
 

 
 

 
Atlantic salmon 

Salmo salar 

 

 
 

Image © Monterey Bay Aquarium 

 
Atlantic North America 

USA (Maine) and Atlantic Canada (New Brunswick, Newfoundland, Nova Scotia) 
 

Marine Net Pens 

 
 

December 6, 2021 
Seafood Watch Consulting Researcher 

 
 
 
Disclaimer 
Seafood Watch® strives to have all Seafood Reports reviewed for accuracy and completeness by external  
scientists with expertise in ecology, fisheries science and aquaculture. Scientific review, however, does  
not constitute an endorsement of the Seafood Watch® program or its recommendations on the part of  
the reviewing scientists. Seafood Watch® is solely responsible for the conclusions reached in this report  
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About Seafood Watch® 
 
aƻƴǘŜǊŜȅ .ŀȅ !ǉǳŀǊƛǳƳΩǎ {ŜŀŦƻƻŘ ²ŀǘŎƘ ǇǊƻƎǊŀƳ evaluates the ecological sustainability of 
wild-caught and farmed seafood commonly found in the United States marketplace.  Seafood 
Watch defines sustainable seafood as originating from sources, whether wild-caught or farmed, 
which can maintain or increase production in the long-term without jeopardizing the structure 
or function of affected ecosystems.  Seafood Watch makes its science-based recommendations 
available to the public in the form of regional pocket guides that can be downloaded from 
www.seafoodwatch.orgΦ  ¢ƘŜ ǇǊƻƎǊŀƳΩǎ Ǝƻŀƭǎ ŀǊŜ ǘƻ ǊŀƛǎŜ ŀǿŀǊŜƴŜǎǎ ƻŦ ƛƳǇƻǊǘŀƴǘ ƻŎŜŀƴ 
conservation issues and empower seafood consumers and businesses to make choices for 
healthy oceans. 
 
Each sustainability recommendation on the regional pocket guides is supported by a Seafood 
Watch Assessment.  Each assessment synthesizes and analyzes the most current ecological, 
fisheries and ecosystem science on a species, then evaluates this information against the 
ǇǊƻƎǊŀƳΩǎ ŎƻƴǎŜǊǾŀǘƛƻƴ ŜǘƘƛŎ ǘƻ ŀǊǊƛǾŜ ŀǘ ŀ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ƻŦ ά.Ŝǎǘ /ƘƻƛŎŜǎΣέ άDƻƻŘ 
!ƭǘŜǊƴŀǘƛǾŜǎέ ƻǊ ά!ǾƻƛŘΦέ  ¢Ƙƛǎ ŜǘƘƛŎ ƛǎ ƻǇŜǊŀǘƛƻƴŀƭƛȊŜŘ ƛƴ ǘƘŜ {ŜŀŦƻƻŘ ²ŀǘŎƘ ǎǘandards, 
available on our website here. In producing the assessments, Seafood Watch seeks out research 
published in academic, peer-reviewed journals whenever possible.  Other sources of 
information include government technical publications, fishery management plans and 
supporting documents, and other scientific reviews of ecological sustainability.  Seafood Watch 
Research Analysts also communicate regularly with ecologists, fisheries and aquaculture 
scientists, and members of industry and conservation organizations when evaluating fisheries 
and aquaculture practices.  Capture fisheries and aquaculture practices are highly dynamic; as 
the scientific information on each species cƘŀƴƎŜǎΣ {ŜŀŦƻƻŘ ²ŀǘŎƘΩǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 
recommendations and the underlying assessments will be updated to reflect these changes. 
 
Parties interested in capture fisheries, aquaculture practices and the sustainability of ocean 
ecosystems are welcome to use Seafood Watch assessments in any way they find useful. 
 
 
 
 
 
 
 
 
 
 
 
 
 

file:///C:/Users/EHudson/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/B6X1EHJC/www.seafoodwatch.org
http://www.seafoodwatch.org/seafood-recommendations/our-standards
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Guiding Principles 
 
Seafood Watch® ŘŜŦƛƴŜǎ άǎǳǎǘŀƛƴŀōƭŜ ǎŜŀŦƻƻŘέ ŀǎ ǎeafood from sources, whether fished or farmed, that 
can maintain or increase production without jeopardizing the structure and function of affected 
ecosystems. 
 
Sustainable aquaculture farms and collective industries, by design, management and/or regulation, 
address the impacts of individual farms and the cumulative impacts of multiple farms at the local or 
regional scale by: 
 
1. Having robust and up-to-date information on production practices and their impacts available for 

analysis; 
Poor data quality or availability limits the ability to understand and assess the environmental 
impacts of aquaculture production and subsequently for seafood purchasers to make informed 
choices. Robust and up-to-date information on production practices and their impacts should be 
available for analysis. 

2. Not allowing effluent discharges to exceed, or contribute to exceeding, the carrying capacity of 
receiving waters at the local or regional level;   
Aquaculture farms minimize or avoid the production and discharge of wastes at the farm level in 
combination with an effective management or regulatory system to control the location, scale and 
ŎǳƳǳƭŀǘƛǾŜ ƛƳǇŀŎǘǎ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ǿŀǎǘŜ ŘƛǎŎƘŀǊƎŜǎΦ 

3. Being located at sites, scales and intensities that maintain the functionality of ecologically 
valuable habitats; 
The siting of aquaculture farms does not result in the loss of critical ecosystem services at the local, 
regional, or ecosystem level.  

4. Limiting the type, frequency of use, total use, or discharge of chemicals to levels representing a 
low risk of impact to non-target organisms; 
Aquaculture farms avoid the discharge of chemicals toxic to aquatic life or limit the type, frequency 
or total volume of use to ensure a low risk of impact to non-target organisms. 

5. Sourcing sustainable feed ingredients and converting them efficiently with net edible nutrition 
gains; 
Producing feeds and their constituent ingredients has complex global ecological impacts, and the 
efficiency of conversion can result in net food gains or dramatic net losses of nutrients. Aquaculture 
operations source only sustainable feed ingredients or those of low value for human consumption 
(e.g., by-products of other food production), and convert them efficiently and responsibly. 

6. Preventing population-level impacts to wild species or other ecosystem-level impacts from farm 
escapes; 
Aquaculture farms, by limiting escapes or the nature of escapees, prevent competition, reductions 
in genetic fitness, predation, habitat damage, spawning disruption, and other impacts on wild fish 
and ecosystems that may result from the escape of native, non-native and/or genetically distinct 
farmed species. 

7. Preventing population-level impacts to wild species through the amplification and retransmission, 
or increased virulence of pathogens or parasites; 
Aquaculture farms pose no substantial risk of deleterious effects to wild populations through the 
amplification and retransmission of pathogens or parasites, or the increased virulence of naturally 
occurring pathogens. 
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8. Using eggs, larvae, or juvenile fish produced from farm-raised broodstocks thereby avoiding the 
need for wild capture; 
Aquaculture farms use eggs, larvae, or juvenile fish produced from farm-raised broodstocks thereby 
avoiding the need for wild capture, or where farm-raised broodstocks are not yet available, ensure 
that the harvest of wild broodstock does not have population-level impacts on affected species. 
Wild-caught juveniles may be used from passive inflow, or natural settlement. 

9. Preventing population-level impacts to predators or other species of wildlife attracted to farm 
sites; 
Aquaculture operations use non-lethal exclusion devices or deterrents, prevent accidental mortality 
of wildlife, and use lethal control only as a last resort, thereby ensuring any mortalities do not have 
population-level impacts on affected species.  

10. Avoiding the potential for the accidental introduction of secondary species or pathogens resulting 
from the shipment of animals; 
Aquaculture farms avoid the international or trans-waterbody movements of live animals, or ensure 
that either the source or destination of movements is biosecure in order to avoid the introduction of 
unintended pathogens, parasites and invasive species to the natural environment. 

 
Once a score and rating has been assigned to each criterion, an overall seafood recommendation 
is developed on additional evaluation guidelines.  Criteria ratings and the overall 
recommendation are color-coded to correspond to the categories on the Seafood Watch pocket 
guide: 
 
Best Choices/Green: Are well managed and caught or farmed in environmentally friendly ways. 
 
Good Alternatives/Yellow: .ǳȅΣ ōǳǘ ōŜ ŀǿŀǊŜ ǘƘŜǊŜ ŀǊŜ ŎƻƴŎŜǊƴǎ ǿƛǘƘ Ƙƻǿ ǘƘŜȅΩǊŜ ŎŀǳƎƘǘ ƻǊ 
farmed. 
 
Avoid/Red:  Take a pass on these. These items are overfished or caught or farmed in ways that 
harm other marine life or the environment. 
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Final Seafood Recommendation 
 

Atlantic salmon 
Salmo salar 
Maine (United States) 
New Brunswick, Newfoundland, Nova Scotia (Canada)   
Marine net pens 

 

Criterion Maine New Brunswick Newfoundland Nova Scotia 

C1 Data 5.91 5.91 5.91 5.91 

C2 Effluent 4.00 4.00 4.00 4.00 

C3 Habitat 6.93 6.93 6.93 6.93 

C4 Chemical Use 8 2 2 8 

C5 Feed 5.25 5.25 5.25 5.25 

C6 Escapes 4 3 3 4 

C7 Disease 4 0 2 4 

       

C8X Source of stock 0 0 0 0 

C9X Wildlife mortalities -2.00 -2.00 -2.00 -2.00 

C10X Introductions -0.8 -0.4 -0.6 -1.4 

Total 35.29 24.69 26.49 34.69 

Final score (0-10) 5.04 3.53 3.78 4.96 
 
OVERALL RATING 

   
 

 Maine New Brunswick Newfoundland Nova Scotia 

Final Score  5.04 3.53 3.78 4.96 

Initial rating Y Y Y Y 

Red criteria 0 3 3 0 

Interim rating Y R R Y 

Critical Criteria? 0 0 0 0 

Final Rating Yellow Red Red Yellow 

Scoring note ς scores range from 0 to 10, where 0 indicates very poor performance and 10 indicates the 
aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are exceptional criteria, where 0 
indicates no impact and a deduction of -10 reflects a very significant impact. Two or more Red criteria result in a 
Red final result. 

 
Summary 

¶ The final numerical score for Atlantic salmon (Salmo salar) farmed in marine net pens in 

Maine (US) is 5.04 out of 10. With no red criteria, the final rating is yellow and a 

recommendation of Good Alternative. 

¶ The final numerical score for Atlantic salmon (Salmo salar) farmed in marine net pens in 

New Brunswick (Canada) is 3.53 out of 10. With three red criteria (Chemical Use, Escapes 

and Disease), the final rating is red and a recommendation of Avoid. 
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¶ The final numerical score for Atlantic salmon (Salmo salar) farmed in marine net pens in 

Newfoundland (Canada) is 3.78 out of 10. With three red criteria (Chemical Use, Escapes 

and Disease), the final rating is red and a recommendation of Avoid. 

¶ The final numerical score for Atlantic salmon (Salmo salar) farmed in marine net pens in 

Nova Scotia (Canada) is 4.96 out of 10. With no red criteria, the final rating is yellow and a 

recommendation of Good Alternative. 

 
 
 

  



 
 

7 

 

Executive Summary 
 
Annual farmed salmon production in Atlantic North America has fluctuated around 70,000 mt 
in recent years and was estimated to be 67,741 mt in 2018 (the latest FAO data available). Of 
this 2018 total, approximately 51,634 mt (76%) was produced in Atlantic Canada, and the 
remaining 16,107 mt was produced in the US (Maine, 24%). In Atlantic Canada, the industry is 
concentrated in New Brunswick (28,289 mt in 2018), with a smaller scale of production in 
Newfoundland and Labrador (14,167 mt in 2018), and Nova Scotia (7,361 mt in 2018). Salmon 
harvested in Maine are largely considered to remain in the US, and approximately 23,000 mt 
was exported to the US from the three East Canadian provinces in 2019.  
 
This Seafood Watch assessment involves criteria covering impacts associated with effluent, 
habitats, wildlife mortalities, chemical use, feed production, escapes, introduction of secondary 
species (other than the farmed species), disease, the source stock, and general data 
availability1. As noted below, the overall data availability in Atlantic North America allows each 
of the four production regions to be assessed separately here (see Figure 1 for a map).  
 
