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6 ACRONYMS

AAS: AquAdvantage salmon

ABT: AquaBounty Technologies

CEPA 1999: Canadian Environmental Prolection Act, 1999
COSEWIC: Comumittee on the Status of Endangered Wildlife in Canada
DU: Designatable Unit (COSEWIC)

DFO: Fisheries and Oceans Canada

DNA: Deoxyribonucleic acid

EC: Environment Canada

EPA: Environmental Protection Agency (of the United States)
FMA: Failure Modes Analysis '

GE: Genetically engineered

GH: growth hormone

GxE: Gene by environment interaction

IGF-1: Insulin-like growtﬁ factor

MPA: marine protected areas

mBRNA: Messenger RNA

NSNR(Q): New Substances Notification Regulations (Organisms)
PEIL Prince Edward Island

BNA: Ribonueleic acid

SARA: Species at Risk Aet

SOP: Standard Operating Procedures

7 GLOSSARY

AAS descendant; offspring of AAS that are produced m ihe wild environment and cary
the opdFP-GHe2 yDNA construct at the a-locus

Abiotic factors: physical, chemical and other non-living environmental factors

Abumdance; the total number of individuals of a taxon or taxa in an area, comummnity or
population
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AguAdvantage galmon (AASY: an Atlantic Salmon (Salmoe salar) bearing the opAFP-
GHc2 iDNA construct at the o-locus in the EO-la lineage

a-infegrant: functional form of the opAFP-GHe2 transgene in the founder animal, EO-1.

Assessment endpoint: ecological entities that are susceptible to harm upon exposute to a
stressor and should be protected to achieve established protection goals

Backeross: a mating between individuals of the parental generation (P) and the first
generation of offspring (Fy)

Backeround genotype: the residual genotype; that part of the genome not primarily
responsible for producing the phenotype

B-integrant: Non-fimetional form of the op AFP-GHe2 transgene in the founder animal,
EO-1.

Biological containment: limiting gene flow from AAS into the receiving environment by
preventing reproduction. This is typically accomplished by sterilization through induced
triploidy, production of mono-sex (female only) populations, or a combination of both

Biological diversity: As defined in CEPA 1999, “biological diversity” tueans the
variability among living organisms from all sources, including, without limiting the
generality of the foregoing, terrestrial and marine and other aguatic ecogystems and the
ecological complexes of which they form a part and includes the diversity within and
between species and of ecosystems

CEPRA Toxic: a substance or an orgamsm that may enter the environment in a quantity or
concentration or under conditions that (a) have or may have an immediate or long-term
harmftul effect on the environment or its biological diversity; (b) constitute or may
constitute a danger to the environment on which life depends; or (c) constitute or may
constitute a danger i Canada to human life or health.

Competition: the simultaneous demand by two or more organisms (competitors) or
species for an essential comunon resource that is actually or potentially in Himited supply
{exploitative competition), or the defrimental inferaction between two or more organisms
or species seeking a common resource that is not limiting (interference competition)

Desippatable Unit (DU) - COSEWIC guidelines state that “a population or group of
populations may be recognized as a DU if it has attributes that make it “discrete” and
evolutionarily “significant” relative to other populations”. Evidence of discreteness can
include “inherited traits (e.g. morphology, life history, behaviour) and/or neutral genetic
markers (e.g. allozymes, DNA microsatellites...” as well as large disjunctions between
populations, and occupation of different eco-geographic regions.

Diploid (2n): having two sets of bomologous chromosomes, typical of most organisms
derived from fertilized egg cells
Direct effect: impact resulting from interactions with AAS or AAS descendants

Dispersal: movement of an organism in its environment; movement of AAS away from
its point of entry into the environment
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Disiribution: the geographical range of a taxon or group; the spatial pattern or
arrangement of the members of a population or group

Diversity: the absolute number of species in an assemblage, community or sample;
species richness; a measure of the number of species and their relative abundance in a
community, assemblage or satple; the fact of being varied or different

Ecosystem: As defined in the CEPA 1999, “ecosystem” means a dynamic complex of
plant, andimal and micro-organism comuunities and their non-living environment
interacting as a functional unit

Entry: loss of physical containment resuiting in the release of AAS into the aquatic
environment

EO-1: Mosaic, traﬁsgeﬁie founder animal of the EQ-1g line of AAS
FO-1g line: Commercial line of AAS derived from the founder amimal, EO-1-
EO-1g locus: Functional, stably integrated form of opAFP-GHce? in the AAS genome

Established: growing and reproducing successfully in a given area as a self-sustaining
population

Exposure: hikelihood that the organism (AAS) will come into contact with susceptible
species and/or environmental components in Canada

Exposure pathway: the physical route by which AAS or AAS descendants move from a
source to assessment endpoints '

Fate: the final outcome or expected result.

Frequency: the number of occasions that a given character, species or event oceurs in a
series of samples or for a given period of time

Gepetic diversity: the existing genetic variation within a population; allelic composition
and genomic organization of populations

Genotype x Enviroiment (GxE) interactions: how the genofype interacts with the
environment to shape the observed phenotype; the differential morphological,
physiological or behiavioral responses of two or more genotypes to environmental -
fluctuations; plasticity

Geographical containment: confinement of AAS by culturing the organism in a
geographic location where it cannot survive if it enters the surrounding environment

Grow-out: in conventional fish farming, the phase during which juvenile fish are raised to
market size for harvest

Habitat: Habttat is the area or type of site where an individual or wildlife species
naturally ocours and depends on directly or indirectly to carry out ifs life processes. It
includes the biological, chemical, and physical attributes of the environment that living
organisms require to complete their life process and life cyele.

Habitat fragmentation: the spatial isolation of small habitat areas that compounds the
effects of habitat loss on populations and biological diversity
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Haploid (n): having only a single set of chromosomes; having the normal gametic
chromosome number

Hanmful effeet: an immediate or long-term detrimental impact on the structure or
function of the ecosystem including biological diversity

Hazard: potential to cause a harmful effect

Hemizvegous: having one copy of a given gene or transgene in ouly one set of
chromosomes in a diploid organism

Homozygous: having both chromosome sets in a diploid organism carry one copy of the
same allele of a given gene or transgene

Horizontal gene fransfer: the transfer of genes between organisms in a manner other than
by conventional sexual or asexual reproduction

Hybridization: any crossing of individuals of different genetic composition, typically
belonging to different straing or species

Indirect effect: impact resulting from the consequences of a direct effect

Indirect human health yisk agsessment: assessment of risk to human health resulting from
environmental exposure to AAS

Introgression: stable integration of new genetic variation into a population by
hybridization with individoals from a second population; the spread of genes from one
gpecies or population into the gene pool of another by hybridization and backerossing

Invastveness: property of an organism that arrived, established and spread in a new
aquatic ecosystem and resulted in harmful consequences for the natural resources in the
native aquatic ecosystemn and/or the human use of the resource

Kevstone species: a species that has a disproportionately large impact on ecosystem
structure and fimetion

Life cycle: The sequence of events from the origin as a zygote, to the death of an
mdividual; those stages through which an organism passes between the production of
gametes by one generation and the production of gametes by the next

Likelihood: the degree of belief warranted by evidence; the degree fo which a
proposition, model or hypothesis fits the available data

Measurement endpoint: a measurable characteristic of the selected assessment endpoint

Mesocosm: experiinental water enclosure designed to provide a limited body of water
with close to natural conditions, in which environmental factors can be realistically
manipuiated

Migzation: Movement of an organism or a group from one habitat or location to another;
periodic or seasonal movement, typically of a relatively long distance, from one area,
stratum or chimate to another

Neomale: a genotypic female that is converted to a phenotypic male by hormone
treatment; masculinized genetic fernale
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Nutrition: the life supportive constituents acquired by ingestion and/or absorption,
digestion, and assbmilation of food by plants and animals

