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Executive Summary 
 
The world population has passed 7 billion. Continued improvements in the aquaculture 
industry are enabling us to balance the growing demand for healthy seafood protein with 
the need to reduce pressure on wild fish stocks and the environment. Research has shown 
that escapes, benthic impacts, and chemical inputs at marine netpen salmon farm sites 
tend to be localized. Feed resources can be an issue, but the amount of wild fish required 
to feed farmed fish has been greatly reduced, with some companies looking to further 
minimize wild fish inputs and potentially eradicate them all together. Harmful 
interactions with marine mammals are also a point of concern, but companies have made 
measurable progress to minimize their interactions and are continuing to research and 
develop non-lethal control methods. Disease transmission is a major concern, but there is 
no definitive link between farmed salmon and disease events in wild salmon, and the 
presence of non-native pathogens has yet to be confirmed in BC. 
 
Upon further investigation, Seafood for the Future (SFF) has found that Grieg Seafood 
BC and Marine Harvest Canada are operating responsibly and continue to make 
measurable progress towards reducing their impacts. This commitment to sustainable 
performance is validated in their certification by the Global Aquaculture Alliance’s 
BAP—Best Aquaculture Practices. SFF will continue to work with these entities and 
their cohorts in the BC area to further reduce their environmental footprints.  
 
In the past, SFF has recommended all BC farmed salmon on its “Gold List.” Upon further 
review of the scientific data and information, SFF finds that there is a need for research to 
fill in the information gaps regarding the potential for disease transmission and to 
increase the level of transparency regarding this issue. SFF will move the overall 
recommendation for BC farmed salmon to the “Specific Stock” list until there are more 
data on the topic. This does not affect SFF’s recommendations for Grieg Seafood BC and 
Marine Harvest as responsible producer partners.  
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Preface 
 
This report was written in response to concerns expressed by a number of environmental 
groups about the impacts that may result from farmed salmon operations in British 
Columbia, Canada. Specifically, the group inquired about Seafood for the Future’s 
partnership with Grieg Seafood BC’s Skuna Bay brand, which expanded to include the 
program’s partnership with Marine Harvest Canada at a later meeting. Among their 
primary concerns were the spread of disease from farmed to wild salmon, marine 
mammal interactions, benthic and chemical impacts, and the lack of transparency from 
the industry and Canadian Government. The letter expressing their concerns is available 
in appendix I.  
 
Introduction 
 
The world population has passed 7 billion. Continued improvements in the aquaculture 
industry are enabling us to balance the growing demand for healthy seafood protein with 
the need to reduce pressure on wild fish stocks and the environment (FAO/NACA, 2012). 
According to the UN Food and Agriculture Organization (FAO), “Food fish has a 
nutrient profile superior to all terrestrial meats…In fact, if there is a single food that could 
be used to address all of the different aspects of world malnutrition, it is fish,” (FAO, 
2003a). Due to its high levels of heart-healthy Omega-3 fatty acids, salmon are among 
the healthiest of the fish proteins (Santerre, 2004 and AHA, 2013).  
 
Global aquaculture is the fastest growing food production sector and now accounts for 50 
percent of the world’s fish consumption. The demand for farmed salmon is growing 
steadily and production has increased from 299,000 mt in 1990 to 1.9 million mt in 2010, 
of which 90 percent is Atlantic salmon (Salmo salar) (FAO, 2012, 2013a). Canada is the 
world’s fourth largest producer of farmed salmon, with the majority produced in British 
Columbia, Canada (BC) (BCSFA, 2013).  
 
Salmon farming in BC began with the cultivation of coho (Oncorhynchus kisutch) in the 
early 1970s followed by a shift to Atlantic salmon in the 1980s. In the latter decade there 
were 101 salmon farming companies operating in BC. As of 2011 only four main 
companies: Mainstream Canada, Marine Harvest Canada, Grieg Seafood BC, and the 
Creative Salmon Company, held 130 tenure licenses -- not all of which are active at any 
one time. According to a 2009 PricewaterhouseCoopers LLP report prepared for BC, the 
province’s salmon aquaculture industry employed 6,000 people both directly and 
indirectly. The Aboriginal Aquaculture Association reports that First Nations people 
account for 14.1 percent of the labor force on farms and 36.6 percent at the processing 
plants (Cohen, 2012a).  
 
As of December 2010 the Department of Fisheries and Oceans (DFO) became the lead 
agency charged by the Fisheries Act to regulate BC marine finfish aquaculture. The 
agency does so under the Pacific Aquaculture Regulations (PAR). Health Canada and the 
Canadian Food Inspection Agency (CFIA) also play critical roles in the regulation of fish 
health as it pertains to animal welfare on the farm and human consumption. Specific 
responsibilities are delegated to provincial government agencies where the BC Ministry 
of Agriculture and Lands (BCMAL) designated the lead agency (Cohen, 2012a). 
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Seafood for the Future  
 
Seafood for the Future (SFF) is the Aquarium of the Pacific’s nonprofit seafood advisory 
program. Our mission is to promote healthy and responsible seafood choices. SFF does 
not certify fisheries or aquaculture producers, rather we promote those who are 
harvesting and/or producing in a responsible manner. To be considered responsible by 
SFF, the product must be healthy and harvested from a sustainable wild or farmed fishery 
and also socially responsible. Our program follows strict scientific criteria to ensure that 
humans, the environment, and marine life are all part of the equation.  
 
The Aquarium of the Pacific and SFF support responsible offshore aquaculture, both 
finfish and shellfish, by companies that are on, or that demonstrate a commitment to, a 
sustainable trajectory to producing seafood. Environmental sustainability, as defined by 
SFF, does not require zero measurable impact, so long as the impacts are small, not 
irreversible, and steps are being taken to further reduce impacts through best management 
practices (BMPs).  
 
When evaluating potential aquaculture partners, SFF evaluates a facility’s daily 
inputs/outputs, compliance with existing regulations, community/employee relations, and 
what steps the company is taking to go above industry standards to minimize its 
environmental impact and improve social welfare in its local community. While site 
visits are ideal, SFF is a nonprofit organization with a limited budget, so site visits are not 
always feasible. SFF did, however, conduct site visits to the two producers included in 
this report—Grieg Seafood BC and Marine Harvest Canada.  
 
Grieg Seafood BC (Skuna Bay) 
 
Skuna Bay is the premium brand of Grieg Seafood BC (Grieg Seafood) that represents 
only the top 6 percent of the company’s production in BC. Grieg Seafood owns the 
tenures to 21 sites, at which it produces an average of 14,000mt annually (Skuna press 
release, appendix IV), making it the third largest producer in the region (DFO, 2012d). 
The company has its own hatchery and freshwater and saltwater facilities. Grieg Seafood 
employs 77 full-time BC residents and supports another 110 full-time jobs at the fish 
processing plant Walcan Seafood Ltd., with which it contracts to process its salmon 
(BCSFA, 2013b). Grieg Seafood BC was the first company globally to achieve multiple-
site Best Aquaculture Practices (BAP) certification from the Global Aquaculture Alliance 
and in the past year all of its harvested fish were BAP certified.1 
 
Grieg Seafood BC approached SFF about a potential partnership with their Skuna Bay 
product line in the fall of 2011. After evaluating and visiting their operations in BC, SFF 
determined that Grieg Seafood BC was operating on a responsible trajectory toward 
sustainability. Grieg has been transparent from the beginning and has cooperated with all 
SFF’s requests for information, including its Best Management Practices, Fish Health 

 
1 Skuna Bay Salmon Earns BAP Certfication: 
http://www.seafoodsource.com/newsarticledetail.aspx?id=13613 
 

http://www.seafoodsource.com/newsarticledetail.aspx?id=13613
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Management Plan, and Best Aquaculture Practices Certification Audits for each site (see 
appendix II).2 
 
In February 2012 Grieg Seafood BC became an approved partner of SFF after an 
evaluation and onsite inspection to determine if the company’s operations met the 
sustainability criteria of the program. In June 2012 Grieg Seafood BC became a paid, 
one-year sponsor of the SFF program. In exchange, Grieg Seafood was provided standard 
sponsor benefits as well as a series of research papers to be undertaken by the Aquarium 
with formal outside peer review with the intent of improving their operations. The 
sponsor agreement states that sponsorship of SFF has no relation to Grieg Seafood’s 
evaluation and partnership status in the program and that it must continue to meet the 
strict standards and criteria of the program. SFF is a nonprofit program that relies on fees 
charged to its partners and outside funding and sponsorships to maintain and further its 
efforts to promote healthy and responsible seafood. Any funds and/or sponsorships given 
to the program are clearly stated and enforced to have no bearing on the scientific 
decision-making process on issues of sustainability for SFF.  
 
Marine Harvest Canada 
 
Marine Harvest Canada is the largest producer of salmon in BC with 38 active sites and 
an annual production over 45,000mt. The company is vertically integrated with its own 
freshwater and saltwater production facilities and a processing plant. Marine Harvest 
Canada employs more than 500 people and is BAP certified (BCSFA, 2013b). 
 
In 2010 the SFF team evaluated and conducted a site visit to a Marine Harvest Canada 
farm site in BC and found that its operations were responsible according to SFF criteria. 
Marine Harvest did cooperate with SFF’s request for updated information (see appendix 
III). 
 
Disease and Sea Lice 
 
The transmission of disease from farmed salmon to wild salmon populations is a concern 
of scientists, environmental nonprofit groups, fishermen, First Nations groups, and the 
farmers (Kent, 2010, 2011; Côté et al., 2012; Kibenage et. al., 2012; and Cohen, 
2012a,b,c). The aquatic environment poses unique challenges for controlling disease 
transmission (Kibenage et. al., 2012) and little is known about the transfer of pathogens 
and sea lice affecting wild salmon in the marine environment (Kent, 2011). According to 
Dr. Michael Kent, Professor at the College of Veterinary Medicine at Oregon State 
University, “The state of the science for understanding the impacts of pathogens on wild 
salmon in British Columbia is minimal, particularly compared to our understanding of 
diseases in salmon and trout in public or private aquaculture,” (Kent, 2011).  
 