Atlantic North America does not have the comprehensive publicly available databases for 
aquaculture data that are available in Norway and Scotland, and within Canada, relevant data 
are much more readily available for British Columbia compared to the Atlantic provinces. 
Recent publicly available data are also limited from the industry associations or the government 
in Maine. Nevertheless, there are many useful sources of data and information, including 
industry datasets (e.g., sea lice reports for New Brunswick from the Atlantic Canada Fish 
Farmers Association), Canadian Food Inspection Agency (CFIA) and DFO data (e.g., antimicrobial 
and pesticide use), provincial data such as seabed monitoring reports (including those provided 
on request for this assessment), personal communications with industry representatives, and 
from NGOsΦ 5ŀǘŀ ǊŜƭŜǾŀƴǘ ǘƻ Ƴŀƴȅ ŀǎǇŜŎǘǎ ƻŦ ǘƘƛǎ ŀǎǎŜǎǎƳŜƴǘ ǿŜǊŜ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǊŜƎƛƻƴΩǎ 
dominant producer (representing approximately 80% of production) and acknowledged here.  
 
The availability of academic studies relevant to this assessment are variable across subject 
areas; for example, information on the interactions of escaping farmed salmon with 
endangered wild salmon populations is much more readily available than the interactions of 
pathogens or parasites with the same wild fish. Examples from other countries were used with 
caution when relevant. The regulatory requirements and their differences across federal, 
provincial, and state organizations are publicly available, but often challenging to interpret in a 
practical context, particularly as they continue to evolve over time. While there are differences 
in data availability across different topics between the US and Canada, and between the 
Canadian provinces, the overall data availability is considered to be moderate to good across all 
regions and the final numerical score for Criterion 1 ς Data is 5.91 out of 10 for Atlantic North 
America.  
 

 
1 The full Seafood Watch Aquaculture Standard is available at:  
http://www.seafoodwatch.org/seafood-recommendations/our-standards  

http://www.seafoodwatch.org/seafood-recommendations/our-standards
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Salmon farms discharge large quantities of waste nutrients and depend on coastal waterbodies 
to assimilate them. While small nutrient increases can be detected at considerable distances 
from the farm and at the waterbody scale, the potential for soluble nutrients to exceed the 
local or waterbody carrying capacity is low. Data from benthic monitoring for all regions show 
high compliance with provincial and federal thresholds, but with significant declines in 
performance in recent years (e.g., from close to 100% in 2019 to 70% in 2020 ς noting that 
farms not meeting the thresholds, in addition to fallowing, must subsequently demonstrate a 
return to compliance before receiving approval for continued operation). There is some 
indication that the monitoring parameters and sampling methods used are not optimal, and 
comprehensive research from these and other salmon farming regions show farms have a 
substantial cyclical impact in the immediate farm area during the production-fallow cycle. In 
Atlantic North America, there continues to be the potential for poorly understood impacts to 
commercially important lobster that may occur in the immediate area. The proximity of sites 
indicates a potential for cumulative impacts at the waterbody or regional scale in densely 
farmed areas such as the Bay of Fundy (which are largely managed collectively in Bay 
Management Areas), but there is currently no evidence of such cumulative impacts. Given the 
available body of research and monitoring data, the Evidence-Based Assessment method was 
used, and overall, there are considered to be frequent yet temporary impacts within the 
immediate vicinity of the farm, and the final score for the Criterion 2 - Effluent is 4 out of 10 for 
all regions. 
 
Salmon farm net pens and their supporting infrastructures contribute much physical structure 
to nearshore habitats and are known to modify the physical environment at the farm location 
by modifying light penetration, currents, and wave action as well as providing surfaces for the 
development of rich assemblages that may further increase the complexity of the habitat. An 
average salmon farm comprises approximately 50,000 m2 of submerged artificial substrates 
that can be colonized by a large suite of hard-bottom associated species that may not 
otherwise find suitable habitat in a given area (e.g., muddy bottoms or in the water column). 
These additional species may have a variety of direct and cascading effects on the surrounding 
ecosystem, including inadvertently supporting the persistence and distribution of non-native 
species. Salmon farms also attract a variety of wild animals as fish aggregation devices or 
artificial reefs (including predators such as seals that may prey on wild salmon smolts migrating 
past farms) or may repel other wild animals through disturbance such as noise, lights or 
increased boat traffic. Changes in behavior of wild fish around fish farms and even of their flesh 
quality due to the consumption of waste feed have been reported. A key aspect of these 
potential impacts is their circumstantial variability, their limited study, and the challenge of 
their quantification, particularly in the context of the more obvious impacts of soluble and 
particulate effluent wastes (assessed in Criterion 2 - Effluent). 
 
The regulatory systems and their enforcement for siting and licensing are available, including 
requirements for baseline studies or assessments, but they are often challenging to interpret in 
a practical context as they evolve across multiple provincial and federal agencies. Their 
application to impacts other than effluent wastes on the seabed is typically unclear, but the site 
licensing process and its enforcement are considered to be largely effective. Further, the 
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literature indicates that the realization of any or all of these potential impacts does not 
significantly impact the functionality of the ecosystems in which farms are sited. More basically, 
the siting of net pen arrays does not result in habitat conversion in the same way that, for 
example, pond construction does, and the removal of farm infrastructure would immediately 
restore all baseline biophysical processes. Overall, (noting that soluble and particulate wastes 
are addressed in Criterion 2 ς Effluent) the habitats in which salmon farms are located are 
considered to be maintaining functionality with minor or moderate impacts and the 
management effectiveness regarding the known impacts of the floating net pens appears 
moderate. The final score for Criterion 3 ς Habitat is of 6.93 out of 10.  
 
Antimicrobial use in Atlantic North America has declined since at least 2012. Data from the 
dominant producer that operates approximately 80% of active sites in the region (and is the 
only operator in Nova Scotia and Maine) show the average treatment frequency has been less 
than 0.5 treatments per site per year since at least 2014. In 2020, with only eight treatments 
across the four regions, antimicrobial use was 0.12 treatments per site. There have been no 
antimicrobial treatments in Maine since 2017 and there were none in Nova Scotia in 2020. The 
highest antimicrobial use has been in New Brunswick, with an average number of treatments 
per site per year between 2017 and 2020 of 0.33. While the performance of the secondary 
producer (in New Brunswick and Newfoundland) may differ from these data, it is considered 
highly likely that the frequency of antimicrobial use is still less than one treatment per site per 
year in these two regions. The dominant treatments (oxytetracycline and florfenicol) are listed 
as highly important for human medicine by the World Health Organization, highlighting the 
importance of continued prudent use. 
 
Accurately describing pesticide use in Atlantic North America is challenged by variable data 
availability in the most recent years, combined with rapid changes in production practices and 
pesticide use over the same period. Data from the only producer in two regions show there has 
been no pesticide use in Maine since 2018 and none in Nova Scotia since at least 2016. In the 
other two Canadian provinces, New Brunswick and Newfoundland, pesticide use has been high 
prior to 2018 with multiple treatments per site per year on average. In New Brunswick, 
pesticide use has been high with multiple treatments per year on average. The dominant 
producer (operating approximately 80% of active sites in New Brunswick) still uses in-feed 
treatments at a frequency of <0.7 treatments per year but has almost eliminated bath 
treatments. Data from DFO indicate there is likely some ongoing use of in-feed and bath 
treatments by the secondary producer in New Brunswick. In Newfoundland, pesticide use has 
also been high (half ƻŦ bŜǿŦƻǳƴŘƭŀƴŘΩǎ ŀŎǘƛǾŜ ǎƛǘŜǎ ǊŜŎŜƛǾŜŘ мл ƻǊ ƳƻǊŜ ǇŜǎǘƛŎƛŘŜ ǘǊŜŀǘƳŜƴǘǎ ƛƴ 
2018). The dominant producer (operating just over half of the sites) has almost eliminated bath 
treatments and also eliminated in-feed treatments, but the available data indicate there is likely 
some ongoing use of in-feed and bath treatments by the secondary producer in Newfoundland, 
although the exact frequency is uncertain. 
 
The impacts on non-target organisms (including commercially important species such as 
lobster) of in-feed and bath pesticide treatments continue to be challenging to quantify in the 
field, but are likely to have been considerable, at least in the immediate farm area during 
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periods of high pesticide use. In addition, the known cases of illegal pesticide use and the 
detections of residues of chemicals not approved for use in Canada remain a concern although 
they are considered to represent exceptional cases at the typical farm level. The recent rapid 
decrease in pesticide use limits these concerns (particularly in areas where pesticide use has 
been minimal or has largely been eliminated in recent years). The previous high levels of 
pesticide use have also contributed to the resistance to some treatments observed in the 
region, but while such genetic changes to sea lice populations may linger, the recent decline in 
chemical use limits further development. 
 
Overall, the data demonstrate that chemical treatments have been consistently used less than 
once per site per year in both Maine and Nova Scotia; for both of these regions, the final score 
for Criterion 4 ς Chemical Use is 8 out of 10. For New Brunswick and Newfoundland, with minor 
antimicrobial use, the uncertainly with the ongoing pesticide use by the secondary producer 
necessitates some precaution. Although the most recent data implies low use by the primary 
producer, the relatively recent (e.g., 2018) high frequency of use, combined with the data 
uncertainty particularly for the secondary producer results in a final score for Criterion 4 ς 
Chemical Use of 2 out of 10 for New Brunswick and Newfoundland on a precautionary basis. 
While the recent rapid decline in chemical use is recognized here, additional data (particularly 
from DFO and ideally reinstating the publication of frequency values) to confirm the ongoing 
reduction would be needed to allocate a trend adjustment (see the Seafood Watch Aquaculture 
Standard for details).  
 
Feed data were provided by the primary producer representing approximately 80% of feed use 
in the region. Additional data points, where needed, were obtained from reference feeds in the 
academic literature and salmon farming company reports. While the formulation generated 
may not be    specifically accurate, the key aspects relating to this assessment were considered 
to be sufficiently robust and representative of the broader region. Using total fishmeal and fish 
oil inclusions of 7.2% and 11.1% respectively, an eFCR of 1.3, and yield values modified 
according to the dominant use of Gulf Menhaden, from first principles, 1.13 mt of wild fish 
must be caught to produce the fish oil needed to grow 1.0 mt of farmed salmon. With 70% of 
marine feed ingredients sourced from Gulf Menhaden and with an unspecified remainder, the 
overall sustainability was moderate, and resulted in a Wild Fish Use score of 5.50 out of 10. 
There is a substantial net loss of 63.8% of feed protein (score 3 out of 10) and a low feed 
ingredient footprint of 13.13 kg CO2-eq. per kg of harvested protein (score of 7 out of 10). 
Overall, the three factors combine to result in a final feed score for Criterion 5 ς Feed of 5.25 
out of 10.  
 
Best management practices to prevent escapes, such as Codes of Containment, are in place in 
every region in Atlantic North America and they have been effective in reducing the number of 
escapes over time. However, net pen systems are inherently vulnerable to both large-scale and 
small-scale fish escapes, and data show that escapes do still occur in the Atlantic North 
American industry, albeit with regional variation. Farms in Maine have not reported an escape 
since 2003, and farms in Nova Scotia have reported only 44 escaped fish in the past ten years. 
New Brunswick and Newfoundland have each reported many thousands of escaped fish over 
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this time period. Escapees have been shown to disperse rapidly and recapture at sea is unlikely, 
but a second recapture opportunity occurs in rivers. The number of escaped fish entering rivers 
in the four regions is highly variable by river and by year, and while fish traps in some rivers 
allow the recapture and removal of (potentially all) escapees, the extent of their presence and 
operation across all rivers in the region is not known.   
 
Although the industry in Atlantic North America has largely relied on local broodstocks, farmed 
Atlantic salmon are genetically distinct from their wild counterparts. Hybridization between 
escaped and wild salmon and genetic introgression have been demonstrated, particularly after 
a large escape of mature fish in Newfoundland. While the presence of hybrid offspring declines 
rapidly, determining the longevity of the introgression and quantifying the impact to affected 
populations remain challenging. Wild salmon populations in the North Atlantic have been in 
long-ǘŜǊƳ ŘŜŎƭƛƴŜ όŦƻǊ Ƴŀƴȅ ŘŜŎŀŘŜǎ ǇǊƛƻǊ ǘƻ ǎŀƭƳƻƴ ŦŀǊƳƛƴƎΩǎ ƛƴǘǊƻŘǳŎǘƛƻƴύ ŀƴŘ Ŏƻƴǘƛƴǳe to 
decline in areas with and without salmon farms; nevertheless, several wild salmon populations 
in the vicinity of the salmon farming industry are of special concern, threatened, or 
endangered, and any contributions to their further decline or inhibitions of their recovery are a 
concern.  
 