Persist: survives to the reproductive stage

Physical containment: confinement of AAS by preventing its entry into the receiving
environment through use of mechanical barriers, chemical treatinents and through the
unplementation of policies and procedures to ensure that the devices and chemicals are
used ag prescribe

Pleiotropy: the phenomenon in which a single gene affects more than one phenotypic
characteristic

Point of entry: geographical position at which and organism enters the environment or is
no longer physically contained and is released into the environment

Predator: an organism that kills its victim in order to utilize resources contained in that
vietim '

Predation pressure: the effects of predation on the dynamics of a prey population
Prey: any animal or animals actually or liable fo be killed and consumed by a predator

Primary production: the assimilation of organic or.inorganic matter by autotrophs
(organisms that can convert inorganic carbon to organic materials and thus do not need to
ingest or absorb other living things)

Productivity: the potential rate of incmpoz‘étion or generation of energy or organic matter
by an individual, population or trophic unit per unif time per unit area or volume; the
organic fertility or capacity of a given area-or habitat

Propagule: any part of an organism, produced sexually or asexually, that is capable of
giving rise to a new mdividual

Propagule pressurg: a composite measure of the number of individuals of a species that
are released into a region to which they are not native and the frequency of release
events; the number of viable organisms that could arrive in a geographic area over a set
tume period

Resilience: the capacity of a conununify to return 1o a previous state following exogenous
disturbance; the ability to continue functioning after perturbation

Risk: the likelihood that a harmful effect will be realized as a result of exposure to a
hazard. Risk incorporates the notion of the nature and severity of the harmful effect as
well as the likelihood that the hanmful effect will be realized.

Selection: non-random differential reproductive success of different genotypes in a
population

Size-age structure: the number or percentage of individuals in each size clags and each
age class of a population; size and age distribution; size and age composition

Spatial heterogeneity: environment haviag a geographically non-umiform structure or
composition

Spread: movement of a successfully established population beyond ifs disteibution limit
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Survival: occurs when the immediate physiological requirenzents of the organism are met
Tuiploid (3n): having three sets of homologous chromosornes; triploidy

Uncertainty: the lack of knowledge regarding the true value of a parsmeter resulting from
either randomness, incompleteness or both

Unintentional release: accidental breach of physical containment resulting in the entry of
a contained organism into the environment

Variable: the property with respect to which parameter values within a sample differ in
some discernible way

Variabilify: the property of being variable in form or quality

The sources used for the definitions in this glossary include Burgman, 2005, Kapuscinski
et al., 2007, Levin, 2009, Lincoln et al., 1998, and Mair et al., 2007, Oxford 1996,
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653
6s4 8 INTRODUCTION
655 8.1 Purpose of this Document

656  This document comprises the enviromuental and indirect burman health risk assessment
657  conducted under the Canadian Environmental Protection Act, 1999 (CEPA 1999) in
638  respect of the Aguddvantage salmon (AAS), a genetically engineered Atlantic salmon
659  notified by AquaBounty Technologies Inc. under the New Substances Notification

660  Regulations (Organisms) (NSNR(O)).

661

662  This risk assessment identifies environmental and human health protection cbjectives and
663 elaborates an appropriate scope and focus for the risk assessments that 1s based on the
664  proposed use scenario apd relevant hazards. It identifies protection goals and assessment
665 endpoints that are aligned with legislative protection goals in CEPA 1999, The risk

666  assessment explicitly addresses uncertainty throughout relevant areas of the document.
667

668  The environmental and indirect human health risk assessment of the Aquddvantage

669  Salmon provides a focused, scientifically defensible risk assessment that can be

670  concluded within the 120-day legislative timeframe allowed by the NSNR{O) for

671  nofifications nnder Schedule 5.

672

673 Further information on the CEPA. 1999 and the NSNR (0), including guidance on the
674 regulations, detailed guidance for mformation requirements, use of waivers, significant
675  new activities, risk assessment outcomes and risk management can be found on the

676  Biotechnology page of the Environment Canada website.

677 8.2 Legislative Context

678  CEPA 1999 is an act respecting pollution prevention and the protection of the
679  enviromment and human health in order to contribute to sustainable development. The

680  biotechnology provisions of CEPA 1999 take a preventative approach to pollution by
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requiring that all new living organism products of biotechnology, including genetically
engineered fish, are notitied and assessed prior to import or manufacture to determine

whether they are “toxic” or capable of becoming “toxic”,

As defined in section 64 of CEPA 1999, an organism is “foxic” if it is entering or may
enter the environmen! in a quantity or concentration or under conditions that

(&) have or may have an immediate or long-term harmful effect on the environment or its
biological diversity; ‘

(b) constitute or may constitute a danger to the environment on which life depends; or,

(c) constitute or may constitute a danger in Canada Yo human life or health.

CEPA 1999 defines the “environment” broadly to mean components of the Earth and
inchedes (a) air, land and water, |

(b} all lavers of the atmosphere;

(¢) all organic and inorganic matter and living matter and living organisms; and,

(d} the interacting natural systems that include components referved to in paragraph (a)

te {c).

CEPA 1999 defines “sustainable development” as development that meeis the needs of
the present without compromising the ability of future generations to meet their own

neads.

‘Based on the stated purpose and effect in CEPA 1999, the timeftame associated with the

environmental protection goal is for a period as long as is reasonably foreseeable.

Anyone proposing fo import or manufacture a living animal product of biotechnology,
including a genetically engineered fish, in Canada is required to provide Environment
Canada (EC) with the information prescribed in Schedule 5 of the NSNR(Q) at least 120
days prior to the commencement of import or manufacture of the organism, in Canada.
This information is used to conduct an environmental risk assessment and assessment of

risk to human health from environimental exposure to the living organism which will be
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used as the basis to determine if the organism is toxic or capable of becoming toxic,
Although Schedule 5 allows for the notification of a broad range of activities, the nisk

agsessment may be limited only to the activities proposed by the notifier.

The regulations do not apply to animalg that are part of a research and development
program and that are imported to, or manufactured in, a facility from which there is no
release into the environment of the organism, the genetic material of the organism or

material from the organism involved in toxicity.

Fisheries and Oceans Canada (DFO) has a Memorandum of Under_si&udmg with
Environment Canada and Health Canada whereby DFO conduets the environmental and
indivect human health risk assessments for fish products of biotechnology under the New
Substances Notification Regulations (Organisms) of CEPA 1999 and recommends any
necessary measures to manage risks. Under this axrangeh}ent, the Minister of the
Enviromment receives advice and recommendations, but retains ultimate responsibility for

reguiatory decision making,

A waiver for one or more regulatory information requirements specified in Schedule 5
may be requested by the notifier. As specified under paragraph 106(8), waivers may be
graunted if (a) in the opinion of the Minister of the Eavironment and the Minister of
Heaﬁh, the information is not ngeded in order to deteninine whether the living organisin is
toxic or capable of becoming toxic; (b) a living organism is to be used for a prescribed
purpose or manufactured at location where, in the opinion of the Ministers, the person
requesting the waiver is able to contain the living organism so as to satisfactorily protect
the environment and human health; or (¢} it is not, in the opinion of the Ministers,
practicable or feasible to obtain the test data necessary to generate the information. Under
106(8)(b), the organism must be contained throughout its life cycle (e.g. manufacture,
transportation and handling, processing, storage, intended use, and disposal) so as to

satisfactorily protect the Canadian environment and human health.
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Under CEPA 1999, depending on the risk assessment outcome, options are available to
manage any risks associated with the organism. These options are described in Section
4.6 on regulatory decision making.

Environment Canada is responsible for enforcement of the NSNR(O) including
adherence to any imposed conditions, terms of use, of other risk management measures.
Designated CEPA Analysts, including DFO staff, may also participate in an official
capacity during ingpections. Inspections are not undertaken outside of Canadian

jurisdiction.