In the three-year, $26 million Cohen Commission Inquiry into the Decline of Sockeye 
Salmon in the Fraser River, experts were asked to testify as to whether or not farmed 
salmon pose a direct threat to the Fraser River sockeye (Oncorhynchus nerka). Some 

                                                 
2 SFF does have copies of Grieg Seafood BC’s Best Management Practices, Fish Health Management Plan, 
Standard Operating procedures, and Best Aquaculture Practices Certification audits for reference, but these 
documents are confidential and will not be shared with the public. 
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experts found that salmon farms could pose a significant risk (Connors, 2011 and Dill, 
2011), while others determined that the risk from salmon farms in BC is minimal 
(Noakes, 2011 and Korman, 2011). There was much disagreement on the issue, but there 
was also a consensus that there is no conclusive evidence to directly link farmed salmon 
to disease in wild salmon and that more research is necessary to definitively determine 
causality (Cohen, 2012a and Kent, 2012). The same holds true for the other research 
(Ford and Meyers, 2008; Connors et al., 2010, 2012; Kent, 2010; Marty et al., 2010; 
Saksida, 2006; Saksida et al., 2007, 2010, 2011; Johansen et al., 2011; Côté et al., 2012; 
and Kibenage et al., 2012).  
 
In addition to the need for more research, many studies have suggested that improved 
husbandry, treatment, and siting regulations may be able to minimize the potential for 
marine netpen salmon aquaculture to spread disease in BC (Noakes et al., 2000; Hilaire et 
al., 2002; Saksida, 2006, 2007, 2010, 2011; Ford and Meyers, 2008; Johansen et al., 
2011; and OIE, 2012a,b). Overall, there is a statistically significant declining trend in the 
number of high-risk diseases reported by the industry in BC (Korman, 2011).  
 
A snapshot of BC salmon farm disease history 
 
Diseases of major concern to wild salmon that have been confirmed in BC include: 
infectious hematopoietic necrosis virus (IHN), infectious pancreatic necrosis (IPN), 
furunculosis, and bacterial kidney disease (BKD). The latter two are high-risk bacterial 
pathogens that have not been found in wild salmon. IHN on the other hand, is lethal to 
sockeye fry and may present a risk to sockeye in the ocean (Kent, 2011).  
 
The IHN virus has caused multiple outbreaks in BC marine netpen salmon farms (Hilaire 
et al., 2002; Saksida, 2006; and Kent, 2011). Outbreak events between farms in 1992-
1996 were studied by Hilaire et al. (2002) and later compared to the 2001-2003 epidemic 
by Saksida (2006). Both studies indicated that farm-to-farm transmission due to poor 
biosecurity measures and mixing year classes were likely to blame for the spread. In her 
comparison of the two events, Saksida was able to show that the intensity, distance, and 
duration of the 2001-2003 outbreak was greatly reduced at affected farms from the 1992-
1996 epidemic and concluded that the result was likely due to improved farming 
practices (Saksida, 2006). 
 
Until recently, all of the virulent infections reported by BC salmon farms were endemic 
to Pacific salmon (Kent, 2011 and Côté et al., 2012). In the fall of 2011 a “positive” 
result for infectious salmon anemia (ISA) in samples from juvenile wild salmon in BC 
was detected by two non-governmental laboratories (Cohen, 2012a). Previously, the ISA 
virus had never been detected in the Pacific Northwest, but it has contributed to 
devastating losses on Atlantic salmon farms in Europe, Chile, Maine, and New 
Brunswick, Canada. The economic losses have been significant (Task Force, 2012). 
According to the world’s leading expert on ISA, Dr. Are Nylund, the virus can multiply 
on a farm for years, depending on husbandry practices (Cohen, 2012a). Unlike Atlantic 
salmon, laboratory research suggests that Pacific salmon may be resistant to the alien 
virus, although the potential for the virus to adapt to Pacific salmon should not be ignored 
(Dr. Kibenage testimony, Cohen, 2012a). 
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Confirmation of ISA is a complicated matter. A single “positive” result does not confirm 
the presence of the disease. Canadian protocol requires that the samples be tested in a 
CFIA-approved test facility to confirm the presence of ISA and other reportable diseases. 
These facilities and testing methodologies are internationally recognized by the Office 
International des Episooties, or the World Organization for Animal Health (OIE) and the 
US (Cohen, 2012a and Task Force, 2012). The CFIA was unable to confirm the presence 
of ISA in the samples from the wild salmon samples that initially tested positive at the 
non-governmental laboratories (Cohen, 2012a; Task Force, 2012; CFIA, 2012b; and OIE 
2012c). There has been a lot of controversy surrounding both sets of results as well as the 
validity of the samples used and the tests performed by both parties (Cohen, 2012a; 
CFIA, 2012b; and OIE 2012c). US agencies in the Federal Aquatic Animal Health Task 
Force (Task Force) are working closely with Canada to understand what happened and 
how the CFIA handled the matter (Task Force, 2012). 
 
Sea lice on BC salmon farms 
 
Sea lice is a common parasite of adult Pacific salmon in the coastal ecosystem 
(Nagasawa, 2001 and Beamish et al., 2005, 2007). Studies have shown that these 
parasites can contribute to wild salmon mortality (Krokošek et at., 2012) and that salmon 
farms may increase the likelihood of juvenile salmon contracting unnaturally high 
numbers of the potentially deadly sea lice (Kent, 2000; Björn et al., 2001; Butler 2002; 
Heuch et al., 2005; Krokošek et at., 2012; Côté et al., 2012; and Cohen, 2012b). 
However, Marty et al. (2010) determined that farm sea lice levels are not a good predictor 
of wild salmon survival.  
 
Research regarding the two most common sea lice in British Columbia, Lepeophtheirus  
salmonis and the less prevalent Caligus clemensi have shown that the abundance of sea 
lice on wild Pacific salmon in salmon farming areas in BC is similar to that in control 
areas away from the farms (Nagasawa, 2001 and Beamish et al., 2005; 2009). Saksida et 
al. (2007) also found that sea lice levels in BC are lower than those observed in other 
areas and the pathenogenic impact of L. salmonis in BC appears to be less.  
 
An average of 30,000 farmed Atlantic salmon were examined per year between 2004 and 
2010 to quantify lice abundance in BC. The average over all years and all seasons was 
1.7 motiles/fish and there was a decline in abundance from 2004-2010 (Korman, 2011). 
 
Aquaculture regulations in BC: Disease and sea lice 
 
Disease 
 
The primary legislation governing the health of farmed salmon in BC are the Health of 
Animals Act and the Fisheries Act, which charge the CFIA and DFO respectively as the 
lead agencies (Cohen, 2012b). The Health of Animals Act was amended to include 
aquatic animals in 2010. It addresses reportable diseases that are significant to Canadian 
trade, including ISA, IHN, IPN, and viral haemorrahagic septicaemia (VHS) (CFIA, 
2013). As of December 2012 the Act also requires that shipments to the US are 
accompanied by an import permit issued by the CFIA as well as a health certificate from 
the US Animal Plant Health Inspection Service (Task Force, 2012). There have been no 
salmon egg imports to Canada since 2009 (DFO, 2012c). 
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The National Aquatic Animal Health Program (NAAHP) is co-administered by the CFIA 
and DFO to regulate aquatic animal health as per the Health of Animals Act. Its standards 
are consistent with those of the OIE to address aquatic animal diseases of finfish, 
mollusks and crustaceans (Cohen, 2012b). Canada is one of 28 member states of the OIE, 
(Cohen, 2012b). As a member, Canada is expected to: 

 
 Publish standards on animal health, welfare, and food safety 
 Collect, analyze, and disseminate animal health information 
 Report outbreaks of OIE-listed diseases (Canada only reports “confirmed” cases) 

 
Interprovincial transfers of aquatic animals, including farmed salmon and salmon eggs, 
are regulated by the DFO under the Fish Health Protection Regulations, which certify that 
the fish are free of listed diseases prior to transfer. 
 
Under the Fisheries Act, the DFO enforces the PAR to control, monitor, and report the 
presence of disease in aquaculture facilities. Among the licensing requirements listed in 
PAR are the creation and implementation of a Fish Health Management Plan (FHMP). 
The FHMP is reviewed annually by the DFO to ensure that it includes protocols to: 
 

 Control and monitor the presence of pathogens and pests 
 Give notice to the minister before a substance is used to treat the fish, fish are 

transferred (routine transfers w/in “salmonid transfer zone”) or fish are harvested 
 Keep records in relation to: 

o Any diagnosis or treatment of a fish pathogen or pest present in the facility 
o Any substance used to treat fish including quantity and date and method of 

administration 
o Number and species of fish that die prior to harvest and the cause of death 
o Data collected in the monitoring of the environmental impact of the 

facilities operations 
 
All farms must monitor and report the health status of their fish to the DFO and CFIA on 
a monthly basis (Korman testimony, Cohen, 2012b). In the event that a positive result is 
found for a reportable disease, the CFIA will require a quarantine and additional testing 
at a DFO or CFIA-approved laboratory. If the outbreak in question is ISA, then the 
sample will have to go to an OIE National Aquatic Animal Health Laboratory System 
laboratory to confirm the positive (CFIA, 2012a). If the positive result is replicated, 
salmon farms in BC are required to humanely cull their entire cohort to minimize the risk 
of spreading it to wild populations and/or neighboring farms (CFIA, 2012a and Cohen, 
2012a).  
 
