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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 aquacultGaentific review, however, does not constitute an
endorsement of the Seafood Watch® program or its recommendations on the part of the reviewing
scientists. Seafood Watch® is solely responsible for the conclusions reached in this report.



About Seafood Watch®
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wild-caught and farmed seafood commonly found in the United States marketp&eafood

Watch® defines sustainable seafood as originating from sources, whethezauiht or

farmed, which can maintain or irease productiorin the longterm without jeopardizing the

structure or function of affected ecosystemSeafood Watch® makes its sciethesed
recommendations available to the public in the form of regional pocket guides that can be
downloaded fromvww.seafoodwatch.org¢ KS LINP ANI YQa 3J21Ffa FNB G2
important ocean conservation issues and empower seafood consumers and businesses to make
choices for healthy ocees.

Each sustainability recommendation on the regional pocket guides is supported by a Seafood
Report. Each report synthesizes and analyzes the most current ecological, fisheries and

ecosystem science on a species, then evaluates this informationdagaini K S LIN2 INJ Y Qa
conservation ethictd NNA @S | 4G I NBO2YYSYRRER2Y{ZENIH 8ADS/
G ! @& ThRdetailed evaluation methodology is available upon requisproducing the

Seafood Report§Seafood Watch® seeks out research phblisin academic, peaeviewed

journals whenever possibledther sources of information include government technical

publications, fishery management plans and supporting documents, and other scientific reviews

of ecological sustainabilitySeafood Watc® Research Analysts also communicate regularly

with ecologists, fisheries and aquaculture scientists, and members of industry and conservation
organizations when evaluating fisheries and aquaculture practiCegture fisheries and

aguaculture practicesra highly dynamic; as the scientific information on each species changes,
{SIF22R 2} 00Kt Qa adzZdlrAylroAtAGe NBO2YYSYRIGAZ2
updated to reflect these changes.

Parties interested in capture fisheries, aquaculturagtices and the sustainability of ocean
ecosystems are welcome to use Seafood Reports in any way they find Usefuthore

information about Seafood Watch® and Seafood Reports, please contact the Seafood Watch®
program at Monterey Bay Aquarium by calli§77-229-9990.

Disclaimer

Seafood Watch® strives to have all Seafood Reports reviewed for accuracy and completeness by
external scientists with expertise in ecology, fisheries science and aquacuBarentific

review, however, does not constitute @mdorsement of the Seafood Watch® program or its
recommendations on the part of the reviewing scientisBeafood Watch® is solely responsible

for the conclusions reached in this report.

Seafood Watch® and Seafood Reports are made possible throughtdrgm the David and
Lucile Packard Foundation.


http://www.seafoodwatch.org/

Guiding Principles

Seafood Watc® defines sustainable seafood as originating from sources, whether fisied
farmed that can maintain or increase productimnthe longterm without jeopardizing the
structure or function of affected ecosystems.

The followingguiding principledllustrate the qualities that aquaculture must possess to be
considered sustainable by the Seafood Watch program:

Seafood Watch will:
1 Support dataransparency and therefore aquaculture producers or industries that make

information and data on production practices and their impacts available to relevant stakeholders.

1 Promote aquaculture production that minimizes or avoids the discharge of wasthe &rnn level
in combination with an effective management or regulatory system to control the location, scale
F'yR OdzydzZ F GABS AYLI OGa 2F (GKS AYyRdAdZAGNER QA gl adasS |
farm.

1 Promote aquaculture production at locatiorsgales and intensities that cumulatively maintain the
functionality of ecologically valuable habitats without unreasonably penalizing historic habitat
damage.

1 Promote aquaculture production that by design, management or regulation avoids the use and
dischage of chemicals toxic to aquatic life, and/or effectively controls the frequency, risk of
environmental impact and risk to human health of their use.

1 Within the typically limited data availability, use understandable quantitative and relative indicators
to recognize the global impacts of feed production and the efficiency of conversion of feed
ingredients to farmed seafood.

1 Promote aquaculture operations that pose no substantial risk of deleterious effects to wild fish or
shellfish populations through corefition, habitat damage, genetic introgression, hybridization,
spawning disruption, changes in trophic structure or other impacts associated with the escape of
farmed fish or other unintentionally introduced species.

1 Promote aquaculture operations that pesi0 substantial risk of deleterious effects to wild
populations through the amplification and retransmission of pathogens or parasites.

1 Promote the use of eggs, larvae, or juvenile fish produced in hatcheries using domesticated
broodstocks thereby avoidg the need for wild capture.

1 Recognize that energy use varies greatly among different production systems and can be a major
impact category for some aquaculture operations, and also recognize that improving practices for
some criteria may lead to more erg-intensive production systeme..promoting more energy
intensive closed recirculation systems).
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Once a score and rank has been assigned to each criterion, an overall seafood recommendation
is developed on additional evaluation guidelin€iteriaranks 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 environmentally friendly ways.

Buy, butbd ¢ NE GKSNBE I NBE O2yOSNya 6AGK
farmed.

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



Final Seafood Recommendation

State ofMaine, US

Criterion Score (010) Rank Critical?
C1 Data 7.50 GREEN
C2 Effluent 5.00 YELLOW NO
C3 Habitat 5.72 YELLOW NO
C4 Chemicals 1.00 ;I
C5 Feed 6.59 YELLOW NO
C6 Escapes 4.00 YELLOW NO
C7 Disease 4.00 YELLOW NO
C8 Source 10.00 GREEN
C9X Wildlife mortalities -5.00 YELLOW NO
C10X Introduced species escape -0.20 GREEN
Total 38.60
Final score 4.83

OVERALL RANKING

Final Score 4.83
Initial rank YELLOW
Red criteria 1
Interim rank YELLOW FINALRANK
Critical Criteria? NO YELLOV

Scoring note; scores range from zero to ten where zero indicates very poor performance and
ten indicates the aquaculture operations have no significant img2aior ranks: & = 0 to
3.33,Yellow = 3.34 to 6.683reen = 6.66 to 10Criteria 9X and 10X are exceptional criteria,
where Oindicates no impact and a deduction-&D reflects verypoor performance. Two or

more Redcriteria trigger a IRd final result.

Summary

The final numerical score féttlantic salmorn(Salmo salgrproduced in marine net pesin the
state of Maine United States (US3 4.8 out of 10 which is in the #llow range andwith only
one Red criterion (Chemical the finalrankingis Yellow and a recommendation Gfood

Alternative



Atlantic Canada

C8 Source

10.00

Criterion Score (610) Rank Critical?
C1 Data 7.22 GREEN
C2 Effluent 5.00 YELLOW NO
C3 Habitat 5.72 YELLOW NO
C4 Chemicals 1.00
C5 Feed 6.59
C6 Escapes 2.00
C7 Disease 3.00

GREEN

C9X Wildlife mortalities -5.00 YELLOW NO
C10X Introduced species escape -0.20 GREEN
Total 35.32
Final score 4.42
OVERALL RANKING
Final Score 4.42
Initial rank YELLOW
Red criteria 3
Interim rank Y =-
Critical Criteria? NO

Scoring note; scores range from zero to ten where zero indicates very poor performance and
ten indicates the aquaculture operations have no significant img2aior ranks: & = 0 to
3.33,Yellow = 3.34 to 6.683reen = 6.66 to 10Criteria 9X and 10X are exceptional criteria,
where Oindicates no impact and a deduction-&D reflects verypoor performance. Two or

more Redcriteria trigger a IRd final result.

Summary

The final numerical score for Atlantic salm@almo salgrproduced in marine net pesin
AtlanticCanadas 4.2 out of 10 which is in the ¥llow range, but with thredRed criteria
(Chemicals, Escapes, and Disease), the final rankieg 8nd a recommendation cAvoid.



Executive Summary

Ofthe 2 millionplus tons (t) of global Atlantic salmon aquaculture production in32@11%
(approximately 4400 t) was produced in Atlantic Canada and the United States. New
Brunswick, Nova Scotia, ahwfoundland and Labrador are the salm@roducing povinces

in Atlantic Canada (hereafte€anadd, and the former two contributed approximate®g,000
(52% of Atlantic NortAmS NJ&A O Q& ( 2 G I1%) tespéctfv@ly irc2R14Combinéd, thisv o
production was valued at approximately 215 mill@anadiardollars (CAD) All Atlanticsalmon
aquaculture in the Atlantic United States (hereaftgnited State®r U occurs irthe state of
Maine, wheredata show 18600t @0%2 ¥ ! (f I Y i A O b 2WsE toducadSNRA OF Q&
2013, valued at USO5million. As of 201160% of Atlantic salmon farmed in tiAglantic
Canada region was exported to the United States, with approximately 7% staying in Atlantic
Canada, and the remainder distributed throughout eastern Canadiantic salmon

aguaculture sites in Atlantic North America al@minantlyowned and oprated bya single
corporation, with one additional notable producelt may be sold as whole fish, fillenoked,
or canned

Data The dominant producer of th8B 3 A 2 y Q was thg jRavzdeti dildrge portion of the
data and information used in this assessment (a#.data and information hereafter referred
to asindustry-authored industry-provided or similar). Where possible, it was supplemented
and/or verified by data from independent entities (i.government agencies tasked with
regulating and monitoring industry practice) and by data within pesiewed literature.
Because salmon net pen aquaculture has been one of the most scientifesdigiched and
publicallydiscussed topics in marine science during the past 30 years, there is a significant
volume of peefreviewed literature from which data and information can be drawn. While
other salmonfarming regions (i.eNorway, British Columbia, @ United Kingdom, Ireland)
are also weltepresented, there is indeed research, data, and information specific to Atlantic
North America and the industry operating there. In the absence ofspiéeific information, or
in an effort to assess the sustability of the Atlantic North American industry against that of
other salmonfarming regions, the literature concerning other salrd@anming regions has been
consulted and cited. It is acknowledged that some gaps in information do exist, however
overall,the confidence in the accuracy and comprehensiveness of the data and information
used in the following assessment is relatively high. The final score for CriteriDath for
Maine,US is 7.50 out of 10. In recognition of lower data confidence foEfwapes criterion,
the final score for Criterion ¢ Data for Atlantic Canada is 7.22 out of 10.