8.3 Risk assessment process

Regulatory decisions under CEPA 1999 are based on whetber a living organism is toxic
or not and are determined through scientific risk assessments. Risk is the likelihood that a
barmful effect will be realized as a result of exposure to a hazard. The risk assessment
will incorporate the nature and severity of the harmful effect as well as the likelihood that
the harmful effect will be realized.

Both an envirommental risk assessment and an indivect human health risk assessment will
be conducted by DFO. The envirommental risk assessment considers the potential of the
organism to cause a harmful effect to the aquatic, terrestrial, and atmospheric components
of the Canadian environment. The indirect human health risk assessment considers the
potential of the organism to pose a risk to human health in Canada from environmental
exposure fo the organism. The risk assessments follow the classic paradigm in which Risk

is proportional to the Hazard and the Exposure.

Potential food safety issues associated with buman food consumption of the AAS are
regulated by Health Canada under the Food and Drugs Act and are not considered under
the NSNR(O). Risks associated with occupational health and safety are also not regulated
under the CEPA 1999 and the NSNR(O) as this area falls within provincial jurisdiction.
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The risk assessments of AAS conducted by DFO under the NSNR(O) will be conducted

in accordance with the following principles:

o risk assessments will be science-based and do not include considerations such as
socio-economics, ethics or harm/benefit ratios;

* a case-by-case approach will be taken whereby the specific use scenario notified and
elaborated by AquaBounty in the regulatory submission, mcluding any containment
or mitigation measures, will set the specific parameters around the risk assessments
{e.g. possible exposure pathways). If the risk assessment concludes no suspicion of
‘CEPA toxic’ for the proposed use scenario, but a significant new activity may alter
the exposure of the organism (e.g. a change in containinent procedures, location or
scale of manufacture and/or production), then the Significant New Activity provisions
of CEPA 1999 may be used to reassess and, if necessary, restrict the import or
manufacture of the organism under the circumstances of the significant new activity;

» acomprehensive cradle-to-grave approach will be taken whereby AAS will be
assessed from the time it 13 manufactured rthmugh production and vse to disposal;

¢ all life stages (gametes through fo reproductively mature adults), genotypes (e.g.
diploids, triploids, heterozygotes, hemizygotes, homozygotes) and genders (males and
females) carrying the opAFP-GHe2 tDNA construct at the a-locus that are required to
generate the final egg product will be considered in the risk assessment;

e out-crossing of the AAS with thecommercial St. John River strain, as proposed by the
notifier, will be considered in the risk assessment;

¢ in assessing the potential environmental risk, the characteristics of AAS will be
compared to wild individuals and populations of wmnodified Atlantie salmon;

s apredicted change to an assegsment endpoint beyond the normal or historical range
of variation will be used as an indicator of a potential effect;

» all available relevant information {e.g. academic, aboriginal, governmental) in
addition to that submitted by AquaBounty under the NSNR({O) will be used

The scope of the current risk assessments and regulatory decision will be limited only to
the production and grow-out scenario proposed by AquaBounty, namely, egg production

and broodstock maintenance af the PEI production facility, egg transportation from the
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Canadian to the Panamanian facility and commercial grow-out at the Panamanian facility
under the containment conditions specified for each facility and during transportation,
Where a production range is notified, the highest proposed values in the range will be
used for the risk assessments. Activities and exposure events in Panama are only relevant
where they may result in an exposure to the Canadian environment (i.e. the potential for

AAS to be released and swim back to Canadian waters).

The detexﬁnatioa of the potential risks of the AAS to the Canadian environment and
human health in Canada will be done through a combination of an extensive assessment .
of exposure detailing the potential for entry, smrvival and reproduction (with
consideration of the sterility containment strategy) of the AAS in the environment, and an
assessment of the hazards and their potential direct, indirect, short-term and long-term

effects and severity (see Figure 8.1).
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Figure 8.1 Logic model for the environmental risk assessment process. Adapted from
Deviin ef al,, 2006,

8.3.1 Protection goals

The protection goals, in accordance with CEPA 1999, are to protect the Canadian
environment and its biological diversity from immediate or long-term harmful effects, to
protect the environment on which life depends, and to protect human hife and health in
Canada.

In the cwrent environmental agsessment, key to protecting the Canadian environment is
to mainfain in a sustainable form all components of the ecogystem that may interact
directly or indirectly with AAS.

DFO recommendations to Environment Canada regarding regulatory decision making
and risk management in respect of AAS will be aligned with these CEPA 1999

environmental and buman health protection goals. In particular, DFO will recommend a
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regulatory decision based on the likelihood, severity and reversibility of harmful effects,
if any, to the structore and function of the Canadian ecosystem or fo indirect human
health that are expected to be realized as a consequence of environmental exposure to
AAS.

8.3.2 Exposure

The exposure assessment is focused on the Canadian environment. AquaBounty will
submuit their regulatory package under Schedule 5 of the NSNR(O) and may.submit a
waiver request for regulatory information item 5(a) in respect of the ecological effects of
the AAS (i.e.' data from a test conducted to determine its invasiveness) on the basis that
the organism is contained [see CEPA. 1999, paragraph 106(8)(b)] (ABT 2011). If such a
walver request is received, the robustuess of containment measures at both. the Canadian
and Panamanian facilities and during transportation will be assessed fo determine if the
legislative fest is met such that all life stages of the AAS are contained so as fo
satisfactorily protect the Canadian environment and human health in Canada. If this is
demonstrated then the recommmendation will be made to the Minister of the Environment
to grant the waiver request, however, the Minister’s power to grant the waiver is

discretionary.

The assessment of exposure of the AAS to the Canadian environment will include both
its potenfial to enter the environment and its fate once in the environment. In considering
the physical, geographical, and biological containment strategies used for all life stages of

the AAS, the exposure assessment will focus on:

1. The potential for unintentional release(s) of AAS into the receiving enviromment
(i.e. entry) at both the Canadian and Panamanian facilities and during transport
between the two loéaﬁoxm;

2. The potential of AAS to swvive, disperse and persist in the Canadian and
Panamanian receiving enviromuents (i.e. fate). If applicable, the magnitude and

frequency of dispersal (i.e. propagule pressure) will also be assessed;
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3. The potential of AAS to reproduce, establish and spread in the Canadian and
Panmmanian environments (i.e. fate). If applicable, the magnitude and frequency
of reproduction, establishiment and spread will also be assessed; and

4. The potential for the disposal of AAS carcasses in Canada to act s an exposure
pathway.

Although containment at both the Canadian and Panamanian facilities will be examined,
the agsessment will only consider the exposure of AAS to the Canadian environment.
Consequently, assessment of potential exposure from activities in Panama will focus
primarilty on the potential of AAS to retwrn to Canadian waters, including the Atlantic
and Pacific Oceans, Table 8-1 Categorization for exposure of AAS in the Canadian
environmentTable 8-1 describes the ranking for exposure of AAS in the Canadian

environment based on eutry and fate elements that will be considered in the assessment.