Sea lice 
 
Since 2003 all marine netpen finfish producers in BC are required to sample and report 
sea lice abundances monthly. As per the PAR, reports go to and are made public by the 
DFO. Prior to the PAR, reports were made to the BCMAL (DFO, 2011a). The PAR 
requires that farms conduct sea lice sampling at the following intervals:  
 

 1x/month from July 1st – February 28th 
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o In the event that the abundance levels reach three or more motiles (free-
moving life stages of Lepeophtheirus salmonis) per salmon, the frequency 
is to increase to 1x/2 week period.  

 1x/2 weeks from March 1st – June 31st  , during the wild smolt outmigration 
o If the sampling results in three or more motiles during this period, 

management measures must be taken to reduce levels within 15 calendar 
days of the results and the results must be reported to the DFO within five 
days of discovery. 

 
All of this information is reported to the Fish Health Database as a requirement of the 
FHMPs under the PAR. In the event that the trigger level of three or more motiles is 
reached, the facility is required to take one of the following actions:  

 Monitor more frequently    
 Harvest the most affected fish 
 Therapeutic management 
 Apply other farm husbandry techniques to reduce the abundance of sea lice 

 
During the period of smolt outmigration, however, quick mitigation is necessary and 
therefore only therapeutic or harvest options are available (BCMAL, 2008).  
 
In addition to the monthly and sometimes bimonthly sea lice audits conducted and 
reported by the industry, the DFO conducts random statistical samples. As of 2012, the 
DFO has stated that it plans to target 50 percent of the active Atlantic salmon farms in 
BC for audits during the outmigration months in which juvenile wild salmon are most 
vulnerable to transfer (DFO, 2012). According to Saksida et al. (2007), the majority of 
estimates provided by industry are actually higher than levels determined by the 
government audits, providing strong evidence that the sea lice levels reported by the 
industry are a valid reflection of sea lice levels. 
 
In the event that treatment is deemed necessary, SLICE® (emamectic benzoate) is the 
only in-feed therapeutant approved to treat fish for sea lice in BC. The treatment can only 
be administered by a registered veterinarian to ensure proper dosage. Research shows that 
the dosages currently administered in BC have limited impacts (Waddy et al., 2007 and 
Kuo et al., 2010) and that levels retained in the flesh and skin are well below Health 
Canada guidelines (Whyte et al., 2011). Emamectin benzoate can impact invertebrates in 
the benthic community, but studies have failed to detect toxic effects on invertebrates 
near farms using the treatment in BC (Willis et al., 2005 and Tefler et al., 2006). There 
are concerns that sea lice will develop a tolerance for the treatment (Cohen, 2012b), but 
Saksida et al. (2010) found that SLICE® is still an effective treatment in BC.  
 
According to Dr. Sonja Saksida, BC salmon farms treat much less than other 
jurisdictions, usually no more than two times a production cycle, and some never have to 
treat because they never reach the trigger point (Saksida testimony, Cohen, 2012a). 
Further, many experts agree that improved husbandry practices such as fallowing and 
keeping single-year classes at each site will help if there is cooperation among all the 
farms in the area (Cohen 2012a and Saksida 2010,2011). 
 

Transparency in BC salmon farm disease reporting 
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Among the major concerns regarding disease transfer from farmed salmon to wild salmon 
is the lack of transparency by the industry and the government. There is limited 
information on disease events as they occur in the BC area. The BCSFA Fish Health 
Database includes information on the fish health subzone, species, year class, disease, 
and count of new, recurring, and relapsing events. The information is available through 
the BCMAL, but only through 2010 (BCMAL, 2012). 
 
While current information is not readily available to the public, the PAR and FHMPs 
require the farms to report required data to the database on a monthly basis (DFO, 
2011a). It should also be noted that when Dr. Saksida asked for sensitive information 
about the IHN outbreaks from 1992-1996 and 2001-2003, she received 100 percent 
compliance from the infected farms (Saksida, 2006). For the purposes of this report, SFF 
received all of the information requested, including highly sensitive proprietary 
information, from Grieg Seafood BC and also the majority of requested information from 
Marine Harvest Canada.   
 
The power of today’s media, internet, and social media cannot be discounted when 
discussing the issue of transparency. Most of the incidents listed below can be found by a 
Google search. They are also available, albeit to a limited extent, in each of their parent 
company’s quarterly reports (Grieg Seafood, 2012 and Marine Harvest, 2012).  
 
Grieg Seafood: Disease history and management 
 
Disease 
 
In compliance with the PAR, Grieg Seafood’s fish health is regularly monitored by a 
licensed veterinarian as per the FHMP. The fish are monitored daily by trained on-site 
staff and inconsistencies are reported to Fish Health Staff. To maintain fish health, the 
company keeps single year classes at it sites, fallows sites between harvest and 
restocking, keeps densities low, regularly removes dead fish, and coordinates with 
neighboring farms under an area-based management plan to minimize any potential 
cross-contamination.  
 
In 2012 a sample from a Grieg Seafood BC farm tested positive for IHN. The company 
immediately took action, putting the facility in quarantine until the positive was 
confirmed on August 7th and the cohort was humanely culled on August 9th and properly 
disposed of to destroy the virus (Stewart Hawthorn, Grieg Seafood BC, personal 
communication, 2012).3 After the outbreaks, Grieg Seafood was among the farmers in 
the area that agreed to up their use of the IHN vaccine, APEX IHN.4 The compa
previously chose not to use the vaccine due to the fact that there had not been any 
outbreaks for nine years and they wanted to minimize chemical inputs in its fish (Stewart 
Hawthorn, Grieg Seafood BC, personal communication, 2012).  
 

 
3Grieg Confirms IHN Virus at Canada Site: http://www.intrafish.com/global/news/article1353944.ece  
4 BC Salmon Farmers Agree to 100% IHN Vaccination: 
http://www.intrafish.com/global/news/article1360421.ece  

http://www.intrafish.com/global/news/article1353944.ece
http://www.intrafish.com/global/news/article1360421.ece
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Later in 2012 there was a furunculosis outbreak in its hatchery. The infected fish were 
immediately culled and properly disposed of and the hatchery was disinfected (Stewart 
Hawthorn, Grieg Seafood BC, personal communication, 2013).5  
 
In December 2012 Alexandra Morton, BC biologist and anti-salmon farming activist 
submitted Grieg Seafood BC samples for testing to an OIE reference lab, presumably 
from a grocery store (Welch, 2012). The preliminary results indicate that the sample 
tested positive for the ISA virus. The CFIA advised Grieg Seafood that they are not going 
to pursue further testing because they have determined that the chain of custody for the 
initial samples was unverifiable and the farm origin cannot be proven (Stewart Hawthorn, 
Grieg Seafood, personal communication, 2013). 
 
Sea lice 
 
In addition to the above requirements, Grieg Seafood BC requires sampling of treated 
pens two and five weeks post treatment to ensure efficacy.  
 
Upon review of the DFO’s Sea Lice Counts from Jan 2011-June 2012, Grieg’s motile 
abundance breached the trigger only once and at only one location. The breach was 
included in the July-September 2011 report, after the peak juvenile outmigration. 
Management action was reported (DFO, 2012).  
 
Coordinated farm management 
 
In locations where Grieg Seafood shares coastline with other companies, the sites are in 
close communication regarding fish health management and to coordinate sea lice 
treatments. Elsewhere, Grieg Seafood farms carefully coordinate stocking, lice 
treatments, health management, plankton monitoring, harvest, and fallowing.  
 
Marine Harvest: Disease history and management 
 
Disease  
 
In addition to regular fish health monitoring by a licensed veterinarian as per the FHMP 
and biosecurity requirements under the PAR, Marine Harvest keeps single-year classes at 
its sites; fallows between harvest and restocking at each site; and coordinates treatments, 
fallowing, and restocking with neighboring farms under an area-based management plan. 
In addition, they are participating in a study to monitor pathogen and parasite interactions 
between wild and farmed salmon in the Broughton Archipelago. Marine Harvest was the 
first BC production company to vaccinate its fish using all available, efficacious vaccines 
(vibriosis, furunculosis, and IHN). The vaccines are administered at the hatchery when 
the fish are a minimum of 20 grams in size and at least four to six weeks prior to transfer 
to a saltwater net-pen site. No diseases were reported. 
 
Sea lice 
 

 
5 Disease Problems in UK, Canada force Grieg to $15.7 million write-down: 
http://www.intrafish.com/global/news/article1362301.ece  

http://www.intrafish.com/global/news/article1362301.ece
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Marine Harvest samples and reports sea lice abundance as per the PAR. The company 
has also partnered with the DFO and other parties in multi-year research projects to 
monitor sea lice levels on wild salmon in their Klemtu and Broughton Archipelago 
production areas.  
 
Upon review of the DFO’s Sea Lice Counts from Jan 2011-June 2012, Marine Harvest 
had 51 reports of counts above the trigger level of three motiles. Ten of these incidents 
were recorded during the outmigration period for wild smolts and appropriate 
management actions were carried out (DFO, 2012). 
 
Coordinated farm management 
 
In locations where Marine Harvest shares coastline with other companies, the sites are in 
close communication regarding fish health management and to coordinate sea lice 
treatments. Elsewhere, Marine Harvest farms carefully coordinate stocking, lice 
treatments, health management, plankton monitoring, harvest, and fallowing.  
 
