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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 thSeafood Watch® program or its recommendations on the part of

the reviewing scientists. Seafood Watch® is solely responsible for the conclusions reached in this report



About Seafood Watch®
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wild-caught and farmed seafood commonly found in the United States marketplace. Seafood

Watch defines sustainable seafood as originating from sources, whethecaulght or farmed,

which can maintain or increag®oduction in the longerm without jeopardizing the structure

or function of affected ecosystems. Seafood Watch makes its seiss®l recommendations

available to the public in the form of regional pocket guides that can be downloaded from
www.seafoodwatch.orgp ¢CKS LINPAINIYQa 3F21fa&a INB G2 NIA&S
conservation issues ar@mpower 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
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available on our websiteere. In producing the assessments, Seafood Watch seeks out research
published in academic, peeeviewed journals whenever possible. Otlseurces 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 ecologiteries 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 specigE y3Sa > {SIF ¥22R 2| §OKQ&a &adzai
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 usea®d Watch assessments in any way they find useful.
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Guiding Principles
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can maintain or increase productiovithout jeopardizing the structwr 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 hy

1. Having robust and ugio-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 arsdibsequently for seafood purchasers to make informed
choices. Robust and ttp-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
combinationwith an effective management or regulatory system to control the location, scale and
Odzydzt  GADPS AYLI Olla 2F (GKS AyRdzalidNEBQa ¢l a0S RAAOF

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 ron-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 #iarget organisms.

5. Sourcing sustainable feed ingredients and convertitigin 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., byproducts of other food production), and convert them efficiently and responsibly.

6. Preventing populationlevel impacts to wild species or other ecosystdrvel 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 resfilbm the escape of native, nemative and/or genetically distinct
farmed species.

7. Preventing populationlevel impacts to wild species through the amplification and retransmission,
or increased virulence of pathogens or parasites;
Aquaculture farms pose reubstantial risk of deleterious effects to wild populations through the
amplification and retransmission of pathogens or parasites, or the increased virulence of naturally
occurring pathogens.



8. Using eggs, larvae, or juvenile fish produced from faraisedbroodstocks thereby avoiding the
need for wild capture;
Aquaculture farms use eggs, larvae, or juvenile fish produced fromii@ised broodstocks thereby
avoiding the need for wild capture, or where famaised broodstocks are not yet available, ensure
that the harvest of wild broodstock does not have populatievel impacts on affected species.
Wild-caught juveniles may be used from passive inflow, or natural settlement.

9. Preventing populationlevel impacts to predators or other species of wildlife aticted to farm
sites;
Aquaculture operations use ndathal 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
populationlevel impacts on affgted 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 transterbody 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 ezwtation

is developed on additional evaluation guidelines. Criteria ratings and the overall
recommendation are colecoded to correspond to the categories on the Seafood Watch pocket
guide:

Best Choices/GreerAre well managed and caught or farmed in eormentally friendly ways.
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farmed.

Avoid/Red Take a pass on these. These items are overfished or caught or farmed in ways that
harm other marine life or thenvironment.



Final Seafood Recommendation

Atlantic salmon
Salmo salar

Maine (United State3
New Brunswick, Newfoundland, Nova Scotia (Canada)
Marine net pens

C1 Data
C2 Effluent

C3 Habitat

C4 Chemicdlse
C5 Feed

C6 Escapes

C7 Disease

C8X Source of stock 0 0 0 0
C9X Wildlife mortalitie 00 00 00 00
C10X Introductions 0.8 0.4 0.6 /
Total 35.29 24.69 26.49 34.69
Final score (€10) 5.04 3.53 3.78 4.96

OVERALRATING

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

Summary
1 The final numerical score for Atlantic salm&almo salgrfarmedin marine net pens in

Maine (US)s5.04o0ut of 10 With nored critelig, the finalratingisyellowand a
recommendation of5ood Alternative

1 The final numerical score for Atlantic salm&almo salgrfarmed in marine net pens in
New Brunswick (Canada)3d$3 out of 10. Withthreered criteria (Chemical UseEscapes
andDiseae) the finalratingisred and a recommendation dkvoid

5



1 The final numerical score for Atlantic salm&almo salgrfarmed in marine net pens in
Newfoundland (Canada) is7/8.out of 10. Withthree red criteria(Chemical Useégscapes
and Disease)the finalratingisred and a recommendation dgkvoid

1 The final numerical score for Atlantic salm&almo salgrfarmed in marine net pens in

Nova Scotia (Canada) i®@out of 10. With no red criteria, the finghtingis yellow and a
recommendation of Good Alternative.



Executive Summary

Annual farmed salmon production in Atlantic North America has fluctuated ar@0y@00 mt
in recent years and wasstimated to be67,741mt in 2018(the latest FAO data availabl®f
this 2018total, approximatelys51,634 mt {6%)was produced in Atlantic Canada, ahe
remaining16,107 mt was produced in the US (Maid%).In Atlantic Canadathe industry is
concentrated in New Brunswig¢R8,289 mt in 2018)with a smaller scale of production in
Newfoundland and Labrad@t4,167 mt in 2018)and Nova Scotié7,361 mt in 2018)Salmon
harvestedin Maine are largely considered to remain in the US, apgroximately 3,000 mt
was exported to the US fromhe three EastCanadiarprovincesin 2019.

This Seafood Watch assessm@volves 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
availabiity?. As noted below, the overall data availabilityAtiantic North America allowsach

of the four production regiongo be assessed separately here (see Figuier a map).

Atlantic North America does not have the comprehensive puldietylable databases for
aguaculture 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 datae also limited fom the industry associations or the government
in Maine. Nevertheless, there are many useful sources of data and informatadading

industry datasets (e.g., sea lice reports for New Brunswick from the Atlantic Canada Fish
Farmers AssociationzanadiarFood Inspection AgencZFlAand DFO data (e.g., antimicrobial
and pesticide use), provincial data such as seabed monitoring refpactading those provided

on request for this assessment), personal communications with industry representatives, and
fromNGB® 5 G NBtS@Iyd G2 Ylye [awusoda 2F GKA& |
dominant producefrepresenting approximately 80% of producti@nd acknowledged here.

The availability of academic studies relevant to this assessment are varabss 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 athentries 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 theyminue 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 tk final numerical score for Criterion¢lData is5.91out of 10 for Atlantic North
America.

! The full Seafood Watch Aquaculture Standard is available at:
http://www.seafoodwatch.org/seafoodecommendations/ourstandards
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Salmon farms discharge large quantities of waste nutrients and depend on coastal waterbodies
to assimilate themWhile small nutrient increases can be detectédansiderable distances
from the farm and at the waterbody scale, the potential for soluble nutrients to exceed the
local or waterbody carrying capacigiow. Data from benthic monitoring for all regions show
high compliance with provincial and fedethtesholds, but with significant declines in
performance in recent years (e.g., from close to 100% in 2019 to 70% irg2@20g that

farms not meeting the thresholds, in addition to fallowing, must subsequently demonstrate a
return to compliance beforeeceiving 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 ipact in the immediate farm area during the productitatllow cycle In
Atlantic North America, thereontinues to be the potential for poorly understood impacts to
commercially important lobstethat may occur in thémmediate area. The proximity of sites
indicates a potential for cumulative impacisthe waterbody or regional scaile densely

farmed areas such as the Bay of Fundy (which are largely managed collectively in Bay
Management Areas), but there esirrentlyno evidence osuchcumulative impats. Given the
available body of research and monitoring data, EvédenceBasedAssessmeninethodwas
used, and overall, there are considered to be frequent yet temporary impacts within the
immediate vicinity of the fam, and the final score for the Criterion-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 environmertieafdrm 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 50j00f submerged artificial substrates

that can be colonized by a large suite of hlaattom 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 detgt of direct and cascading effects on the surrounding
ecosystem, including inadvertently supporting the persistence and distribution chatwe
species. Salmon farms also attract a variety of wild animals as fish aggregation devices or
artificial reds (including predators such as seals that may prey on wild salmon smolts migrating
past farms)r mayrepel other wild animals through disturbance such as noise, lights or
increased boat traffic. Changes in behavior of wild fish around fish farms andétresir flesh
guality 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 thmore obvious impacts of soluble and
particulate effluent wastes (assessed in CriteriorE2fluent).