A final ranking for exposuare will require consideration of multiple elements related to the
biological, geographical and physical containment of AAS, including a variety of
pathways, that determine the entry and fate of AAS in the Canadian environment. In
many cases, the significance of one element will be limited by, or dependent on, another.
For example, survival or reproduction in the Canadian environment will be dependent on
entry into the Canadian environment. ‘Similarly, entry into the Canadian environtment
will be dependent on the likelihood of physical containment failure. When considering
physical containment alone, the likelihood of AAS bypassing a downsiveam barrier will
be dependent on the failare of all upstream barriers that are along the same pathway fo
entry. This latter example emphasises the Likelihood of AAS to bypass a particular bartier
and should not be confised with the likelihood of failure at two or more different

barriers, which are independent events and far less likely to oceur simultaneously.
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Table 8-1 Categorization for exposure of AAS in the Canadian environment

Rank Description

Negligible AAS will not be present in the Canadian environment (i.e. no entry or no
survival at the point of entry)

Low AAS may enter 1 very low numbers and survive in the Canadian
environment but will not reproduce (low-level, single generation
presence)

Moderate AAS may enter in significant numbers and survive in the Canadian
environment but will not reproduce (significant, single generation
presence)

High AAS may reproduce, establish or spread within the Canadian
environment (established presence, including through hybridization with
wild populations)

When elements are dependent, the final ranking for exposure is the ranking associated
with the determining element, For example, if AAS will pot enter the Canadian
environment but can reproduce, then the final exposure ranking would be negligible since
reproduction in the Canadian enviromment is precluded by the lack of entry into the

Canadian environment,

In other cases, the significance of one element will be independent of other elements or
pathways. For example, entry into the Canadian esrvironment from Panama will not
influence entry into the Canadian environment from the facility in PEL Likewise, the
likelihood of physical containment failure along one pathway of entry, or drainage route,

will not influence the likelihood of failure along a discrete pathway.

When events are independent from one another, it is value of the highest ranking element
that ultimately determines the exposure outcome and final ranking. For example, if AAS
will not enter into the Canadian environment from Panama but may enter the Canadian
enviromment from the PEI facility in moderate numbers and survive then the final

exposure ranking would be moderate.
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8.3.3 Hazard

The hazard identification process will consider the potential foxicity, allergenicity,
capacity to act as a vector for pathogens, and invasiveness of AAS. In addition, and as
part of the invasiveness assessment, other potential ecological effects will be identified

through consideration of the AAS phenotypes that may result in a harmful effect.

Harmful effect refers to an inumediate or long-term detrimental impact on the struchme or
function of the ecosystem or on hwnan health from environmental exposure. The
structure of the ecosystem refers to the spatial and temporal distribution of the biotic and
abiotic elements including dominant species, rare species, and keystone species. The
function of the ecosystem refers to interactions between species (e.g. competition,
predation, disease) and with abiotic elements that contribute to the provision of
ecosystem services (e.g. nutrient dispersal and cycling, primary production,
decomposition). Changes to the structure or function of the ecosystem will be assessed
based on changes to the assessment endpoints (see section 11.2). Table 8-2 categorizes
the severity of the biological consequences of each potential hazard into four categories
based on the severity and reversibility of effects to the structure and function of the
ecosystem. Hazard would be ranked as negligible when no effects are expected, for
example if a specific hormone is not expected to be bioactive between species. Table 8-3
categorizes the severity of the (indirect) hurnan health hazards based on severity of
effects to individuals and the community as well as on the availablity, of prophylactic

treafments.

Table 8-2 Categorization of biological consequences of environmental hazards

Rank | Déscription

Neghgible No effects’

Low No harmful® effects
Moderate Reversible harmful effects
High Irreversible harmful effects

"Wo effects: whes no biological responses are expected, for example if hormones ate not expected to be
bioactive, *Harmiful: an immediate or long-term detrimental impact on the structure or function of the
ecosystem including biological diversity beyond natural background variability.
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Table 8-3 Categorization of human health hazards

Rank - | Description .
Negligible No effects on human health
Low Effects on human health are expected to be mild, asymptomatic, or

benign in healthy individuals, Effective prophylactic treatiments are
available. Case reports of human disease ave rare and without
| potential for cormmunity-level effects.

Moderate Effects on human health are expected to be moderate but rapidly self-
resolving in healthy individuals and/or effective prophylactic
treatments are available. Some potential for community-level effects.

High Effects on human health are expected to be severe, of fong duration
and/or sequelae m healthy individuals or may be lethal. Prophylactic
treatments are not available or are of limited benefit. High potential -
for community-level effects.

As 18 the case for exposure, the final ranking for both environmental and human health
hazard will require consideration of multiple elements. The final ranking for hazard is
that associated with the highest ranked assessment endpoint for either the environmental

or human health hazard.

8.3.4 Uncertainty

The risk assessment includes explicit consideration of the uncertainty associated with all
elements of the exposure and hazard assessments. Uncertainty has important implications
refated to regulatory decision making, and is closely tied to the application of precaution.
In accordance with Canada’s policy on the application of precaution in regulatory
decision making elaborated in the Government of Canada Framework for the Application
aof Precaution in Science-based Decision Making about Risk (Government of Canada,
2003), in cases where uncertainty about risk is high, precautionary measures that are
applied should be proportional to the potential severity of the risk being addressed and to

society’s chosen level of protection.
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Factors influencing uncertainty include the availability of detailed information about
AAS, its history of use and the proposed use scenatio, as well as the extent, relevance
(e.g. specific to the notified organism rather than sumrogate} and quality of peer-reviewed
information and/or empirical data. Prevalence of knowledge gaps, inherent variability of
biclogical systems and experimental data, and the strength of logical deduction and

inferences from knowledge of the species will also influence uncertanty.

While some forms of uncertainty can be reduced by filling knowledge gaps or through
larger data sets, others cannot due to factors such as the inherent complexity and

variability of biological systems or the occurrence of chance events.

In conducting environmental and indirect human health risk assessments, the following
measures will be employed to ensure an accurate understanding of uncertainty and to

reduce uncertainty fo the greatest extent possible:

¢ A comprebensive scientific peer-review process will be undertaken on the risk
assessment and any recomiended risk management measures to ensure that expert
advice is available in all key areas and that knowledge gaps and differences in
scientific opinion are identified and adeqnately resolved wherever possible; and,

o  Uncerfainty will be explicitly estimated and stated separately for each element of the
exposure and hazard assessments so that the overall risk will not be over- or under-

represented by the inclusion of cautionary or dismissive assumptions.

8.3.5 Uncertainty in the exposure assessment

The exposure assessment will require two distinet approaches to assessing uncertainty;
one for the physical containment (i.e. entry) and a second for the biclogical and

geographical containment (1.e. fate).

Since exposure related to physical containment relies on both the design and operational
management of facilities, the evaluation of uncertainty relies upon the availability of

accurate and detailed information that adequately demonstrates the efficacy and
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981  redundancy of mechanical barriers, and the efficacy of standard operating procedures.
982  This may include diagrams of mechanical barriers and containment systems, incident
983  reports, and training and compliance documentation. It may also include mformation on
984  the occourrence of chance events such as fires, floods, inricanes and earthquakes that
985  could lead to a failure of contatnment (Table 8-4).

986

987  Table 84 Categorization of exposure uncertainty based on the assessment of the

988  physical containment (i.e. entry) of the AAS in the Canadian and Panamanian
989  facilities

Rank | Description _ .
Highly Detailed information on facility design, containment structures, water
certain treatment equipment, SOPs, internal compliance documentation, facility

incident reports, and ingpection reports is available. Long-term, reliable
historical data on relevant chance events af or near the location of each
facility are available,

Reasonably | Detailed information on facility design, containment structures, water
certain treatment equipment, SOPs is available. Historical data on relevant
chance events in the region of each facility is available.

Reagonably | Information on facility desipn, containment structures, and water

meertain treatment equipment 18 available however, no SOPs or historical data on
chance events available.

Highly Limited information of facilify design, containment structures and water

uncertain treatment equipment. :

990

991  In contrast, the evaluation of uncertainty associated with exposure that may result from
992  the failure of biological and geographical containment will depend the availability and
993 robustness of scientific information related to biological and ecological parameters of
994  AAS, valid sumrogates and the receiving environment. The lack of empirical data around
995  the survival, fitness and ability of AAS to reproduce in the natural environment (i.e.

996  knowledge gaps) will also contribute uncertainty to the exposure assessment (Table 8-5).
097
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Table 8-3 Categorization of exposure uncertainty based on the assessment of
effectiveness of biological and geographical containment (i.e. fate) of the AAS

Rank | Description ; : - L
Highly High quality data on AAS (e.g. sterility, temperatine tolerance, fitness).
certain Data on envirommenta! parameters of the receiving environment and at

the point of entry. Demonstration of absence of GRE effects or complete
wnderstanding of GxE effects across relevant environmental conditions.
Evidence of low variability.