Discussion 
 
The many unknowns surrounding the potential for salmon farms to transmit disease and 
increase the likelihood of accelerating the decline in wild stocks is a real concern that 
cannot be underestimated. However, there are many unknowns associated with disease 
transmission in the marine environment and there is no conclusive evidence to make a 
definitive link between farmed salmon and disease in wild salmon. What is fairly certain 
is that improved husbandry and biosecurity measures currently practiced by the industry 
in BC have minimized the occurrences of sea lice and infectious disease in the farmed 
stocks (Noakes et al., 2000; Hilaire et al., 2002; Saksida, 2006, 2007, 2010, 2011; Ford 
and Meyers, 2008; Johansen et al., 2011; and OIE, 2012a,b). All of the researchers of 
Technical Report 5 of the Cohen Commission Inquiry (Dill, 2011; Noakes, 2011; 
Connors, 2011; and Korman, 2011) agreed that, if fish farms are the point source, then 
the pathogens should be detectable on farms and therefore record keeping and fish health 
management procedures can minimize the transfer of pathogens to wild fish. They also 
agreed that proper management could enable farmed and wild salmon to coexist. They 
did, however disagree on what constitutes “proper management” (Cohen, 2012a). 
 
Recent “positive” results for ISA are a concern, but they have not been confirmed (CFIA, 
2012b). The OIE Reference Laboratory for ISA at the Atlantic Veterinary College that 
conducted the 2011 tests is under investigation by the OIE for misconduct. A decision as 
to whether or not the laboratory will retain its credentials will be determined in May 2013 

(OIE, 2012c). Meanwhile, testimonies by the world’s leading experts at the Cohen 
Commission Hearings (Cohen, 2012a) and the OIE (2012a) confirm that the results are 
difficult to replicate and there are many variables that can lead to false positives or 
negatives in association with the current testing methods.  
 
According to Alexandra Morton, the CFIA did not report initial “positives” discovered in 
2009 (Welch, 2012). While they should have been reported, Canadian policy is to run the 
mandatory secondary testing via OIE and US-approved testing methods to confirm the 
positive before notifying the public (CFIA, 2012a). This policy is sanctioned by the OIE 
(Task Force, 2012). Given that there have been no signs of the disease in the highly 
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susceptible farmed Atlantic salmon since 2002, it is likely that the government laboratory 
did not reproduce the positive.  
 
The ISA virus has lethal effects on Atlantic salmon and has devastated billions of dollars 
worth of fish elsewhere in the world. In 2007 the ISA virus was reported in Chile and 
cost the industry more than $2 billion in losses and 26,000 workers were laid off. 
Imported eggs from Norway were likely the culprit (Barrionueve, 2011). Based on this 
information, it does not benefit the farmers to not act upon learning of a preliminary 
“positive” result if it should occur in regular testing. It is also likely they would not want 
to make the information public, but the law states that upon confirmation from secondary 
testing, they would have to do so. There is no proof of whether or not this has happened 
and been covered up, however there have been no signs of the ISA virus in BC farmed 
salmon (Kent, 2012 and Stewart Hawthorn, Grieg Seafood BC, personal communication, 
2013).   
 
Further, there have been no salmon egg imports since 2009 (DFO, 2012c). According to 
Waknitz et al. (2003), Atlantic salmon cannot be a vector of exotic disease without the 
importation of eggs with an eggs-only policy in place. This was recently reaffirmed by 
Dr. Kent who also stated that prior to 2009 the DFO’s egg importation was a “very 
rigorous program” (Cohen, 2012a).  
 
Grieg Seafood 
 
There have been two conclusive positive results at Grieg Seafood facilities in recent 
years, but their response was quick and transparent.  In both cases, SFF received emails 
and media statements explaining the issue and what steps were being taken to resolve it. 
In the event that the initial “positive” was confirmed, Grieg Seafood took appropriate 
steps to minimize the risk of spreading the disease to the neighboring ecosystem. SFF 
was also made aware of the potential “positive” for the ISA virus from the Morton 
samples. Grieg Seafood implements BMPs to minimize impacts from such events.  
 
Marine Harvest 
 
SFF has no record of disease outbreaks in recent years at Marine Harvest farms. The 
company was the first to use all available vaccines to prevent such incidents and 
implements BMPs to minimize the occurrence of disease events.   
 
SFF Conclusion: Grieg Seafood has experienced outbreaks and in every case reported, 
taken timely and responsible action to minimize the spread to neighboring farms and wild 
fish. It has also informed SFF of confirmed and potential “positive” cases.  Both Grieg 
Seafood and Marine Harvest have taken appropriate steps to minimize the occurrence 
and/or transmission of harmful pathogens and parasites. SFF will work with Marine 
Harvest to improve the level of transparency and continue to work with Grieg Seafood so 
long as they remain transparent and continue to show responsible actions to minimize the 
spread and occurrence of disease at their facilities.  
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Marine Mammal Interactions 
 
Marine netpen salmon production has increased in BC over the last few decades. At the 
same time, harbor seal (Phoca vitulina) and California sea lion (Zalophus californianus) 
populations have also increased (DFO,2012b and Caretta et al., 2011). These animals are 
smart and opportunistic predators that likely look at the captive salmon as a ready food 
source (DFO, 2012b and Nash et al., 2000). Despite the increased probability of 
interaction between salmon farms and the opportunistic predators, marine mammal 
conflicts at BC salmon farms have significantly decreased over the past decade (DFO, 
2012b).   
 
Aquaculture regulations in BC: Marine mammal interactions 
 
In BC, marine mammal interactions with marine finfish netpen aquaculture are regulated 
by the DFO under the Fisheries Act, Marine Mammal Regulations, and the PAR. These 
regulations are designed to minimize conflict with marine mammals in the industry by 
encouraging passive deterrent methods (DFO, 2012b). As of March 15, 2012 the DFO 
requires that all BC marine netpen farms submit a Marine Mammal Conflict Mitigation 
Plan, which is intended to describe the policies, procedures, and infrastructure 
improvements implemented at each facility to minimize harmful interactions with marine 
mammals (DFO, 2011a).  To ensure compliance, DFO biologists conduct site visits. Due 
to the potentially detrimental effects on the local cetaceans, acoustic deterrent devices are 
prohibited (DFO, 2012b). 
 
Among the deterrent methods required by the DFO are:  
 

 Regular  removal of dead fish and proper storage of food and garbage to minimize 
predator attraction 

 Secondary predator exclusion nets used from October to May (peak seal and sea 
lion presence in BC) 

 Mesh size that is selected to deter predators, but avoid entanglement 
 Nets must be continually monitored to ensure that they remain taut to provide the 

most effective barrier 
 
In the event that all of these efforts fail to deter a habor seal or California sea lion that 
presents an “imminent danger to an aquaculture facility or to human life,” the animal can 
be lethally removed by a licensed employee or contractor (DFO, 2012b). California sea 
lions and seals throughout the Pacific have become less frightened of humans and tend to 
exhibit bolder behavior (Nash et al., 2000). Some pinnipeds have exhibited territorial 
behaviors over a preferred food source and can create dangerous working conditions for 
divers (Nash et al., 2000 and Stewart Hawthorn, Grieg Seafood, personal 
communication). If lethal removal is deemed necessary, a full report must be submitted to 
the DFO within seven calendar days. For species other than harbor seals and California 
sea lions, facilities must obtain a special permit for lethal removal (DFO, 2012b). There 
have been no recorded stellar sea lions put down by means of lethal control since they 
were listed as a Species of Special Concern by the Committee on the Status of 
Endangered Wildlife in Canada (COSEWIC) in 2003 (DFO, 2012b). New and improved 
regulations with a focus on passive deterrent methods have greatly reduced the number of 
lethal conflicts over the past decade (Fig 1). 
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Fig. 1 DFO Licenses for lethal removal of seals and sea lions (DFO, 2012b). Note: 
production was 12,946mt in 1990 (Noakes, 2002) and 74,880mt in 2010 (DFO, 2011b).  
 
Not all marine mammal mortalities at marine finfish facilities are intentional. Seals and 
sea lions are strong, intelligent, and persistent animals. Occasionally those traits combine 
with the determination to feast on a seemingly easy target and they make their way 
through the predator nets designed to keep them out. As a result, some get trapped and do 
not make it out and they drown. The DFO requires that these accidental drownings be 
reported upon discovery of the mortality followed by a written report within seven days 
of the initial notification (DFO, 2011a).  
 
Grieg Seafood: Marine mammal interactions and management 
 
Marine mammal interactions 
 
In 2010 65 California sea lions and four harbor seals were reported as accidental 
drowning mortalities at three Grieg Seafood BC salmon farm sites. According to Stewart 
Hawthorn, managing director of Grieg Seafood, the 2010 incidents were the result of an 
increase in sea lion populations in the BC area and miscommunication with the 
contractors in charge of installing the nets (Stewart Hawthorn, Grieg Seafood, personal 
communication). 
 
As per Canadian law, the drownings were reported to the DFO within 24 hours followed 
by written reports within seven days. The reports were made public in the DFO’s 
quarterly reports on marine mammal accidental drownings. Grieg was later charged by 
the DFO under Section 32 of the Fisheries Act for these incidents. On January 21, 2013 
Grieg announced that the charges had officially been dropped. In exchange for its 
participation in a community-based restorative justice process involving multiple 
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stakeholders including representatives from the First Nations, academic, and nonprofit 
communities, the DFO and the Crown deemed the charges unnecessary and dropped 
them (Skuna press release, appendix IV). 
 
Prior to these events, Grieg had never experienced a drowning at any of its sites in its 10 
years of operations (Skuna press release, appendix IV), and there were no incidents in 
2011 (DFO, 2012b). In 2012 there were four accidental drowning incidents, two harbor 
seals, one California sea lion, and one unidentified species (the specimen was too 
decomposed to determine the species).   
 
In 2011 Mr. Hawthorn authorized the removal of four seals and four sea lions by means 
of lethal control. He explained his decision in the following statement:  

 
“After many months of employing contract divers to adjust and re-set fish nets 
and predator nets to prevent the seals and sea lions from killing our stock we 
resorted to culling of these animals. This was only done after several months of 
attempting to exclude them passively and only after the divers reported that they 
were being targeted with aggressive behavior by the animals concerned.” (Stewart 
Hawthorn, Grieg Seafood BC, personal communication). 