The regulatory systems and their enforcement for siting and licensing are available, including
requirements for baseline studies or assessments, buy #re 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 itsifrcement 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 s@uadlparticulate wastes

are addressed in Criterion@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 ofiteting net pens appears
moderate. The final score for Criteriorg3Habitat is 06.93out of 10.

Antimicrobial use in Atlantic North America has declined since at least 2012. Data from the
dominant producer that operates approximately 80% of actitessn the region (an the

only operatorin Nova Scotia and Maine) show the averagatment frequency has been less
than 0.5treatments per site per yeasince at least 2014n 2020, with only eight treatments
across the four regions, antimicrobiadewas 0.12 treatments per sit&here have beeno
antimicrobialtreatments in Maine since 2017 arnldere were nondn Nova Scotia in 2020. The
highest antimicrobial use has been in New Brunswick, with an average number of treatments
per site per year bsveen 2017 and 2020 of 0.33. While the performance of the secondary
producer (in New Brunswick and Newfoundland) may differ from tluege, it is considered
highly likely that the frequency of antimicrobial use is still less than one treatment per site pe
year in these two regionghe dominant treatments (oxytetracycline and florfenicol) are listed
as highly important for human medicine by the World Health Organizakimhlighting the
importance of continued prudent use.

Accurately describing pesti@dise 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
beenno pesticide use in Maine since 204:8d nonein Nova Scotia since at least 2016. In the
other two Canadian provinces, New Brunswick and Newfoundiaesticide use has been high
prior to 2018 with multiple treatments per site per year on averdgeNewBrunswick,

pesticide use has been high with multiple treatments per year on aeefidge dominant
producer(operating approximately 80% of active sitadNew Brunswick3till uses irfeed

treatments at a frequency of <0.7 treatments peagar but has almdseliminated bath

treatments. Cata from DFO indicate there is likely some ongoing use-fefdd and bath

treatments by the secondary producer New Brunswick. In Newfoundlanoksticide use has
alsobeen highhalf2 ¥ bSgF2dzy Rt  YRQ& | OUABS aritSa NBOSAPD
2018. The dominant producefoperating just over half of the sitebas almost eliminated bath
treatments and also eliminated {ieed treatments but the available datandicate here is likely
some ongoing use of iieed and bathtreatments by the secondary producer in Newfoundland
although the exact frequency is uncertain.

The impacts on noetarget organisms (including commercially important species such as
lobster) of infeed and bath pesticide treatments continue to be challenging to quantify in the
field, but are likely to have been considerableleststin the immediate farm area during
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periods of high pesticide usk addition, the known cases of illegal pesticide usethed

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 Tewelecent rapid
decrease in pesticide use limitsetbeconcerrs (particularly n areas where pesticide use has

been minimal or has largeheen eliminated in recent yearsyhe 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 8ea populations may linger, the recent decline in
chemical use limits further development.

Overallthe data demonstrate that chemical treatments have been consistently used less than
once persite per yearn both Maine and Nova Scotia; for both of these regions, the final score
for Criterion 4¢ Chemical Uses 8 out of 10. For New Brunswick and Newfdiand with minor
antimicrobial use, the uncertainly with the ongoing pesticide use by the secondary producer
necessitates some precautioAlthough the most recent data implies low use by the primary
producer, the relatively recent (e.g., 2018) high fneqcy of use, combined with the data
uncertainty particularly for the secondary producer results fmal score for Criterion ¢
ChemicalUse of 2out of 10 for New Brunswick and Newfoundlama a precautionary basis

While the recent rapid decline irnemical 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
Standardor details).

Feed data were provided by the primary producer represerdgipgroximately80% of feed use
in the region. Additional data points, where needed, were obtained freference feeds in the
academic literature and salmon farming company repovtéile the formulation generated
may not be specifically accurate, the key aspects relating to this assessment were considered
to be sufficiently robusand representative of the broader regiobsing total fishmeal and fish
oil inclusions o7.2% andl1.1% respectivelyan eFCR of 1.and yield values modified
according to the dominant use of Gulf Menhad&om first principles, 1.3 mt of wild fish

must be caught to produce the fish oil needed to grow 1.0 mt of farmed salWv@h. 70% of
marine feedngredients sourced from Gulf Menhaden and with an unspecified remaitiuer,
overallsustainabilitywas moderateand resulted in a Wild Fish Use scoré &0out of 10.
There is a substantial net loss of 63.8% of feed protein (score 3 out of 10)@andesd
ingredient footprint of B.13kg C@-eq. per kg of harvested protein (scorebut of 10).
Overall, the three factors combine to result in a finaldessore for Criterion § Feed 0f5.25

out of 10.

Best management practices to prevent escapes, such as Codes of Containment, are in place in
every region in Atlantic North Amerieand they have been effective in reducing the number of
escapes over timéHowever, @t pen systems are inherently vulnerable to both laspale and
smallscale fish escapeand data show that escapes do still occur in the Atlantic North

American industry, albeit with regional variatidfarms in Maine have not reported an ape

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 angtecaat 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 yaad while fish taps in some rivers

allow the recapture and removal ofdfentially all) escapeeghe 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 distincoim their wild counterpartsHybridization 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 quaiiigthe impact to affected
populations remain challenging. Wild salmon populations in the North Atlantic have been in
longi SNY RSOf AyS O0F2NJ YIyéd RSOIFIRSa LINA2tNI G2 &l f
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 inhilnis@f 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@pees could potentially enter rivers in areas without
recapture devices. The final score for CriterionEBscapes for Maine #&out of 10. In New
Brunswick, escape numbers have been highesthpees are detected in rivers, and though
capture devicesn important rivers allow their removal, escapees could enter riveesaeas

with vulnerable populations in the Inner Bay of Fundy. The final score for Criteg&séapes

for New Brunswick i8 out of 10. In Newfoundland, escape numbers have been higlhwile
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@®@Escapes for Newfoundldris 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 limitéichere are fewer opportunities for
recapture in rivers in Nova Scotia aescapees could potentially enter rivers in areas without
recapture devices. The final score for CriterionEscapes 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 diseatsted 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 likelihoththt 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
g2dZ Ry Qi y I ( deddaibstuBcertdiy. WBildagder mdearch, 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 licerd@ 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 ofdrgalmon 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 iMaine 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 aetlsabimpacts and
increased rislof 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 pathogns 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
AtlanticNorth America is also uncertain. Given the status of wild salmon populations in the
Atlantic (see Criterion § Escapes), the uncertainties driven by the lack of data largely define
the need for a precautionary approach. For all regions, the potential étspzt 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 emigration, with likely very high levels in individual farms,

and the final score for Criterion¢/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¢ Disease is 2 out of 18or Nova Scotia and Mairgea lice countlata

availabilityis alsdimited, but when combined witlihe pesticide use dataheyindicatelice

levels are low and the simple open nature of the production systems results in a final score for
Criterion 7¢ Disease of 4 out of 10 (all scores are allocated using thie@kaVatch risk
assessment).

All Atlantic salmon raised in the US and Canada are sourced from hatelsay broodstock;
0KS AYRddzZZGNEBQa LINPRAzOGAZ2Y A& O2YyaAARSNBR (2
and juveniles. The industry has ieasingly used cleaner fish as an alternative to chemical
pesticide treatments, which requires a minor use of eggs from wild caught lumpfish
(Cyclopterus lumpusThis species is listed as threatened by COSEWIC, but the quantities used
represent less than.Q5% of the commercial cat@nd are intended to result in the

development of domesticated. In addition, wibdught wrasse have been used on a small
number of sites, but this use is not currently considered to reach the scoring threshold in the

SeafoodWa OK &l yRIFENR O0APSdT GKS NBEAIFIYyOS 2F mME:

their capture). Due to the small amounts of wild caught cleaner fish, the final numerical score
for Criterion 8X; Source of Stock for all of Atlantic North America is @udéion of O out 0of10
for all regions.
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Regulations and management practices for #i@rymful 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 ProtecticAct, 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 confirmthe 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 abcvend belowwater 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 farihallife
interactions, the RisBased Assessmemethod was used, and the final score for Criteriong9X
Wildlife Mortalities for all of Atlantic North America-& out of-10.