Reasonably | High quality data on AAS-relatives or valid surrogate. Data on

certain environmental parameters of the receiving environment, Understanding
of potential GxE effects across relevant environmental condifions. Some
variability.

Reagonably | Limited data on AAS, AAS-relatives or valid surogate. Limited data on

uncerfain envirommental parameters in the receiving envitomment. Knowledge
gaps. Reliance on expert opinion.

Highly Significant knowledge gaps. Significant reliance on expert opinion.

uncertain '

Quality of data refers to, for each parameter being examined as well as the integration of
this info:maﬁon, the number of replications, breadth of éxperim.ental condifions
exatnined, sample size and appropriateness of controls, statistical analysis, experimental
design and mterpretations of the results. Variability refers to both the range of phenotypic
differences between individuals or strains within the same environment as well as the
range of physical, chemical and biological conditions that may be experienced by AAS in

the receiving environment.

8.3.0 Uncertainty in the hazard assessment

Uncertainty around the hazard assessment may be significant due to clear knowledge
gaps and lack of empirical data around the behavior and effects of genetically engineered
(GE) figh, and AAS in particular, in the natural environment. In addition, the knowledge
gap associated with disease susceptibility and ability to act as a reservoir and spread
mfectious disease agents to other fish populations in the natural envirommuent, as well as
the complex interaction of the pathogen and host (behavioral and immune function) with
environmental parameters in disease expression will also contribute to uncertainty in the

hazard assessment.

38




1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1638
1035
1640
1041
1042
1043
1044
1045
1046
1047

DRAFT FOR PEER REVIEW PROTECTED B

Fisheries and Oceans Canada’s (DFO) Centre of Expertise for Aquatic Biotechnology
Regulatory Research has conducted a significant amount of laboratory research on the
fitness and behavior of GE fishes to aid in estimating the fitness of GE fishes in the
natural environment through use and comparison of results of studies conducted in tanks,
semi-natural strears and mesocostms. Although this research was not conducted on AAS
per se, it has highlighted several broad principles that may also be applicable to AAS and
that represent potential sources of uncertainty about the extent to which laboratory data
can be depended upon as a reliable indicator of how GE fishes would behave in the

natural environment. These findings are described below:

» The environment in which fish are reared can significantly affect the phenotypic
expression of the transgene (Devlin et al. 2004; Sundstrdm et al. 2007). The influence
of rearing environment limits our ability to extrapolate laboratory data as a reliable
indicator of how a GFE fish may behave (e.g. compete, survive) in the natwal
environment unless it can be demonstrated that wild-type controls reared in the
laboratory environment behave the same way as wild-type fish in the natural
environment. In the absence of such control data, there is uncertainty around the
extent fo which we can rely upon laboratory data as an accurate indicator of behavior
i the natural environment;

» The phenotypic effects of the transgene can vary significantly with the genetic
background of the parent (e.g. wild-type vs. domesticated, species). For example, the
performance of 2 wild-type fish with an inserted growth hormone gene construct may
be very different from the performance of a domesticated fish of the same species mto
which the same construct has been inserted (Devlin et al. 2001). Consequently,
regulators must scrutinize the background genetics of experimential controls when
evaluating the scientific validity of experimental data to assess whether the phenotype
is durable across multiple genotypes as would be encountered in nature. Experimental
data on transgene expression in one species or strain should be inferpreted with
caution as it may or may not be representative of the expression of the same transgene

in a different species or strain:
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» A single transgene may result in several phenotypic expressions, termed pleiotropic

effects. For example, some empirical data demonsirates that increased growth in

some fish species may also affect metabolisiu and swinmming ability (Farrell et al.
1997}, disease resistance (Jhingan et al,, 2003}, ability to compete for food (Devlin et
al. 2001) and hormonal regulation (Devlin et al. 2000). Thus, unless the investigator

has specifically directed attention towards an unintended effect, it may go undetected;

and

¢ DFO research has demonstrated that msufficient sample sizes may also be a source of

error when determining triploid efficacy induction rates (Devlin et al. 2010).

Given the lack of empirical data around the behavior and fitness of AAS in the natural

environment, significant attention to uncertainty considerations in the hazard assessment

will be required. Table 86 and Table 8-7 respectively describe the ranking for

uncertainty around the potential hazards of the AAS in the environment and to human

health.

Table 8-6 Categorization of uncertainty related to environmental hazard

Highly High quality data on AAS. Demonstration of absence of GxE effects or

certain | complete understanding of GxE effects across relevant environmental
conditions. Evidence of low variability.

Reasonably | High quality data on AAS-relatives or valid smirogate. Understanding of

certain GxE effects across relevant environmental conditions. Some variability.

Reasonably | Limited data on AAS, AAS-relatives or valid surrogate. Limited

uncertain understanding of GxE effects across relevant environmental conditions.
Knowledge paps. Reliance on expert opinion.

Highly Significant knowledge gaps. Significant reliance on expert opinion.

uncertain
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Table 8-7 Categorization of uncertainty related indirect human health hazard

Rank: . | Description : : A :
Highly There are many reports of munan health effects related to the hazard, and
certain the nature and severity of the reported effects are consistent (L.e. low
variability);
OR

The potential for human health effects in individuals exposed to the
organism has been monitored and there are no reports of effects.

Reasonably | There are some reporfs of human health effects related to the hazard, and
certain the nature and severity of the effects are fairly consistent;

OR '

There are no reports of human health effects and there are no effects
related to the hazard reported for other mammals.

Reasonably | There are some reporis of human health effects that may be related to the
uncertain hazard, but the nature and severity of the effects are mconsistent;

OR.

There are reports of effects related to the hazard in other mammals but
not in humans.

Highly Significant knowledge gaps (e.g. there have been a few reports of effects
uncertain n mdividuals exposed to the organism but the effects have not been
attributed to the organism).

The overall uncertainty ranking associated with exposure or hazard is that associated with
the element that determines the final exposure or hazard ranking. For example, if a final
exposure ranking of negligible is determined by entry info the environment at the PEI
facility, and the uncertainty associated with that ranking is reasonably certain, then the
overall uncertainty ranking for exposure would be reasonably certain. Whereas, if there is
high certainty that only very numbers may enter the Capadian euvirdnment buf it is
reasonably uncertain whether they will survive and reproduce (i.e. fate) then the final

ranking for exposure would be low and reasonably uncertain.

' 8.3.7 Risk estimation

DFQO’s recommendation to Environment Canada for a regulatory decision will be based
on both the overall risk of AAS in the context of AquaBounty’s proposed use scenario

and the associated level of uncertainty.
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Figure 8.2 illustrates how the final exposre and hazard rankings will be integrated to
determine an overall estimate of risk. Each of the four rankings for both exposure and
hazard are assigned a numerical value that increases (from 1 to 4) with increasing
likelithood of exposure or sevenity of hazard (from negligible to high) respectively. In
accordance with the classic risk assessment paradigm, where Risk = Exposure X Hazard,
the values along the X and Y axis are mulliplied, creating a two-dimensional risk matrix
where the numerical value within each cell indicates an increasing level of risk. Each cell
is then assigned to one of four risk categories according to the seventy of its numerical

value as indicated in the legend to the right of the risk matrix.

Uncertainty associated with the risk assessiment will also be explicitly comummicated in

the recommendation to Environment Canada.