In Maine, there have been no reported escapes since 2003, very few escaped fish have been 
detected in rivers, and capture devices in important rivers allow their removal. The production 
system remains vulnerable, and escapees could potentially enter rivers in areas without 
recapture devices. The final score for Criterion 6 ς Escapes for Maine is 4 out of 10. In New 
Brunswick, escape numbers have been high and escapees are detected in rivers, and though 
capture devices in important rivers allow their removal, escapees could enter rivers in areas 
with vulnerable populations in the Inner Bay of Fundy. The final score for Criterion 6 ς Escapes 
for New Brunswick is 3 out of 10. In Newfoundland, escape numbers have been high and while 
typical numbers of escapees in rivers are moderate, there are fewer opportunities for recapture 
and studies of specific escape events have demonstrated genetic introgression in many rivers. 
The final score for Criterion 6 ς Escapes for Newfoundland is 3 out of 10. In Nova Scotia, the 
number of reported escapes is very low and there have been few escaped fish detected in 
rivers, but recent and ongoing monitoring appear limited. There are fewer opportunities for 
recapture in rivers in Nova Scotia and escapees could potentially enter rivers in areas without 
recapture devices. The final score for Criterion 6 ς Escapes for Nova Scotia is 4 out of 10. 
 
Large amounts of research and publicly available fish health and mortality data in other areas 
(particularly British Columbia and Norway) note the concern regarding the potential transfer of 
pathogens and parasites from salmon farms to wild salmonids, but there is very little 
information available in Atlantic North America. While many disease-related management and 
monitoring measures are in place, few data are available, and the open net pen system remains 
vulnerable. The ongoing occurrence of mortality events in Atlantic North American farms (as 
reported by industry media) highlights the likelihood that some diseases occur or are secondary 
factors in these events. Nevertheless, the potential for salmon farms to act as a reservoir for 
transmission of pathogens to wild fish (i.e., of types and numbers of pathogens that they 
ǿƻǳƭŘƴΩǘ ƴŀǘǳǊŀƭƭȅ ŜƴŎƻǳƴǘŜǊ) remains uncertain. While recent research, particularly in British 
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Columbia, continues to develop rapidly on many fronts and is making many associations 
between farm viruses and wild salmon, there have been few robust conclusions on 
demonstrable impacts.  
 
A similar situation exists for sea lice. Large publicly available datasets from routine monitoring 
and research in the eastern Atlantic (Norway) and western Canada (British Columbia) 
demonstrate it is likely that there will be substantial mortality of wild salmon in some areas in 
some years. The limited available data in Atlantic North America indicate sea lice levels on 
farms are high in New Brunswick, including in some areas each year during the juvenile salmon 
outmigration period, but are likely low in Maine and Nova Scotia. Despite the welcome start of 
(minimal) data publication in Newfoundland, lice levels here remain largely unknown. Atlantic 
salmon are one of the most susceptible salmonid species to sea lice and sub-lethal impacts and 
increased risk of predation may also be important. 
 
The analysis here has been limited to a simplistic overview, particularly given the limited data in 
the region. It highlights the ongoing uncertainty in the potential for wild Atlantic salmon to be 
infected with pathogens and parasites that they would not naturally experience, the 
uncertainty in the impact of any such infections, and in the potential cumulative impacts of 
pathogens and parasites from farms. The applicability of the research in other regions to 
Atlantic North America is also uncertain. Given the status of wild salmon populations in the 
Atlantic (see Criterion 6 ς Escapes), the uncertainties driven by the lack of data largely define 
the need for a precautionary approach. For all regions, the potential impacts of viral or bacterial 
pathogens remains unknown, but in New Brunswick, lice levels on average are often high in at 
least one BMA each year during out-migration, with likely very high levels in individual farms, 
and the final score for Criterion 7 ς Disease is 0 out of 10. In Newfoundland, lice levels remain 
largely uncertain and given the established pathogen and parasite transfer risk, the final score 
for Criterion 7 ς Disease is 2 out of 10. For Nova Scotia and Maine, sea lice count data 
availability is also limited, but when combined with the pesticide use data, they indicate lice 
levels are low and the simple open nature of the production systems results in a final score for 
Criterion 7 ς Disease of 4 out of 10 (all scores are allocated using the Seafood Watch risk 
assessment).  
 
All Atlantic salmon raised in the US and Canada are sourced from hatchery-raised broodstock; 
ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǿƛƭŘ ŦƛǎƘŜǊƛŜǎ ŦƻǊ ōƻǘƘ ōǊƻƻŘǎǘƻŎƪ 
and juveniles. The industry has increasingly used cleaner fish as an alternative to chemical 
pesticide treatments, which requires a minor use of eggs from wild caught lumpfish 
(Cyclopterus lumpus). This species is listed as threatened by COSEWIC, but the quantities used 
represent less than 0.15% of the commercial catch and are intended to result in the 
development of domesticated. In addition, wild-caught wrasse have been used on a small 
number of sites, but this use is not currently considered to reach the scoring threshold in the 
Seafood WaǘŎƘ ǎǘŀƴŘŀǊŘ όƛΦŜΦΣ ǘƘŜ ǊŜƭƛŀƴŎŜ ƻŦ мл҈ ƻŦ ǘƘŜ ǊŜƎƛƻƴΩǎ ŦŀǊƳŜŘ ǎŀƭƳƻƴ ǇǊƻŘǳŎǘƛƻƴ ƻƴ 
their capture). Due to the small amounts of wild caught cleaner fish, the final numerical score 
for Criterion 8X ς Source of Stock for all of Atlantic North America is a deduction of 0 out of -10 
for all regions. 
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Regulations and management practices for non-harmful exclusion of wildlife are in place and 
Canada is amending the Marine Mammal Regulations (effective January 2022) to match those 
of the US Marine Mammal Protection Act, which prohibits lethal control of marine mammals 
with the exception of incidences where human safety is endangered (i.e., Nuisance Seal 
Licenses will no longer be issued in Canada). Although there are no publicly available data with 
which to confirm the mortality numbers, lethal control is considered to only be used in 
exceptional cases that would not affect the population status of the affected species (noting 
that Atlantic Canada continues to have an annual commercial hunt of grey and harp seals). 
Accidental mortalities (e.g., entanglement) of seals, birds, and large fish (sharks or tuna) cannot 
be eliminated in the net pen system and without robust data, mortality numbers are unknown. 
However, with effective deterrents (primarily above- and below-water predator nets), mortality 
of these species is also considered limited to exceptional circumstances and highly unlikely to 
affect population health. Without a robust dataset to determine the impact of farm-wildlife 
interactions, the Risk-Based Assessment method was used, and the final score for Criterion 9X ς 
Wildlife Mortalities for all of Atlantic North America is -2 out of -10. 
 
Data on introductions and transfers from DFO shows there are considerable movements of 
aquatic organisms, including farmed salmon and cleaner fish, occurring into all Canadian 
provinces from elsewhere (typically other provinces, but also internationally). There are no data 
to understand movements into Maine from other regions, so the average of Canadian 
movements is used as a proxy. Regulations regarding live fish movements in the US and Canada 
are available, particularly through the US Animal and Plant Health Inspection Service and 
following the Canadian Code on Introductions and Transfers of Aquatic Organisms (which 
includes ŀ άǇŀǊŀǎƛǘŜ ƻǊ ŦŜƭƭƻǿ ǘǊŀǾŜƭŜǊέ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ǇǊƻŎŜǎǎύΦ ¢ƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ǘŀƴƪ-
based hatchery systems (considered the dominant source of live animal movements during the 
salmon production cycle, including for cleaner fish) and the regulatory requirements (including 
the Certificate of Fish Health Transfer and associated screening) are considered to offer high 
biosecurity and reduce the risk that a secondary organism will be unintentionally transported. 
The recent import of salmon eggs from Iceland to Newfoundland is considered to be minor, and 
also to come from a relatively biosecure source. Overall, the trans-waterbody movement of 
animals (of all aquatic species, and therefore including salmon and cleaner fish) is variable 
across the regions based on DFO movement data, and provide an estimated reliance of 18%, 
25%, and 65% of production for New Brunswick, Newfoundland, and Nova Scotia respectively. 
Maine is considered to have, by proxy, 36% reliance on such movements. All movements 
originate at typically highly-biosecure facilities. The final numerical deduction for Criterion 10X 
ς Introduction of Secondary Species for New Brunswick is -0.4 out of -10; for Newfoundland is -
0.6 out of 10; for Nova Scotia is -1.4 out of 10, and for Maine is -0.8 out of 10.  
 
In summary, as noted above, each of the four production regions are assessed separately here.  

¶ In Maine (US), the direct impacts of the net pen production system are mostly limited to the 

immediate farm area. Chemical use is very low. There have been no reported escapes since 

2003, and very few farmed fish are seen in rivers. Sea lice numbers and mortality of wildlife 
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and are considered to be low. The final numerical score for Atlantic salmon (Salmo salar) 

farmed in marine net pens in Maine (US) is 5.04 out of 10. With no red criteria, the final 

rating is yellow and a recommendation of Good Alternative. 

¶ In New Brunswick (Canada) the direct impacts of the net pen production system are mostly 

limited to the immediate farm area. Chemical use to has declined rapidly, but sea lice 

numbers on farms are occasionally very high, including during parts of the outmigration 

period for juvenile wild salmon. Reported escapes have been high but declining and affect a 

small number of farms. Escapees are detected in rivers, but substantial proportions may be 

trapped and removed. The final numerical score for Atlantic salmon (Salmo salar) farmed in 

marine net pens in New Brunswick (Canada) is 3.53 out of 10. With three red criteria 

(Chemical Use, Escapes and Disease), the final rating is red and a recommendation of Avoid. 

¶ In Newfoundland (Canada), the direct impacts of the net pen production system are mostly 

limited to the immediate farm area. Chemical use has declined rapidly, but continues, and 

there are minimal data available on sea lice numbers on farms. Escapes have been high but 

declining and affect few sites, but moderate numbers of escapees have been detected in 

rivers and genetic introgression has been shown to occur following large escapes. The final 

numerical score for Atlantic salmon (Salmo salar) farmed in marine net pens in 

Newfoundland (Canada) is 3.78 out of 10. With three red criteria (Chemical Use, Escapes 

and Disease), the final rating is red and a recommendation of Avoid. 

¶ In Nova Scotia (Canada), the direct impacts of the net pen production system are mostly 

limited to the immediate farm area. Chemical use is very low, and pesticides have not been 

used since 2014 to control sea lice. The detection of escaped fish in rivers has been low, but 

there are fewer opportunities to recapture them. The final numerical score for Atlantic 

salmon (Salmo salar) farmed in marine net pens in Nova Scotia (Canada) is 4.96 out of 10. 