Data on introductions and transfers from DFO shtere are considerable movements of

aqguatic organisms, including farmedlmonand cleaner fishoccurring into all Canadian

provinces from elsewhere (typically other provinces, but also internationdlhgre are no data

to understand movements into Maine from other regions, so the average of Canadian
movements is used asproxy.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
includesk GND & A0S 2NJ FStf2¢ GNI @St SNE NRA]l -FaaSaay
based hatchery systems (considered the dominant source of live animal movements during the
salmon production cyclencluding for cleaner fighand the regulatory requimaents (including

the Certificate of Fish Health Transterd associated screenipgre considered to offer high
biosecurity and reduce the risk that a secondary organism will be unintentionally transported.
The recent import ofalmoneggs from Iceland tblewfoundland is considered to be minor, and
also to come from a relatively biosecure source. Overallirdmes-waterbody movement of
animals(of all aquatic species, and therefore including salmon and cleaneidishjiable

across the regionsased on DFO movement datmd 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 movemdimsovements

originate d typically highlybiosecure facilitiesThe final numerical deduction for Criterion 10X

¢ Introduction of Secondary Species for New Brunswidb #sout of-10; for Newfoundland is

0.6 out of 10; for Nova Scotia-.4 out of 10, and for Maine #9.8out of 10.

In summary, a noted above, each of the four production regions are assessed separately here.
1 In Maine(US)the direct impacts of the net peproduction system are mostly limited to the

immediate farm area. Chemical use is very low. There have hesrported escapesince
2003,andvery few farmed fistare seen in rivers. Sea lice numbargl mortality of wildlife
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andare considered to béow. The final numerical score for Atlantic salm&almo salgr
farmed in marine net pens in Maine (US%i84out of 10. With no red criteria, the final
ratingis yellow and a recommendation of Good Alternative.

In New Brunswick (Canada) the direct anfs of the net pen production system are mostly
limited to the immediate farm areaChemical use tbas declined rapidly, but sea lice
numbers on farms are occasionally very high, includungng parts of the outmigration
period for juvenile wild salmorReported escapes have been hilght declining and affect a
small number of farms. Escapem® detectedin rivers, but substantial proportions may be
trapped andremoved.The final numerical score for Atlantic salm&almo salgrfarmed in
marine net pens in New Brunswick (Canad&)58 out of 10. Withthree red criteria
(Chemical Use, Escapes ddidease), the finahtingisred and a recommendation dgkvoid

In NewfoundlandCanada)the direct impacts of the net pen produch system are mostly
limited to the immediate farm area. Chemical use has declined rafidtycontinues, and
there areminimal data available on sea lice numbers on farms. Escapes have been high but
declining and affect few sites, batoderate numbers bescapees have been detected in
rivers andgenetic introgression has been shown to ocfallowing large escapes. The final
numerical score for Atlantic salmo84Imo saldrfarmed in marine net pens in
Newfoundland (Canada) is78.out of 10.With threered criteria (Chemical Use, Escapes
andDisease), the finahtingisred and a recommendation dkvoid

In Nova Scotia (Canad#)e direct impacts of the net pen production system are mostly
limited to the immediate farm area. Cheoal usesvery low, and pesticides have not been
used since 2014 to control sea lidée detection of escaped fish in rivers has been low, but
there are fewer opportunities to recapture them. The final numerical score for Atlantic
salmon §almo salgrfarmed in marine net pens in Nova Scotia (Canadapgotit of 10.
With no red criteria, the finalatingis yellow and a recommendation of Good Alternative.
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Introduction

Scope of the analysis and ensuing recommendation

SpeciesAtlantic salmor(Salmo salar

Geographiaoverage Atlantic North America; United StatéSlaine)and Atlantic Canad@New
BrunswickNewfoundland and Labrador, Nova Scotia)

Productionmethod: Marine net pens

SpecieOverview

Atlantic salmon (hereaftesdmon) are native to the eastern (European) and western (North
American) North Atlantic Ocean. Agrmarilyanadromous speciéssalmon hatch in

FTNBaKgl GSNWP» Wdz@SyAf Sasz OFff SR WLI-ByeRrbeddS Y Ay
undergoing smoltification, a physiological process that prepares them for life in the marine
environment. Salmon smolts, typically weigh@®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 retarto the freshwater system in which they hatched to spawn. Spawning
salmon are typically-83 kilograms (kg) in weight. While most Atlantic salmon die after

AL gy Ay3as | ayvYlrff LISNOSydalr3asS vYre NBlOGdaNYy G2 as

Production System

Domestcated male and female broodstock are individually ssfawned and their eggs and
sperm are mixed for fertilization to occur. It takes approximately 500 dedese for salmon
eggs to hatch, and another 50 degrdays for the yolk sac to be completely absorbed (FAO
2004). In Atlantic North America, juvenile salmon are raised intased, freshwater
hatcheries until they have smolted and reachedM® n 3 A yypically 818 iantipsi
post-hatch (FAO 2004). Upon transfer to saltwater net pens, fish aigrown for
approximately two years until they reach their harvest weighd-@fkg. This production system
is used in both the United States and Canada for prodoati 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

Sdmon farming begaim Atlantic Canada iNew Brunswick id978with the first harvest in
1979,but it was slow tadevelop,and harvests didot exceed 5,000 mt until 199€hHang et al.,
2011; FAO FishstgtjBy the late 1990s, production in otheastern Canadiaprovinces was

2 There are many landlockedsident 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 (.e.,4 days inl0° C = 40 degredays)
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alsodeveloping, but still at a small scale; harvestsl@wfoundlandand Labradofhereafter
referred to as Newfoundlandyereless than 1,000 mt (610 mt in 1997) amald just exceeded
1,000 mt in Nova Scotia (1,10t in 1997) (Chandl998).Inthe US state oMaine, the first
harvest wasrecorded in1986, and exceeded 5,000 mt in 1991 (FAO Fishstatj).

Atlantic salmon areurrentlyfarmed inthe samefour regions of AtlantitéNorth Americathe
state of Maine in the US and the Canadian provinces of New Brunswick, Nova Scotia, and
Newfoundland. The approximate areas are showfigure 1.

Corncr. Brook
Rimouski Stephenville Newfoundland

Newfoundland and
Channel-Port Labrador
aux Basques

NEW St Pierre@

BRUNSWICK Miquelon

Cape Breton
Moncton PRINCE p «Glace Bay,

Island

Frede.ncton EDWARD
ISLAND

Saint John Antigonish

Portland
.

100 miles
RE

Figurel: Approximate map of farmingreasin Maine and three Canadian provinces in Atlantic Néinerica
(yellow ovals)The size of thgellowovalsrelatesto the approximate geographic spread sites and not the
number ofsites or thescale oforoduction Map copied and edited from Google Earth.

Table 1 shows thapproximatenumber of activé sitesin recent yeargnote there are

additional licensed sites, but not all are active at any one tinme2@®0, there were a total of
approximately84 active sitesProduction in Atlantic North America is dominateddne
company which operates an average of 79% of the active sites in Taldeyihg from 77% to
82% in the 2014 to 2020 timeframey.second companoperates the remainder. The dominant
producer is the sole operator in Nova Scotia and Mafthirdcompany has recently
established sites in Placentia Bay in Newfoundlanddioets not plan to stock them until spring
2022.

4 Active sites are those with fish currently in the watéfith the potential for sites to have fish in them for short
periods (e.g., at the beginning or the end of a year), therés in Table &re considered approximate.

5 https:/iwww.fishfarmingexpert.com/article/griegpostponesfirst-stockingin-newfoundlandasprecaution
againstisa/
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Tablel: Approximate mmber of active salmon farming sites in four regions from 2014 202§ regionfor all
companies Data from J. Wipepers. comm. (20D).