Effluent. TheBfluent criterion assesses thelease of nutrients and particulate matter into the
environment in which the farms are sited, and the phylsichemical, and biological

implications of that release. While much of administered feed is consumed and subsequently
retained in fish tissue (i.eused for growth), there is a significant loss of carbon (C), nitrogen
(N), and phosphorus (P) to the eronment. Particulate organic C, N, and P are a result of both
the percentage of feed that passes through the net pen unconsumed and fecal material. Upon
or after their decent to the seafloor, solids particles may be consumed by other water column



or benthic-dwelling organisms or dissolution begins; upon dissolving, nutrients are readily used
by phytoplankton and macroalga®ata show that while waste deposition and accumulation

can be marked beneath and in the immediate vicinity of the net pens thenseilvere is often

a sharplydeclining gradient of benthic sulfide concentration with increasing distance from, and
sometimes even within, the pen array. The Effluent Criterion assesses the ecological impact of
aquaculture operationbeyondthat of an‘dllowable zone of effec€and recent research in

Atlantic North America has demonstrated and concluded that the minimdldl impact

observed on a sitdy-site basis in other salmefarming regions is indeed the case here.
However, the reality of highlypcalized and heterogeneous impagctnd the aerial observation

of the size, location, and concentratiafi salmon farms in areas of Atlantic North America,
demonstrateshe potential for localized impacts to overlap, ultimately causing or contributing
to largerscale, cumulative ecological impacts. The final numerical score for Critegion 2
Effluentfor all of Atlantic North Americe 5 out of 10.

Habitat. Floating net pens have little direct impact to the physical nature of the habitat, rather,

the most significant impacts result from the discharge and deposition of nutriehtfeeds and

fish waste, and their consequent encouragement of shifts in the chemical composition and

biological community under and surrounding the farms. Data from Atl&tdith America

illustrates thata) there has been no industryide trend in sulfide deposition over the last 12

years, and) the industry is generally performing well when compared to the sediment

classification thresholds set forth by regulatory goverces) such as the Maine Department of
Environmental Protection and in the Environmental Monitoring Program for the Marine Finfish

Cage Aquaculture Industry in New Brunswilithe percentage of farm sites in New Brunswick

that remained oxic, and thereforerdgft 0 SR Ay Gt 2¢ SYDANRBYYSydlf S¥
benthos, between 2002nd 2014 ranged from 7€P6%. Hypoxic sites did occur in every year,
iK2dza3K GKS YlI22NAGe 6SNB OflaaAFASR +a | @8LREA
adverse environmenfa STF SO0 a ®¢ Ly aS@Sy 2F GKS &SI Nam:X
HypoxicC (i.ed F NB OF dzaAy 3 | ROSNESOORWRAVA2FSEOBNBNRE Y
YENRYS KFEoAGFEGEO 6SNB NBLRNISRO® G-8eete RSY2y ai
ecological impacts do occur as a result of salmon farming, and ongoing monitoring is imperative

to ensure these impacts remain a small percentage of the industry toiddoth Maine and

Canada, the siting and licensing process for new farm isithsdes an Environmental Impact
Assessmenlike exercise, and farms are generally sited according to ecological principals.

However, salmon farms in Atlantic North America are located in habitat that is of high

ecological value. Mainsited farms, forexample, are located in and/or adjacent to water

02RAS4 RSSYSR GONRGAOIE KFEoAGF(GE FT2Ng oAt R ! (f
Habitatfor all of Atlantic North Americe 5.72out of 10.

Chemical UseThere are three significant concerregarding the use of chemicals in Atlantic
North American salmon farming. First, the recent use of antibiotics (in both total volume and
per-ton of fish production) was markedly high, at nearly 23,000 kg of active substance and 412
g t,in 2012, butshort-term trend data (201322015) has indicated a reduction in antibiotic use

by nearly twethirds; administration in 2015 was 4,783 kg of active substance and 134 g t
However, this use is significantly higher than most other sakf@ming regions of the world.



In addition, antibiotics deemeHighly and Critically Important to Human Healths defined by

the World Health Organisation (WHO), are used. Second, the limited availability of registered
pesticide therapeutants for the controff sea lice has resulted, at least twice, in the

development of resistance to the few products permitted. Finally, in response to that
resistance, a cypermethrbased pesticide was used, illegally, at farm sites in New Brunswick;
the application of cypenethrin in the marine environment is not permitted in Canada. Despite
the use resulting in lobster mortalities in 2009, and the knowledge that ongoing government
monitoring would be occurring, the product was used again in 2010. The three concerns result
in a final score for CriteriondChemical Use for all of Atlantic North America is 1 out of 10.

Feed. The data used for assessment of CriterionFeed is complete for the grawt cycle of

0 KS A YR dziicarbl#ss) T herwcyeimaanfeedconverson ratio (FCR) is calculated to be
1.69. While fishmeal inclusion for the industry (6.43%) is markedly lower than that in other
salmonfarming regions, fish oil inclusion (8.59%) is only marginally loiMee. partial use of
byproduct sources (24% of Fwvdd 32% of FO) results in a moderate initial Fiskish Out
(FIFO) value of @7. Marine ingredients (herring, menhaden, anchovy) are sourced from
fisheries in Atlantic Canada, Atlantic US and Gulf of Mexico, and Peru; these fisheries currently
have noserious conservation concerns. The low fishmeal inclusion rate is most evident in
calculating the protein budget, where it is supplemented by highan-average land animal
byproduct use (42% of feed, supplying 70% of total protein), crop byprodugt-a8e5% of
feed, ~3% of protein), and other crop ingredients (~24.5% of feed, ~16.5% of protein). The
processing byproducts from the harvested salmon are used in cat food production. These
aspects work in concert to achieve a net edible protein ga@0d. Finally, the low marine
ingredient dependence reduces the ocean area necessary to support the industry otoa per
of production basis and the overall feed footprint. The final score for CriteripReed for all

of Atlantic North America is 59 out of 10.

Escapes.Escapes have been historicgtpblematic for the salmon aquaculture industry.
Improvements in net design and husbandry practices have resulted in a decreasing trend of
escaped fish, but hundreds of thousands of salmonestdape from farms around the world

every year. In all Atlantic North American salmon farming regions, Code of Containment
protocols are in effecind elementsgenerallyinclude requirements for siting, system design,
materials stregth, maintenance and spection,stock loss and recovery, and best practices for
fish-handling procedures that typically increase the risk of escapemfiitiie Codes are in

place and similar in content for each region of the industry, their efficacy and enforcement
differ markelly. In Maine, the Code is one part of a mfditeted Containment Management
System mandated by the Maine DEP Net Pen Aquaculture General Permit and has resulted in
significantlyimproved fish containment. Furthermore, the requirement to maintain a gjene
database of hatchery families allows escaped fish to be traced back to the specific production
site(s) from which they escaped. Maisiged farms have not reported a breach of containment
since 2003, and in only four years since 2003 were any-faign fish identified in rivers

emptying into the Gulf of Maine; the }jear average representation of farm fish among all

adult returns is 0.24%. In all Canadian regions, Codes of Containment asgs&iied.

Reportable escape events in Canada doatitur, and nomNB LJ2 NI SR Wt S 1 F3SQ
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high, as farm fish representation in the Magaguadavic River over the saiyeat iime period
has averaged 70.3%.

Potential impacts that escapees may have on their wild counterparts prinfaltiiyto

ecological and geneticategories. The most significant competitive and/or disruptigeological
impacts that farm escapees have likely occur in coastal areas and in rivers. Potential genetic
impacts are a result of introgression of farm fish gene clexgs into those of wild fishThese
interactions and their potential populatielevel effects are particularly significant in Atlantic
North America where wild Atlantic salmon populations are a small fraction of their historic
levels and are consideredhdangered in both the US and Canada; just a few hundred wild
salmon return to all North American rivers annuallyneGtudy concluded avéilable data in
eastern NANorth Americapuggest that the potential risk of both genetic homogenization and
a lossof local adaptation in NA wild Atlantic salmon populations due to introgression with
farmed fish should be considered high Ly NBO23yAilA2ybuggreatly 2 i K
improved fish containment by farms in Maine (as evidenced by the verylombars of

escapees identified in Maine rivers), the final numerical séar€riterion 6¢ Escapes for
Maine,US is 4 out of 10. Because of the ongoing risk of impact that fish escaping from
Canadiarsited farms may have on their wild counterparts (aglexced by the higher numbers
of escapees in Canadian rivers), the final numerical score for Criteq&séapes for Atlantic
Canada is 2 out of 10.