With no red criteria, the final rating is yellow and a recommendation of Good Alternative. 
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Introduction 
 

Scope of the analysis and ensuing recommendation  
 
Species: Atlantic salmon (Salmo salar) 
Geographic coverage: Atlantic North America; United States (Maine) and Atlantic Canada (New 
Brunswick, Newfoundland and Labrador, Nova Scotia) 
Production method: Marine net pens 
 
Species Overview 
Atlantic salmon (hereafter, salmon) are native to the eastern (European) and western (North 
American) North Atlantic Ocean. As a primarily anadromous species2, salmon hatch in 
ŦǊŜǎƘǿŀǘŜǊΦ WǳǾŜƴƛƭŜǎΣ ŎŀƭƭŜŘ ΨǇŀǊǊΣΩ ǊŜƳŀƛƴ ƛƴ ŦǊŜǎƘǿŀǘŜǊ ǊƛǾŜǊǎ ŀƴŘ ǎǘǊŜŀƳǎ ŦƻǊ м-5 years before 
undergoing smoltification, a physiological process that prepares them for life in the marine 
environment. Salmon smolts, typically weighing 20-30 grams (g) in the wild, migrate to the 
ocean where they remain a pelagic species for up to four years, feeding primarily on smaller 
fish and squid and achieving most of their lifetime growth. At the onset of maturation, salmon 
cease feeding and return to the freshwater system in which they hatched to spawn. Spawning 
salmon are typically 8-13 kilograms (kg) in weight. While most Atlantic salmon die after 
ǎǇŀǿƴƛƴƎΣ ŀ ǎƳŀƭƭ ǇŜǊŎŜƴǘŀƎŜ Ƴŀȅ ǊŜǘǳǊƴ ǘƻ ǎŜŀ ŀǎ ΨƪŜƭǘǎΩ όbh!! нлмрŀύΦ 
 
 
Production System 
Domesticated male and female broodstock are individually strip-spawned and their eggs and 
sperm are mixed for fertilization to occur. It takes approximately 500 degree-days3 for salmon 
eggs to hatch, and another 50 degree-days for the yolk sac to be completely absorbed (FAO 
2004). In Atlantic North America, juvenile salmon are raised in land-based, freshwater 
hatcheries until they have smolted and reached 40-мнл Ǝ ƛƴ ǿŜƛƎƘǘφǘypically 8-16 months 
post-hatch (FAO 2004). Upon transfer to saltwater net pens, fish are on-grown for 
approximately two years until they reach their harvest weight of 4-6 kg. This production system 
is used in both the United States and Canada for production of salmon. The following 
assessment reflects only the marine net pen growout phase of salmon aquaculture in Atlantic 
North America, as the hatchery/nursery phase is not considered to be a major source of 
environmental impacts. 
 
Production Statistics  
Salmon farming began in Atlantic Canada in New Brunswick in 1978 with the first harvest in 
1979, but it was slow to develop, and harvests did not exceed 5,000 mt until 1990 (Chang et al., 
2011; FAO Fishstatj). By the late 1990s, production in other eastern Canadian provinces was 

 
2 There are many landlocked resident freshwater populations of Atlantic salmon in Newfoundland, called 
Ouananiche (https://www.britannica.com/animal/ouananiche) 
3 A measure of fish development attained by calculating the duration of time fish spend in a particular water 
temperature (i.e., 4 days in 10° C = 40 degree-days) 

https://www.britannica.com/animal/ouananiche
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also developing, but still at a small scale; harvests in Newfoundland and Labrador (hereafter 
referred to as Newfoundland) were less than 1,000 mt (610 mt in 1997) and had just exceeded 
1,000 mt in Nova Scotia (1,100 mt in 1997) (Chang, 1998). In the US state of Maine, the first 
harvest was recorded in 1986, and exceeded 5,000 mt in 1991 (FAO Fishstatj).  
 
Atlantic salmon are currently farmed in the same four regions of Atlantic North America: the 
state of Maine in the US and the Canadian provinces of New Brunswick, Nova Scotia, and 
Newfoundland. The approximate areas are shown in Figure 1.  
 

 
Figure 1: Approximate map of farming areas in Maine and three Canadian provinces in Atlantic North America 
(yellow ovals). The size of the yellow ovals relates to the approximate geographic spread of sites, and not the 

number of sites or the scale of production. Map copied and edited from Google Earth. 

 
Table 1 shows the approximate number of active4 sites in recent years (note there are 
additional licensed sites, but not all are active at any one time). In 2020, there were a total of 
approximately 84 active sites. Production in Atlantic North America is dominated by one 
company which operates an average of 79% of the active sites in Table 1 (varying from 77% to 
82% in the 2014 to 2020 timeframe). A second company operates the remainder. The dominant 
producer is the sole operator in Nova Scotia and Maine. A third company has recently 
established sites in Placentia Bay in Newfoundland but does not plan to stock them until spring 
20225.  
 

 
4 Active sites are those with fish currently in the water. With the potential for sites to have fish in them for short 
periods (e.g., at the beginning or the end of a year), the figures in Table 1 are considered approximate.  
5 https://www.fishfarmingexpert.com/article/grieg-postpones-first-stocking-in-newfoundland-as-precaution-
against-isa/ 
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Table 1: Approximate number of active salmon farming sites in four regions from 2014 to 2020 by region for all 
companies. Data from J. Wiper, pers. comm. (2021). 

 2014 2015 2016 2017 2018 2019 2020 

New Brunswick 47 45 43 42 43 43 44 

Newfoundland 21 19 17 16 16 16 19 

Nova Scotia 10 10 8 9 10 11 9 

Maine 13 11 13 13 13 13 12 

Total 91 85 81 80 82 83 84 

 
Annual production figures from different sources lack consistency. Data from the UN Food and 
Agriculture Association (FAO) show annual total production in all regions of Atlantic North 
America has varied around approximately 50,000 mt in recent years (Figure 2) and was 52,281 
mt in 2018 (FAO ς 2021 FishstatJ database). Of this 2018 total, 36,174 mt (69%) was produced 
in Atlantic Canada, and 16,107 mt was produced in the US (Maine, 31%). As discussed below, it 
is considered here that the FAO figures do not include the production of Newfoundland. 
 

 
Figure 2: FAO figures for annual production in all regions of Atlantic North America. Data from the FAO FishstatJ 

2020 dataset. *Note, it is considered here that these data do not include Newfoundland. 

 
Statistics Canada publishes data on aquaculture production and value by province, with figures 
for salmon published up to 2019 (as of September 2021); however, this dataset is complicated 
by the lack of a salmon-specific value for Newfoundland6. The figure for total finfish production 

 
6 The άNewfoundland Seafood Industry in Review 2019έ ŀƭǎƻ ǇǳōƭƛǎƘŜǎ ŦƛƎǳǊŜǎ ŀǎ άǘƻǘŀƭ ǎŀƭƳƻƴƛŘǎέΣ ǿƛǘƘƻǳǘ 
differentiation between species. https://www.gov.nl.ca/ffa/files/2019-SIYIR-WEB.pdf 

https://www.gov.nl.ca/ffa/files/2019-SIYIR-WEB.pdf
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must be used instead and is considered a close approximation of salmon production7, however, 
due to this differentiation, it appears that Newfoundland farmed salmon production is missing 
from the Canadian total figures for farmed Atlantic salmon and from the FAO dataset. The 
Maine Department of Marine Resources does not publish annual farmed salmon production 
data for confidentiality reasons (due to the single company operating there). Figure 3 shows the 
available production data for the three Canadian provinces (from Statistics Canada) and for 
Maine (from FAO).  
 

 
Figure 3: Estimated annual production in the Atlantic North America region using FAO data for Maine and Statistics 

Canada data for Canadian provinces. *The Canadian figures include the total finfish production figures for 
Newfoundland on the basis that Atlantic salmon dominates finfish production in the region. 

In summary, the total annual production of Atlantic salmon in the Atlantic North America 
region varies around 70,000 mt (67,388 mt estimated in 2018; 74,607 mt in 2016), with 
approximately 41% of production in New Brunswick, with 24%, 22% and 12% in Maine, 
Newfoundland, and Nova Scotia respectively.  

Import and Export Sources and Statistics  
Atlantic salmon produced in Maine are largely considered to remain in the US, whereas 
Fisheries and Oceans Canada summary of /ŀƴŀŘŀΩǎ ǎŜŀŦƻƻŘ ǘǊŀŘŜ with the US8 shows it is an 
important export market for Canadian farmed salmon, taking 91% by value of all salmon 
exported from Canada. Fisheries and Oceans Canada (DFO) figures shows the total salmon 
export from Canada was 86,000 mt in 2019, and Atlantic salmon in turn represent 87% (by 
value). British Columbia is the source for most exports to the US (63,000 mt in 2019) and New 

 
7 There is also a small component of steelhead trout 
https://www.findnewfoundlandlabrador.com/invest/aquaculture/#:~:text=Newfoundland%20and%20Labrador's%
20aquaculture%20industry,water%20ideally%20suited%20for%20aquaculture 
8 https://publications.gc.ca/collections/collection_2021/mpo-dfo/Fs1-91-2019-eng.pdf  

https://www.findnewfoundlandlabrador.com/invest/aquaculture/#:~:text=Newfoundland%20and%20Labrador's%20aquaculture%20industry,water%20ideally%20suited%20for%20aquaculture
https://www.findnewfoundlandlabrador.com/invest/aquaculture/#:~:text=Newfoundland%20and%20Labrador's%20aquaculture%20industry,water%20ideally%20suited%20for%20aquaculture
https://publications.gc.ca/collections/collection_2021/mpo-dfo/Fs1-91-2019-eng.pdf
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Brunswick is the dominant exported on the east coast (14,652 mt in 2019). Exports to the US 
from Nova Scotia and Newfoundland represented only 4% of the Canadian total in 2019.  
 
Common and Market Names 

Scientific Name Salmo salar 

Common Name Atlantic salmon 

United States Atlantic salmon 

Spanish Salmón del Atlántico 

French Saumon de l'Atlantique 

Japanese ¢ŀƛǎŜƛȅǁ ǎŀƪŜ 

 
Product Forms  
Atlantic salmon is available in all common fish presentations, particularly whole fish, fillets, and 
smoked. 
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Criterion 1: Data Quality and Availability 
 
Impact, unit of sustainability and principle 

¶ Impact: Poor data quality and availability limits the ability to assess and understand the  
impacts of aquaculture production. It also does not enable informed choices for seafood  
purchasers or enable businesses to be held accountable for their impacts. 

¶ Unit of sustainability: The ability to make a robust sustainability assessment. 

¶ Principle: Having robust and up-to-date information on production practices and their  
impacts available for analysis 

Criterion 1 Summary 
Maine, US and Atlantic Canada 

C1 Data Category  Data Quality 

Production 7.5 

Management 7.5 

Effluent 5.0 

Habitat 5.0 

Chemical Use 7.5 

Feed 5.0 

Escapes 7.5 

Disease 2.5 

Source of stock 7.5 

Wildlife mortalities 5.0 

Introduction of secondary species 5.0 

C1 Data Final Score (0-10) 5.91 

 Yellow 

 
Brief Summary 
Atlantic North America does not have the comprehensive publicly available databases for 
aquaculture data that are available in Norway and Scotland, and within Canada, relevant data 
are much more readily available for British Columbia compared to the Atlantic provinces. 
Recent publicly available data are also limited from the industry associations or the government 
in Maine. Nevertheless, there are many useful sources of data and information including 
industry datasets (e.g., sea lice reports for New Brunswick from the Atlantic Canada Fish 
Farmers Association), Canadian Food Inspection Agency (CFIA) and DFO data (e.g., antimicrobial 
and pesticide use), provincial data such as seabed monitoring reports (including those provided 
on request for this assessment), personal communications with industry representatives, and 
from NGOsΦ 5ŀǘŀ ǊŜƭŜǾŀƴǘ ǘƻ Ƴŀƴȅ ŀǎǇŜŎǘǎ ƻŦ ǘƘƛǎ ŀǎǎŜǎǎƳŜƴǘ ǿŜǊŜ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǊŜƎƛƻƴΩǎ 
dominant producer (representing approximately 80% of production) and acknowledged here. 
 
The availability of academic studies relevant to this assessment are variable across subject 
areas; for example, information on the interactions of escaping farmed salmon with 
endangered wild salmon populations is much more readily available than the interactions of 
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pathogens or parasites with the same wild fish. Examples from other countries were used with 
caution when relevant. The regulatory requirements and their differences across federal, 
provincial, and state organizations are publicly available, but often challenging to interpret in a 
practical context, particularly as they continue to evolve over time. While there are differences 
in data availability across different topics between the US and Canada, and between the 
Canadian provinces, the overall data availability is considered to be moderate to good across all 
regions and the final numerical score for Criterion 1 ς Data is 5.91 out of 10 for Atlantic North 
America.  
 
Justification of Rating 
 
Industry and Production Statistics 
Details regarding the Atlantic North American net pen salmon farming industry, including the 
size, farm locations, production statistics, export markets, etc., are generally easily accessible, 
but may be limited in their regional specificity and timeliness (for example, the Maine 
Department of Marine Resources does not publish production figures for confidentiality 
reasons and Newfoundland is the only Province in the Statistics Canada9 dataset that does not 
report a salmon-specific value). The United Nations Food and Agriculture Organisation (FAO) 
FishstatJ database can be used to generate annual production figures; however, after analysis 
here, it appears that the FAO data do not include figures from Newfoundland. The number of 
active sites in each region was provided by an industry representative, and the Canadian 
provinces and the State of Maine have mapped databases showing the location, company name 
and basic license information (e.g., bƻǾŀ {ŎƻǘƛŀΩǎ ǎƛǘŜ ƳŀǇǇƛƴƎ ǘƻƻƭ10, and New .ǊǳƴǎǿƛŎƪΩǎ11). 
Overall, the industry is well understood with respect to the number and distribution of farm 
sites, but the total and regional production remains unclear. The data score for the 
independent category of Production Data is 7.5 out of 10. 
 