DFO will recommend to Envirorment Canada a regulatory decision of “CEPA toxic” if
the risk is moderate or high. In general, a recommendation of not “CEPA toxic” will be
made if the risk is negligible or low risk with reasonable certainty. If the rankings for
uncertainty in the hazard and exposure assessments differ, the higher uncertainty ranking
will generally be assigned to the risk. An exception to this would be when either hazard
or exposure fall within the negligible category, in which case a greater level of
uncertainty may be tolerated on the opposing axis. Accordingly, as exposure or hazard
becomes more extreme along one axis, there must be a higher level of certainty
associated with the opposing axis before a recommendation of not “CEPA toxic” can be
made. For example; if the hazard assessment is high, then exposure must be negligible to
result in a rigk estimation of low, buf wounld have to be negligible with high certainty in

order for a recommendation of not “CEPA foxic” to be made.
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Figure 8.2 Qverall estimate of risk

The colored risk maftrix indicates the level of risk based on the integration of
exposure and hazard by multiplying the assigned exposure and hazard values as
indicated in the legend.

8.3.8 Regulatory decision-making

Under CEPA 1999, options for managing risks associated with the organism are available

depending on the risk assessment ontcome.

As depicted in Figure 8.3, risk assessments under CEPA 1999 result in one of the

following outcomes:

1. a determination that the organisin is not suspected of being “CEPA toxic” or capable

of becoming “CEPA toxic”; or,
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2. adetermination that the organism is not suspected of being “CEPA toxic” under the
proposed use scenario, but that a significant new activity in relation to the organism
may result in the organism becoming “CEPA toxic”, In this case, a significant new
activity notice will be issued to reassess and, if necessary, restrict the import or
manufacture of the organism under any other use scenario.

3. a suspicion that the organism is “CEPA toxic"” or capable of becoming “CEPA toxic”,
which may require:

a. the establishment of conditions on the manufacture, import, use or disposal of
the organism;

b. prohibition of the manufacture or import of the organismy; or,

¢. prohibition pending submission and assessiment of additional information

determined to be required.

If the risk assessment concludes no suspicion of ‘CEPA toxic’ for the proposed use
scenario, but a significant new activity may alter the exposure of the organism (e.g. a
change in containment procedures, location or scale of manufacture and/or production),
then the Significant New Activity provisions of CEPA 1999 may be used to reassess and,
if necessary, restrict the mport or manufacture of the organism uoder the circumstances

of the significant new activity.

If the risk assessment concludes a suspicion of ‘CEPA foxic' for the current proposed
activity, then import or manufacture may be prohibited or conditions may be placed on
the import, manufacture and use of the organism, such as muinimal standards for

containment of the organism.
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9 BACKGROUND
9.1 AquaBounty and the AquAdvantage Salmon

9.1.1 Company Structure

AguaBounty Technologies Inc. i3 an American biotechnology company with a land-
based, contained research and development facility m Prince Edward Island (PEI).
AquaBounty has genetically engineered an Atlantic salinon (Salmo salar) referved to as
Agquddvantage salmon (AAS hereinafter) intended for hmman food consumption that 1s
claimed to grow faster than its non-genetically engineered counterpart.

As described in the Notification the corporate headquarters (prineipal place of business in
Canada) of Aqua Bounty Canada, Inc. is 0718 Bay Fortune, RR No.4., Souris, Prince
Edward Island, postal code COA 2B0.

AquaBounty Canada, Inc. is a wholly owned subsidiary of AquaBounty Technologies
with corporate headquarters at Suite 395, Two Clock Tower Place, Maynard,
Massachusetts, United States of America, 01754, According to the Company web site
{(www.aquabounty.com, accessed on 19 JUN 2013), AquaBounty was originally
incorporated 1991, under the name A/F Protein, to pursue the commereial development
of antifreeze protein-based technology under license from the University of California at

Berkeley.

Tn 1996, A/F Protein acquired a license to the AquAdvantage® technology from the
University of Toronto and Memorial University of Newfoundland, and was subsequently
reorganized i 2000, into two separate entities: A/F Protein, which retained the antifreeze
protein technology; and, AquaBounty Farms, which obtained the AquAdvantage®
technology. The company changed its name in 2004 to AquaBounty Technologies.

In 2006, AquaBounty Technologies was listed 1n the London Stock Exchange’s
Alternative Investment Market (AIM) raising $28 million in an initial public offering of
stock. The company is incorporated in the State of Delaware, United States of America

under the Delaware General Corporation Law,
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1183

1184  In the instance of receiving approvals from the Canadian and United States of America
1185  regulatory bodies, and for the express purpose of product launch, AquaBounty
1186  Technologies will manufacture triploid eved-eggs at a single facility in Atlantic Canada
1187  for the commercial production (ie., grow-ouf) of sterile, all-female Aguddvantage
1188  Salmon (445} at a single facility in Panama, at the following locations:

1189 '

1190 Mapufacturing Site

1191 AquaBounty Canada, Inc.

1192 0718 Bay Fortune, RR No. 4

1193 Sowis, PE C0A 2B0 Canada

1194

1195 Produetion Site

1196  AquaBounty Panama, SA

1197

1198  Disirict of Boguete, Chii‘iqui

1199  Panama

1200

1201 AquaBounty Canada will be the manufacturer-seller of Aguddvantage Salmon eyed-

1202 eggs; aud, AquaBounty Panama will be the buyer of those eyed-eggs for commercial
1203 production. Since both entities are wholly-owned and operated by AquaBounty

1204  Technologies, the lafter will exercise singular and direct control over these critical

1205  aspects of manufacture and production involving live animals (AquaBounty

1206  Technologies, 2013. Notification package).

1207 9.1.2 Proposed (Notified) Activities
1208 9.1.2.1 Manujfacture of AAS (Commercial Egg Production) in PET

1209 Male, female and neomale diploid brood stock are maintained at the PEI facility where
1210 AAS eggs and milt are produced and where eggs are fertilized to generate both diploid
1211 brood stock and, using hydiostatic pressure shocking technology, triploid production fish.
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The company (AquaBounty Canada) has indicated its intent to conunercially produce
sterile female AAS epgs at its land-based aquaculture facility in PEI for export to a land-
based, grow-out facility in the highlands of western Panama. No more than 100,000
eggs will be exported to Panama in any given yvear. In Panama, AAS will be grown to a
commercial weight of 1 to 3 kg, then harvested, euthanized and transported to a
processing plant in close proximity to the Panamanian grow-out facility where they will

be processed and shipped to the United States for human food consumption.

AquaBounty has also committed to ensuring that live eggs exported from the facility in
PEI to the facility in Panama, will be reared only at the production site described in the
notification and that no live fish of any life stage will be sold or given by AquaBouaty
Papama to a third party for grow-out. This is also the basis of the application made to the
US FDA and a condition of sale as outlined on the formal label that can be found on p.
579 of the notification (ABT 2013),

Although the proposed AAS product for export to Panama is all-female triploid eyed-
eggs from the EO-1d line bearing a single copy of the opAFC-GHe2 transgene, all life-
stages (gametes through to sexually mature adults), all genotypes (1.e. diploids, tripleids,
hemizygotes, homozygotes) and all genders (regular males and females, and neomales)
are and will continue to be reared at the PEI facility as broodstock for egg production and

for research and development purposes.