Disease.Fish grown in net pens are vulnerable to infection by pathogens and parasites in the
environment, and as a result of the density with which farm fish are typically reared, the
potential for pathogen and parasite amplification within the farm population is high. Both this
increased pathogen load and the fact that farms may serve as uralaamporal reservoirs for
disease allow for the possibility fortransmissiorto wild fish. In the three years 2022014,

oF OGSNAIf 1ARySe RA&aSIFaS ¢6.Y503x asSl fA0S:
to treat them. Sea lice wasdhmost prescribedor condition, with an annual mean of 86 for an
estimated 40 farm sites. &annumbers of adult female sea lice per fish at New Brunswick
sited farms from 20090 2014 ranged seasonally from 0.1 to 17. Certain years and certain Bay
Management Areas (BMAs), howeveigveexperienced much higher means, sometimes
approaching and/or exceeding 8D lice per fish. The annual mean number of lice per fish in
Maine-sited farms between 2008nd2015 ranged from 1.522.75, with a skyear mean 6

5.5. No regulatory thresholds exist for sea lice loads in Atlantic North America, but these data
show that sea lice loads exceed threshold goals set forth in the indasthored Sea Lice
Management and Treatment Plan. Infectious Salmon Anemia 88Aighly virulentiral

disease fowhich no treatment is applied anth Canada,le presence gpathogenidSA has

been onfirmed in 2012, 2013, and 201Monthly monitoring reports by the USDA, however,
indicate that farms in Maine have been t8ée since 2006. While there may be a high degree
of concern that oAfarm diseases could impact vulnerable wild salmon in Atlantic North
America, the available evidence to date has shown that such transmission has not occurred.
Both returning and outmigratig wild salmon have been found to have no or low levels of sea
lice, wild nonsalmonids appear to not typically host the louse species most commonly
associated with iofiarm infections, and there have been no confirmed mortalities due to ISA in

KA

I Y R
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wild fish. With the recognition of a lower risk of ISA transmission, and an overall moderate
degree of concern for impact to wild fish populations, the final numerical score for Cnitégo
Disease for Maind/JS is 4 out of 10. Because of ongoing incidence obpatiic ISA in New
Brunswick, and a marginalhigher degree of concern for impact to wild fish populations, the
final numerical score for Criterionc/Disease for Atlantic Canada is 3 out of 10.

Source of StockAll Atlantic salmon raised in the US @Ddnada are sourceddim hatchery

NI} AaSR 0NEP2Ra §maiuction isi drisidekey ta Hednddgdndent of wild fisheries
for both broodstock and juveniles. The final numerical score for Criterp8dirce of Stock
for all of Atlantic North Amergis 10 out of 10.

Wildlife Interactions. At all sites in Canada and the US, control measures are in place to limit
the direct interaction of wildlife and farmed fish. Passive control measures include the
employment of tensioned predator control neésid pentop bird netting. Active, notethal
measures permitted include the use of acoustic deterrent devices, but their use is infrequent.
Lethal action against predators or wildlife is prohibited. Interactions between wildlife and net
pen operations d, however, occasionally result in mortality. In 2013, birds (18), sharks (10),
seals (7), and tunas (4) each had direct interactions that resulted in mortality. Though
mortalities are occasional, a lack of speeescificity for reported mortalities ahthe presence

of endangered and/or threatened tuna and shark species presents a moderate concern. The
final numerical deduction score for Criterion @xVildlife Mortalities for all of Atlantic North
America is5 out of-10.

Unintentional Speciedntroductions. While the industry arguably operates within the same
general waterbody, some international movement of eggs and/or live fish occurs between the
US and Canada. Biosecurity at the source (hatcheries) is high with serial inspections to affirm
the absence of diseases and pathogens of concern necessary for a facility to obtain a Fish
Health Certificate. However, some facilities operate as-ltewugh systems and only

mechanical filtration is used for effluent water treatment, ultimately havimg potential to

transfer unwanted organisms (e.g., pathogens) to the destination environment. The final score
for Criterion 10X Escape of Unintentionally Introduced Species for all of Atlantic North
America is a deduction 60.2 out of-10.

Summary. Marine ret pen agiaculture of Atlantic salmoim the state of MainelJSachieves a
final numerical score af.83out of 10and Seafood Watch recommendation of Good
Alternative Marine net pen aquaculture of Atlantic salmon in Atlantic Canada achéafiesl
numerical score of 42out of 10, butwith three criteria scoring below 3.3 (Chemical Use,

940l LJISa>x YyR 5AaSlIasSuvsr GKS NBadzZ GAy3a {SIF¥22R
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Introduction

Scope of the analysis and ensuing recommendation

Species
Atlantic salmonSalmo salar

GeographidCoverage
Atlantic North AmericaState of Mainenited StategUS)and AtlanticCanada

ProductionMethod(s)
Marine net pengcages

Species Overview

Brief Overview of the Soecies

Atlantic salmon(hereafter,salmon are native to theeastern (European) and western (North
American)North AtlanticOcean As ananadromous speciesalmon hatch in freshwater.
Juvenileg O f f Bnin H brdsinitEr €vers and streams b6 yearsbefore undergoing
smoltification a physiological procesbat prepares them for life in thenarine environment.
Salmonsmolts typically weighing 280 gams (g)n the wild,migrateto the oceanwhere they
remain a pelagicpecies for up to fouyears feeding primarily on smaller fish and sqaid
achieving most of their lifetime growthAt the onset of maturationsalmon cease feeding and
return to the freshwater system in which they hatchidspawn Spawning salmon are
typically 813 kilograms Kg) in weight. While mostAtlanticsalmon die after spwning, a small
LISNODSyY G 3S YI ekelSFAQ2004; NDAA 2BH5 | | a W

ProductionSystem

Domesticated rale and female broodstock amedividuallystrip-spawned and the eggs and
sperm are mixed for fertilization to occur. It takes approximately 500 degreé ftaysalmon
eggs to hatch, and another 50 degree days for the yolk sac to be completely abgeAsed
2004) In Atlantic Norh America juvenile salnan are raised imand-based freshwater
hatcheries until they have smolted and read®0-120 g in weighp typically 816 months
post-hatch (FAO 2004)Upon transfer to saltwater net pens, fish are-grown for
approximately twoyearsuntil they reach their harvest weight @6 kg. Net pensare often
circular, up to 50 meters (m) irdiameter, and may extend 38 mdeepfrom the surface
(FAO 2004)This production system issed in both the United States and Canada for
produdion of salmon.The following assessmergflectsonly the marine net pen groaut
phase of salmon aquaculture AtlanticNorth America asthe hatchery/nursery phase is not
considered to be a major source of environmental impacts.

2 A measure of fish development attained by calculating the duration of time fish spend in a particular water
temperature (i.e. 4 days in 10° C = 40 degree days)
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ProductionSatistics
Of the 2 mi"iOleUStonS (t) Of glObal Atlantic, Northwest, Atlantic salmon, Marine, Quantity [t]
Atlantic salmon aquaculture 50k

productionin 2013 (FAO 2015R.1%
(approximately 4,000 t) was
produced in Atlantic Canada and the

United States New Brunswickyova

Scotig and Newfoundland and ;
Labradorare the salmorproducing

provinces inAtlanticCanada 206
(hereafter,Canadg, andprovincial

data showthe former two ‘

contributed approximately4,000 N

G2 2F 10t ydAod b I

total) and 6,000 {13%) respectively, | o

40k

|n 2014 (DFO 2048.) ComblnEd, thIS B8 Canada @ United States of America
production was valued at :
approximately CAD 215 niglh (FAO Figurel: Atlantic salmon net pen aquaculture production in

Atlantic North America from 200® 2013. Chart generated usi

2015) N ly, pr ion in New
015) Notably, productio € FAO/Fish Stat and used directly as generated (FAO 201t

Brunswick fell in 2013 to less than
19,000 t(DFO 204a). In Newfoundland and Labrador, Atlansalmorionly production could

not be obtained, but total salmonid production (Atlantic salmon and steelhead trvoas)

16,831 tin 2012, a market value of CAD 113 millidfier a steadily increasing trend,
Newfoundland and Labrador production in 2014 fell to less than 27% of its production a year
earlier(NLDFA2015. All salmon aquaculture in the Atlantic Unitethtes (hereafter United
Statesor US occurs irthe eastcoast state oMaine, where 12,000 t (25% Atlantic North

I Y'S NA O veeepradacédint 2012, valued at USD 78 milfshDMR 2015) FAO (2015)
data indicates production in Maine is higher, and estimated at 18,§82% of Atlantic North

I Y'S NA Ol i@2D14iPsoductibnidata is synthesized in Figurant! detailed in Figure.2
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Atlantic salmon* Production in Atlantic North America
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Figure2: Atlantic @lmon production in each of the four producing regions in Atlantic North America fromtd004

2014. Note:No production representation of a region in a given year is a result of no data, not of no production.

*Production in Newfoundland and Labrador represents Atlantic salmon and steelhead trout production; salmon
specific data could not be obtainedll data from DFO 2014, NLDFA 2015M DMR 2015J Wiper pers. com

The nondominant producemoperates approximately 30% of farm sites in New Brunswick, and
50% of farm sites in Newfoundland (J Lewis, pers. ¢dwever,Atlantic salmon aquaculture
sites in Atlantic North America admminantlyowned and operated bg single, vertically
integrated corporationwith divisians for farming operations, feed production, marketing, and
transport. As of June 201%his producerowned and operated total of 149 sites across all
regions of the Atlantic North American industry, of which 38 were at(iV&Viper, pers. com.)