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 productiorfiguresfrom different sourcesack consistencyData from the UN Food and
Agriculture Associatio(FAOxhow annual total production in all region$ Atlantic North

Americahas varied around approximately 50,000 mt in recent years (F@ued was 52,281
mt in 2018(FAQg 2021 Fishstatdlatabase) Of this 2018 total, 36,174 mt (69%) was produced

in Atlantic Canada, and 16,107 mt was produced in the US (Maine, 884%iscussed below, it
is considered here that the FAO figures do not includegtoductionof Newfoundland.

Atlantic salmon production in Atlantic North America
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Figure2: FAO figures forrmual production in all regions of Atlantic North America. Data from the FAO FishstatJ
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2020 dataset*Note, it is considered here that these data do not include Newfoundland.

Statistics Canada publishes data on aquaculture production and bglpeovince with figures
for salmon published upp 2019 (as of September 2021); howewhis dataset is conmated
by the lack of a salmospecific value for NewfoundlafdThe figure for total finfisiproduction

8 ThedNewfoundland Seafood Industry in Revi20d %

Ffaz

differentiation between speciesittps://www.gov.nl.ca/ffa/files/2019SIYIRVEB.pdf
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must be used insteadnd is considered a close approximation of salpmductior’, however,
due to this differentiation, it appears that Newfoundland farmed salmon production is missing
from the Canadian total figurefor farmed Atlantic salmoand from the FAO datasethe

Maine Department of Marine Resources does not pubdishual frmed salmorproduction
datafor confidentiality reasongdue to the single company operating ther€)gure 3 shows the
available production data for the three Canadian provinces (from Statistics Canada) and for
Maine (from FAO).

Annual Production by Region
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Figure3: Estimated annual production in the Atlantic North America region using FAO data for MaiStadistics
Canadalata for Canaidn provinces* The Canadiafigures include the total finfish production figures for
Newfoundland on the basis that Atlantic seln dominates finfish production in the region.

In summary, the totahnnualproduction of Atlantic salmon in the Atlantic North America
regionvaries around’0,000 mt(67,388mt estimated in 201874,607 mt in 2016, with
approximately41% of production in New Brunswiakjth 24%, 22% and 12% in Maine,
Newfoundlandand Nova Scotia respectively.

Import and Export Sources and Statistics

Atlantic salmon produced in Mairae largely considered to remain in the US, whereas
Fisheries and Oceans Canatanmary of I y I Rl Qa &wdth the2Us8 Bhovis Mi3 aR S
important export market for Canadian farmed salmtaking91%by valueof all salmon
exported from Canadd:isheries and Oceans CanaD&() figures shows the total salmon
export from Canada wass@®00 mt in 209, and Atlantic salmon in turn represeni® (by
value) British Columbia is the source for most exports to the &83000 mt in 2019and New

"There is also a small component of steelhead trout
https://www.findnewfoundlandlabrador.com/invest/aguaculture/#:~:text=Newfoundland%20and%20Labrador's%
20aquaculture%20industry,water%20ideally%20s1ft20for%20aguaculture

8 https://publications.qgc.ca/collections/collection 2021/mgtfo/Fs1:91-2019-eng.pdf
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Brunswick is the dominant exported on the east coast (14,652 mt in 284®)rtsto the US
from Nova Scotia and Newfoundland repretshonly 4% of the Canadian total in 2019.

Common and Market Names

Scientific Name Salmosalar

Common Name Atlantic salmon

United States Atlantic salmon

Spanish Salmén del Atlantico

French Saumon de |'Atlantique
Japanese ¢cF-AaASAGNl &l 1S

Product Forms
Atlantic salmon is available in all common fish presentations, particuldatyenish, filletsand
smoked
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Criterion 1: Data Quality and Availability

Impact, unit of sustainability and principle

1 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 #p-date information on production practices and their
impacts available for analysis

= =

Criterion 1 Summary
Maine, USand Atlantic Canada

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
Introductionof secondary species 5.0
C1 Data Final Score-(D) 5.91
[ Yelow |

Brief Summary

Atlantic North America does not have the comprehensive publicly available databases for
aguaculture data that are available in Norway and Scotland, and within Canada, relevant data
are much more readily available for British Columbia compared to the Atlpravinces.

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 Bruokrom the Atlantic Canada Fish

Farmers AssociationzanadiarFood Inspection AgencZFlAand DFO data (e.g., antimicrobial
and pesticide use), provincial data such as seabed monitoring refpactading those provided

on request for thimsssessment), personal communications with industry representatives, and

fromNGG® 5 G NBfS@OFyd G2 Ylye FaLsSoda 2F (GKAA

dominant producefrepresenting approximately 80% of producti@nd acknowledged here.
The aailability 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 interactfo
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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, bunatteallenging 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 dateadability is considered to be moderate to good across all
regions and the final numerical score for Criterioq Rata is5.91out of 10 for Atlantic North
America.

Justification ofRating

Industry and Production Statistics

Details regarding the Atlaic North American net pen salmon farming industry, including the
size, farm locations, production statistics, export markets, etc., are generally easily acgessible
but may be limited in theiregional specificity and timelinegfr example, the Maine

Department of Marine Resources does not publish production figures for confidentiality
reasonsand Newfoundlands the only Province in the Statistics Carfatitaset that doesiot

report a salmorspecific valug The United Nations Food and Agriculture Organisation (FAO)
Fishsta) database can be used to generate annual production fighmsever, after analysis
here, it appears that the FAO data do not include figures from Newfoundldrenumber of
activesitesin each region was provided by an industepresentative, and the Canadian
provincesand the State of Mainbave mapped databases showing the location, compaye

and basic licese information(e.g.,.b 2 @I { O2 G A I Q&Y &@ndl Ne®. NHzABHNA| G2 2 €
Overall, the industry is well understood with respézthe number and distribution of farm

sites but the total and regional production remains uncle@he data score for the

independent category of Production Datari& out of 10.

Management and Regulations

Theregulatory system in the Atlantic North America region is complicatefedgral and
provincial systems in place in thigree Canadian provinces and the additiofdleral and state
system in Maine in the U$ contrast only two large companies are operationaith largely
consistent(albeit companyspecific)management practices acroi®e region The dominant
company provided considerabieformation on their praticesfor this assessmentn Canada,
the federal Aquaculture Activities Regulations (AAR) came into force ina2fll8etails are
available on the DFO websitebut the evolving situation ieach provincenakes a robust
understanding ofjovernancechallenging. Similarly in Maine, the federal and state regulations
areavailable, buthallenging tanavigatein a practical contexin Canada, the 2018 Spring
Reports of the Commissioner of the Environment and Sustainable Development (Re@ast 1
onsalmon farmin) LINE A RSR | ONRGAljdzS 2F 5ChQa YIyl 3Sy!

9 https://www150.statcan.gc.ca/tl/tbl1/en/tv.action?pid=3210010701

10 hitps://novascotia.cal/fish/aquaculture/sitenappingtool/

1 hitps://iwww?2.gnb.ca/content/gnb/en/departments/10/aquaculture/content/masmp.html
12 hitps://lwww.dfo-mpo.gc.ca/aquaculture/managemeigiestion/aarraa-eng.htm

13 https:/iwww.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 addre<3eeddall, the
management and regulatory informatidor the various regionsf Atlantic North Americés
largely availablegven iftheir evolution isdifficult to interpret from a practical perspectiva
current production The data score for management and regulations is 7.5 out of 10.