 
Marine mammal management 
 
Grieg Seafood’s BMPs for Predation Management state that:  
“Predation management will be conducted in such a manner as to ensure human safety, to 
minimize the attraction of animals to farm stock, and to minimize the need for lethal 
control.” Grieg has ensured the restorative justice committee that they will continue to 
modify and adapt new and improved netting and designs and share its experiences to 
establish marine mammal BMPs with other farms and facilities (Skuna press release, 
appendix IV). 
 
Marine Harvest: Marine mammal interactions and management 
 
Marine mammal interactions 
 
In 2011 Marine Harvest authorized the control of 173 California sea lions and 56 harbor 
seals. There were no accidental drownings in 2011. According to Marine Harvest, the 
numbers of seal and sea lion presence in 2010/2011 were higher than normal and in order 
to protect the structural integrity of their facilities, they authorized the control of the 
animals. The lethal control authorizations for 2012 were much lower at four California 
sea lions and one harbor seal. There was one California sea lion and six harbor seals that 
accidentally drowned at Marine Harvest sites in 2012 (DFO, 2012b).  
 
Marine Mammal management 
 
Marine Harvest is in compliance with regulations under the PAR and since September 
2011 has made it company policy that lethal control is a last resort after all passive 
methods have failed and the animal continues to be a threat to human safety and/or the 
structural integrity of the containment structure. Also, in response to increased 
interactions in 2011, the company has successfully employed a variety of new 
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containment and barrier technologies to minimize predator interactions at their sites 
(Marine Harvest, appendix III).  
 
Discussion 
 
Any marine mammal mortality due to human-related activities is significant and SFF 
does not take this issue lightly. The rapid expansion of aquaculture to meet the needs of 
the growing human population and the increase in marine mammal populations will lead 
to an increase in interactions. Some of the best managed fisheries in the US and arguably 
the world that are ranked as a “Green Best Choice” option by some of the top seafood 
advisory programs6 are listed as Category II fisheries under the NOAA Fisheries 
Service’s List of Fisheries. Category II fisheries result in the mortality or serious injury of 
between 1 percent and 50 percent of the species’ potential biological removal rate (PBR), 
or the number of individuals that could be removed from the population and allow the 
species to remain at sustainable levels. In the event that there are multiple marine 
mammals affected, the fishery will be ranked according to the stock from which it takes 
the highest percentage of the PBR (NOAA Fisheries, 2012a).  
 
The primary species of concern regarding harmful interaction with BC salmon farms are 
the harbor seal and California sea lion. The BC harbor seal stock PBR estimate is 6,3007 
and the California sea lion PBR estimate is 9,200 (Pacific coast from Baja Calfornia to 
BC)8 (Olesiuk, 2010 and Carretta et al., 2011). In 2011 the total harbor seal and 
California sea lion interactions with the BC marine finfish netpens would have put the 
industry into a Category II fishery at 1.13 percent of the harbor seal and 2.47 percent of 
the California sea lion PBRs. If listed as a fishery in the US, Grieg Seafood and Marine 
Harvests data from 2008-2012 indicate that both companies would fall into the low end 
of a Category II fishery for harbor seal and California sea lion interactions. Just as US 
fisheries managers are working to minimize interactions in wild-capture fisheries, Grieg 
Seafood BC and Marine Harvest Canada are on the trajectory to fall into a Category III 
fishery, meaning they will interact with less than one percent of the PBR for harbor seals 
and California sea lions in a year (see appendix V).9  
 
Interactions with the endangered stellar sea lion have also been reported in the past, but 
there have been no recorded incidents by means of lethal control since stellar sea lions 
were listed as a Species of Special Concern by COSEWIC in 2003. There are no recorded 
lethal controls or drowning incidents involving stellar sea lions at Grieg Seafood or 
Marine Harvest sites. In the Q2 2012 Accidental Drowning report, there was a specimen 

 
6Sea Choice: http://www.seachoice.org/search-fish/5/?q&r%5B0%5D=1 
Seafood Watch: http://www.montereybayaquarium.org//cr/SeafoodWatch/web/sfw_factsheet.aspx?gid=49 
Blue Ocean Institute: http://blueocean.org/seafoods/?seafood-search=salmon&x=-831&y=-697 
SFF Gold List: http://seafoodforthefuture.org/recommendations/  
7 Rough estimate based on NOAA Fisheries’ data for calculating PBR (Wade, 1998) and the 2009 BC 
harbor seal stock assessment (Olesiuk, 2010). 
8 The BC harbor seal population is considered a separate stock from others in the Pacific Northwest, while 
the California sea lion population is considered one stock throughout the Pacific coast (Carretta et al., 
2011). 
9 Calculations based on data from the DFO’s Quarterly Reports on Marine Mammal Interactions (DFO, 
2012b) and information provided by Grieg Seafood and Marine Harvest. 

http://www.seachoice.org/search-fish/5/?q&r%5B0%5D=1
http://www.montereybayaquarium.org//cr/SeafoodWatch/web/sfw_factsheet.aspx?gid=49
http://blueocean.org/seafoods/?seafood-search=salmon&x=-831&y=-697
http://seafoodforthefuture.org/recommendations/
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that was reported by Grieg Seafood as unidentifiable due to decomposition and therefore 
cannot be ruled out as a potential stellar (DFO, 2012b).   
 
Grieg Seafood 
 
Aside from the incidents in 2010, Grieg Seafood had no reported accidental drownings 
and the numbers show that the company has taken effective steps to minimize lethal 
control interactions. Grieg Seafood BC has handled marine mammal interactions 
responsibly. 
 
Marine Harvest  
 
Marine Harvest is in compliance with local regulations and has no record that they have 
had interaction by means of lethal control or accidental drowning with the stellar sea lion. 
The company recognized the increase in interactions in 2010/2011 as “unacceptable” and 
has taken steps to minimize future interactions, including the addition of more internal 
authorization protocols for lethal control (Marine Harvest, appendix III).   
 
SFF Conclusion: Grieg Seafood and Marine Harvest have taken responsible action to 
minimize their interactions with marine mammals. SFF will continue to work with both 
companies to further avoid these incidents.  
 
Benthic and Chemical Impacts 
 
Salmon farms can create effluents in the form of feed, feces, and dead fish as well as 
residue from pesticides, antibiotics, and other chemicals that can negatively impact the 
benthic communities below them (Brooks and Mahnken, 2003a; Nash, 2003; Burridge et 
al., 2010; Torrissen et al., 2011; and Dill, 2012). In BC, these impacts tend to be localized 
(Brooks et al., 2003; Brooks and Mahnken, 2003; and Côté et al., 2012). Chemical and 
biological remediation has been shown to occur naturally during fallow periods (Brooks 
and Mahnken, 2003a). Fallowing, coupled with improved farming, and siting practices 
have minimized the impacts in the BC area (Brooks and Mahnken, 2003b; Carroll et al., 
2003; and Nash, 2003). Feeding methods and technologies have also advanced in recent 
years to minimize waste (Torrissen et al., 2011). Many of the farms use computerized 
systems to drive automated feeding systems, with feedback mechanisms to detect when 
fish have finished feeding. This allows fish to be fed to satiation without overfeeding and 
consequent feed wastage (FAO, 2013).  
 
Chemicals used on BC salmon farms 
 
Therapeutants 
 
Antibiotic use in salmon aquaculture is regulated by Health Canada under the Veterinary 
Drugs Directorate (VDD), which regulates most of the therapeutants used in the industry 
and prescribes withdrawal periods for each drug (Health Canada, 2010). Products 
registered for use in Canada are: Oxytetracycline, trimethoprim80%/sulphadizine20%, 
sulfadimethoxine80%/ormetoprim20%, and florfenicol (Burridge et al, 2010 and Health 
Canada, 2010). The use of any of the aforementioned antibiotics requires a veterinary 
prescription (DFO, 2011a and DFO, 2011c).  
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Though low in toxicity, antibiotics remain in the environment long after they are excreted 
from the fish being treated. This can increase the likelihood of treatment-resistant strains 
of target bacteria. As a result, regulations have been enacted to minimize the use of 
antibiotics in animal husbandry in many countries, including Canada. The need for 
antibiotics can be minimized with proper husbandry (Burridge et al., 2010). In recent 
years, there has been a significant decrease in the use of antibiotics in BC salmon 
aquaculture (BMAL, 2009; Burridge et al., 2010; and DFO, 2011c) and there is concern 
that the limited number of available compounds could result in resistance development, 
but there is not enough data publicly available to properly assess the risk (Burridge et al, 
2010).  
 
Pesticides 
 
Emamectin benzoate (SLICE®) is the only sea lice treatment approved for use in Canada 
(Saksida et al., 2010 and Burridge et al., 2010). Canada limits the number of sea lice 
treatments within a grow-out cycle to three (Burridge et al., 2010). There is concern over 
the impacts this treatment could have on non-target organisms. Waddy et al. (2002) found 
that emamectin benzoate may be causing American lobsters on Canada’s east coast to 
molt prematurely. Further studies by Waddy et al. (2007) suggest that these impacts are 
limited to a small number of individuals and that widespread effects are unlikely. Recent 
studies in BC have failed to detect toxic effects on invertebrates near farms using 
emamectin benzoate (Willis et al., 2005 and Tefler et al., 2006). 
 
The emamectin benzoate treatment can only be administered by a registered veterinarian 
to ensure proper dosage. Recent research shows that the dosages currently administered 
in BC have limited impacts (Waddy et al., 2007 and Kuo et al., 2010) and that levels 
retained in the flesh and skin are well below Health Canada guidelines (Whyte et al., 
2011). There are concerns that the sea lice will develop a tolerance for the treatment, but 
Saksida et al. (2010) found that SLICE® is still an effective treatment in BC. 
 