The regional breakdown was as follows: New Brunswick, 72 sites (22 active); Nova Scotia, 13
sites (4 activg Newfoundland and Labrador, 40 sites (6 active); Maine, 24 sites (6)active

Import and Export Sources and3atistics

As of 201160% of Atlantic salmon farmed in tidlantic Canada region was exported to the
United States, with approximately 78taying in Atlantic Canada, and the remainder distributed
throughout eastern Canad@®CFFA 205

Common andVarket Names
Atlantic salmon

Scientific Name Salmo salar

Common Name Atlantic salmon

3 Active sites are those with fish currently in the water.



ProductForms
Whole fish, fillets, smokedanned
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Analysis

Scoing Guide
1 With the excepion of the exceptionatriteria (9Xand10X), all scoregesult in a zero to ten

final score for the criterion and the overall final rank. A zero score indicates poor
performance, while a score of ten indicateigh performance. In contrast, the two

exceptionalkriteriaresult in negative scores from zero to minus ten, and in these cases zero

indicates no negative impact.

1 The full Seafood Watch Aquaculture Criteria that the following scores relate to are available

on the Seafood Watch website.
http://www.montereybayaquarium.org/cr/cr_seafoodwatch/content/media/MBA_Seafood
Watch AquacultureCriteraMethodoloqy.pdf

1 The full data values and scoring calculations are availablpperlix1.

Criterion 1: DataQuality and Availability

Impact, unit ofsustainability and principle

A 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, nor enable businesses to be heldwuatable for their impacts.

Sustainability unit: the ability to make a robust sustainability assessment

Principle: robust and ufp-date information on production practices and their impacts is
available to relevant stakeholders.

> >

Criterion 1 Summary

Maine, US

Industry or production statistics Yes 10 10
Effluent Yes 7.5 7.5
Locations/habitats Yes 10 10
Chemical use Yes 7.5 7.5
Feed Yes 7.5 7.5
Escapes, animal movements Yes 7.5 7.5
Disease Yes 5 5

Source of stock Yes 10 10
Predators and wildlife Yes 25 25
Other¢ (e.g, GHG emissions) No Not relevant n/a
Total 67.5

[cipamFinalScore ] 7.50 GREEN



http://www.montereybayaquarium.org/cr/cr_seafoodwatch/content/media/MBA_SeafoodWatch_AquacultureCriteraMethodology.pdf
http://www.montereybayaquarium.org/cr/cr_seafoodwatch/content/media/MBA_SeafoodWatch_AquacultureCriteraMethodology.pdf
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Atlantic Canada

Industry or production statistics Yes 10 10
Effluent Yes 7.5 7.5
Locations/habitats Yes 10 10
Chemical use Yes 7.5 7.5
Feed Yes 7.5 7.5
Escapes, animal movements Yes 5 5
Disease Yes 5 5
Source of stock Yes 10 10
Predators and wildlife Yes 25 25
Other¢ (e.g, GHG emissions) No Not relevant n/a
Total 65
[cipamFinaiscore ] 7.2 [ GReEN

Brief Summary

¢KS R2YAYI Yl LINRPRdzOSNI 2T ( Koba laige Boktidnyofitie datay’ R dza { N.

and information used in this assessmén¢., all data and information hereafter referred to as
industry-authored industry-provided or similar) Where possible, it was supplemented and/or
verified by data from independent entities (i,government agencies tasked with regulating
and monitaing industry practice) and by data within peviewed literature. Because salmon
net pen aquaculture has been one of the most scientifieaearched and publicallyiscussed
topics in marine science during the past 30 years, there is a significume of peefreviewed
literature from which data and information can be drawn. While other sakfawming regions
(i.e, Norway, British Columbia, Chile, United Kingddmeland are also weltepresented, there

is indeed research, data, and information specific to Atlantic North America and the industry
operating there. In the absence of sigpecific information, or in an effort to assess the
sustainability of the Atlantic North American irgtty against that of other salmefarming
regions, the literature concerning other salméarming regions has been consulted and cited.
It is acknowledged that some gaps in information do exist, however, overall, the confidence in
the accuracy and comprehnsiveness of the data and information used in the following
assessment irelativelyhigh. The final scerfor Criterion 1¢ Datafor Maine,US is 7.50ut of

10. In recognition of lower data confidence for the Escapes criterion, the final score for
Crterion 1¢ Data for Atlantic Canada is 7.22 out of 10.

Justification of Ranking

Details regarding the Atlantic North American net pen Atlantic salmon farming industry,

including the size, farm locations, production statistics, export markets, etc., arraly easily
accessible and recent. The United Nations Food and Agriculture Organisation (FAO) has several
resources (e.gcountry fact sheets, species fact sheets, online data queries, etc.) to inform a
relatively broad estimate, and government ergsifor each subegion of the industry (i.e.
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Canada, New Brunswick, Nova Scotia, Newfoundland and Labrador, the United States, Maine)
provide more detailed data and information on their respective websites. Annual production
volumes, detailed farm siterpfiles, and site mapping documents are examples of information
used to asess industry characteristic®verall, confidence isighthat the industry is well
understood with respect to its total and relative production volumes, and the number and
distribution of farm sites. The data score for the independent categoryadiRtion Data is 10

out of 10.

As the impact of waste discharge has been one of the pulditigued aspects of salmon net

pen aquaculture, there is a history of scientific study pedrreviewed literature. The impacts

have been shown to be highly variable and dependent on physical, chemical, and biological
components unique to each region and specific location. For Critergdaffuent, recent peer

reviewed literature from several salmdarming regions was used &ssess the general status

of far-field ecological impacts from salmon aquaculture. To ensure comparability, research
conducted in southwestern New Brunswick, the most productiversgion of the

Canadian/US industry, waited here. Confidence inthedd Qa NBLINBASYy (- GA2Yy 2
field impacts of salmon farming is moderately high, but a greater volume e$séeific

information would be supportive. The data score for Criterion 2 is 7.5 out of 10.

The types of data used for the assessmentrdk@on 2 are also largely applicable for Criterion

3 ¢ Habitat. In addition to the acquisition of pegeviewed literature, which detail the

processes of nutriendischargeand the ecological impacts of such, a large volume of raw
environmental monitomg dataspecific to Atlantic North Americsas obtained from an

industry representative and from Maine Department of Marine ResourééO MR or DMR.
Aggregated data for Canadiaited farms are publicly available oropincial government
websitesor by public request The regulatory agencies responsible for setting and enforcing
environmental impact standards are identifiable and contactable. The regulations are publicly
available on their respective websites. Furthermore, Environmental Monitoringdog
guidelines, which detail the monitoring and reporting required by the industry, were obtained.
As New Brunswick is the most productive Canadian province, data and information specific to
the regionwere most heavily cited Overall, the confidence ithhe quantity and quality of data

to assess the real and potential impacts to the habitats in which farms are sited is high. The
data score for Criterio8 is 10 out of 10.

The assessment of Criteriorg4&vidence or Risk of Chemical Use was supportegamways.

The actual use of chemicals during production by the industry was assessed using industry
provided data and data obtained from Maine DMR. Chemical use (antibiotics aAdus#i
products) for 2012015in Canada and Maine wepresented togetler, but data werespecific
with regard to the chemicals used and their amount usedaanum. Without historical data,

the longterm declining trend that has been documented in most other salffaaming regions
(particularly in antibiotic use) could not be verified to have occurred in Atlantic North America
as well, but the data provided did allow for an accurate snapshota#nt andcurrent use.
Historical antibiotic use (2063014) at Mainesited farms was obtained from Maine DMR. To
compare performance of the industry against those in other saki@aoming regions, data from
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previous Seafood Watch salmon aquaculture assessmeaiBfiidson 2014a, 2014b, 2014c,
2014d, 2014e) were queried, as these assessments have compiled and evaluated chemical use
data in the same manner as was aimed for here. To evaluate the impact of such chemical use
(especially that of resistance developntgrpeerreviewed literature was consulted and cited.
While all data and information included here is relevant and thorough, the data score is
prevented from achieving the highest score as a result of the absenndaegendent

verification of some dataral the absence aflata detailing the use of antifouling/biocidal

products. Therefore, the data score for Criterion 4 is 7.5 out of 10.

The data povided for Criterion & Feed werehighin detail Though fishmeal and fish oil yield
values and thgrotein content of whole, harvested fish were estimated (though, largely from
widely-cited peerreviewed literature), all other values used in the calculatbheed and
protein efficiency, and the fisheries sourced to supply fish meal arvdend obtained directly
from industry and feedmanufacturerauthored documents. However, the absence of
independent verificatiorof this informationand thelimitation of data to a single yeaslass of
productionare gaps in allowing for a compledssessment of r@airce utilization for the
Atlantic North American industry. The data score for Criterion/Sisut of 10.

Criterion 6¢ Escapes is mulfaceted, and the data required to make a robust assessment of its
real and potential impacts are complex and maiiye general risk of escapement from net
pen systems was informed by a large body of both pegrewed and publiacing literature.