Effluent

There is noegulatory 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 séemtic monitoring,

the regulatory requirements at the provincial and federal level are largely avaibistke
Canadian federal Aquaculture ActiegRegulations and the provincial Environmental
Monitoring Programs and associated sampling protg¢dist some confusion remains in their
specific regional application and consistency of interpretation. Publicly available benthic
monitoring datafrom recent yearss only publiclyavailable fromNova Scoti# (for example the
Maine Department of Marine ésources only publishes data up to 20@8d from New

Brunswick Department of Environment and Local Government up to20New Brunswick
provided additional data up to and including 2020 for this assessm&n§ T A y Rdza i NB Q&
produceralsoprovided aggregated results from 2009 to 2Gd0 all regionsThere isalsoa
substantial body of academic literature on salmon net pen berdhiather effluentimpactsin
Atlantic North Americde.g.,Hamoutene et al., 2018; Mclver et al., 2018, Howaat al., 2019;
Verhoeven et al., 2018; Chang et al., 2014 addition,international studies such asi€e et al.
2015, Keeley et al. 2018nd key studies from other regions.§.,Grefsrud et al., 2P1a,b,from
Norway, and Tett et al., 2018 from S@witl) can be carefully used to make comparisons.
Effluent impacts to specific species such as lobstefdlantic North Americhave been

reviewed by Milewski et al. (2022While information on the coordinated management of the
industry in Aquaculture Baylanagement Areas is available, there is little information with
which to robustly quantify the risk of cumulative impacts at the waterbody level. Overall, the
partial dataavailabilityand substantialbody of research provida goodbut 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 regiomsaddition to readily available satellite imegjallows a
simpleoverview of salmon farm locations and habitats, but there are few specific data on the
impacts of the infrastructure or their operation (other than tdescharge of nutrient wastes
addressed in Criterion Effluent). The review of Mcidsey (2011) provides a usefigit of
potential impacts associated with thefrastructure and other academic studies provide
additional information orthe attraction or repulsion of wildlifehydrodynamicsand other
operational activities such as the use of submerged lightgeneral, these potential impacts

14 https://data.novascotia.ca/
15

https://lwww2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine _aquacultur
e.html
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have been poorly studiednd are difficult to quantifyRegulatory information on siting and
leasing, including requirements for baseline suryeys available in all regions, but the
differences across federal and provincial or statganizatiors are challenging to interprebn a
practical basisThe data score fahe habitat impacts of the floating net pen farming system
5 out of 10.

Chemicalse

DFO publishes (through Op&anada) annual data for each Canadian site by province from
2016 to 209 (as of September 202&howing the annual number of treatments and the annual
guantity of each type of antimicrobial useldh. 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). Thefore, the DFO data setovers all Canadian producdrst islimited in

temporal coveragéto 2018)and does not include Maine, whereas the company dat&set
available to 2019 and includes Maine, bulinsited by the exclusion of the secoigerating

salmon farming companyiven the rapidly changirghemicaluse practices, these

characteristics resulted in some data gaps, butdifeerences were minimizeldy selective

analysis and comparison where possible. Comparisons were matiamnantimicrobialuse

in other regiongas referenced in Criterion)4The 2018 Spring Report noted that DFO did not
validate seHreported chemical use information and hadt 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 verifiddnitoring results from the

Canadian Food Inspection AgencifI®) Therapeutant Residue Noompliance Testing
Programwere obtainedfrom CFIAin 2019 and 202609, andnotices of violations of th@est

Control Products Act are available from Health Caha@ther example®f 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 faofree

academic studies (Burridge & Van Ge@6étl4; Jones et al2012; ACFFER010, 2014b; Jones et

al., 2013; Igboeli et al., 2012013). Background information on antifoulant use is available in
Bloecher and Floerl (2020) and elaborated by regionetigig 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 tbleemicaluse in Atlantic North America, and

the data score for chemicake is 7.5 out of 10.

Feed
Data on key feed detailspecificvalues and sources &iEhmeal andishoil, but general
ingredient groupvaluesfor crop and land animal ingredientajere provided by the primary

16 Obtainedby ATIP: Access to Information and Privauypé:/atip -aiprp.apps.gc.ca/atip/welcome.joReference
numbersA-201900072 and 202000203

17 hitps://www.canada.ca/en/healthicanada/services/consumaroductsafety/pesticidespest
management/public/protectingyour-health-environment/compianceenforcement/enforcemerdbulletins. html
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producer, representing approximately 80% of feed use in the redidditional data were

required to generate an approximate complete feed formulation and vwadr@ined from

company annual reports and the Mowi industry handb&plndfrom the specific ingedients

in each category from the reference diets of Mgrkare et al. (2020) and Aas et al. (2019). As such
a bestfit feed composition was created that is considered to adequately represent the Atlantic
North America feeds for the purposes of this assessnféshmeal and oil yield values from

the primary source fishery species were obtained from Parker and Tyedmers (2B&2plobal

Feed Lifecycle Initiative (GFLI) database was used for the feed footprint calculdfitms.
requirement to estimate sevetdeed data valuesequired for the assessment (as described

above), thedata score for Feed is 5 out of 10.

Escapes

Escape reporting requirements vary by regioitlantic North America (Keyser et al., 2018).
Data on the reported numbers of escapes awailable from DFO for the Canadian provinces

(to 2017 only accessed September 2024nd from the Maine Department of Marine Resources
(DMR).The DMRwvebsitereportingR2 Sa y 2 i -&UIBISG $ R Wt WIdgarid A O G A2y R
therefore sarches for media stories on escamenewsfeeds from organizations such as the
Atlantic Salmon Federatidhare needed to validate these data sets and to extend therth®
present dayLimitations in the escapes reporting requirements mean that confitden these
escapes data isomewhatlimited. Regulations and containment codes of practice were
available from similar sourcés.g., Newfoundlamt® and Nova Scot?a. Older escape data were
available from the compilation of Morris et al. (2008)inimal official data on recaptures are
available but Keyser et al. (2018) reviewed the captures of escaped fish in each.region
addition, specific data are also availal#ey.,the numbers of farrorigin 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). Evidamof genetic introgression was available from several recent studies
(e.g.,Wringet al., 2018; Sylvester et al., 2019, 20B8adbury et al., 2020), and the status of

wild salmon populations were available from the ASF and the International Countiéfor t
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 sehémy 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 (GiFt&)des information orthe low number of
federallyreportablediseases in Canatfaand annual records of their presence in all Canadian

18 https://mowi.com/investors/resources/

19 https://www.asf.ca/newsand-magazine/salmomews

20 https:/iwww.gov.nl.ca/ffa/files/SalmonidCodeof-ContainmentUpdatedMarch-2020. pdf

2! https://novascotia.ca/just/requlations/regs/fcraguamgmt.htm#TOC2 7

22 https://inspection.canada.ca/animdiealth/aquaticanimals/diseases/reportabldiseases/federallyeportable
aquaticanimaldiseases/enq/1339174937153/1339175227861
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https://inspection.canada.ca/animal-health/aquatic-animals/diseases/reportable-diseases/federally-reportable-aquatic-animal-diseases/eng/1339174937153/1339175227861

provinces. In the US, the Animal and Plant Health Inspection Service (APHIS) of the US
Department of Agricultur@lsoruns a sampling program for the Infectious Salmon Anemia (ISA)
virus. Chemical treatment dat@soprovided some indications of diseaarnd parasite
prevalence for the dominant produceXevertheless, there are very fesata available on
pathogen detections on fargymortality rates carcass classifications or othertdavailable in
other regions Recent academic studies highlight the potential for salf@msto act as
reservoirs for potentially poorly studied pathogeresd.,Di Cicco et al., 2018; Kent, 2011; Shea
et al., 2@0, Bateman et al., 2031 Tefferet al. (2020) provided the first quantitative molecular
screening of dozens of infectious agents in wild and escaped Atlantic shbmonted that our
understanding of the mechanisms and frequency of infectious agent transmission among wild
fishes is sli in its infancy. Studies in other salmon farming regions are useful in giving some
indication of the appropriate level of concera..,Madhun et al., 202; Grefsrud et al.,

2021a,hh Wallace et al., 2017) while othefsr the samehplso highlight the ucertainties in
farm-wild pathogen interactions (e.gSommerset et al., 202XKibenge, 2019; Grefsrud et al.,
2021a,b. Nevertheless, their applicability to the northwest Atlantic is uncertsi¥ith regard to
sea lice, the Atlantic Canada Fish Farmers @ason (ACCFA) publish annual sea lice reports
for New Brunswick, including aggregated data for each Bay Management Area (BM@)
Newfoundland Aquaculture IndustAssociatior(NAIA began publishing minimakovincially
aggregatednonthly sea licecountdata in May 2021and the single producer in Maine and
Nova Scotia providedne year ofimilar datafor 2020 (J. Wiper, pers. comm., 2022plike

other regions, there is no monitoring of sea lice on juvenile wild saln@vrerall, the datare
very limited and thescore for Disease &5 out of 10.