Management and Regulations 
The regulatory system in the Atlantic North America region is complicated by federal and 
provincial systems in place in the three Canadian provinces and the additional federal and state 
system in Maine in the US. In contrast, only two large companies are operational with largely 
consistent (albeit company-specific) management practices across the region. The dominant 
company provided considerable information on their practices for this assessment. In Canada, 
the federal Aquaculture Activities Regulations (AAR) came into force in 2015 and details are 
available on the DFO website12, but the evolving situation in each province makes a robust 
understanding of governance challenging. Similarly in Maine, the federal and state regulations 
are available, but challenging to navigate in a practical context. In Canada, the 2018 Spring 
Reports of the Commissioner of the Environment and Sustainable Development (Report 1 was 
on salmon farming13) ǇǊƻǾƛŘŜŘ ŀ ŎǊƛǘƛǉǳŜ ƻŦ 5ChΩǎ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŜƴŦƻǊŎŜƳŜƴǘ ƻŦ ǊŜƎǳƭŀǘƛƻƴǎ 

 
9 https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210010701 
10 https://novascotia.ca/fish/aquaculture/site-mapping-tool/ 
11 https://www2.gnb.ca/content/gnb/en/departments/10/aquaculture/content/masmp.html 
12 https://www.dfo-mpo.gc.ca/aquaculture/management-gestion/aar-raa-eng.htm 
13 https://www.oag-bvg.gc.ca/internet/English/parl_cesd_201804_01_e_42992.html 

https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210010701
https://novascotia.ca/fish/aquaculture/site-mapping-tool/
https://www2.gnb.ca/content/gnb/en/departments/10/aquaculture/content/masmp.html
https://www.dfo-mpo.gc.ca/aquaculture/management-gestion/aar-raa-eng.htm
https://www.oag-bvg.gc.ca/internet/English/parl_cesd_201804_01_e_42992.html
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in the industry (noting some aspects have since been at least partially addressed). Overall, the 
management and regulatory information for the various regions of Atlantic North America is 
largely available, even if their evolution is difficult to interpret from a practical perspective in 
current production. The data score for management and regulations is 7.5 out of 10.   
 
Effluent 
There is no regulatory requirement for monitoring of soluble effluent in Atlantic North America, 
and therefore no specific data, but there is a substantial body of relevant literature from these 
and other regions that can be used to draw robust conclusions. For seabed benthic monitoring, 
the regulatory requirements at the provincial and federal level are largely available (e.g., the 
Canadian federal Aquaculture Activities Regulations and the provincial Environmental 
Monitoring Programs and associated sampling protocols), but some confusion remains in their 
specific regional application and consistency of interpretation. Publicly available benthic 
monitoring data from recent years is only publicly available from Nova Scotia14 (for example the 
Maine Department of Marine Resources only publishes data up to 2008, and from New 
Brunswick Department of Environment and Local Government up to 201415). New Brunswick 
provided additional data up to and including 2020 for this assessment. TƘŜ ƛƴŘǳǎǘǊȅΩǎ ƭŀǊƎŜǎǘ 
producer also provided aggregated results from 2009 to 2019 for all regions. There is also a 
substantial body of academic literature on salmon net pen benthic or other effluent impacts in 
Atlantic North America (e.g., Hamoutene et al., 2018; McIver et al., 2018, Howarth et al., 2019; 
Verhoeven et al., 2018; Chang et al., 2011). In addition, international studies such as Price et al. 
2015, Keeley et al. 2015) and key studies from other regions (e.g., Grefsrud et al., 2021a,b, from 
Norway, and Tett et al., 2018 from Scotland) can be carefully used to make comparisons. 
Effluent impacts to specific species such as lobsters in Atlantic North America have been 
reviewed by Milewski et al. (2021). While information on the coordinated management of the 
industry in Aquaculture Bay Management Areas is available, there is little information with 
which to robustly quantify the risk of cumulative impacts at the waterbody level. Overall, the 
partial data availability and substantial body of research provide a good but at times limited 
understanding of the impacts and/or the risks of impacts of soluble and particulate effluent 
wastes, and the data score is 5 out of 10. 
 
Habitat 
Locational data available for all regions in addition to readily available satellite images allows a 
simple overview of salmon farm locations and habitats, but there are few specific data on the 
impacts of the infrastructure or their operation (other than the discharge of nutrient wastes 
addressed in Criterion 2 ς Effluent). The review of McKindsey (2011) provides a useful list of 
potential impacts associated with the infrastructure, and other academic studies provide 
additional information on the attraction or repulsion of wildlife, hydrodynamics, and other 
operational activities such as the use of submerged lights. In general, these potential impacts 

 
14 https://data.novascotia.ca/  
15 
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine_aquacultur
e.html 

https://data.novascotia.ca/
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine_aquaculture.html
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine_aquaculture.html


 
 

24 

 

have been poorly studied and are difficult to quantify. Regulatory information on siting and 
leasing, including requirements for baseline surveys, are available in all regions, but the 
differences across federal and provincial or state organizations are challenging to interpret on a 
practical basis. The data score for the habitat impacts of the floating net pen farming system is 
5 out of 10.  
 
Chemical Use 
DFO publishes (through Open Canada) annual data for each Canadian site by province from 
2016 to 2019 (as of September 2021) showing the annual number of treatments and the annual 
quantity of each type of antimicrobial used. In addition, the largest producer in the region 
provided data in the same categories (plus the relative use in grams active ingredient per mt of 
production), for the three Canadian provinces and Maine, from 2014 to 2019 (J. Wiper, pers. 
comm., 2020). Therefore, the DFO data set covers all Canadian producers but is limited in 
temporal coverage (to 2018) and does not include Maine, whereas the company dataset is 
available to 2019 and includes Maine, but is limited by the exclusion of the second operating 
salmon farming company. Given the rapidly changing chemical use practices, these 
characteristics resulted in some data gaps, but the differences were minimized by selective 
analysis and comparison where possible. Comparisons were made to data on antimicrobial use 
in other regions (as referenced in Criterion 4). The 2018 Spring Report noted that DFO did not 
validate self-reported chemical use information and had not determined how it could do this. 
Therefore, the data used in this assessment obtained either from DFO or directly from industry 
are taken at face value but cannot be independently verified. Monitoring results from the 
Canadian Food Inspection Agency (CFIA) Therapeutant Residue Non-compliance Testing 
Program were obtained from CFIA (in 2019 and 2020)16, and notices of violations of the Pest 
Control Products Act are available from Health Canada17. Other examples of illegal chemical use 
are available from general media (e.g., Smith, 2018).  
 
A separate analysis of US chemical use in salmon farming was available in Love et al. (2020), 
and information on resistance and potential impacts are primarily available from earlier 
academic studies (Burridge & Van Geest, 2014; Jones et al., 2012; ACFFA, 2010, 2014b; Jones et 
al., 2013; Igboeli et al., 2012, 2013). Background information on antifoulant use is available in 
Bloecher and Floerl (2020) and elaborated by regional specific information from the primary 
producer (J. Wiper, pers. comm., 2020). While there are some limitations in the data, there are 
sufficient to provide a clear understanding of the chemical use in Atlantic North America, and 
the data score for chemical use is 7.5 out of 10. 
 
Feed 
Data on key feed details (specific values and sources of fishmeal and fish oil, but general 
ingredient group values for crop and land animal ingredients) were provided by the primary 

 
16 Obtained by ATIP: Access to Information and Privacy (https://atip-aiprp.apps.gc.ca/atip/welcome.do). Reference 
numbers A-2019-00072 and A-2020-00203.  
17 https://www.canada.ca/en/health-canada/services/consumer-product-safety/pesticides-pest-
management/public/protecting-your-health-environment/compliance-enforcement/enforcement-bulletins.html 

https://atip-aiprp.apps.gc.ca/atip/welcome.do
https://www.canada.ca/en/health-canada/services/consumer-product-safety/pesticides-pest-management/public/protecting-your-health-environment/compliance-enforcement/enforcement-bulletins.html
https://www.canada.ca/en/health-canada/services/consumer-product-safety/pesticides-pest-management/public/protecting-your-health-environment/compliance-enforcement/enforcement-bulletins.html
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producer, representing approximately 80% of feed use in the region. Additional data were 
required to generate an approximate complete feed formulation and were obtained from 
company annual reports and the Mowi industry handbook18, and from the specific ingredients 
in each category from the reference diets of Mørkøre et al. (2020) and Aas et al. (2019). As such 
a best-fit feed composition was created that is considered to adequately represent the Atlantic 
North America feeds for the purposes of this assessment. Fish meal and oil yield values from 
the primary source fishery species were obtained from Parker and Tyedmers (2012). The Global 
Feed Lifecycle Initiative (GFLI) database was used for the feed footprint calculations. With 
requirement to estimate several feed data values required for the assessment (as described 
above), the data score for Feed is 5 out of 10. 
 
Escapes 
Escape reporting requirements vary by region in Atlantic North America (Keyser et al., 2018). 
Data on the reported numbers of escapes are available from DFO for the Canadian provinces 
(to 2017 only, accessed September 2021) and from the Maine Department of Marine Resources 
(DMR). The DMR website reporting ŘƻŜǎ ƴƻǘ ƘŀǾŜ ŀ Ψƭŀǎǘ-ǳǇŘŀǘŜŘΩ ǇǳōƭƛŎŀǘƛƻƴ ŘŀǘŜ, and 
therefore searches for media stories on escapes or newsfeeds from organizations such as the 
Atlantic Salmon Federation19 are needed to validate these data sets and to extend them to the 
present day. Limitations in the escapes reporting requirements mean that confidence in these 
escapes data is somewhat limited. Regulations and containment codes of practice were 
available from similar sources (e.g., Newfoundland20 and Nova Scotia21. Older escape data were 
available from the compilation of Morris et al. (2008). Minimal official data on recaptures are 
available, but Keyser et al. (2018) reviewed the captures of escaped fish in each region. In 
addition, specific data are also available, e.g., the numbers of farm-origin fish returning to 
Maine rivers was obtained from reports of the US Atlantic Salmon Assessment Committee, and 
those for the Magaguadavic River in New Brunswick were obtained from the Atlantic Salmon 
Federation (ASF). Evidence of genetic introgression was available from several recent studies 
(e.g., Wring et al., 2018; Sylvester et al., 2019, 2018; Bradbury et al., 2020), and the status of 
wild salmon populations were available from the ASF and the International Council for the 
Exploration of the Seas (ICES). Overall, there is a large amount of information and data on 
various aspects associated with aquaculture escapes and their interactions with wild salmon; 
nevertheless, it remains challenging to robustly quantify the scale of any impacts and therefore 
to determine the appropriate level of concern. The data score for escapes is therefore 7.5 out 
of 10. 
 