A historical record (1982005) of reported escapes in both regions of the Atlantic North
American industry was obtaindtom peerreviewed literature, and those specific to Maine
(beginning in 1995) are publicly available on the Maine DMR weliSstape data in Canada
could not be obtained directly frorthe provincial government entities to which escapes are
reported, but details of escapes reported by the industry were obtained from an industry
representative The numbers of farporigin fish returning to Maine rivers was obtained from
publicallyavailable reports by the US Atlantic Salmon Assessment Committee, prdpatbd
North Atlantic Salmon Conservation Organization. The numbers ofdegim fish returning to
the Magaguadavic River were obtained from peeviewed literature and personal
communication with a representative of the Atlantic Salmon FederatMitigation measures
were supported by a body of literature demonstrating improvements in net design and
integrity, and detailed industrauthored Code of Containment protocol$he differences in
requirements between Mainsaited farms and Canadiasited fams could be articulated

through analysis of publicalgvailable sources (e,dMaine DEP Net Pen Aquaculture General
Permit) and personal communication with representatives from US regulatory agencies (e.g.
NOAA, NMFS) and international NGOs (Atantic Salmon Federation)The assessment of

the percentage of escaped farorigin fish that are, or would be, recaptured or experience
mortality was supported by an extensive body of peeriewed literature. Finally, the risk of
ecological impacivas inbrmed by peeireviewed literature that spans several decades, and
considers many dhe variables affecting competition for food, habitat, and breeding partners
between escapees and wild fish, and the occurrence and impact of escapee genetic
introgressioninto wild genotypes.And whilethese interactions are some of thmost welt

studied topics in aquaculture, much of this assessment was informed by research conducted in
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other salmonfarming regions.However, some key sigpecific (i.e.focused on Atlantic North
America) research has been conducted and is included here, in addition to the well
documented and high vulnerability of wiktlantic salmon. As the decline of wild Atlantic

salmon is the result of many complex factors, the magfe of contribution of escaped farm

origin fish to that decline is uncertain. For this reason, data confidence cannot be considered to
be unequivocallyigh, but is as robust as the complexity of the situation allows. The data score
for Criterion 6for Maine,US is 7.5 out of 10. Because escape data is less robust for Canadian
sited farm sites, the data score for Criterion 6 for Atlantic Canada is 5 out of 10.

Data pertinent to Criterion € Disease is moderate. Indusfpyovided data regarding the
number of prescription therapeutants written allows for inferences of the types of disease
conditions seen on the farms and their prevalence relative to one another, but even though
data detailing typical dosages of these therapeutants exists in-peewed literature and
elsewhere, complexities in drug manufacturing and administration render any wsuld
estimates of the true pathogen load to not be robust. The prescription data reveal that sea lice
is the most commonireated condition in Atlantic Noht America, and industrgrovided data
communicates the sea lice load on fish at New Brunsvaicl Mainesited farmsfrom 2009to
2014and 20090 2015, respectivelyThese data araggregated by Bay Management Agead
state-wide, and do not allow for tkb determination ofhighly-localized dferences in parasite
load. Industry-authored sea lice management plans detail the measures taken to prevent,
monitor, and treat sea lice infestations at both farand BMAlevel scales. Infectious Salmon
Anemia (ISAis one of the most weknown and virulent pathogens affecting salmon
aquaculture. Canadian government regulations require that incidences of ISA infection are
reported; these reports are compiled and publicly available on federal and/or provincial
websgtes. In addition, peereviewed literatureand monthly United States Department of
Agriculture (USDA) monitoring reports through August 2015 provide informatid8An
occurrencen Maine. The transmission or retransmission of pathogens and parasitasdrm
fish to wild fish and its impacts have been one of the most historidalbated topics in net pen
aquaculture. However, there is a body of peeviewed literature that details the real and
potential pathways and impacts of such transmission, sme of that literature was used and
is cited in this assessment. Overall, there are gaps in both the prevalence of disease on Atlantic
North American salmon farms and the impacts that diseases on farms have on wild salmon.
However, some peereviewed dta and data generated by ongoing research of disease
transmission and dynamics in Atlantic North Amerieae available for inclusion in this
assessmentlt is uncertain if the data presented here arftetcurrent understanding of disease
transmission fron farm towild fish are fully understood. As a result, the data score for
Criterion 7 is 5 out of 10.

It is weltknown that commercial salmon aquacultuj@s opposed to salmon hatcheries foitd

stock supplementatioh & &ddza il AYySR o0& oNR2Rad201 GKIFG | NB
and production is entirely independent of the need to source wild fBRNA traceability

a2ai0SYZ hFFaALNRAYIus ¢ dDythe dSprofucésnRhe AtlaiSiOA T A O f f
North American industry, and a document was providieata dzY Y NAT S& G KS LINE 3 N
A0NHzOGdzNB FyR adl Gdzao I OO2NRAY3I (2 GKS R2O0Odzy
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in its fourth generation of selection, demonstrating a a@tiance on wild fis for use as
broodstock or juveniles. Confidence is high in assessing Crite¢i®@wo@8rce of Stock; the data
score for Criterion 8 is 10 out of 10.

There is onlyow-moderate data for the assessment of Criterion@Wildlife and Predator
Mortalities. Industryauthored Wildlife Interactions Plan documents were submitted which
detail the measures taken to discourage the occurrence of interactions between wildlife and
farm fish and the infrastructure in which they are grown, and an indeestithhored statenent
communicated the number of interactions that resulted in mortality for birds, seals, sharks, and
tunas in 2013. However, the reports of these interactions, which are required to be submitted
to government regulators, could not be obtained for inatusin the assessment, and it is
therefore unknown if the mortalities reported for 2013 are indicative of the average annual
number of mortalities resulting from the interaction between wildlife and aquaculture
operations. The mortalities reported by thedustry were not speciespecific. The data score

for Criterion 9X i2.5 out of 10.

The quantity and quality of data for Criterion 1QKscape of Unintentionally Introduced
Species is considered high. Industnthored biosecurity plans were submitteehd
governmentauthored regulations of domestic and international movements of live fish were
publically available and consulted.o@&rnmentissued Fish Health Certificates, which certify
the absence of a set of pathogenic organisms at broodstock amafmhery facilities and
authorize them to ship fish intgorovincially or internationallydata regardinghe percentage

of fish which are shipped internationally, and effluent water filtratearmmariedor
broodstock/hatchery facilities were all submittdy the industry to verify regulatory
compliance and strict recorkkeeping. All of these sources of information are positive drivers of
confidence in a comprehensive and accurate assessment of this critériendata score for
Criterion 10X i40out of 10.

Conclusion

As mentionedil KS A Yy Rdza G NB Q a wak therpkoyider/ofia |drgd BoRidz@SHedata
and information used in this assessment (iadl. data and information referred to asdustry
authored industry-provided or similar). Where possible, it was verified and/or supplemented
by data from independent entities (i,@government agencies tasked with regulating and
monitoring industry practice) and by data within peewviewed literature. As salmon net pen
aquaculture has beenn of the most scientificallyesearched and publicalyiscussed topics

in marine science during the past 30 years, there is a significant volume ofgéewed
literature from which data and information can be drawn. While some is specific to Atlantic
North America and the industry operating there, other salrfiarming regions (i.e Norway,
British Columbia, Chile, United Kingdom) are also mplesented; in the absence of site
specific information, or in an effort to assess the sustainability efAtiantic North American
industry against that of other salmdarming regions, such literature has been consulted and
cited. It is acknowledged that gaps in information exist, however, overall, the confidence in the
accuracy and comprehensiveness of ttata and information used in the following assessment
is relatively high.
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The final numerical scerfor Criterion I¢ Datais 7.50out of 10for Maine,US and 7.22 for
Atlantic Canada
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Criterion 2: Effluents

Impact, unit of sustainability angrinciple

A Impact: aquaculture species, production systems and management methods vary in the
amount of waste produced and discharged per unit of production. The combined discharge
of farms, groups of farms or industries contributes to local and regionaéntloads.

A Sustainability unit: the carrying or assimilative capacity of the local and regional receiving
watersbeyond the farm or its allowable zone of effect.

A Principle: aquaculture operations minimize or avoid the production and discharge of wastes
at the farm level in combination with an effective management or regulatory system to
O2y iNRf GKS f20F0A2y> ao0OltS |yR OdzvdzZ I A @GS
the immediate vicinity of the farm.

Criterion 2 Summary
Maine, US and Atlatic Canada

Effluent Evidenc@ased Assessment

[c2Efvent Final Score | 5.00 [ veLLow

Brief Summary

One of the most historicaligebated critiques of salmon net pen aquaculture is the release of
nutrients and particulate matter into the environmentwhich the farms are sited, and the
physical, chemical, and biological implications of that release. While much of administered
feed is consumed and subsequently retained in fish tissuefsed for growth), there is a
significant loss of carbon (C)tmogen (N), and phosphorus (P) to the environment. Particulate
organic C, N, and P are a result of both the percentage of feed that passes through the net pen
unconsumed and fecal material. Upon or after theisdnt to the seafloor, solids particles
may be consumed by other water column or bentldiwelling organisms or dissolution begins;
upon dissolving, nutrients are readily used by phytoplankton and macroalgat show that
while wastedeposition and accumulation can be marked beneath and inrtireediate vicinity

of the net pens themselves, there is often a shagdglining gradient of benthic sulfide
concentration with increasing distance from, and sometimes even within, the pen artsy.
Effluent Criterion assesses the ecological impact ahaglture operationdeyondthat of an
WEtf26l 0f S Qn@rtént rés@arclsii AtldnariNarth America has demonstrated and
concluded that the minimal fafield impact observe@n a siteby-site basisn other salmon
farming regions is indeed thease here However, the reality of highlipcalized and
heterogeneous impast and the aerial observation tife size, location, and concentratiarf
salmon farms irareas ofAtlantic North Americagemonstrates thepotential for localized

impacts to ovelap, ultimately causing or contributing to largscale, cumulative ecological
impacts. The final numerical score for Criteriog Effluentfor all of Atlantic North Americe 5
out of 10.
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Justification of Ranking

This criterionCriterion 2¢ Effluent, assesses the ecological impact of aquaculture operations
beyondi Kl G 2F |y WI f f(8pprbximtat8y 3Dn2 fyoi® the ikt péhFHFeBad (i Q
Criterion 3¢ Habitat, asssses those impacts within suclzane Regulatory agenciesften
haveallowableimpact and monitoring standards that differ with respect to distance from farm
infragructure. In these cases, these zones may determimehich criterion certain data or
information falls. In both Canada and Maine, allowable zones of effeeteanployedin Maine
F2NJ SEIF YL S5 FA WA RDNK WA P N, ewaveiznthicdzOG SR G o
monitoring at Canadiagites has been conducted at distances of up to 200 m from the farm
boundaries. As such, 3B monitoring data is included ime assessment of Criteriong3

Habitat, and the data from farthefield monitoring is used here, in Criteriorg Effluent.