9.1.2.2 Production and Processing of AAS in Panama

AAS will be grown at the Panama facility to a commercial weight of 1 to 3 kg, then
harvested, enthanized and transported to a processing plant in close proximity to the
Panamanian grow-out facility where they will be processed and exported to the United

States for human food consumption.
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9.1.2.3 Transportation from Manufacturing Site to Production Site

Based on the Notification (AquaBounty Technologies, 2013, Notification package) the
packaged triploid, transgenic AAS eyed-eggs will be transported by ABC staff for air
transport from either Charlottetown, PE (YYG) or Halifax, NS (YHZ) to the grow-out
facility. All procedures as required by SOP/ABPEI/4260 will be completed. [_—_—__

N ranspoit from Charlottetown and Halifax will be

affected by a freight-forwarder to maintain chain-of-custody through and including
accival N +:cie ABP staff will receive the shipment directly for
transport to the production facility il Coordination of the effort via freight-

forwarding will assure compliance with permitting and other customs requirements. il

9.1.2.4 2.1.2.4. Disposal of Waste

Tnt their submission, AquaBounty Canada have inchuded a standard operating procedure

for the disposal of transgenic and / or bic-hazardous waste, which includes dead epgs,

alevins, fry, parr, smolt, and adult fish |G, <<

S
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well as an operational protocol (OP) for the disposal of dead or discarded fish at the Aqua
Bounty Panama faciliy. I

9.2 Characterization of AAS

9.2.1 Taxonomic Identification

The taxonomic identification of the notified organism is adequate. The AAS line is a
genetically engineered Atlantic salmon (Salmo salar) containing a siugle copy of the

opAFP-GHe2 transgene at the EO-1a Iocus. The opAFP-GHe2 transgene contains a

- growth-hormone gene from the Chinook salmon (Oncothynchus tshawytscha) under the

control of the ocean pout (Zoarces americanus) anti-freeze promoter.
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I o

assembly of the opAFP-GHc?2 transgene involved genomic DNA isolated from ocean
pout (Zoarces americanus) testes and mRNA isolated from chinook salmon
(Oncorhynchus tshawyitscha) pituitary Vglandl (ABT 2013). The details of the creation of

the construct are reviewed in the Genetic modification section (section 9.2.3).

The AAS line can be distinguished from other Atlantic salmon lines using one of two

variations on the same method: |GGG

The notifier provided

all the information to perform the two above procedures.

9.2.2 Strain History and Genealogy

The AAS includes the genetic background of several strains of Atlantic salmon. Early
generations were from and crossed with individuals from the Exploits, Colinet and
Northeast Rivers in Newfoundland. Later generations bred at the AquaBounty Canada
facility in Prince Edward Island were mainly crossed with the domesticated St. John
River strain from New Brunswick. Mamafacture of the eyed-eggs will continue to involve

crossing individuals from the brood stock with non-transgenic salmon from the St. John

. River strain.
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In 1989, Atlantic salinon eggs originating from the Exploits and Colinet Rivers were
microinjected with the transgenic construets at the Ocean Science Centre (OSC) in
Memorial University in Newfoundland, Canada. In 1990, a Fy transgenic fry, referred to
as the EO-1 female, with a greater body weight than the non-transgenic individuals was
selected for finther development. In 1992, once the EO-1 feruale reached sexual maturity,
her eggs were fertilized with milt of a wild Atlantic salmon (Figure 9.1). T'wo rapidly-

growing F1 progeny, GGG - ¢ < sclected for further
development. NN I SN

I 2013, the AAS was
reported to be at its [ generatioun (Stotish, 2013). |GGG
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At the time of writing the risk assessment, in 2013, there 1s ne AAS line of Atlantic

salmon manufactored in Canada for commercial applications. || GGG
' (ABT 2013, p.

).

9.2.3 Genetic Modifications

The notifier appropriately described the elementy of the op ATP-GHe2 construct and
sequencing resulis confirmed the absence of sequences coding for toxic protein, Although
insertion of the transgene through microinjection is not of concern, unecertainty remains
about the potential integration of small fragments of the plasmid due to its co~injection
with the transgene. Absence of a complete ampicillin resistance gene and sequences for
toxic proteins alleviate these concerns, Uncertainties also remain about potential for the

transgene integrant to distupt surrounding endogenous genes which are alleviated through
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characterization of the phenotype. We conclude with reasonable certainty that the nature

of the transgene integrant at the EO-1a locus is not of concern for the risk assessment.

Molecular characterization including construction, insertion, infegration, expression,
inheritance and stability of the inserted gene informs risk assessments about potential
hazards. Careful examination of the transgene design, the transgene insertion method and
focus, the transgene expression level and the transgene transmission rates through
generations can contribute to identify unintended genotypic and phenotypic effects (Gong
et al. 2007).

9.2.3.1 Characterization of the Transgene Construct

The notifier appropriately described the transgene construct and demonstrated the ability
of the promoter to drive geneexpression in salmonids. The nature of the transgene was
confirmed through complete sequencing, which also confirmed the absence of SEQUENCEes
coding for toxic proteinr. The transgene construct is not a concern in the context of the

risk assessment.

TIns the context of 4 risk assessmeﬁt, it should be determined if all the critical elements to
enslire gene expression, 1.e. a promoter, a protein coding region and a transcriptional
terminator sequence were included in the transgene and are functional (Gong et al. 2007),
Concerng should be raised if the construct includes sequences for toxic proteins or

production of antibiotic molecules,

Developed in the late 1980s in Canada, the construction of the transgene involved
standard molecular biology and cloning techniques of which the main steps included the
solation of the target sequences and their sequential ligation into plasoud vectors into a
functional transcriptional unit (Du et al. 1992, ABT 2013). The opAFP-GHe2 construct
contains a transgene comprised of a 5’-flanking region (5'-FLANK) from the Ocean pout
(Zoarces americanus) antifreeze protein (AFP) gene, the promoter (5’OP) from the
Ocean pout AFP gene, a synthesized 5 untranslated region (5"UTR) derived from the 5°-
UTR of an Ocean pout AFP gene, the coding region of the Chinook Salmon
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(Oncorhynchus tshawyvischa) growth hormone (GH) gene and a 3 regulatory sequence
(3°OP) from the Ocean pout AFP gene (Figine 9.2).

A promoter was included i the op-AFP-GHe2 constract. The op-AFP flanking region
and the regulatory seqﬁeﬁces, inchuding the promoter, originated from a genomic clone of
the Type HI AFP gene isolated from a Charon 30 library which had been prepared from
Ocean pout testes genomic DNA. Sub-clones of the genomnic clones were sequenced to
identify regions coding for the 5’-flanking sequence (in pUC18), the regulatory-control
elements and the anti-freeze protein gene (in pUC9). Sequencing of the plasmid construct

confirmed the promoter to contain the appropriate regulatory sequences including a

CAAT and a TATA boxes and a transcriptional start site Jjjj j  NENERNGGGGEGNGNGEGNGE
N Salmonids do not possess au_fiﬁ'ee:ae proteins, hence

expression of genes driven by this promoter is not expected to be affected by the host
genome not having homologous endogenous gene (Du et al. 1992). Evidence of the
functionality of the promoter to drive expression of the fransgene m Rainbow Trout and
chinook salmon cell lines is provided through in-vitro assays with the opAFP promoter
and the bacterial chloramphenico) acetyltransferase (CAT) reporter gene (Du ef al. 1992).
The opAFP promoter also drove reporter gene expression in-vive in medaka embryos (Du
et al. 1992) and in Atlantic salmon (Hobbs and Fletcher, 2008). The tissue distribution of
genes driven by opAFP promoter suggested that the promoter lacks tissue specific
elements being expressed in most tissues (Hobbs and Fletcher, 2008) as seen for AFP
genes in the Ocean pout (Gong et al. 1992; Hobbs and Fletcher, 2008). The notifier
adequately demonstrated the functionality of the promoter to drive gene expression in
sahmonids, including in Aflantic salmon. The nature of the selected promoter does not

represent a concern for the risk assessment.

The protein coding region for growth hormone included in the op-AFP-GHe2 construct
was derived from a ¢cDNA clone of the Chinook Salmon growth hormone gene isolated
from a pUC13 Library which had been prepared from pituitary gland mRNA. Sequencing

of the plasmid construct confirmed the transgene to contain the expected translational

start codon (ATG) and a translational stop codon (TAG) I EGRNEENEN
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I - Differences between the expected and observed sequence
include two additional nucleotides detected in the 3"UTR GH-coding and 3 changes on

the third nucleotide on a codon. Differences between expected and observed sequences
did not affect the coding sequence of the GH (ABT I NENGGGGGGGG_G_G___t
I - The GH clone was demonstrated to contain a foll-length sequence
encoding for a mature hormone homologous to the endogenous GH-1 Chinook Salmon
gene. The deduced amino acid sequence of the GH from Chinook Salmon differs by 10
amino acids from the Atlantic salmon (95% homology) (ABT 2013). The natute of the
protein coding region of the transgene does not represent a concern for the risk

assessment.