Disease 
The Canadian Food Inspection Agency (CFIA) provides information on the low number of 
federally reportable diseases in Canada22 and annual records of their presence in all Canadian 

 
18 https://mowi.com/investors/resources/ 
19 https://www.asf.ca/news-and-magazine/salmon-news 
20 https://www.gov.nl.ca/ffa/files/Salmonid-Code-of-Containment-Updated-March-2020.pdf 
21 https://novascotia.ca/just/regulations/regs/fcraquamgmt.htm#TOC2_7 
22 https://inspection.canada.ca/animal-health/aquatic-animals/diseases/reportable-diseases/federally-reportable-
aquatic-animal-diseases/eng/1339174937153/1339175227861 

https://www.gov.nl.ca/ffa/files/Salmonid-Code-of-Containment-Updated-March-2020.pdf
https://novascotia.ca/just/regulations/regs/fcraquamgmt.htm#TOC2_7
https://inspection.canada.ca/animal-health/aquatic-animals/diseases/reportable-diseases/federally-reportable-aquatic-animal-diseases/eng/1339174937153/1339175227861
https://inspection.canada.ca/animal-health/aquatic-animals/diseases/reportable-diseases/federally-reportable-aquatic-animal-diseases/eng/1339174937153/1339175227861


 
 

26 

 

provinces. In the US, the Animal and Plant Health Inspection Service (APHIS) of the US 
Department of Agriculture also runs a sampling program for the Infectious Salmon Anemia (ISA) 
virus. Chemical treatment data also provided some indications of disease and parasite 
prevalence for the dominant producer. Nevertheless, there are very few data available on 
pathogen detections on farms, mortality rates, carcass classifications or other data available in 
other regions. Recent academic studies highlight the potential for salmon farms to act as 
reservoirs for potentially poorly studied pathogens (e.g., Di Cicco et al., 2018; Kent, 2011; Shea 
et al., 2020, Bateman et al., 2021). Teffer et al. (2020) provided the first quantitative molecular 
screening of dozens of infectious agents in wild and escaped Atlantic salmon but noted that our 
understanding of the mechanisms and frequency of infectious agent transmission among wild 
fishes is still in its infancy. Studies in other salmon farming regions are useful in giving some 
indication of the appropriate level of concern (e.g., Madhun et al., 2021; Grefsrud et al., 
2021a,b; Wallace et al., 2017) while others (or the same) also highlight the uncertainties in 
farm-wild pathogen interactions (e.g., Sommerset et al., 2021; Kibenge, 2019; Grefsrud et al., 
2021a,b). Nevertheless, their applicability to the northwest Atlantic is uncertain. With regard to 
sea lice, the Atlantic Canada Fish Farmers Association (ACCFA) publish annual sea lice reports 
for New Brunswick23, including aggregated data for each Bay Management Area (BMA). The 
Newfoundland Aquaculture Industry Association (NAIA) began publishing minimal provincially-
aggregated monthly sea lice count data in May 2021, and the single producer in Maine and 
Nova Scotia provided one year of similar data for 2020 (J. Wiper, pers. comm., 2021). Unlike 
other regions, there is no monitoring of sea lice on juvenile wild salmon.  Overall, the data are 
very limited and the score for Disease is 2.5 out of 10. 
 
Source of Stock 
It is well-known that commercial salmon aquaculture (as opposed to salmon hatcheries for wild 
stock supplementation) is sustained by broodstock that are several generations domesticated, 
and production is entirely independent of the need to source wild fish. A DNA traceability 
ǎȅǎǘŜƳΣ hŦŦǎǇǊƛƴƎϰΣ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻǊ ǳǎŜ ōȅ ǘƘŜ Ƴŀƛƴ ǇǊƻŘǳŎŜǊ ƛƴ ǘƘŜ !ǘƭŀƴǘƛŎ 
North American industry, and a document was provided that summaǊƛȊŜǎ ǘƘŜ ǇǊƻƎǊŀƳΩǎ 
structure and status. Glebe (1998ύ ŀƭǎƻ ǇǊƻǾƛŘŜǎ ŀ ƘƛǎǘƻǊƛŎŀƭ ǊŜǾƛŜǿ ƻŦ /ŀƴŀŘŀΩǎ Ŝŀǎǘ Ŏƻŀǎǘ 
salmon aquaculture breeding programs, demonstrating a long-term reliance on hatchery-raised 
domesticated fish. The use of cleaner fish is increasing, and specific information on their 
sourcing is limited, but the Environmental Preview Report for a proposed hatchery in 
Newfoundland24 reviewed the relevant background information, including the fishery sources, 
and COSEWIC25 provides information on the status of the species and their fisheries. In 
combination, the data score for Source of Stock is 7.5 out of 10. 
 
Wildlife Mortalities 

 
23 https://www.atlanticfishfarmers.com/sea-lice-reports 
24 https://www.gov.nl.ca/ecc/files/env-assessment-projects-y2020-2062-EPR.pdf 
25 https://wildlife -species.canada.ca/species-risk-registry/species/speciesDetails_e.cfm?sid=1365 

https://www.atlanticfishfarmers.com/sea-lice-reports
https://www.gov.nl.ca/ecc/files/env-assessment-projects-y2020-2062-EPR.pdf
https://wildlife-species.canada.ca/species-risk-registry/species/speciesDetails_e.cfm?sid=1365
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Information on marine mammal regulations In the Atlantic Canadian provinces are available 
from DFO26, and marine mammal predator control is governed nationally by the Marine 
Mammal Regulations under the Fisheries Act. In Maine, lethal control measures of marine 
mammals are prohibited in the US by the Marine Mammal Protection Act of 1972 (MMPA) 
(NOAA 2007). There are few data available on mortality numbers, but indirect data from harbor 
seal stock assessments (NOAA, 2020) and the 2018 Spring Report on salmon farming support 
the conclusion that mortality numbers are low. Stock assessments are available for key species 
of seals, and previous data provided by industry for 2013 indicate that other species that may 
be impacted. Overall, there is sufficient regulatory evidence to give confidence that mortalities 
are limited to exceptional cases, but without specific data, the data score for Wildlife 
Mortalities is 5 out of 10.  
 
Introduction of Secondary Species 
In Canada, the National Code on Introductions and Transfers of Aquatic Organisms27 guides 
Introductions and Transfers Committees with the assessments of proposals to move aquatic 
organisms from one body of water or rearing facility to another. It includes a list of relevant 
authorities and the associated legislation. The CFIA provides aggregate data on all intentional 
movements of aquatic animals into Canadian provinces28, and although the data do not allow a 
specific assessment of a single species such as Atlantic salmon, they allow an approximation to 
be made. Similar data for Maine did were not readily available. The CFIA is also the federal lead 
for the delivery of the National Aquatic Animal Health Program (NAAHP), which outlines 
biosecurity procedures and the Pan-Atlantic finfish policy called the Certificate of Health for 
Transfer (COHFT). Similar information on movement requirements is available from the US 
Animal and Plant Health Inspection Service29. With limited practical data on fish movements 
across the industry, the data score for the Introduction of Secondary Species is 5 out of 10.  
 
Conclusions and Final Score 
Atlantic North America does not have the comprehensive publicly available databases for 
aquaculture data that are available in Norway and Scotland, and within Canada, relevant data 
are much more readily available for British Columbia compared to the Atlantic provinces. 
Recent publicly available data are also limited from the industry associations or the government 
in Maine. Nevertheless, there are many useful sources of data and information including 
industry datasets (e.g., sea lice reports for New Brunswick from the Atlantic Canada Fish 
Farmers Association), Canadian Food Inspection Agency (CFIA) and DFO data (e.g., antimicrobial 
and pesticide use), provincial data such as seabed monitoring reports (including those provided 
on request for this assessment), personal communications with industry representatives, and 
from NGOsΦ 5ŀǘŀ ǊŜƭŜǾŀƴǘ ǘƻ Ƴŀƴȅ ŀǎǇŜŎǘǎ ƻŦ ǘƘƛǎ ŀǎǎŜǎǎƳŜƴǘ ǿŜǊŜ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǊŜƎƛƻƴΩǎ 
dominant producer (representing approximately 80% of production) and acknowledged here. 
No specific feed data were available.  

 
26 https://www.dfo-mpo.gc.ca/aquaculture/protect-protege/removal-fish-retraits-poissons-eng.html 
27 https://www.dfo-mpo.gc.ca/aquaculture/management-gestion/it-code-eng.htm#7 
28 https://www.dfo-mpo.gc.ca/aquaculture/management-gestion/rep-rap-eng.htm 
29 https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/sa_nahss/animal-
health-monitoring-and-surveillance 

https://www.dfo-mpo.gc.ca/aquaculture/protect-protege/removal-fish-retraits-poissons-eng.html
https://www.dfo-mpo.gc.ca/aquaculture/management-gestion/it-code-eng.htm#7
https://www.dfo-mpo.gc.ca/aquaculture/management-gestion/rep-rap-eng.htm
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/sa_nahss/animal-health-monitoring-and-surveillance
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/sa_nahss/animal-health-monitoring-and-surveillance
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The availability of academic studies relevant to this assessment are variable across subject 
areas; for example, information on the interactions of escaping farmed salmon with 
endangered wild salmon populations is much more readily available than the interactions of 
pathogens or parasites with the same wild fish. Examples from other countries were used with 
caution when relevant. The regulatory requirements and their differences across federal, 
provincial, and state organizations are publicly available, but often challenging to interpret in a 
practical context, particularly as they continue to evolve over time. While there are differences 
in data availability across different topics between the US and Canada, and between the 
Canadian provinces, the overall data availability is considered to be moderate to good across all 
regions and the final numerical score for Criterion 1 ς Data is 5.91 out of 10 for Atlantic North 
America.  
  



 
 

29 

 

Criterion 2: Effluent 
 
Impact, unit of sustainability and principle 

¶ Impact: Aquaculture species, production systems and management methods vary in the  
amount of waste produced per unit of production. The combined discharge of farms, groups  
of farms or industries contribute to local and regional nutrient loads.  

¶ Unit of sustainability: The carrying or assimilative capacity of the local and regional receiving  
waters. 

¶ Principle: Not allowing effluent discharges to exceed, or contribute to exceeding, the 
carrying capacity of receiving waters at the local or regional level. 

 
Criterion 2 Summary 
 
Maine, New Brunswick, Newfoundland, Nova Scotia 
 
Effluent Evidence-Based Assessment   

C2 Effluent Final Score (0-10) 4 Yellow 

 
Brief Summary 
Salmon farms discharge large quantities of waste nutrients and depend on coastal waterbodies 
to assimilate them. While small nutrient increases can be detected at considerable distances 
from the farm and at the waterbody scale, the potential for soluble nutrients to exceed the 
local or waterbody carrying capacity is low. Data from benthic monitoring for all regions show 
high compliance with provincial and federal thresholds, but with significant declines in 
performance in recent years (e.g., from close to 100% in 2019 to 70% in 2020 ς noting that 
farms not meeting the thresholds, in addition to fallowing, must subsequently demonstrate a 
return to compliance before receiving approval for continued operation). There is some 
indication that the monitoring parameters and sampling methods used are not optimal, and 
comprehensive research from these and other salmon farming regions show farms have a 
substantial cyclical impact in the immediate farm area during the production-fallow cycle. In 
Atlantic North America, there continues to be the potential for poorly understood impacts to 
commercially important lobster that may occur in the immediate area. The proximity of sites 
indicates a potential for cumulative impacts at the waterbody or regional scale in densely 
farmed areas such as the Bay of Fundy (which are largely managed collectively in Bay 
Management Areas), but there is currently no evidence of such cumulative impacts. Given the 
available body of research and monitoring data, the Evidence-Based Assessment method was 
used, and overall, there are considered to be frequent yet temporary impacts within the 
immediate vicinity of the farm, and the final score for the Criterion 2 - Effluent is 4 out of 10 for 
all regions. 
 
Justification of Rating 
Salmon excrete both soluble and particulate wastes primarily as a result of incomplete 
digestion and absorption of their feeds, and salmon net pen aquaculture represents a 
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substantial release of nutrients and particulate matter into the environment in which farms are 
sited. These discharges are in addition to anthropogenic nutrients released into coastal waters 
by populations (sewage), industry, and agriculture (Grefsrud et al., 2021a,b).  
 
The assessment below is separated into soluble effluents (and their impacts in the water 
column) and particulate wastes (and their impacts on the seabed), but it is important to note 
that these impacts are connected; that is, increased production of phytoplankton and 
zooplankton in the water column also leads to increased settlement of organic material to the 
seabed (with consequences for bottom water oxygen concentrations and effects on 
animal communities in the sediments). Also, the breakdown and resuspension of concentrated 
wastes on the seabed below net pens returns nutrients to the water column and/or results in 
resettlement in distant locations (Grefsrud et al., 2021a,b). 
 
Soluble effluent 
The potential impacts of soluble nutrient releases from fish excretion such as increased 
phytoplankton production vary primarily by location (for example, in enclosed or semi-enclosed 
waterbodies verses open coasts) and the intensity of production (Grefsrud et al., 2021a,b; 
Hoddevik, 2019). There is no legal requirement for routine monitoring of soluble effluent from 
marine net pen fish farms in the US or Canada, but there is now a rich literature (partly from 
Canada, but also from other countries that have more extensive monitoring and research) with 
which to robustly reflect on the likely impacts in Atlantic North America. 
 
