

The production of waste is an inevitable result of farmed salmon production, as it is with the 
production of all food sources. Fortunately, the potential impacts of waste released from salmon 
farms can largely be mitigated through regulatory requirements, proper siting, and industry best 
management practices.  When these practices are implemented, it has been repeatedly shown that 
the marine environment has the capacity to recover from the near-field impact associated with 
salmon farm operations very rapidly due to the flushing and dispersal associated with the ocean 
currents and tides (with total recovery of the seabed within a few weeks to a few months).   

“It is difficult to compare nutrient loads coming from fish farms with other human 
and natural sources of nutrients because individual finfish sites are relatively 
small point sources (as opposed to sewage outfalls) and are located where there 
is little additional loading from human sources and where there is relatively little 
information on natural loadings. Compared to such sources as the Fraser River, 
which contributes an estimated 171,000 tonnes of particulate organic carbon per 
year…, the annual loads from BC finfish farms are small. Increased nutrient loads 
from finfish farms in areas that are already experiencing large nutrient loads 
from natural and human sources (e.g., Georgia Basin) may have little additional 
cumulative effect.”367 

Impacts to aquatic and terrestrial ecosystems associated with nutrient loading and release of 
containments from agricultural operations are well documented. Concerns have arisen relating to 
nutrient loading (and contamination) of watercourses, either resulting from the use of fertilizer to 
promote crop growth, or as waste products from farmed animals. Nutrient loading of aquatic 
habitats can dramatically alter the biological community due to changes in species composition 
and abundance, and in extreme cases result in eutrophication.368  Nutrient loading of terrestrial 
soils can also result in alterations to the vegetation community, and ultimately drive changes to 
all levels of the terrestrial ecosystems. The United Nations Food and Agriculture Organization 
(FAO) has said:  

“The livestock sector emerges as one of the top two or three most significant 
contributors to the most serious environmental problems, at every scale from 
local to global.”369 

Furthermore in Canada, Statistics Canada reports: 
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“Few farms in Canada have nutrient management plans. Concerns for the 
environment is the single largest reason for having a nutrient plan.”370 

Sewage discharge from various origins (such as municipal sewage systems, industries and 
shipping) is a significant source of nutrient loading in the aquatic environment.  

“The highest volume of sewage discharge [in BC] is in the Georgia Basin… 
Volume has been increasing due to population growth and the addition of new 
areas to municipal sewage systems (i.e., converted to septic systems).” 

“Cruise ships carry an average of 2,000 crew and passengers and generate more 
waste and sewage than a small town… Little documentation exists on cruise ship 
impacts in British Columbia.”371 

(c) Antibiotics:  

The use of antibiotics in the salmon aquaculture industry is very limited and more closely 
controlled than in other livestock industries.372 Antibiotics are used treat bacterial diseases (not 
prophylactic, nor to promote fish growth) and are prescribed by a licensed veterinarian: this 
makes salmon farming unique amongst the animal protein-producing industries, which are not 
bound by the same strict regulation. Furthermore, antibiotics used on fish farms are recorded and 
reported.  

In the agriculture industry, antibiotics are routinely added to feed and their use has increased 
over time:   

“About 90% of the antibiotics used in agriculture are given as growth-promoting 
and prophylactic agents, rather than to treat infection. The recommended levels of 
antibiotics for feeds were just 510 ppm in the 1950s but have increased by 10 –to- 
20 fold since then.”373 

(d) Genetic impacts on wild stocks:  

Whereas the impacts from aquaculture are likely very limited as the farmed Pacific salmon 
industry is quite small and the likelihood of farmed Atlantics interbreeding with wild Pacific 
salmon is almost non-existent, there is a real risk that hatchery fish may spawn with wild salmon 
and impact genetic diversity and wild salmon’s ability to adapt to changing environmental 
conditions, or compete for limited food resources.374  

“Large-scale salmon enhancement projects have also resulted in significant 
ecological and genetic interactions with wild salmon, particularly for coho and 
chinook stocks. These interactions have tended to reduce genetic diversity and 
result in the replacement of wild salmon by hatchery fish.”375 

(e) By-catch: 