As effluent data quality and availability is go@e., Criterion 1 score of 7.5 or 10 for the
Hfluent category) the SeafoodVatch Evidenc®ased Assessment was utilized.

One of the most historicallgebated and popularized critiques of salmon net pen aquaculture

is the release of nutrients and particulate matter into the environment in which the farms are
sited, and the physad, chemical, and biological implications of that release. A volume of
literature exists which articulates these concerns (2grez 2002, Whitmarsh et al. 2006,
Redmond et al2010, Azevedo etla2011, Skriptsova & Mirostkava 2011) As feed is

supgied to farm fish, several iseries and irparallel processes ensue. While much of
administered feed is consumed and subsequently retained in fish tissue (i.e., used for growth),
there is a significant loss of carbon (C), nitrogen (N), and phosphonastfi2)environment

(Wang et al. 2013). And though the salmon aquaculture industry has worked to make
significant reductions in nutrient loss per unit of fish production (Bureau and Hua 2010), the
losses do still, especially when considering the markeduesion of the industry, represent a

point source of nutrient flux that may exceed the carrying capacity of the ecosystem in which
farms are sited. Particulate organic C, N, and P are a result of both the percentage of feed that
passes through the net pamconsumed [one recent estimate of which is 3% (Wang et al.
2013)] and as fecal material (Silvert and Sowles 1996, Strain and Hargrave 2005, Wang et al.
2013).

The rate that these particulates settle is dynamic and complex, depending on factors such as
particle size, water depth, current speed, and bathymetry, among others (see Silvert and
Sowles 1996 for their benthic impact modeling work in New Brunswick). Oipafter their

decent to the seafloor, solids particles may be consumed by other water column or benthic
dwelling organisms (Strain and Hargrave 2005, Wang et al. 2012), or dissolution #egins.

these solids break apart, either during or after theit falthe benthos, the particulate C, N, and

P become dissolved matter (Olsen and Olsen 2008), where they may be readily used as
nutrients by phytoplankton and macroalgae (Troell et al. 2003, 2009). In addition, carbon is lost
inorganically during fish regration as Ce(Silvert and Sowles 1996; Wang et al. 2012, 2013).
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Feed input
Figure3: Summary of major pathway: ikl i il
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There have been several studibsit have estimated and/or quantified the nutrient budget of

salmon net pen aquaculture, but a recent study condugteNorway(Wang et al. 2013pund
the following:

Of theC, N, and P gorporated in administered feed,

1 Approximately38%of C, 43% of N, and 24% of P were retained as fish bigmass
1 Approximately 62% of C, 57% of N, and 75% of P were lost entheonment;
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1 Approximately 19% of C, 15% of N, and 44% of P were released as particulates;
1 Approximately 40% of C was respired as,@@d;
1 Approximately 39% of N and 24% of P were excreted as dissolved inorganic nutrients.

Despite the potentially large loss of nutrientigta show that while deposition and
accumulation can be marked beneath and in the immediate vicinity of the net pens themselves,
there isoften a sharplydeclining gradient of benthic sulfide concentratiotimincreasing
distance from, and sometias even within, the pen arrags such, growing volume of
evidencefrom several regionsupports the notion thathe far-field ecological impactassessed
in this Effluent Criterionmost specifically in the benthos, am@nimal (e.g.Brooks and
Mahnken 2003; Mayor et al. 2010; Mayor and Solan 2011; Keeley et at.ROd8 et al. 2015

In Scotland, for example, it has been shown that benthic impacts from salmon aquaculture
operaions may only extend 250 m from cage sites (Mayor et al. 2010), and can be only
statistically detectable within 50 m of net pen arrays (Mayor and Solan 20¥hjle some
studies (Brooks and Mahnken 2003, for example) have showr(dahéimes of peak

production) impacts to benthic community structure can change not only in the immediate
vicinity of farm sitesbut alsoat distances of more than 200 mwasnoted that siting in highly
depositional environments (i.eshallow depth, poor current velocitgtc.)wasa major factor in
theseobserved impaa In Atlantic North America,ugh siting may have been common in the
A Y R dzadilinkBeans, b is unlikely to have occurred more recently (J Lewis, pers. com.).

In AtlanticNorth Americasomeresearch in southwestern New Brunswick has found that
benthic and ecological impacts from aquaculture can be observed over an area much larger
than the farm site footprintfor examplequantification of nutrient fluxes by Strain and

Hargrave (2005) demotrated that the salmon aquaculture industry is the largest source of

Gl y i KNR L2 3 S ycarbon,ditrajénané phosphorGsipin the regipand that fluxes

due to farming operations can be greatly different th&mo$e due to natural processes.
Addtionally, Robinson (2005) documented algal mat growtha Bay of Fundintertidal area at

a distance of 1 km from a farm site resulting from fgpoint eutrophication. However, there is
also abody of evidence that fafield and ecological impacts reslg from salmon farms in the
regionare minimal. The aforementioned study by Strain and Hargrave (2005) did conclude that
dissolved oxygen concentrations were lower (up to 1.4 mg/L) only in the vicinity of farm sites,
and that inletwide ecosystem effectwere likely minimal. Researain Newfoundland found no
differences in water column quality amdinor, localized effects on the benthos (Tlusty et al.
2005). In both Blue Hill Bay, Maine (Slew 2005) and three bays in New Brunswick (Harrison et
al. 2009, no (neaffield or farfield) increases in chlorophyll were foun#inally,more recent
research in the area has demonstrated and concluded that the mireswbgical andar-field
impact observed in other salmefiarming regions is indeed the caseAtlantic North America

(e.g, Chang and Page 2011; Chang et al. 202012).



Figureb, taken directly from Chang et al. (2@&)lis a contour ploof the seabedhat shows the
distribution and gradients of benthic sulfide concentrati@asix salmon farms in southwestern
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New Brunswick. The plobnfirmsthat the heavysulfide deposition and accumulatiariten
seenbeneath net penslisplays aapid, declininggradient withdistance At these farm sites,

sulfide concentrations of G50uM 6 02 Y 4 A RS NB R
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t 20Sa

ecological impacts in th€anadian provincial Environmental Monitoring Program standards) are
typically observed within 16800 m of the net pen array; aive of the six sites presented in

Figure5, Oxic Aachieving sulfide concentrations were indeed found within the boundaries of

net pen arrays.
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Figure5: A contour plot showing mean benthic sulfide concentrations sampled during summer &
salmon farm sites in New Brunswick. Black doteach plot indicate sampling location. Circles
represent approximate cage location with the size of a given circle determined by the feed input-
cage. Site F was actively feeding, but fegulit data was not availablémage from Chang et al. (204}
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Figure6: Aerial views of Atlantic salmon aquaculture farm sites in the Bay of Fundy near Grand
Island, New Brunswick, Canada&) The yellow pins indicate the location of individual net pen arri
eak O2y&aARSNBR o0& (GKS AYyRdzZAGNE | yR NBIetheti 2 NE | 3Sy OA
pen arraysan be seen in proximity to one anothémages from Google Earth.
Note: An undetermined number of sites indicated may not have been active at the time of ima

However, the data presented in Figusgin Changnd Pag€2011), Changet al.(2011a), and

Chang et al(2012) do showthe reality of highlylocalized ad heterogeneous impactsf

salmon net pen aquaculture in the region. Furthermore, aerial observation of the size, location,
and concentration of salmon farms in Atlantic North America is evidence of potential for
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localized impacts to overlap, ultimatetausing or contributing to largescale, cumulative
ecological impacts. Figu6dllustrates thisobservation. In Image A (topj an area of the
south coast of Grand Manan Island, New Brunswaelch yellow pin represents the location of
a net pen arraynot everyarray is considered an independent site by the indpsind by
regulatory agenciesThe proximity of siteshowever,supports the potential for each site to
play a contributing roleni a cumulative ecological impact. In Image B (bottom), timetepen
arrays (of two distinct farm sitegre shown in greater detail. Off the western shore of the
island (Wood Islangpne farm site is comprised of two net pen arrays, with 12 pens each,
moored approximately 180 m apart. Given the complexity of impact potential, the contour plot
constructed by Chang et al. (2Gd1and the conclusions drawn by other authors cited here,
this relatively Bort distance between net pen arragsuld indeed led to an aggregatampact

Conclusion

Ultimately,the data show that while waste deposition and accumulation can be marked
beneath and in the immediate vicinity of the net pens themselves, there is often a sharply
declining gradient of benthic sulfid®ncentration with increasing distance fraime net pen

array. Given theproximity offarm sites however, there is the potential for the waste

deposition and its associated physical, chemical, and biological impacts from individual net pen
arrays tooverlap with one another, resulting in a cumulate impa@he concern for ecosystem
scale impacts due to salmon aquaculture effluent is-toaderate to moderate

Thefinal numerical score fo€riterion 2¢ Effluentfor all of Atlantic North Americes 5 out of
10.
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Criterion 3: Habitat

Impact, unit of sustainability and principle
A Impact: Aquaculture farms can be located in a wide variety of aquatic and terrestrial habitat
types and have greatly varying levels of impact to both pristine and previooslyied
KFoAdGrada FyR (2 GKS ONRGAOFKE aSO2aeaidSy aSNX
A Sustainability unit: The ability to maintain the critical ecosystem services relevant to the
habitat type.
A Principle: aquaculture operations are located at sites, scales and ingsribitit
cumulatively maintain the functionality of ecologically valuable habitats.