Metals 
 
Zinc is added to farmed salmon feed as a mineral supplement and concentrations of the 
element are typically increased in the water and sediment near salmon farms (Brooks and 
Mahnken, 2003b and Burridge et al., 2010). In BC, some farms have reached levels that 
exceed Washington State’s sediment quality criteria (Brooks and Mahnken, 2003). Zinc 
is generally biologically unavailable because the fish waste that accumulates in the farm 
vicinity elevates organic carbon and sulfides that bind it to the sediment (Burridge et al., 
2010). Feed producers in British Columbia have reduced the amount of zinc in their feed 
to the minimum necessary to maintain salmon health and have changed the form of zinc 
used (Brooks and Mahnken, 2003b). A study by Brooks (2001) suggested that the use of 
methionine analog instead of zinc sulfate could minimize the accumulation of zinc in 
sediments near salmon pens. Continued monitoring continues to test this theory (Nash, 
2003).  
 
Chemical remediation during fallow periods decreases zinc levels (Brooks et al., 2003). It 
is possible that zinc released during the chemical remediation process makes its way into 
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the water column and becomes biologically available to pelagic organisms. This 
hypothesis is in need of research (Burridge et al., 2010). 
 
Copper is found in the antifouling agents used to prevent the accumulation of fouling 
organisms that can reduce water flow, oxygen levels, and compromise the structural 
integrity of the nets, which could lead to escapes (Brooks and Mahnken, 2003b). The rate 
of release of harmful chemicals from the antifoulants is affected by water temperature, 
current speed, physical location of the netpens, salinity, and pH as well as the nature of 
the toxic agent (Brooks and Mahnken, 2003b and Burridge et al., 2010). Like zinc, the 
fish waste accumulated at farm sites elevates the organic carbon and sulfides that bind the 
copper, greatly reducing its bioavailability. However, disturbance of the sediments can 
redistribute the copper into the water column (Burridge et al., 2010).  
 
In BC, the amounts of copper found in the agents used in the area are not toxic and 
biologically insignificant except to organisms attempting to settle on the nets (Brooks and 
Mahnken, 2003b) and the copper concentrations do not affect the quality of the seafood 
produced (Solberg et al., 2002). Brooks (2000) determined that remediation for copper at 
fallowed farm sites was successful in short time spans. Based on his findings, he 
recommended fallowing and BMPs to allow for the use of antifoulants with minimal 
impacts. Among his suggestions were upland washing of copper treated nets and disposal 
of all material at an appropriate landfill along with annual sediment monitoring programs 
at sites using copper treated nets (Brooks and Mahnken, 2003). That approach has been 
adopted by the DFO under the PAR (DFO, 2011a).  
 
Disinfectants 
 
Disinfectants are used for biosecurity measures to limit the transfer of disease. They are 
applied to nets, boats, containers, boots, raingear, diving equipment, platforms, and 
decking. Little is known about the effects of disinfectants, but all of the compounds are 
water-soluble and should be low in toxicity. This is heavily dependant on how much is 
being used and where it is being released (Burridge et al., 2010). In BC, disinfectants 
must be included in the farm’s Fish Health and Chemical and Other Substances 
Management Plans, which are audited annually by the DFO (DFO, 2010).  
 
Anesthetics 
 
Anesthetics in salmon aquaculture are used when fish are handled or transported. They 
are used infrequently and in low doses and therefore have a minimal environmental 
impact (Burridge et al., 2010). In BC, they are regulated by Health Canada under the 
VDD (Health Canada, 2010).  
 
Aquaculture regulations in BC: Benthic and chemical management 
 
Benthic Monitoring 
 
Benthic monitoring and reporting for all farm sites has taken place since the BC Ministry 
of Agriculture and Lands instituted interim measures in 2000 and 2001, which led to the 
Finfish Aquaculture Waste Control Regulation (FAWCR)(Backman et al., 2009). Since 
the adoption of the PAR in 2010, the DFO has taken over authority for the monitoring of 
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benthic impacts. Marine netpen producers are required to conduct benthic monitoring at 
peak biomass and report on:  
 

1. Soft bottom substrates (these tests are conducted at 0m, 30m, and 125m from the 
farm site and vary based on distance): 
 Free Sulfides 
 Redox potential 
 Metals 
 Total volatile solids (TVS) 
 Sediment grain size 

2. Hard bottom substrates 
 Calculations for time segment classifications from the containment structure 

array 
 Percent cover of Beggiatoa sp. and/or opportunistic polychaete complexes 

(OPC) in each time unit 
 Other abiotic and biotic parameters  

 
These peak biomass surveys must be conducted within 30 days (before or after peak 
biomass) or every 24 months if cycle is longer or fish continuously remain onsite. In the 
event that the free sulfides at the 30m and/or 125m mark for soft bottom or the Beggiatoa 
sp. and OPC exceed the acceptable threshold set by the DFO, the site must be fallowed 
until further testing confirms that these counts have once again fallen below the 
threshold. These indicators were selected based on the Brooks (2001) study that 
demonstrated that they could act as physicochemical surrogates, providing sensitive 
indicators of the response of macrobenthic communities to associated organic enrichment 
(Backman et al., 2009). The sediment sampling protocols were based on Washington 
State Surveys (Backman et al., 2009). Surveys yielding results above the accepted 
threshold must be reported to the DFO within 14 days (DFO, 2011a). In addition to 
industry-generated reports, DFO biologists conduct field audits (DFO, 2012d). 
 
If the license holder wants to make production or infrastructure changes that will increase 
or alter the existing benthic footprint, the license holder must produce a baseline survey 
that indicates where the majority of the waste will fall. The surveys help the DFO 
properly site new and existing sites to ensure that there are no impacts to sensitive 
habitats and minimal impacts to other benthic communities (DFO, 2012). 
 
Therapeutants 
 
The use of therapeutants in BC is regulated by Health Canada under the VDD and the 
Pest Management Regulatory Agency. The PAR requires that the use and the 
dosage/amount of therapeutants, pesticides, copper and zinc, and chemicals are recorded 
and reported to the DFO under the Fish Health and Chemical and Other Substances 
Management Plans (DFO, 2010).  
 
Chemicals 
 
As per the PAR, license holders are required to have a Chemical and Other Substances 
Management Plan including the management and control of therapeutants, disfectants, 
pesticides, antifouling agents, hydrocarbons, and blood. Chemicals and other hazardous 
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materials must be clearly identified and properly contained and staff must be trained to 
properly respond to a spill of any size. In addition, the following have to be reported to 
the DFO annually: 
 

 The active component of therapeutants, pigments, pesticides, and zinc and copper 
formulations  

 The names of all materials that are directly or indirectly released into the water 
during the reporting period including anesthetics, anti-fouling agents, and/or other 
substances 

 The monthly weight of carcasses and disposal method 
 
If using copper treated nets, the license holder must wash its nets at authorized land-
based facilities (DFO, 2011a). Those facilities house containers in which nets are cleaned 
and the water is filtered to minimize the amount of copper that reaches the ocean. 
Disposal of antifouling materials deemed as hazardous or contaminated waste is 
regulated by the Province of BC, Ministry of Environment (MOE). Waste at the net-
cleaning facilities has a specific processing procedure approved by the MOE, which 
generates a registration number and which the waste treatment contractor must follow in 
order to ensure that there are no leachates. All shipments from the facility must have a 
specific manifest and number that must be registered with the MOE within 72 hours. The 
facility keeps a copy of the manifest, as does the hazardous waste treatment facility. For 
those who chose not to use copper anti-foulants, in-situ removal of biofouling must be 
recorded (DFO, 2011a). 
 
Grieg Seafood: Benthic and chemical management 
 
Where applicable, Grieg Seafood farm sites coordinate stocking, lice treatments, health 
management, plankton monitoring, harvest, and fallowing with neighboring farms (Grieg 
BAP Audit, 2011 and SFF site visit, 2012). 
 
Benthic 
 
As per PAR, benthic surveys are conducted and reported to the DFO at peak biomass by 
a third-party auditor that is recognized by the department, reported to the DFO by Grieg 
Seafood, and sites are fallowed until free sulfides or Beggiatoa sp. and OPC are below 
the DFO’s threshold. Benthic surveys are kept for four years post-harvest (unless newly 
acquired by the company) and are held at Grieg Seafood BC’s head office (Grieg BAP 
Audits, 2011).  
 
In order to further minimize their impacts, Grieg Seafood farm sites use cameras to 
monitor feeding and minimize excess feed released into the environment (SFF site visit, 
2012). Water quality is monitored daily (Grieg FHMP, 2012) and data are available to 
calculate carbon and nitrogen discharge to the environment (Grieg BAP audit, 2011).   
 
Therapeutants 
 
Grieg Seafood uses improved husbandry and biosecurity to minimize the need for 
therapeutant treatments such as antibiotics and emamectin benzoate, the latter which may 
be reported monthly during sea lice reporting. All therapeutant use is administered and 
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recorded under veterinary approval. Records of treatments are available at each site and 
reported to the DFO on a quarterly basis.  
 
Metals 
 
Grieg Seafood uses the in-situ net cleaning method as well as copper-based antifoulants. 
Nets are cleaned off-site at MOE approved facilities where the resulting runoff can be 
contained and filtered before entering the environment.  
 
Disinfectants 
 
Grieg Seafood uses just enough disinfectants to be effective for the purposes of 
biosecurity. They are stored and disposed of in sealed containers that are collected by 
contractors for proper disposal.  
 
Marine Harvest: Benthic and chemical management 
 
Marine Harvest sites coordinate stocking, lice treatments, health management, plankton 
monitoring, harvest, and fallowing with neighboring farms (Marine Harvest, appendix 
III).  
 