Source of Stock

It is weltkknown that commercial salmon aquaculture (as opposed to salmon hatcheries for wild

stock supplementation) is sustained by broodstock that are several generationsstioated,

and production is entirely independent of the need to source wild fish. A DNA traceability
a2a0SYX hF¥FFaLINAy3Ius o6l a RSOSE2LISR aLISOATFAOI f
North American industry, and a document was provided that suMid S& G KS LINRINI Y
structure and status. Glebe (380 ' f a2 LINPZJARSa || KA&AG2NAOFf NBC
salmon aquaculture breeding programs, demonstrating a@nm reliance orhatcheryraised
domesticatedish. The use of cleaner fish is increasing, apdcificinformation on their

sourcing idimited, but the Environmental Preview Report for a proposed hatchery in

Newfoundland* reviewed the relevant background information, including the fishery sources,

and C@EWI& provides information on the status of the species and their fisheries. In

combination,the data score foSource of Stock i&5out of 10.

Wildlife Mortalities

28 https://www.atlanticfishfarmers.com/sedice-reports
24 https://www.gov.nl.ca/ecc/files/envassessmenprojectsy20202062EPR. pdf
25 https://wildlife -species.canada.ca/specieskreqgistry/species/speciesDetails e.cfm?sid=1365
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Information onmarine mammal regulationi the Atlantic Canadian provinces are aua#a
from DFGP, and marine mammal predator control is governed nationally by the Marine
Mammal Regulations under the Fisheries.AstMaine, 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 numbdyst indirect data fromharbor
seal stock assessments (NOAA®Cand the 2018 Spring Report on salmon farnsimgport
the conclusion that mortality numbers are low. Stock assessments are availakkyfspecies
of seals, and previous data provided by industry for 2013 inditeteother species that may
be impaced. Overall, there is sufficiemegulatoryevidence togiveconfidence that mortalities
are limited to exceptional cas, butwithout specificdata, the data score fawildlife
Mortalities is 5 out of 10.

Introduction of Secondary Species

In Canada, the National Code on Introductions and Transfers of Aquatic Org#risides
Introductions and Transfers Committees with the assessments of proposals to move aquatic
organisms from one body of water or rearing facility to anothemcludes aist of relevant
authorities and the associated legislatiotheCFlAprovides aggregate datan all intentional
movements of aquatic animals into Canadian provift@mndalthough the data do not allow a
specific assessment of a single species such astiktsalmonthey allow an approximation to
be made.Similar data for Maine did &re not readily availableThe CFIA is also the federal lead
for the delivery of the National Aquatic Animal Health Program (NAAt##R)h outlines
biosecurity procedures and tHeanAtlantic finfish policy called the Certificate of Health for
Transfer (COHFmilar information on movement requirements is available from the US
Animal and Plant Health Inspection Servic@/ith limited practical data on fish movements
across the industry hie data score for théntroduction of SecondarySpecies is 5 out of 10.

Conclusios and Final Score

Atlantic North America does not have the comprehensive publicly available databases for
aguaculture data that are available in Norway and Scotland, and within Canada, relevant data
are much more readily available for British Columbia compared to the Atlpravinces.

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 Bruokom the Atlantic Canada Fish

Farmers Associationzanadian Food Inspection Agen€f(Aand DFO data (e.g., antimicrobial
and pesticide use), provincial data such as seabed monitoring refpactading those provided

on request for this assessmenpersonal communications with industry representatives, and
fromNGG® 5 G NBfS@Fyd G2 Ylye awwsoda 2F GKA& |
dominant producefrepresenting approximately 80% of producti@nd acknowledged here.

No specific feed @aa were available.

26 https:/iwww.dfo-mpo.gc.ca/aguaculture/proteeprotege/removatfish-retraits-poissonseng.htmi

27 https://www.dfo-mpo.gc.ca/aguaculture/managemeigiestion/it-codeeng.htm#7

28 https:/iwww.dfo-mpo.gc.ca/aguaculture/managemé-gestion/reprap-eng.htm

29 https:/iwww.aphis.usda.gov/aphis/ourfocus/animalhealth/monitorirand-surveillance/sa_nahss/animal
healthrmonitoring-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 readigilalle 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 arelgicly 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 pvinces, the overall data availability is considered to be moderate to good across all
regions and the final numerical score for Criterioq Rata is5.91out of 10 for Atlantic North
America.
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Criterion 2: Effluent

Impact, unit ofsustainability and principle

1 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 regagmutrient loads.

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

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

Criterion 2 Summary
Maine, New Brunswick, Newfoundland, Nova Scotia

EffluentEvidenceBased Assessment
[CoEffluent Final Score@) 4 [ Yellow |

Brief Summary

Salmon farms discharge large quantities of waste nutrients and depend on coastal waterbodies
to assimilate themWhile small nutrient increases can be detectedansiderable distances
from the farm and at the waterbody scale, the potential for solublerienits to exceed the
local or waterbody carrying capacigiow. 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 t@%0in 2019 to 70% in 202Moting 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 paranters 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 produdtibow cycle In
Atlantic North America,ttere continues to be the potential for poorly understood impacts to
commercially important lobstethat may occur in thémmediate area. The proximity of sites
indicates a potential for cumulative impacisthe waterbody or regional scale densely
farmed areas such as the Bay of Fundy (which are largely managed collectively in Bay
Management Areas), but there ¢sirrentlyno evidence ouchcumulative impats. Given the
available body of research and monitoring data, Hvé@denceBasedAssessmeninethodwas
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 CriteriorE2fluent is 4 out of 10 for
all regions.

Justification ofRating
Salmon excrete both sable and particulate wastes primarily as a result of incomplete
digestion and absorption of their feedsnd 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. Thes discharges are in addition &mthropogenimutrients released into coastal waters
by populations (sewage), industry, and agriculture (Grefsrud g2@1a,b.

The assessment below is separated into soluble effluents (and their impacts in the water
column) and particulate wastes (and their impacts on the sealdmat)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 settlemeatg#nic 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 towlaer column and/or results in
resettlement in distant locations (Grefsrud et,&®1a,h.

Solubleeffluent

The potential impacts of soluble nutrient releases from fish excretion such as increased
phytoplankton production vary primarily by location (Example in enclosed or serreénclosed
waterbodies verses open coasts) and the intensity of production (Grefsrud et 21.a20
Hoddevik, 2019). There is no legal requirement for routine monitoring of soluble effluent from
marine net pen fish farms in éhUS or Canada, but there is now a rich literature (partly from
Canadabut also from other countries that have more extensive monitoring and research) with
which to robustly reflect on the likely impacts in Atlantic North America.

Atthesitelevel. N2 21 &4 YR al Ky1SYy oHnno0 aK2gSR GKIFG ¢
nitrogen significantly increased at >30 m down current when compared to up current

NB T S NBoiva@ts ét al. (201oted increases idissolvedhitrogen are likely to be small,

shat lived, and difficult to detect as they are dispersedsimilated by marine organisms and

lost to the atmosphere through vatilization.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 ndeld or farfield increases in chlorophyll were found

(Tlusty et al., 2005; Sowle2)05; Harrison et al., 2005).

Despite thisprevious research in New Brunswick to quantify nutrient fluxes demonstrated that

the salmon aquaculture industry éeimulativelyd KS € F NASad &2 dz2NOS 2F al yi
(i.e.,carbon, nitrogen, and phospings) 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 Amerighjch shows

aguaculture is the majosource of anthropogenic soluble nutrients to coastal waters along the

large majority of the coast (Grefsrud et al. 22@,H.