Criterion 3 Summary
Maine, US and Atlantic Canada

F3.1 Habitat conversion and function 7.00
F3.2a Content of habitat regulations 2.25
F3.2b Enforcement of habitat regulations 3.50
F3.2 Regulatory or management effectiveness score 3.15
5.72 | YELLOW
Critical? NO

Brief Summary

Floating et pens have littlalirectimpact to the physical naturef the habitat rather, the most

significant impacts result from the discharge and deposition of nutwigtt feeds and fish

waste, and their consequent encouragement of shifts in the chemical composition and

biological community under and surrounding tfegms. Datafrom Atlantic North America

illustratesthat a) there has been no industryide trend in sulfide deposition over the last 12

years, and) the industry is generally performing well when compared to the sediment

classification thresholdset forth by regulatory governances, such as the Maine Department of
Environmental Protection anich the Environmental Monitoring Program for the Marine Finfish

Cage Aquaculture Industry in N&wnswick The percentage of farm sites in New Brunswick

(the most productive Canadian provina@K I &G NBYF Ay SR 2EAOX | yR (KSNJ
SYGANRYYSyYyGlf STFFSOUa betvieen 200208 4z2deR foyi RA Y3 06 Sy
96%. Hypoxic siteslid occurin every year, though thenajority were classifieds Hypoxic A,

FYR GKSNBF2NB aYl e 6KIF@S o0SSyuv Ol doitheyéhrsl RIS NA
asmall numbeof sites that were either Hypoxic C (j.@.} NS Ol dzaAy 3 | ROASNERS Oz
Anoxic (i.e.a Ol dza Ay 3 A SOSNBE R IoI#R ejorted (TKsSdenohshidey S K
that localized and occasionakgvere ecological impacts do occur as a result of salmon farming,

and ongoing monitoring is imperative to ensure these impacts remain a small percentage of the
industry total. In both Maine and Canada, the siting and licensing process for new farm sites

includes an Environmental Impact Assessivliae exercise, and farms are generally sited

according to ecological principals. However, salmon farms in Atlantic North America are
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located in habitat that is of high ecological value. Masited farms, for example, are located
AY IYRk2NJ I R2lFIOSyid G2 61 GSNI 62RASAE RSSYSR &ON.
score for Criterion 8 Habitatfor all of Atlantic North Araricais 5.72out of 10.

Justification of Ranking

Factor3.1. HabitatConversion andFunction

Many of the impacts described in Criteriorg Effluent ae alsoapplicable here in Criterion @
Habitat. While the floating et pens used to farm salmon halitle directimpact to the
physical nature of the habitaimpactsdo result from thedischarge and deposition of nutrient
rich feeds and fish waste, and their consequentouragement of shifts ithe chemical
composition andiological community under and surrounding the farmds such, Criterion 8
Habitat, assesses the impact of thelischarges and depositions and not the lessgractof
farm infrastructure implementation.

For the Atlantic North American industrzdre are several sets of data that can be used to
determine the extent to which the habitat occupied by salmon farms have been converted for
that purpose and the functionality that the conversion and subsequent fagractivities have
maintained. Oneof the most commonlyused metrics for assessing the impactet pen
aquaculture operation hasrothe ecosystem in which it iged is the concentration of sulfide in
the benthos under and surrounding the farm sit&.time series of benthic sulfide data, from
2002 to 2014, was submitted by an industry representativeriigiuision into this assessment;
the data set is inclusive aftes within New Brunswick and Nova Scotia, but based on the
dominance of production (and thusjonitoring data)oy New Brunswickt is only these data
that areused to repraent Canadiasited operations. Benthic sulfide data for Maisiéed

farms were obtained from a representative of the MaigMR

Benthic sulfide dta at farms in New Brunswick asammarized in Figuré. For eaclyear in

the time series, the value presented is an average of all replicate samples for every site in the
province; this is daowledged to result in a heavy, likely imperfect, generalization of the
impact the industry is having on the benthic environmanwhich it operates, but is
nonetheless useful (and necessary) in achieving an industhy perspective While the

plotting of the highest and lowest observedlfide concentrations illustrates the heterogeneity
of localized impact, the plotting of thmean (blue line) illustrates that) there has been no
industry-wide trend in sulfide deposition over the last 12 years, bBjpthe industry is generally
performing well when compared to theediment classificatiothreshdds set forthin the
Environmental Monitoring Program for the Marine Finfish Cage Aquaculture Industry in New
Brunswick, authored and governed by tNew Brunswick Department of Environment and
Local GovernmenN\NBDELGJNBDELG 2012)Those thresholds aim to use the bentkidfide
concentration as a proxy for the overall health of the benthos, and are presented inTTable
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Benthic Sulfide at NB Salmon Farms, 2002-2014

18000
17,298

10,406

8,163
6,997
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5,227 : \ 5092 =
6000 2922 / 5,263

3,984 = . 4,089

= \ean Maximum Minimum

Figure7: The mean(blue line) maximum(orange line)and minimum(grey line)measurements obenthicsulfide
concentration beneath net pens in New Brunswick from 2002 to 2@4c conditions are those with a sediment
sulfide concentration of <1,500M. Graph produced using industsupplied data.

According to the Environmental Monitoring Program, the sedithaassifications displayed in
Table 1have the following ecological representations:

] ) Tablel: The classification scheme for benthic sediment
1 OxicA and BThese sitesmay  ¢ondition based on sulfide concentrations set forth in the
have low environmental effects Environmental Managementr&gram for New BrunswicK.able

on the marine sediments taken from NB DELG 2012.
adjacent to the net pens. Site Classification Sediment Sulfide Concentrations
1 HypoxicA: These sites may be _ Oxic A Sulfide = <750,M
causing adverse environmental oxte Oxic B Sulfide = 750 to 1499 M
effects to the marinesediments Hypoxic A Sulfide = 1500 to 2999 uM
adjacent to the net pens. Hypoxic Hypoxic B Sulfide = 3000 to 4499 M
1 Hypoxic BThese sites are likely Hypoxic C Sulfide = 4500 to 5999 uM
causing adverse environmental | anoxic Anoxic Sulfide = 6000 uM

effects on the marine benthic
sediments in the area adjacent to the net pens.

1 Hypoxic CThese sites are causing adverse conditions in the marine sedimenediately
adjacent to the net pens as a result of releases of organic material.

1 Anoxic These sites are causing severe damage to the marine habitat as a result of releases of
organic material.
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In only one year was the provinegde mean benthic sulfide2cy OSY G NI G A 2y 0 K
1,942uM in 2005) In every year, however,raimber of individual site6¢28%)were slightly
hypoxic (i.e.Hypoxic A), and in some years, a percentage of e)%)were either
marginally or markedlyhypoxic (i.e.Hypoxic B and C, respectively) or anoxiable2 provides
more detail than thesummary inFigure7 by showing the number of sites surveyed and the
percentage of sites that fall within each of the six sediment health categfmiesach year
between 2002and 2014, as well as the mean for the time seriegure8 provides a more
illustrative representation of this data.
Table2: For each year from 2002 to 2014, the number of New Brunswick salmon farm locatigriar(nesites)
samplegfor penthic sylfidg corlcgntration ang the pgear mean percentage of sarrjplesi that can be placed in one 5
2¥ UKS &AE OFdS3I2NASE &S0 F2NUK Ay (KS bSowathazyasir Ol 9
020G2Y O02YYdzyAOlF iSa GKS LISNOSyalr3asS 2F &k yLX Sa Tt
the time series. Table produced using industapplied data.
n Oxic A Oxic B | Hypoxic A| Hypoxic B| Hypoxic C| Anoxic

2002 42 55% 33% 12%

2003 43 51% 23% 28%

2004 51 45 % 39% 12% 2% 2%

2005 59 36 % 34% 22% 8%

2006 58 62 % 17% 10% 2% 2% 7%

2007 50 84% 10% 6 % 2%

2008 45 66 % 7% 24 % 2%

2009 39 64 % 15% 18% 3%

2010 42 62 % 17% 19% 2%

2011 48 65 % 17% 6 % 10% 2%

2012 53 81% 15% 4%

2013 45 80% 13% 7%

2014 40 73% 13% 10% 8%

MEAN a7 63 % 19 % 14 % 1.8 % 0.6 % 1.5%

The percentage of farm sites in New Brunswiekt remained oxicand therefore resultedh
4 dZNNER dzy RA Y

at 20

Ol dza Ay 3
Collectively, the majority of sites (82%) remained oxic, with most of those able to be

categorized as Oxic A, having a mean benthic sulfide concenttaglow 750 UM Since 2012,

SYOBANRYYSY Il f
2012). As previously mentioned, hypoxic sites occurred in every year, though the majority were
Of FaaAFASR | &
S T T S0 todr df the 13 years, no sites werategorized atess tharHypoxic A, but in seven

of the other nine years, there were a percentage of sites that were either Hypoxic, @ (i.eNJ5
I ROSNES cOey@R dzaRyA: aSHNNBYREXDN3S

| 8LI2EAO

STFSOGa¢

D

i2 GKS

| doRersié éngirddnerdaNS

86¢96% of all sites in New Brunswick have achieved oxic statis.demonstrates the

generallylow benthic impact caused by New Brunswick salmon farming. However, a small but
not unimportant percentage of sites have caused negative oty the benthic avironment,
including some Wwich were categorized as Anoxic. This demonstrates the reality that localized
and occasionallgevere ecologicampacts do occuas a result of salmofarming, and ongoing

ayl a
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0
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monitoringand improved site managemers imperativeto ensure these impacts remain a
small percentage of the industry total.