Benthic 
 
To alleviate nutrient build-up in the benthic community, Marine Harvest Canada 
implements the following mitigations: 
 

 Reduction in maximum fish production levels at low capacity sites 
 Repositioning of production cages with respect to available currents and depth 
 Closure of non-economical, non-environmentally sustainable site 
 Improved fish feeding strategies 
 Increased production at high capacity sites 

 
As per PAR, benthic surveys are conducted and reported to the DFO at peak biomass by 
a third-party auditor that is recognized by the department and sites are fallowed until free 
sulfides or Beggiatoa sp. and OPC are below the DFO’s threshold. Benthic surveys for at 
least three years (unless newly acquired by the company) are available at all sites (Marine 
Harvest, appendix III).  
 
Marine Harvest sites also use camera technology to monitor feeding and minimize excess 
feed released into the environment (SFF site visit, 2010). Water quality is monitored 
daily and data are available to calculate carbon and nitrogen discharge to the environment 
(BAP cert requirements).   
 
Therapeutants 
 
Marine Harvest minimizes the need for therapeutant treatments such as antibiotics and 
emamectin benzoate by implementing improved husbandry and biosecurity practices. All 
therapeutant use is administered and recorded under veterinary approval. Records of 
treatments are available at each site and reported to the DFO on a monthly basis.  
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Metals 
 
Marine Harvest no longer uses antifoulants on any of its nets. Instead, nets are cleaned in-
situ as needed. 
 
Disinfectants 
 
Disinfectants are limited to small amounts for biosecurity purposes. They are stored and 
disposed of in sealed containers that are collected by contractors for proper disposal.  
 
Discussion 
 
Regulations requiring regular monitoring, reporting, and fallowing in addition to 
improved siting and farming practices implemented by the farmers have improved 
benthic conditions in the province (Backman et al., 2009). There is evidence of linkages 
between chemical inputs and effects and it is possible that some of the chemicals thought 
to be bound to the sediment could be redistributed into the water column and available to 
marine life. These are valid concerns which merit more research (Burridge et al., 2010), 
but SFF recognizes that these farms have and continue to make efforts to minimize their 
impact.  
 
Grieg Seafood 
 
Grieg Seafood complies with BC regulations by hiring an approved third party to sample 
the benthic conditions at peak biomass production and report results to the DFO. The use 
of therapeutants is prescribed and monitored by a licensed veterinarian and reported to 
the DFO on a monthly basis. Other hazardous materials are properly marked and stored, 
recorded, and reported to the DFO. All records are available on-site. Grieg Seafood also 
participates in area-based management where applicable to minimize its impacts.  
 
It still uses copper-based antifoulants, but cleans them responsibly in an approved 
offshore facility where the runoff can be contained and filtered.  
 
Marine Harvest 
 
Marine Harvest also complies with BC regulations by hiring an approved third party to 
sample the benthic conditions at peak biomass production and reports results to the DFO. 
The use of therapeutants is prescribed and monitored by a licensed veterinarian and 
reported to the DFO on a monthly basis. Other hazardous materials are properly marked 
and stored, recorded, and reported to the DFO. All records are available on-site. Marine 
Harvest participates in area-based management as well.  
 
Marine Harvest does not use copper-based antifoulants. Instead, it uses in-situ cleaning as 
needed and as per the PAR, maintains record of any in-situ cleaning that takes place on 
its nets.  
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SFF Conclusion: Grieg Seafood and Marine Harvest have taken responsible actions to 
minimize organic and chemical inputs at their farm sites. SFF will work with Grieg 
Seafood to minimize their use of copper-based antifoulants. 
 
Feed 
 
The largest environmental footprint created by salmon farms is feed (Pelletier et al., 
2009). Salmon are carnivorous and in order to maintain the high levels of Omega-3 fatty 
acids that make salmon so attractive as a food source, fish meal and fish oil are required 
to produce the increased level of those lipids in salmon. Much of those ingredients are 
now provided by fishery byproducts rather than wild fish (Torrissen et al., 2011). Over 
the years the amount of wild fish required to produce farmed fish has been greatly 
reduced (See table 1).  
 

 FFDR Fish Oil FFDR Fishmeal 
2004 4.28 1.24 
2011 2.05 0.56 

 
Table 1-Feed Fish Dependency Ratio (FFDR) is the quantity of wild fish used per quantity of culture fish 
product. These numbers are averages based on Skretting feed composition and average commercial 
economic feed conversion ratios (eFCR). 
 
The two primary feed producers in Canada are EWOS and Skretting.  
 
EWOS 
 
EWOS is a subsidiary of Cermaq based in Norway that supplies aquaculture feed via 
operations in Canada, Chile, Norway, Scotland, and Vietnam. The total inclusion rate for 
fishmeal feed in 2011 was 23 percent (EWOS, 2012). In order for suppliers to sell 
product to EWOS, they must: 

 Comply w/regulations in countries they operate (no fish caught by means of 
illegal, unregulated and unreported fishing) 

 Demonstrate the practice of corporate social responsibility and follow UN Global 
Compact Principles 

 Manage environmental impacts from daily operations 
 Demonstrate employee welfare 

 
EWOS also supports the International Fishmeal and Fish Oil Organization’s Standard for 
Responsible Supply (IFFO RS). The company is also researching alternatives that could 
eliminate the need for marine ingredients all together (EWOS, 2012).  
 
Skretting 
 
Skretting is owned by Nutreco and produces feed for more than 60 species in the US, 
Canada, Norway, Chile, the UK, and more. The total inclusion level, or amount of marine 
products used in Skretting feed is 24 percent (Skretting, 2012). 
 
As of 2011 Skretting buyers must follow the Sustainable Procurement Strategy to 
purchase only demonstrably sustainable raw materials for its feeds. Suppliers that wish to 
sell product to Skretting must meet the following criteria:  
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 Comply w/regulations in countries they operate (no fish caught by means of 

illegal, unregulated and unreported fishing) 
o Management controls must be based on scientific monitoring and 

assessment 
o Documentation stating species used in the manufacturing of the product 

must be provided 
 Demonstrate the practice of corporate social responsibility and follow UN Global 

Compact Principles 
 Manage environmental impacts from daily operations 
 Demonstrate employee welfare 
 Species cannot be endangered 

 
Skretting conducts audits on suppliers to ensure compliance, but strongly recommends 
that suppliers obtain certification from accredited bodies such as the Marine Stewardship 
Council (MSC) or the IFFO RS as well. The company’s feed plants were the first in 
North America to obtain the Global Aquaculture Alliance’s BAP certification. Skretting 
was also represented in the World Wildlife Fund (WWF)’s Salmon Aquaculture 
Dialogues and the company’s COO Knut Nesse is a member of the Supervisory Board of 
the Aquaculture Stewardship Council (ASC) (Skretting, 2012).  
 
Grieg Seafood: Feed sourcing 
 
Grieg Seafood BC sources feed from Skretting and EWOS. For the second successive 
year, Grieg Seafood BC and its counterparts in Norway have had the best feed conversion 
ratio (eFCR), or amount of wild fish required to produce one pound of farmed fish, ever 
recorded (Grieg Seafood, 2012). According to staff veterinarian, Barry Milligan (personal 
communication), Grieg Seafood BC’s feed statistics are as follows:  
  

FCR: 1.25 
FIFO10: 1.5-1.1 
Fish Meal: ≤20%  
Fish oil: ≤15%  
 

Marine Harvest: Feed sourcing 
 
Marine Harvest sources feed from Skretting. According to Marine Harvest, its current 
feed statistics are as follows:  
 

FCR: 1.35 
FIFO: 1.19 
Fish Meal: 12% 
Fish oil: 12%  

 
 

 
10 FIFO is the fish in:fish out ratio, or the amount of wild fish to produce 1 pound of the final product 
produced. 
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SFF Conclusion: Grieg Seafood and Marine Harvest are sourcing their feed responsibly 
and working to minimize their use of wild feed ingredients.  
 
Community Relations and Environmental Stewardship 
 
Grieg Seafood 
 
Grieg Seafood has signed cooperation agreements with two First Nation groups in whose 
territories its farms are operating. In addition, it is working toward cooperation 
agreements with four other First Nation groups. The company has a community support 
plan in which they donate to numerous organizations, including fish donations for fund 
raising events at schools and hospitals (Grieg BAP Audit, 2011).  
 
Grieg Seafood has also commissioned several studies on wild salmon populations, 
including: 

 Sakinaw Lake Eelgrass Planting Project 
 Lingcod Egg Mass Survey 
 Abalone Survey 
 Canuma River Channel Restoration Project (including 5 yr post-project 

monitoring) 
 Cambell River Estuary Restoration Project (including 5 yr post-project 

monitoring) 
 Burman River Restoration Project (including 5 yr post-project monitoring) 
 Best Practices Workshop – Seal and Sea Lion Interactions 

 
In addition, Grieg Seafood contributes annually to the wild hatchery activities of the 
following salmon enhancement organizations:  

 Nootka Sound Watershed Society 
 Campbell River Salmon Foundation 
 Powell River Salmonid Society 
 Sunshine Coast Enhancement Society 
 Pacific Salmon Foundation 

 
Grieg Seafood’s Skuna Bay brand is also working to reduce its carbon footprint by not 
flying its product and has recently announced that it will participate in a carbon offset 
program. The packaging in which Skuna Bay ships its salmon is also completely 
recyclable (Skuna Bay, 2013).  
 