Yet the nutrients from salmon farming at the coastal seaetypically minor compared to

those delivered by oceanographic pesses such as upwelling, aextending the Norwegian
examplethe increase in phytoplankton production due to nutrient emissions from fish farming

G NASa FTNRY wmox: (2 mToms: | ONRP&aa b2NBLFEQa mo
which is well bedw the 50% increase classified as eutrophication by Svasand et al. (2017)
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referencing OSPAR (201Byen in thedensest farming regiom Norway (the Hardangerfjord,
where a single fjord produces more than all four regions of the industry in Atlantic North
America combined)the insitu 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 aquaculfGnefsrud et al.2021a, Husa et
al.,2014)

In Atlantic North America, studies have shosimilar increases at the bay scdia;, example,
Howarth et al. (2019) detected changes in nutrient ratios in madgae distant from farm sites,
including atPort Mouton in Nova Scotiéwhichhas received considerable stuydpnd while
excess nitrogen input has been apparghe finfishaquaculture in Port MoutoBay*°, when in
operation, was estimated to increase anthropogenic nitrogen loadingniby14% (Mclver et al.
2018; Nagel et al. 2018pimilarly, Murphy et al(2019) andNagel 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 loadiigs, only two bays had aquaculture facilities (one
of which was Port Mouton)n Port Mouton, these studsindicated aquaculture (and fish
processing) contributed approximately 20% of the total nitrogen input,it must be noted

that the farm in PortMouton wasin poor locationwith avery shallowwater depth of only 10
12m (Mdver et al,2018) and according to benthic monitoring results (discussed betbw),
site has not been in operation since 2015

More generally, the review by Price et 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-fielar nutrient
enrichment of tle 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 neand farfield impacts, and Price et al. caution that
regardless of location, other environmental risks may still fli®industry; for example,
significant questions remain about the additives(, cumulative) impacts of discharge from
multiple, proximal farms, potentially leading to increased primary production and
eutrophication.

Overall,althoughsite sizes have aneasedbetter site selection and modern operating
conditions €.g.,farms sited in nordepositional locations and advanced feeding strategies)
have reduced the concern for soluble nutrients discharged from farms to significantly impact
the ecosystems wbh receive them. Very nedield nutrient elevations mape present, and

the distance to the limit of detection (in the water columnadter uptake by macroalgae) can
be considerable for whicthere is some concern for the cumulative discharge from migfip

30 The farm in Port Mouton has predominantly produaaghbowtrout but is considered here due to the similar
nutrient outputs (noting trout typically have a highFCR and higher relative waste production)
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closelysited farms, bubverall,the comprehensive research indicates tlsaluble nutrient
effluent from salmon farms in Atlantic North Ameriage nota highconcern.

Benthic impacts

Intensive fish farming activities generate a localigealdient 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) charaatistics of particulate wastes have been walidied €.g.,
Verhoeven et a).2018), they remain complex, with the localized deposition and decompaosition
varying greatly by site according to characteristics such as depth, current,spekdeabed

type (Keeley et al., 2020, 2019, 2015, 2014).

Provincial lenthic monitoring programbave been in existence since 1989/90, and continue in
Nova Scotia and New Brunswick, in additiomeeting the national DFO requirements under

the Aquaculture Activities Regulans established in 2024 In Maine, benthic monitoring is

also required, and the protocothat were initially based on the recommendations of Wildish et
al. (1999)were updated in 2015 tthosedeveloped 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 seabexj 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 Sctia provides a readily accessible example with its Standard Operating Procedures for
Environmental Monitoring of Marine Aquaculture Sites in Nova Scotia (June320&@) Table

2 shows the environmental quality definition&.similar example is availaldi®em the New
Brunswik Department of Environment and Local Governniént

31 A version updated October 5, 2020 is available hettgs://laws.justice.gc.ca/PDF/SE@R15177.pdf

32 https://novascotia.ca/fish/aquaculture/aguaculturmanagement/
33

https://lwww2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/content/marine _aquacultur
e.html
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Table2: Environmental quality definitions from the 2020 Environmental Monitoring Program Framework for
Marine Aquaculture in Nova Scotia. Natdfide is highlighted as the primary indicator.

Sediment Classification

Measurement Oxic Hypoxic Anoxic

Tan to < 0.5 cm with
Sediment colour |Tan to depth > 0.5 cm|some black sediments
at surface

Surface sediments
black

Microbial presence No sulphur bacteria Patchy sulphur Widespread bacterial

present bacteria mats
Macrofaunal Wide array of infauna|  Mixed group of e
o e Small infauna only
Assemblage and epifauna mostly small infauna
Y <750 (A) 1500 to 2999 (A)
Sulfide, pM 750 to 1499 (B) 3000 to 5999 (B) > 6000
>100 (A) -50 to -100 (A)
Redox (Eh), mV 100 to -50 (B) -100 to -150 (B) o0
Organic matter, % <= reference* 1.5 to 2X ref. >2X reference
Porosity, % <= reference* 1 to 10X ref. > 10X reference

With the focus on sulfidéfor 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.

I Oxic A <750 uM and Oxic B #0499 uM: Sites classified as Oxic A or Oxic B are considered
to have low environmental effects on the marine sediments.

1 Hypoxic A B00¢ 2,999 uM: Sites classified as Hypoxic A may be causing adverse
environmenta effects on marine sediments.

1 Hypoxic B ®00¢ 5,999 uM: Sites classified as Hypoxic B are likely causing adverse
environmental effects on the marine sediments.

f ! y 2 E A00D pM: Sites classified as Anoxic are considered to be causing adverse
environmenal effects on the surrounding marine sediments.

Publicly availablenonitoringdata are only providetbr recent yeardy Nova Scoti&. The New
Brunswick Department of Environment and Local Government has data to 2014 available
publicly?®, but provideddata up to 2020 on request for this assessment. In additggregated
data for all regions hae been provided for this assessment by the industry (J. Wiper pers.
comm., 2020). Examples of recent benthic monitoring reports from each reggom also
provided by the same industry representative.

34 https://data.novascotia.ca/
35

https://lwww2.gnb.ca/content/gnb/en/departments/elg/environment/content/water/cotent/marine _aquacultur
e.htm
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The benthic data from Nova Scotia and New Brunsvée&raged over all sampled siteseach
province are shown in Figuse4 and Sespectively Due to different reporting methods, the
data for Nowa Scotia are presented asnualindicator values (for which environmental quality
thresholds are provided in Table 2) andp@scentages of sites per environmental quality
category for New Brunswick.

Nova Scotia Mean Annual Benthic Indicators
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Indicator value (see figure title)
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Figure4: 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 (mMVNHE), sulfide (uM)
(note values for sulfides are dividegt 10, for example, the peak value in 2011 is 3,360 uM), porosit§, @tganic

matter (%).The relevanenvironmental quality classifications are shown in Tableata 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 éis used to detect changes in sediment consistency which may result from
sedimentation of feces and excess feed.
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Percent of New Brunwick sites with different
benthic conditions 2015 to 2020
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Figure5: New Brunswick benthic monitoring resuklowing the percentage of sampled sites in each of five
environmental quality categorig®f which the New Brunswick categories are similar to those of Nova Scotia in
Table 2)andthe percentage of sites that are compliant (i.e., Oxi©&ic B Hypoxic A Data provided bthe New
Brunswick Department of Environment and Local Government.