By-catch in the salmon aquaculture industry is very limited in comparison with capture fisheries. 
For example, by-catch in groundfish trawling is a significant proportion of the total catch: 
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“Based on government data, we determined that the Pacific groundfish bottom 
trawl fleet discarded nearly 100,000 metric tonnes of bycatch from 1996 through 
2006. This amounts to 20% of all the biomass caught in this fishery during this 
time. While the majority of this bycatch was composed of commercial species, 
approximately 30% of the bycatch biomass was made of non-commercial species, 
for which there are currently no management measures in place.” 376 

66. Has salmon farming contributed to the decline of wild salmon stocks? 

Historically, the abundance of salmon has always been variable.  BC Pacific salmon have been in 
decline over the last several decades, and this trend seems to have been precipitated since the 
early 1990’s. Regarding the decline of the Fraser River sockeye salmon in BC, what the weight 
of evidence does indicate is that there is no single cause, but rather, several factors are involved.  

“Shifts in climate in 1977 and 1989 resulted in significant changes in production 
for a number of marine fish species including Pacific salmon. These climate-
related changes, combined with local overfishing and the loss of freshwater 
habitat, have left some salmon stocks at very low levels.”377 

There has also been growing evidence indicating climate-related changes have been a major 
factor in the decline of wild Pacific salmon.   

“In recent years, production of Fraser sockeye has declined precipitously [...] 
Global climate change is likely playing a large role in this decline. Various 
authors have examined the potential impact of global climate change on 
particular life stages of sockeye salmon, with many of the analyses done on 
Fraser sockeye stocks (e.g., Henderson et al., 1992; Hinch et al., 1995a, 1995b; 
Swansburg et al., 2002; Rand et al., 2006; Farrell et al., 2008; Hague et al., in 
press; Martins et al., in press), as well as on overall production rates (e.g., 
Klyashtorin, 1998; Levin, 2003), and concluded that Fraser sockeye salmon 
would experience declining production based on recent changes in climate, and 
production would continue to decline as climates continue to change.”378 

It has been suggested that the growth of fish farm production in the 1990s may have contributed 
to the decline of wild salmon populations. Although industry opponents maintain the correlation 
exists, causation has never been established. For example, the decline of pink and chum salmon 
populations in the Broughton Archipelago was hypothesized to have been related to sea lice from 
farms in the area.379 This suggested correlation was extensively studied.  However, the 
hypothesis has since been rejected by several scientists, some of whom have also identified 
concerns with the underlying science of that study.380  In fact, the authors themselves have 
recalibrated the model and found a very different conclusion to their original study:  

 “The survival of the pink salmon cohort was not statistically different from a reference 
region without salmon farms.”380a 

Correlations can be seen among many things and new hypotheses are constantly formulated: this 
is how we come to understand the world around us. Conclusions, however, should only be drawn 
from the weight of evidence, based on credible and reliable science.  
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“... as wild salmon productivity has been reduced by habitat loss and the effects of 
climate change on watersheds and oceans, public concern about the potential 
impacts of salmon farms on wild fish has increased. Some of this public concern 
has been fuelled by a lack of information or by misinformation about current 
operational practices as well as by conflicting scientific research and scientific 
commentary about the impacts of fish farming on wild fish and the 
environment.”381 

Several reviews and studies of the environmental impacts of salmon aquaculture in BC have 
concluded the industry represents a low risk to wild salmon stocks. The Salmon Aquaculture 
Review, completed in 1997, concluded: “salmon farming in BC, as presently practiced and at 
current production levels, presents a low overall risk to the environment.”382 Other studies have 
come to the same conclusions: 

“The combined evidence indicates that salmon farming, as currently practiced in 
British Columbia, poses a low risk to wild salmon stocks particularly when 
compared to other potential factors.”383 

Put into context, salmon aquaculture impacts are limited both temporally and spatially, and the 
likelihood of an effect on wild salmon at the population level is very small. Furthermore, there 
has been no evidence impacts from salmon aquaculture have contributed to the decline of Fraser 
River sockeye. The risks related to fish health, escapes and wastes are being managed through 
stringent regulations, and are mitigated by strict industry implemented protocols and practices. 
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