Marine Harvest 
 
Marine Harvest Canada won the Campbell River Chamber award for Family Friendly 
business of the year in 2011 (Marine Harvest, 2011). The company also engages the 
community through events, beach cleanups, enhancement program support, contribution 
to charities, and staff-led initiatives. In 2006 the company started an extensive dialogue 
process with the Coastal Alliance for Aquaculture Reform to develop mutually beneficial 
communication efforts. The program ended in 2012. Marine Harvest has also signed 
agreements with the WWF Canada and Ducks Unlimited. 
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The company has contributed to a number of research and development projects in areas 
including fish husbandry, fish health and safety, and closed containment technologies. 
See appendix III for a complete list of Marine Harvest Canada research projects.  
 
Certifications 
 
Both Grieg Seafood BC and Marine Harvest Canada have received BAP certification 
from the Global Aquaculture Alliance. A 2011 study conducted by the University of 
Victoria’s Seafood Ecology Research Group compared the environmental performance 
for 20 marine finfish aquaculture standards. These standards were given numerical values 
based on methodology from the Global Aquaculture Performance Index (GAPI) and 
ranked based on absolute and value-added performance as well as the Monterey Bay 
Aquarium’s Seafood Watch (MBA) and Blue Ocean Institute’s (BOI) criteria for 
sustainable aquaculture. For the MBA and BOI comparisons, BAP certification fell into 
the “Yellow Good Alternative” category. When weighted for value-added performance, 
the assessment produced values from -10 to +21. BAP certification was awarded a +1, 
which indicates that BAP certified farms are performing above the industry standards for 
environmental sustainability. According to Dr. Michael Tlusty of the New England 
Aquarium, BAP certification has limited impact on single control points, but the 
combined impact is significant (Tlusty, 2012). 
 
Discussion 
 
The top value-added score went to the US National Organic Standards, but those 
standards have yet to be finalized for aquaculture. The much anticipated Aquaculture 
Stewardship Council (ASC) scored a +7, however no salmon farms have achieved ASC 
certification and according to the ASC’s website, there are none pending certification at 
this time. According to Tlusty, most companies research the requirements and attempt to 
meet them prior to the expensive ISO 65 accredited audits to ensure that they will pass 
(Tlusty, 2012). It is likely that some companies are in the process of making the 
necessary improvements to meet the ASC’s stringent criteria, but whether or not they will 
remains to be seen.  
 
SFF Conclusion: The Global Aquaculture Alliance’s BAP certification criteria are 
higher than industry standards and SFF recognizes it as a reliable indicator of responsible 
aquaculture producers.  
 
Conclusion  
 
It is argued that, while there is a need to feed our growing population healthy fish protein, 
most of the people in need will not benefit from salmon production. This is true in a 
direct sense, but developed countries tend to exploit the fish protein resources of 
developing countries by importing to meet shortfalls in their own countries (Pauly et al., 
2005). According to the latest Fisheries of the United States report, the US imported 90% 
percent of its seafood in 2011 (NOAA Fisheries, 2012b). Salmon is a staple in North 
America, but the wild catch, which supplies only 30% of the world’s supply (FAO, 
2012), cannot meet the overwhelming demand on its own. It is imperative that we find a 
balance between wild and farmed salmon to meet these demands without compromising 
the health and viability of wild stocks or the environment. While closed containment may 
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be an important component to achieve this balance in the future, current operations are 
not able to meet the demand in an economically efficient manner (Boulet et al., 2010).  
 
The industry has grown and improved over the last four decades. Research has shown 
that escapes, benthic impacts, and chemical inputs tend to be localized and are of minimal 
concern. Feed resources can be an issue, but the FCRs have greatly improved, with some 
companies, including those in BC, looking to further minimize wild fish inputs and 
potentially eradicate them all together (EWOS, 2012 and Skretting, 2012). Harmful 
interactions with marine mammals are also a point of concern, but companies have made 
measurable progress to minimize their interactions and are continuing to research and 
develop non-lethal control methods. There have been unfortunate incidents involving 
higher than normal interactions in recent years, but the companies in question 
immediately took responsibility for their actions and have since taken actions to make 
sure these incidents are not repeated. 
 
Disease is the most concerning of the issues of marine netpen salmon aquaculture in BC. 
The study of viral transmission in the marine environment is minimal and there is no 
conclusive evidence that directly links salmon farms to the occurrence of disease in wild 
salmon populations (Dill, 2011; Noakes, 2011; Connors, 2011; Korman, 2011; and 
Cohen, 2012a,c). The majority of the research on salmon aquaculture states the need for 
more research and that improved regulation, husbandry, siting, and farming practices 
have minimized impacts in some capacity. Further, the leading researchers involved in 
the Cohen Commission Inquiry agreed that, if disease is present, it should be detectable at 
the farm level (Cohen, 2012a).  In the event that conclusive evidence is found after years 
of research, it could be too late to mitigate the effect and this is a serious concern. 
However, if salmon farms are not directly linked to pathogen transfer in the Pacific 
Northwest, the proven statistical improvements made and 6,000 people employed by the 
industry cannot be discounted.  
 
According to the FAO: 

“An important component of human well-being is employment…However, these 
benefits induced by employment in aquaculture are often overlooked. The sector 
has developed at a time of growing scrutiny from the public, improved 
communications and vociferous opposition groups. Although opposition groups 
can act as environmental and social watchdogs and as lobby groups, putting 
pressure on aquaculture businesses to increase transparency and improve working 
conditions, it is also important to consider the benefits accruing from the sector, 
including employment,” (FAO, 2012). 

 
Among the concerns voiced by salmon farming opponents, the Cohen Commission, 
researchers, and the FAO is the need for transparency from the industry. Farm-related 
information such as the results from benthic, sea lice, marine mammal interactions, and 
incidental catch surveys are available to the public. What is still lacking is detailed 
information on fish health events such as viral and bacterial outbreaks. SFF agrees that 
this is an issue and must be resolved if real progress is to be made with valuable research. 
SFF also recognizes the intense scrutiny and attempts to discredit farms by the activist 
community and that building trust must be mutual. While information on viral and 
bacterial incidents is not readily available to the public, it should be noted that SFF was 
able to obtain highly sensitive information regarding fish health from Grieg Seafood BC 
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and from Marine Harvest, although the latter was somewhat limited. In addition, Grieg 
Seafood has notified SFF and other stakeholders as these events unfolded. For the 
purposes of her research on the IHN virus, Saksida (2006) noted that she received 100 
percent compliance when she asked the farms for information.  
 
SFF and responsible salmon aquaculture in BC  
 
Upon further investigation of Grieg Seafood BC and Marine Harvests Canada operations, 
SFF has found that these companies are operating responsibly and continue to make 
measurable progress towards reducing their impacts. This commitment to sustainable 
performance is validated in their certification by Global Aquaculture Alliance’s BAP.  
SFF will continue to work with these entities and their cohorts in the BC area to further 
reduce their footprint.  
 
In the past, SFF has also recommended BC farmed salmon on its “Gold List.” Upon 
further review of the scientific data and information, SFF finds that there is a need for 
research to fill in the information gaps regarding the potential for disease transmission 
and to increase the level of transparency regarding this issue. While the aforementioned 
companies and many of their counterparts are producing responsibly in the region, SFF 
will move the overall recommendation for BC farmed salmon to the “Specific Stock” list 
until there is more data on the topic. In the meantime, SFF will work with the farmers and 
concerned groups to try to find solutions to improve transparency regarding fish health 
events at farm sites.  
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Appendix I: Group Letter Expressing Concern Over Salmon Farming in BC 
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Appendix II: Updated Information Provided by Grieg Seafood BC (Skuna Bay) 
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Appendix III: Updated Information Provided by Marine Harvest Canada 
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Appendix IV: Grieg Seafood BC Media Statement on the 2010 Marine Mammal 
Interactions 
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Appendix V: Marine Mammal Interactions at Grieg Seafood and Marine 
Harvest Farm Sites from 2008-2012 Including Estimated Potential Biological 
Removal Rate Percentages 
 

 
 

Marine Mammal Interactions at Grieg Seafood and Marine 
Harvest BC Salmon Farms 2008 - 2012 

       

Harbor Seal Interactions 

Grieg Seafood  
(produces approximately 

13,500mt/yr) 

Marine Harvest  
(produces approximately 

45,000mt /yr) 

Total Interactions at 
BC Salmon Farms* 

  Interactions %PBR Interactions %PBR Interactions %PBR 
2008 7 0.11 28 0.44     
2009 5 0.08 64 1.02     
2010 7 0.11 70 1.11     
2011 4 0.06 56 0.89 71 1.13 
2012 2 0.03 7 0.11 12 0.2 

2008-2012 
Total 

25 0.04 225 3.57 83 3.51 

         
California Sea Lion Interactions 

Grieg Seafood  
(produces approximately 

13,500mt/yr) 

Marine Harvest  
(produces approximately 

45,000mt /yr) 

Total Interactions at 
BC Salmon Farms*   

Interactions %PBR Interactions %PBR Interactions %PBR 
2008 2 0.02 32 0.35     
2009 6 0.07 66 0.72     
2010 90 0.98 135 1.47     
2011 4 0.04 173 1.88 227 2.47 
2012 3 0.03 5 0.05 8 0.09 

2008-2012 
Total 

102 1.11 411 4.47 235 4.7 

Note: Categories in the List of Fisheries are based on annual interactions within an entire 
fishery. Category II fisheries interact with 1-50 percent of the potential biological removal 
rate (PBR), or the number of individuals that could be removed from the population and 
allow the species to remain at sustainable levels. Category III fisheries interact with less 
than 1 percent of the PBR. Farm data is based on the numbers provided by Grieg 
Seafood, Marine Harvest, and the DFO Marine Mammal Interaction quarterly reports. 
 
*Only lethal interactions for Total Interactions at BC Salmon Farms are publicly available 
from 2008 - 2010 so we did not include it in the data. The 2011 and 2012 data includes 
lethal control and accidental drowning incidents. 
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