At the site level, .Ǌƻƻƪǎ ŀƴŘ aŀƘƴƪŜƴ όнллоύ ǎƘƻǿŜŘ ǘƘŀǘ άƛƴ ƴƻ ŎŀǎŜ ǿŀǎ ŘƛǎǎƻƭǾŜŘ ƛƴƻǊƎŀƴƛŎ 
nitrogen significantly increased at >30 m down current when compared to up current 
ǊŜŦŜǊŜƴŎŜέ. Howarth et al. (2019) noted increases in dissolved nitrogen are likely to be small, 
short lived, and difficult to detect as they are dispersed, assimilated by marine organisms and 
lost to the atmosphere through volatilization. Previous research in Newfoundland found no 
differences in water column quality near salmon farms, and in both Blue Hill Bay, Maine and 
three bays in New Brunswick, no near-field or far-field increases in chlorophyll were found 
(Tlusty et al., 2005; Sowles, 2005; Harrison et al., 2005).  
 
Despite this, previous research in New Brunswick to quantify nutrient fluxes demonstrated that 
the salmon aquaculture industry is cumulatively ǘƘŜ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜ ƻŦ άŀƴǘƘǊƻǇƻƎŜƴƛŎ ǿŀǎǘŜέ 
(i.e., carbon, nitrogen, and phosphorus) in the region (Strain and Hargrave, 2005). This is 
supported by recent research in Norway (where annual production is approximately 1.3 million 
mt of farmed salmon compared to 50,000 mt in Atlantic North America), which shows 
aquaculture is the major source of anthropogenic soluble nutrients to coastal waters along the 
large majority of the coast (Grefsrud et al., 2021a,b).  
 
Yet the nutrients from salmon farming at the coastal scale are typically minor compared to 
those delivered by oceanographic processes such as upwelling, and extending the Norwegian 
example, the increase in phytoplankton production due to nutrient emissions from fish farming 
ǾŀǊƛŜǎ ŦǊƻƳ мΦл҈ ǘƻ мтΦт҈ ŀŎǊƻǎǎ bƻǊǿŀȅΩǎ мо ǇǊƻŘǳŎǘƛƻƴ ǊŜƎƛƻƴǎ όDǊŜŦǎǊǳŘ Ŝǘ ŀƭΦΣ нлнмŀΣōύΣ 
which is well below the 50% increase classified as eutrophication by Svasand et al. (2017) 
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referencing OSPAR (2010). Even in the densest farming region in Norway (the Hardangerfjord, 
where a single fjord produces more than all four regions of the industry in Atlantic North 
America combined), the in-situ measurements of phytoplankton show "very good" to "good" 
environmental condition at all monitoring stations, and there is a low risk of environmental 
effects as a result of increased nutrient supply from aquaculture (Grefsrud et al., 2021a, Husa et 
al., 2014). 
 
In Atlantic North America, studies have shown similar increases at the bay scale; for example, 
Howarth et al. (2019) detected changes in nutrient ratios in macroalgae distant from farm sites, 
including at Port Mouton in Nova Scotia (which has received considerable study), and while 
excess nitrogen input has been apparent, the finfish aquaculture in Port Mouton Bay30, when in 
operation, was estimated to increase anthropogenic nitrogen loading by only 14% (McIver et al. 
2018; Nagel et al. 2018). Similarly, Murphy et al. (2019) and Nagel et al. (2018) studied nutrient 
impacts to seagrass beds in Nova Scotia, and while 64% of the 21 bays studied were at risk of 
seagrass decline based on nitrogen loading rates, only two bays had aquaculture facilities (one 
of which was Port Mouton). In Port Mouton, these studies indicated aquaculture (and fish 
processing) contributed approximately 20% of the total nitrogen input, but it must be noted 
that the farm in Port Mouton was in poor location with a very shallow water depth of only 10-
12 m (McIver et al.,2018) and according to benthic monitoring results (discussed below), the 
site has not been in operation since 2015.  
 
More generally, the review by Price et al. (2015) concluded modern operating conditions have 
minimized impacts of individual fish farms on marine water quality; effects on dissolved oxygen 
and turbidity have been largely eliminated through better management, and near-field nutrient 
enrichment of the water column is usually not detectable beyond 100 m of the farm (when 
formulated feeds are used, feed waste is minimized, and farms are properly sited in deep 
waters with flushing currents). However, when sited nearshore, extra care should be taken to 
manage farm location, size, biomass, feeding protocols, orientation with respect to prevailing 
currents, and water depth to minimize near- and far-field impacts, and Price et al. caution that 
regardless of location, other environmental risks may still face this industry; for example, 
significant questions remain about the additive (i.e., cumulative) impacts of discharge from 
multiple, proximal farms, potentially leading to increased primary production and 
eutrophication.  
 
Overall, although site sizes have increased, better site selection and modern operating 
conditions (e.g., farms sited in non-depositional locations and advanced feeding strategies) 
have reduced the concern for soluble nutrients discharged from farms to significantly impact 
the ecosystems which receive them. Very near-field nutrient elevations may be present, and 
the distance to the limit of detection (in the water column or after uptake by macroalgae) can 
be considerable for which there is some concern for the cumulative discharge from multiple, 

 
30 The farm in Port Mouton has predominantly produced rainbow trout but is considered here due to the similar 
nutrient outputs (noting trout typically have a high eFCR and higher relative waste production)  
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closely sited farms, but overall, the comprehensive research indicates that soluble nutrient 
effluent from salmon farms in Atlantic North America are not a high concern.  
 
Benthic impacts 
Intensive fish farming activities generate a localized gradient of organic enrichment in the 
underlying and adjacent sediments as a result of settling particulate wastes (primarily feces), 
which strongly influences the abundance and diversity of infaunal communities. While the 
settlement (or dispersal) characteristics of particulate wastes have been well-studied (e.g., 
Verhoeven et al., 2018), they remain complex, with the localized deposition and decomposition 
varying greatly by site according to characteristics such as depth, current speed, and seabed 
type (Keeley et al., 2020, 2019, 2015, 2014). 
 
Provincial benthic monitoring programs have been in existence since 1989/90, and continue in 
Nova Scotia and New Brunswick, in addition to meeting the national DFO requirements under 
the Aquaculture Activities Regulations established in 201531. In Maine, benthic monitoring is 
also required, and the protocols that were initially based on the recommendations of Wildish et 
al. (1999) were updated in 2015 to those developed by the US Environmental Protection 
Agency (J. Wiper, pers. comm., 2020). While the programs vary in detail, they all include core 
similarities such as monitoring targeted at peak biomass and peak feeding, separate methods 
for soft and hard seabeds, and common indicators of impact (including visual presence of 
indicator organisms and bacterial mats in visual video surveys of hard bottoms, and redox, 
sulfide and organic matter for soft seabeds). The Department of Fisheries and Aquaculture in 
Nova Scotia provides a readily accessible example with its Standard Operating Procedures for 
Environmental Monitoring of Marine Aquaculture Sites in Nova Scotia (June 2020)32, and Table 
2 shows the environmental quality definitions. A similar example is available from the New 
Brunswick Department of Environment and Local Government33.  
 
 

 
31 A version updated October 5, 2020 is available here: https://laws.justice.gc.ca/PDF/SOR-2015-177.pdf 
32 https://novascotia.ca/fish/aquaculture/aquaculture-management/ 
33 
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine_aquacultur
e.html 

https://laws.justice.gc.ca/PDF/SOR-2015-177.pdf
https://novascotia.ca/fish/aquaculture/aquaculture-management/
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine_aquaculture.html
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine_aquaculture.html
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Table 2: Environmental quality definitions from the 2020 Environmental Monitoring Program Framework for 
Marine Aquaculture in Nova Scotia. Note sulfide is highlighted as the primary indicator. 

 
 

With the focus on sulfide (for soft bottom sites), and with relevance to the analyses below, 
further details are provided here on the sulfide levels from the Nova Scotia Environmental 
Monitoring Program. 
 

¶ Oxic A <750 µM and Oxic B 750 ς 1,499 µM: Sites classified as Oxic A or Oxic B are considered 

to have low environmental effects on the marine sediments. 

¶ Hypoxic A 1,500 ς 2,999 µM: Sites classified as Hypoxic A may be causing adverse 

environmental effects on marine sediments. 

¶ Hypoxic B 3,000 ς 5,999 µM: Sites classified as Hypoxic B are likely causing adverse 

environmental effects on the marine sediments. 

¶ !ƴƻȄƛŎ җ с,000 µM: Sites classified as Anoxic are considered to be causing adverse 

environmental effects on the surrounding marine sediments.  

Publicly available monitoring data are only provided for recent years by Nova Scotia34. The New 
Brunswick Department of Environment and Local Government has data to 2014 available 
publicly35, but provided data up to 2020 on request for this assessment. In addition, aggregated 
data for all regions have been provided for this assessment by the industry (J. Wiper pers. 
comm., 2020). Examples of recent benthic monitoring reports from each region were also 
provided by the same industry representative.  

 
34 https://data.novascotia.ca/ 
35 
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine_aquacultur
e.htm 

https://data.novascotia.ca/
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine_aquaculture.htm
https://www2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine_aquaculture.htm
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The benthic data from Nova Scotia and New Brunswick, averaged over all sampled sites in each 
province, are shown in Figures 4 and 5 respectively. Due to different reporting methods, the 
data for Nova Scotia are presented as annual indicator values (for which environmental quality 
thresholds are provided in Table 2) and as percentages of sites per environmental quality 
category for New Brunswick. 
 

 
Figure 4: Temporal analysis of Nova Scotia benthic monitoring data from 2009 to 2020. Values are means of all 

samples from all sites each year (not including reference samples). Indicator units are redox (mVNHE), sulfide (µM) 
(note values for sulfides are divided by 10, for example, the peak value in 2011 is 3,360 µM), porosity (%)36, organic 

matter (%). The relevant environmental quality classifications are shown in Table 2. Data from Nova Scotia 
Environmental Monitoring program. 

 

 
36 According to the Nova Scotia Environmental Monitoring Program, Porosity is the percentage (%) of pore volume 
or void space, or the volume within any material (e.g., bottom sediment) that can contain fluids. Porosity is an 
indirect measure of grain size and is used to detect changes in sediment consistency which may result from 
sedimentation of feces and excess feed. 
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Figure 5: New Brunswick benthic monitoring results showing the percentage of sampled sites in each of five 

environmental quality categories (of which the New Brunswick categories are similar to those of Nova Scotia in 
Table 2), and the percentage of sites that are compliant (i.e., Oxic A, Oxic B, Hypoxic A). Data provided by the New 

Brunswick Department of Environment and Local Government. 

 
In Nova Scotia (Figure 4), the data show trends of improvement over the 2009 to 2017 period; 
that is, the mean redox levels have increased from negative to positive values, sulfide has 
decreased after a peak in 2011, and porosity and organic matter have minor declines. However, 
from 2018 to 2020, there was a reversal of this trend with increasing average sulfides levels and 
decreasing redox. In 2020, the average sulfides level was 2,115 µM which would be in the 
Hypoxic-A category. Sites in this categoǊȅ άƳŀy be causing adverse environmental effects on 
ƳŀǊƛƴŜ ǎŜŘƛƳŜƴǘǎέΣ ōǳǘ no actions are required until the Hypoxic B threshold is exceeded (i.e., 
3,000 µM sulfides). The average Nova Scotia Redox value of 27 mVNHE in 2020 is in the Oxic B 
category. In New Brunswick (Figure 5), there has been a general decline in compliance (dotted 
line) over this 2015 to 2020 period with a steep decline from 2019 to 2020. On average over 
this period, 92.5% of sampled sites complied. 
 