Sediment Classification at NB Salmon Farms, 2002-2014
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Figure8: Percentage of salmon farming sites that fall within six categories outlined in the Environmr

Management Program for the Marine Finfish Cageaculture Industry in New Brunswi¢NB DELG 20!

for each year in the time series 20@R14. Chart produced using indussypplied (and independently
verified) data.

The dispersal gradient of sulfidecumulatiorbeneath and surrounding salmon net pass
illustrated in a contour plot constructed by Chang et al. (2),1Which is seeas Figure 5 in
Criterion 2¢ Effluent (page 25)For each of the six sites included in the study, sulfide
accumulatiorwas found toremain in the general proximity of the net pens and disperse
relatively rapidly with distance from the pen arrayhe most heavigmpacted, ancsometimes
anoxicsediment was found to be beneath tipenarrays. While impacts to the ecosystem
beyond an Aowable Zone of Effect amddressed in Criterion Effluent, the inclusion of

[ KFy3a Si I siidaingdpscis avdedvitdr sehaiso of relevance heie
demonstrating that impacts to the benthos apéten highly variablaunderand imnediately
surrounding net pengFigure5). While benthic environments at distances of 1@ m from
pen arrays (and sometimes even within pen arrays) may show ambient or negtilgibshted
sulfide content, Figur® demonstrates the necessity for recognizing the potential for
cumulative impacts of many farm sites, of farm sites located in proximity to one anotheofand
farm sites located in areas with naturatigpositional or poorherosional water flow
characterstics. In New Brunswick, theulfidemetricimpact is currentlyconsidered to be
moderate.
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Sulfidecontentis also used as a metric of the benthic impacts in Maifigere are differences

in the monitorirg programs between Canadad Maine which are disssed in more detail in

section 3.2, but one similarity allows a broad comparison of the performance of Maat

farms and New Brunswiedited farms.In Maine, a tiered monitoring system requires more

specific and rigorous benthic monitoring if the nmesulfide concentration at a distance of 30 m

from the edge of a net pen array exass 3,00QuM. Similarly, the New Brunswick

Environmental Monitoring Program proposes that sulf@® y OSy ( NI GpMZi.¢.a X o X nnr
G1 8LREAO . ¢ 2N g2hNdn§gé Gouskgs R WBNDI tA R g8 a STSN.
conditions/damage to the sediments beneath and surrounding net pd@here is, therefore, a

degree of continuity between Maine and Canada of shiéfideload and its ecological

significance.

Benthic Sulfide at Maine Salmon Farms, 2003-2013

Sulfide (uM)

3,000 pM threshold

Figure9: The mearbenthic sulfide cacentrationat referencelocations(bars)and at35m distance from the edge
of net pen arrayglines)at eight Mainesited salmon farmdyom 20 to 2013. Also illustrated is th&,000 uM
threshold, exceedances of which require additional (species diversitgapdellasp.) monitoring.Graph
produced using industrand Maine DMRsupplied data.

An elevenyear time series of theenthic sulfide concentration surrounding eight Maisiéed

farms is representeth Figured. Overall benthic sulfideat locations at a distance of 3& from

the edge of net pen arraytgpically remained below 2,00@M; of the six exceptions, three
occurred at the same sité (A (i Syelfow ling) further demonstrating the localized variation

of impacts Two of these exceedances measured greater tB&Y0UM ¢ the aforementioned
threshold for additionamonitoring. While performancen Maine wassimilar to that in New
Brunswick, and performed well against the regulatory thresholds set forth in the General
Permitby the Maine Department of Environmental Protection (DEP), it must be acknowledged
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that most sites indeed experience greater sulfide dgiionceven2 dzi 8 A RS (G KS Won Y
Y% 2 yc§hen at reference location@Figure9).

Notably, however, the adequacy of sediment sulfide concentration as the sole (initial) proxy for
ecologi@l health has been questioneahcluding for Atlantic Nortlmerica;a DFO review of

aguaculture monitoring strategies identified macrofaunal community analysis, dissolved oxygen
analysis, underwater video and photography, and others as suitable metrics, and concluded

GKFGO aYdzt GALX S Y S| & dzedarge v@lfusudllpse the mastefectived | G dza |
A0NI GS3Te F2NI YFYyIF3ISYSyid 2F SO2 a despitStis afvicd SO0 a
sediment sulfidgin both Canada and Mainedmains the primary metric of ecological health

and impact.

Overall, theimpacts of salmon net pen aquaculture to the habitats in which it is sited are
considered to be moderateas the data suggests that these habitats generally, though not fully,
continue to maintain functionality Site fallowing is widely regarded as areetfve strategy for
aguacultureimpact mitigation, and the fallowing requirements in Canada and restocking
requirements in Maine (discussed below) likely play important roles in maintaining general
ecosystem functionalityThe numerical score for Factorl3s7 out of 10.

Factor3.2. Habitat andrarm Sting ManagementHfectiveness

Factor 3.2 is a measure of the presence and effectiveness of regulatory or management
controls appropriate to the scale of the industry. Itis ultimately a measucemidence that

the cumulative impacts of farms sited in the habitats declared in Factor 3.1 are at appropriate
spatial scales.

Factor3.2a Regulatory orManagementHEfectiveness

In both Canada and Maine, there is a permitting prodessalmon farming operationsin
Maine,farmersmust acquire &eneralPermit for Net Pen Aquaculture, authored by tki@ine
Department of Environmental Protection (DERY last updated in April 2014 (DEP 201
Canadiarsited farms must acquire licensigem their respective provincial governmenisnd
inter-provincial differences do exist. All applications in both Maine and Caaradsach
reviewed by several agencies and are subject to public hearing and consultation.

There is some evidence that thacation/siting/licensing process, thedustrysize andarm
site concentration and the strategy for expansion of the industry aesed orecological
principles,the potential for cumulative impacts@nd the maintenance of ecosystem
functionality. For gample, the Maine DEP General Permit states that:

Ghdzi aARS G(KS RS&AIYIGSR aAEAY3I ®»2yS&ar RAAC
cause or contribute to conditions that are hazardous or toxic to aquatic life, or

that would impair the uses designated by thesdification of the receiving

waters. Within the designated mixing zone, the discharge must not cause or

contribute to conditions that are lethal to passing organisms indigenous to the

NEOSAGAY A 4l G§SNWE
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In theory, these stipulations
should ensure that farm
siting occurs in an
ecologically responsible and
sensitive manner, but no
comprehensiveoning or
master plans for either
coastal Maine or Canada
could be identified.In New
Brunswick, farm sites are
grouped within Aquaculture
Bay Management Areas
(ABMA oBMA)(Figure 10,
These facilitate singlgear
class stocking and fallowing
regimes (discussed later in
this section), but are not
comprehensive ecosystem
based management plans
whichexplicitlylimit the

total size, concentration, or
cumulative impacts fathe
industry. But while an
official, explicit ecosystem
based management regime

is not apparent in either _ - - - divid
Canada or Maine,ased on FigurelO: T e NewBrunswick Bay Management Aregs (BMA), individt

salmon farm sites, and the colopded status of each site. Image produc
the gengrallygc_nod by the New Brunswick Department of Agriculture, Aquaculture and Fish
cumulativeenvironmental

performance of salmon farmassessed in Factor 3there appearso be a generalhsuccessful
effort to limit the size, concentratiorand expansion of the industrjHowever, the realities of
localized impacts are indicative thfe potential for future expansion to fosterraore serious
cumulative ecological impacturthermore, the aforementioned inadequacy of only using
sediment sulfide concentration as a proxy for the overall health of the ecosystem in which
farms are cited presents uncertainty aadisk that ecological impacts are not fully understood.

In both Maine and Canada, the siting and licensing process for new farnmsijescludean
Environmental ImpacAssessmenlike exercisebut differences do exist between regionk

Mainez |y WOYGBANBYYSyGalrft / KFNIOG SNHelMaider 2y | YR
Department of Marine Resourcelsl DMR)must be conductedand includes both benthic and

water column characteristic investigatiotn New Brunswickhe Application Guide for Marine
Aquaculture states that the rigor and complexity of thegrél (0 A y 3 | adetSr@igey By 0 A &



















































































































































































































