In Nova ScotigFigure 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 hawar eheclines. However,
from 2018 to 2020, there was a reversal of this trend with increasing averafiigesuevels and
decreasing redoxXn 2020, the average dides level was 2,11M which would be in the
HypoxieA category.Sites in this categdE  yb& ¢ausing adverse environmental effects on
YI NAYS &S Rro¥diondaiedrequiréddniitil the Hypoxic B threshold is exceeded (i.e.,
3,000 uM suides).The averagéNova ScotidRedox value of 2mVNHE in 2020 is in the Oxic B
category.In NewBrunswickFigure 5)there has been a general decline in compliance (dotted
line) over this 2015 to 2@2periodwith a steep declindrom 2019 to 2020. On average over
this period, 92.5% of sampled sitesmplied

To provide a performance comparison assdhe four regionghree 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 Ox&X,499uM sulfide), Hypoxit (1,5065,999uM sulfide) and

Anoxic (>6,00QM sulfide), and for hard bottoms with visual surveys, below threshold (<70%
presence of bacterial mats) and above threshold (>70% presence of bacterial mats)6Figure
shows the aggregated monitoring results by redimnthe dominant companyrom 2014 to

37 Note in the specific example of the Canadian AAR, the limit for sulfidesis8 xaX | YR G KSNBTF2NB
category in Figuréa ( NI RRf S& (KAa QI fdSd ¢KSNBEF2NBZ (KS KELREAO
according to these federal galations.
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2019, which have been verified (for Nova Scatd New Brunswigkby direct comparison with
the available public data. Note these results also include some fromeddundland Farm

Fallow Monitoring Program (FFM) which required sampling when farms were active and fallow
prior to the adoption of the AAR in 2015.
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Figure6: Benthic monitoring results for each region of Atlantic North Amefidcahe dominant companfrom
2014 to 2@0during 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 sirppksfail 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. Wimas. comm.(2021) and verified for Nov&cotiaand
New Brunswickvith publicly available datéor data supplied on request)
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sites vary (i.g there are a higher proportion of hard bottom sites in Newfoundf&ndhe

results are predominantly positivdhe 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
predominantlypatchy hard bottom substrates containing localized depositional areasafloor depressions. At
these aquaculture siteslepostion from finfish aquaculture results the formation of a flocculent matter
containing little to no natural sediment formed of a viscous composite of decomposing fish feddcéshand

microbes
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site cannot be stocked until the values drop below tagulated values. For example, in the
Canadian federal AAR, the site cannot be stocked again if the samples exceed the threshold of
3,000 uM (AAR regulations, Octobdl 2020, Section 10,1)or if the visual monitoring shows

the presence oBeggiatoaspecies or similar bacteria (i.e., bacterial mats), marine worms, or
barren substrate in more than 70% of the sampling locations (AAR regulations, Ocfober 5
2020, Section 10,2,b).

When compaing the mean stide levels§rom samples taken close to the net pengh those
taken at referencestations® at sitesin Nova Scotighe expectedincreases in sfibles at the

site can be seen (Figur@. While the average annual site samples vary fid8uM to 3,338
MM sufide, the reference samples vary fropd2 pM to 553 pM.

Mean sulfide at site and reference locations in

Nova Scotia
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Figure7: Mean suiide levels in Nova Scotia frob®09 to 2020, comparing samples taken at #uige of the net
pensand at reference locations. Data from Nova Scotia Environmental Monitoring program.

Figure8 shows another analysis of the same Nova Scotia sulfide datarglating to soft

sediment sites onlyshowing the categoricaksults are largely dominated by samples below
1,500 uM (Oxic M) with >80% of samples in 2017 and 2018, but these results are substantially
worse in 201%nd 2020with just over half the saples (%) at <1,500 uM an87.2%0 of

samples >3,000 uM. On averageer this time period (2009 to 20), 19.9%% of Nova Scotia

benthic samples have been >3,000 uM sulfide, and in the last three yea®t@aa20) it was

24.0%. In the same period (2810 2@0), 4.2% of benthic samples had >6,000 uM sulfide
indicating substantial impacts in localized areas (see the discussion around Hogliogv).

39 Reference stations are locatdatween100 and 300neters from the lease boundary, in the direction of the
dominant currenf andmust 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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Nova Scotia Catgeorical Sulphide Results
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Figure8: Analysis of all benthic sulfide samples from Nova Scotia from 2002 (80t including reference
station samples)Data from Nova Scotia Environmental Monitoring program.

As discussed here, the regulatory requirements are primarily linked to theeirfdicator (for
soft sediment seabedshut Cranford et al. (2017) report substantial errors in these
measurements dependg on the sitespecific sediment mineralogy. The errors resulted in
overestimations of the free sulfideattributed 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 @2som the farm, substantial
sulfidic and hypoxic stress were limited to the areas immediately adjacent to the net pens.
With regard to the visual indicatorslamoutene et al(2018)considerthe regulatory thresholds
for hardbottom finfish aquaculture site® underestimate the impact on taxonomic richness
andthat theyshouldbe reS @I f dzZ 6 SR (2 YSS{i O2yaSNWIGA2Y 2062
present regulatory threshold (70%) based on baetenats, OPC, and barren stations would
likely correspond to a 100% reduction in richness in the 1oage area (within 50m from net
LISyao ¢

Despite these concerntfjeseresultsare similarto the conclusionsof numerousstudies 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 sharplhdeclining gradient of benthic sulfide coentration 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 field ecological impact in the benthos are
minimal, unless the site is in a pastilarly poor locatior{e.g., Grefsrud et al., 20a,ij Mayor et

al., 2010; Mayor and Sola2011; Keeley et gl2013; Price et al2015).Thiscan perhaps be

best visualized by considering Fig@reelow. Taken directly from Chang et al. (2011), Fidure
showsplots 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 wh sulfides levels exceeding 6,000 uM, and samples from these locations
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would be reflected in the purple uppermost bars in Fig8réut overall, these plots

demonstrate the steep decline in impact (as indicated by sulfides levels) with increasing
distan@ from the net pens. Areas that exceed the 3,000 uM 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 {d results
presented above
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Figure9: 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 demined by the feed input to that cage. Site F was actively feeding, but
feed input data vere not available. Image from Chang et al. (2011).
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More recently,Verhoeven et al. (2018) studied tisbanges in seabdahcterial communitiesit

a salmon farm in Nefoundland, and noted 2 dzNJ Of dza i SN&E 2F aNBOSy it &
AYLI OG ¢ | ¥R babtéial Askemblagédat@& & T SNBER YI N] SRf & FTNRY
AYLI OG ¢ Of dza (inBfiedn theénitlpénginSkeepirig pvithsthe other results presented
here,while noting large scale phylum shitied a decline in bacterial biodiversitytme & K A 3 K

A Y LI O £ theSd sdmiplésSmedmost often collected immediately under the net perasd

the dintermediateimpacté  Of dz& (i S Nffom RO#0nf fdrOtheip&nd.

As a specific examptd selected impactsFigurel0shows images captured from video
sampling in May 2020 at a site in NewfoundlaBdhphasizinghat most of the samples at this
site showed no impacthe selectedmages were taken below the edge of the net pen array
(i.e.,at 0 m) anchave beerselected as the worstxampledo illustrate the reported presence

of 10% coverage @eggiatoalike 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 preseritef Beggiatoabacterial mats and OPC at 31% (11 of 35)
of the videostations (taken at 2@n intervals on transects out to 168 from the cage edge),

and as this dishot exceed the 70% threshold, the siteas approved to continue operation
under the AAR Monitoring Standard (Section 11(1dfigr the provincemandaed 4-month
fallow period.

YPNB aSy 0S¢ Aa R.BElawS Rluk thd\dactetiaimafs are considered not present.
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FigurelQ: Video stills fromasite in Newfoundland (site details blanked for privacy) taken at the cage edge on a
transect selected to shothe worstvisibleexamples of impacat this site(most of the samples at this site showed
minimal impact) Depth approximately 561. The inner square quadrat is 0.5 m x 0.5 m. Examples of white
Beggiatoabacterial 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 otherdcts\shis site passed the
AAR monitoring requirements. Images provided in a benthic sampling report by J.péfipasomm. (2020).

It is now a globally typical practice for salmon farm sites to be fallowed between production
cycles for a variety of rease €.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 restockingpiowincal
requirements such as the-#honth period in Newfoundland are placein addition to other
measures such as the coordination of fallowing across all siteguaculture 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
O2YLX SE Wwo622Y YR 06dzaGQ O& Of S cylds ceadeh (8 NI dzy A & (G A
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 environmentand situationspecific. Nevertheles 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
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