To provide a performance comparison across the four regions, three classifications groups 
based on common sulfide values were established based on the Canadian Aquaculture 
Activities Regulations (AAR) and the provincial Environmental Monitoring Programs (EMP). For 
soft seabeds, these were Oxic (0-1,499 µM sulfide), Hypoxic37 (1,500-5,999 µM sulfide) and 
Anoxic (>6,000 µM sulfide), and for hard bottoms with visual surveys, below threshold (<70% 
presence of bacterial mats) and above threshold (>70% presence of bacterial mats). Figure 6 
shows the aggregated monitoring results by region for the dominant company from 2014 to 

 
37 Note in the specific example of the Canadian AAR, the limit for sulfides is 3,ллл ҡaΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ άƘȅǇƻȄƛŎέ 
category in Figure 6 ǎǘǊŀŘŘƭŜǎ ǘƘƛǎ ǾŀƭǳŜΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƘȅǇƻȄƛŎ ŎŀǘŜƎƻǊȅ ƛƴŎƭǳŘŜǎ ōƻǘƘ άǇŀǎǎ ŀƴŘ άŦŀƛƭέ ǎƛǘŜǎ 
according to these federal regulations.  
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2019, which have been verified (for Nova Scotia and New Brunswick) by direct comparison with 
the available public data. Note these results also include some from the Newfoundland Farm 
Fallow Monitoring Program (FFM) which required sampling when farms were active and fallow 
prior to the adoption of the AAR in 2015. 
 

 
Figure 6: Benthic monitoring results for each region of Atlantic North America for the dominant company from 

2014 to 2020 during which time the monitoring regulations included Canadian provincial Environmental 
Monitoring Programs (EMP) and Federal Aquaculture Activities Regulations (AAR), the earlier Farm Fallow 

Monitoring Program (FFM) in Newfoundland (which provided simple pass-fail results), and the change from the 
Wildish protocol to the Environmental Protection Agency (EPA) methods in Maine. See the main text above for 

explanations of the thresholds. Graphs provided by J. Wiper, pers. comm., (2021) and verified for Nova Scotia and 
New Brunswick with publicly available data (or data supplied on request). 

 
DƛǾŜƴ ǘƘŀǘ άhȄƛŎέ ŀƴŘ άb[ tŀǎǎέ ŀǊŜ ǇƻǎƛǘƛǾŜ ǊŜǎǳƭǘǎ ŦƻǊ ǎƻŦǘ ōƻǘǘƻƳ ǎƛǘŜǎΣ ŀƴŘ άōŜƭƻǿ 
ǘƘǊŜǎƘƻƭŘέ ƛǎ ŀ ǇƻǎƛǘƛǾŜ ǊŜǎǳƭǘ ŦƻǊ ƘŀǊŘ ōƻǘǘƻƳ ǎƛǘŜǎΣ ƛǘ Ŏŀƴ ōŜ ǎŜŜƴ ǘƘŀǘ ŀƭǘƘƻǳƎƘ the types of 
sites vary (i.e., there are a higher proportion of hard bottom sites in Newfoundland38), the 
results are predominantly positive. The repercussions of exceeding the thresholds mean that a 

 
38 Along the South Coast of Newfoundland, most salmonid farms are located in deep bays or fjords with 
predominantly patchy hard bottom substrates containing localized depositional areas in seafloor depressions. At 
these aquaculture sites, deposition from finfish aquaculture results in the formation of a flocculent matter 
containing little to no natural sediment formed of a viscous composite of decomposing fish feed, fish feces, and 
microbes  
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site cannot be stocked until the values drop below the regulated values. For example, in the 
Canadian federal AAR, the site cannot be stocked again if the samples exceed the threshold of 
3,000 µM (AAR regulations, October 5th 2020, Section 10,1,c) or if the visual monitoring shows 
the presence of Beggiatoa species or similar bacteria (i.e., bacterial mats), marine worms, or 
barren substrate in more than 70% of the sampling locations (AAR regulations, October 5th 
2020, Section 10,2,b). 
 
When comparing the mean sulfide levels from samples taken close to the net pens with those 
taken at reference stations39 at sites in Nova Scotia, the expected increases in sulfides at the 
site can be seen (Figure 7). While the average annual site samples vary from 548 µM to 3,338 
µM sulfide, the reference samples vary from 142 µM to 553 µM. 
 

 
Figure 7: Mean sulfide levels in Nova Scotia from 2009 to 2020, comparing samples taken at the edge of the net 

pens and at reference locations. Data from Nova Scotia Environmental Monitoring program. 

 
Figure 8 shows another analysis of the same Nova Scotia sulfide data (i.e., relating to soft 
sediment sites only), showing the categorical results are largely dominated by samples below 
1,500 µM (Oxic A, B) with >80% of samples in 2017 and 2018, but these results are substantially 
worse in 2019 and 2020 with just over half the samples (51%) at <1,500 µM and 37.2% of 
samples >3,000 µM. On average, over this time period (2009 to 2020), 19.9% of Nova Scotia 
benthic samples have been >3,000 µM sulfide, and in the last three years (2018 to 2020) it was 
24.0%. In the same period (2018 to 2020), 4.2% of benthic samples had >6,000 µM sulfide 
indicating substantial impacts in localized areas (see the discussion around Figure 9 below).  
 

 
39 Reference stations are located between 100 and 300 meters from the lease boundary, in the direction of the 
dominant current, and must be positioned in an area with a similar depth and sediment type to what is found at 
stations sampled within the lease boundary. 
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Figure 8: Analysis of all benthic sulfide samples from Nova Scotia from 2009 to 2020 (not including reference 

station samples). Data from Nova Scotia Environmental Monitoring program. 

 
As discussed here, the regulatory requirements are primarily linked to the sulfide indicator (for 
soft sediment seabeds), but Cranford et al. (2017) report substantial errors in these 
measurements depending on the site-specific sediment mineralogy. The errors resulted in 
overestimations of the free sulfides, attributed to the presence of metal sulfide complexes in 
the sediment, and while Cranford et al. (2017) were able to detect variations in the oxygen 
levels in sediment pore water at distances up to at least 425 m from the farm, substantial 
sulfidic and hypoxic stress were limited to the areas immediately adjacent to the net pens.  
With regard to the visual indicators, Hamoutene et al. (2018) consider the regulatory thresholds 
for hard bottom finfish aquaculture sites to underestimate the impact on taxonomic richness 
and that they should be re-ŜǾŀƭǳŀǘŜŘ ǘƻ ƳŜŜǘ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻōƧŜŎǘƛǾŜǎΦ ¢ƘŜȅ ŦƻǳƴŘ ǘƘŀǘ άǘƘŜ 
present regulatory threshold (70%) based on bacteria mats, OPC, and barren stations would 
likely correspond to a 100% reduction in richness in the near-cage area (within 50m from net 
ǇŜƴǎύΦέ 
 
Despite these concerns, these results are similar to the conclusions of numerous studies in 
other countries, where despite the potentially large loss of nutrients and a marked deposition 
and accumulation beneath and in the immediate vicinity of the net pens themselves, there is 
often a sharply declining gradient of benthic sulfide concentration with increasing distance 
from, and sometimes even within, the pen array. As such, a growing volume of evidence from 
several regions supports the notion that the far-field ecological impact in the benthos are 
minimal, unless the site is in a particularly poor location (e.g., Grefsrud et al., 2021a,b; Mayor et 
al., 2010; Mayor and Solan, 2011; Keeley et al., 2013; Price et al., 2015). This can perhaps be 
best visualized by considering Figure 9 below. Taken directly from Chang et al. (2011), Figure 9 
shows plots of six salmon farms in southwestern New Brunswick that show the distribution and 
gradients of benthic sulfide concentrations. At two of these sites, small anoxic areas of high 
impact are shown with sulfides levels exceeding 6,000 µM, and samples from these locations 
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would be reflected in the purple uppermost bars in Figure 8, but overall, these plots 
demonstrate the steep decline in impact (as indicated by sulfides levels) with increasing 
distance from the net pens. Areas that exceed the 3,000 µM threshold in the Canadian AAR are 
very localized under the net pens. The site lease areas mostly have low levels of sulfides, 
consistent with the high percentage of samples with sulfides levels <1,500 µM in the results 
presented above. 
 
 

 
Figure 9: A contour plot showing mean benthic sulfide concentrations sampled during summer at six salmon farm 

sites in New Brunswick. Black dots on each plot indicate sampling location. Circles represent approximate cage 
location with the size of a given circle determined by the feed input to that cage. Site F was actively feeding, but 

feed input data were not available. Image from Chang et al. (2011). 
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More recently, Verhoeven et al. (2018) studied the changes in seabed bacterial communities at 
a salmon farm in Newfoundland, and noted ŦƻǳǊ ŎƭǳǎǘŜǊǎ ƻŦ άǊŜŎŜƴǘƭȅ ŘƛǎǘǳǊōŜŘέΣ άƛƴǘŜǊƳŜŘƛŀǘŜ 
ƛƳǇŀŎǘέ ŀƴŘ άƘƛƎƘ ƛƳǇŀŎǘέ bacterial assemblages that ŘƛŦŦŜǊŜŘ ƳŀǊƪŜŘƭȅ ŦǊƻƳ ŀ ŦƻǳǊǘƘ άƭƻǿ 
ƛƳǇŀŎǘέ ŎƭǳǎǘŜǊ ƻōǘŀƛƴŜŘ Ҕрлл m from the net pens. In keeping with the other results presented 
here, while noting large scale phylum shifts and a decline in bacterial biodiversity in the άƘƛƎƘ 
ƛƳǇŀŎǘέ ŎƭǳǎǘŜǊ, these samples were most often collected immediately under the net pens, and 
the άintermediate impactέ ŎƭǳǎǘŜǊ ǿŀǎ ƭƻŎŀǘŜŘ from 20-40 m from the pens.   
 
As a specific example of selected impacts, Figure 10 shows images captured from video 
sampling in May 2020 at a site in Newfoundland. Emphasizing that most of the samples at this 
site showed no impact, the selected images were taken below the edge of the net pen array 
(i.e., at 0 m) and have been selected as the worst examples to illustrate the reported presence 
of 10% coverage of Beggiatoa-like bacterial species, 15% coverage of marine worms 
(opportunistic polychaete complexes, OPC), and the presence of uneaten feed and shell debris. 
Overall, this site showed the presence40 of Beggiatoa bacterial mats and OPC at 31% (11 of 35) 
of the video stations (taken at 20 m intervals on transects out to 100 m from the cage edge), 
and as this did not exceed the 70% threshold, the site was approved to continue operation 
under the AAR Monitoring Standard (Section 11(1)(b)) after the province-mandated 4-month 
fallow period. 
 

 
40 άPǊŜǎŜƴŎŜέ ƛǎ ŘŜŦƛƴŜŘ ƘŜǊŜ ŀǎ Ҕр҈. Below this value, the bacterial mats are considered not present. 
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Figure 10: Video stills from a site in Newfoundland (site details blanked for privacy) taken at the cage edge on a 

transect selected to show the worst visible examples of impact at this site (most of the samples at this site showed 
minimal impact). Depth approximately 56 m. The inner square quadrat is 0.5 m x 0.5 m. Examples of white 

Beggiatoa bacterial mats can be seen in the lower left and upper right images, with opportunistic polychaete 
complexes (marine worms) in the two right images. With lower impacts on other transects, this site passed the 
AAR monitoring requirements. Images provided in a benthic sampling report by J. Wiper pers. comm. (2020). 

It is now a globally typical practice for salmon farm sites to be fallowed between production 
cycles for a variety of reasons (e.g., breaking parasite life cycles in addition to benthic recovery). 
The Aquaculture Activities Regulations for Canada do not mandate a fallow period (instead, all 
sites must be shown to be compliant with the thresholds before restocking) but provincial 
requirements such as the 4-month period in Newfoundland are in place in addition to other 
measures such as the coordination of fallowing across all sites in Aquaculture Bay Management 
Areas (BMA - see the cumulative impacts section below). 
 
Keeley et al. (2015) showed that although significant recovery is evident at fallowed sites in the 
first six months, full recovery is often not completed before restocking occurs. This can create a 
ŎƻƳǇƭŜȄ ΨōƻƻƳ ŀƴŘ ōǳǎǘΩ ŎȅŎƭŜ ƻŦ ƻǇǇƻǊǘǳƴƛǎǘƛŎ ǘŀȄŀ ŀǎ ƻƴŜ ǇǊƻŘǳŎǘƛƻƴ cycles ceases (at 
harvest) and is then reestablished (at restocking). For full recovery, Keeley et al. (2015) and 
references therein show estimates vary between 6 months and five years or more and are 
highly environment- and situation-specific. Nevertheless, regardless of whether fallow periods 
are used or not, the regulatory systems in Atlantic North America are intended to prevent 
unacceptable impacts to benthic habitats over long time periods (multiple production cycles) by 




















































































































































































































