A transcriptional terminator sequence from the AFP was included in the op-AFP-GHe2
comstruct. The terminator sequence (3'OP) originated from the same genomic clone, but

different sub-clone (in pUCY) than the promoter. The fragment incorporated the expected

polyadenylation site involved in transeription termination | RNGG_———
L ]

The step-wise assembly of the AFP regulatory sequences and the GH coding gene into
the final plasmid opAFP-GHe2 constinet was done through the use of standard molecular
biology tools such as plasmids (including pUCs with reporter genes), bacteriophage,
restriction enzymes, linearization and ligation (ABT 2013, |- The reported
differences between the expected and observed sequences of the plasmid construct ave
not of concern”. The final opAFP-GHe?2 consfruet is a recombinaut plasmid (6721 bp)
composed of inserted transgene DNA (4061 bp) and vector DNA (2660 bp) mainly from
pUC18 but also from pUCY (Figure 9.2).

? Three nucleotides differed from the expected sequence of the plasmid. Of the three, two were in the GH-
coding sequence and one i the 3'UTR. Tu all cases, the differences were on the third nucleotide of the

codon and did not cause a change in amino acid or reading frame.
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1459 Finally, complete sequencing of the construct did not reveal coding sequences for foreign
1460 toxic proteins nor did a BLAST search of the sequence (accession number AY687640.1)
1461  on the NCBI website’.

1462
(1+) {IB8 WW %)
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1464  Figure 9.2 Physical characterization of the opAFP-GHe2.
1465  Modified from ABT 2013.

1466  9.2.3.2 Insertion Methodology

1467  The transgene was mserted into the host genome through microinjection. As this method
1468  results in random Integration of the transgene in the host genome, appropriate tests are
1469  required to ensure that no endogenous host genes were interrupted. The notifier provided
1470 extensive characterisation of the wtegrated transgene (see section 9.2.5). No mobile

1471  genetic elements were used. Overall, microinjection is not considered to be a transgene
1472 insertion method of concern for the risk assessment.

1473

.14?4 The AAS was created through microinjection of the final construct plasmid after

1475 digestion with restriction enzyme without further purification (ABT 2013, i

1476 which raises two concerns. First, microinjection is a comon transgene delivery method
1477 in fish (Nam et al. 2007) buf 1s often reported to cause multiple copies of the transgene to
1478 be integrated in the host genome (MacDonald and Ekker, 2012). This concern is

1479 alleviated with an appropriate characterization of the transgene, including evidence of the

1480  number of copies and integration sites i the host genome (see section 9.2,5). Second, the

3 Purther details are provided on the BLAST search conducted on the integrant (see section 11.1.1.1)
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microinjection of the digested but unpurified final constroct raises concern for potential
plasmid-vector sequence integration, including antibiotic resistance gene, in the host
genome (Gong et al. 2007). This concern can be alleviated with appropriate evidence of

the absence of integration of the vector, or parts of, in the hiost genome (see section
9.2.54).

Mobile genetic elements, such as viral vectors and transposons, are nsed to improve
transgene integration but are also reported to increase risks of mobilization and hence
considered as a concern in the context of an environmental risk assessment (Gong et al.
2007). No mobile genetic elements were reported m the development of the opAFP-
GHe2 constroct and no nucleotides from the bacteriophage DNA were inserted in the

final construct.

9.2.4 Other Modifications

The notifier adequately described the method of production of an all-female, sterile
triploid product for purposes of biological containment through gynogenesis, sex~
reversal, and triploidization. However, triploidization is identified as less that 100%
efficient, with up to 0.5% diploid present per batch, While biological containment
through the detailed methods is highly efficient, 100% containment cannot be assamed in
all batches given current evidence, ABT provided supporting evidence, although not
derived from studies, of successful generation of an all-female population through
gynogenesis. Evidence was sufficient to demonstrate maintenance of the gender under the
rearing conditions at the PEI facility but no information was available about for the

Panamauisn facility.

The manufactire of the notified sponsor product involves three additional methodologies
to manipulate the reproductive biclogy of the Atlantic salmon {see Figure 9.3).
Gynogenesis and sex-reversal are used to develop an all-female population of AAS, and
triploidization is used to develop a sterile generation. The efficiency of these other
modifications and their potential for concern in the context of the current risk assessment

are discussed below,
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The notifier described the method for gynogenesis induction in sufficient detail, including

Gynogenesis was used during early commercial brood stock development and is no

longer used for maintenance of the commercial brood stock (ABT 2013, 000000
T

Salmonid genetic sex determnation 18 by female homogamety, where XX results in
genetic female, and XY results in genetic male. The purpose of gynogenesis is to create a

geneﬁcally all-female population that can then be sex-reversed to XX-phenotypic males.
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T, ©roduction of gynogenetic Atlantic salmon using

irradiated Atlantic salmon, rambow trout or brook trout sperm in other studies has
resulted in 100% female gynogenes (Johnstone and Stet 1995, Quillet and Gaignon 1990,
Pepper et al. 2004). However, there have been several reports of phenotypic males being
produced through gynogenesis in other salmonid models (see Pandian and Koteeswaran
1998). While the cause of these is not always determined, they include paternal genetic
contamination (see Pandian and Koteeswaran 1998), which in the current case would be
identified by Atlantic salmon x Arctic charr phenotype and removed in addition to be
sterile (reviewed by Chevassus 1975). Gynogenesis in rainbow trout has occasionally
resulted in production of phenotypic males due to a genetic mutation overriding the sex
gene in some individuals (Quillet et al. 2002). These phenotypic males can pass the male
phenotype to their offspring, resulting in >0% male offspring. Whether this mutation is
present in other salmonid species has not been identified. However, should such a
mutation be present in the AAS line, the result could potentially be XX AAS product
with genetic predisposition to develop as male. This would vesult in bisexual population
that could theoretically reproduce among itself. Current literature on Atlantic salmon
gynogenetic production has not identified such a gene. However, Eisbrenner et al. (2013)
identified phenotypic males in Tasmanian Atlantic salmon populations that were
genetically predicted to be female, suggesting sex determination in Atlantic salmon may
not be solely genetic. Preliminary evidence suggests that sex differentiation in Atlantic
salmon may be thermolabile (King et al.). While current gynogenetic techniques are
expected to produce all-female populations, this should be confirmed under all conditions

nsed.

¢ Genetic males (XY)
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O
U ——
O
e I B V< conclude that the successful generation of

an all-female population through gynogenesis has been performed, however there has
been limited sampling to confirm the on-going maintenance of the female sex under the
rearing conditions at the PEI facility. No information is available for the animals reared
under Panamanian facility. The peer review commitfee suggested that the
recomunendation be made to AquaBounty to adopt a standard operating procedure fo

verify the genetic sex of neomale broodstock on an on-going basis.

9.2.4.2 Sex-reversal

RO ' process of sox-

reversal is not of concern in the context of the following risk assessment,

In order to produce an all-female product, gynogenetic fish homozygous for the EO-1a
transgene were treated with 17o-methyltestosterone to produce phenotypic male fish that
are genetically female. This is done either by 1 or 2 immersion treatments of yolk-sac fry
in 17a-methyl testosterone, or by feeding fry with feed sprayed with 17o-methyl
testosteronc NN
S ——
|
I [lere are no expected complications in production of sponsor
product from the described sex-reversal process, provided all fish are genetically

predispositioned to be female.
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9.2.4.3 Triploidization

The notifier adequately explains the process of triploidization of the final product, and

estimation of percent triploidy success ou a per batch basis i _—_I——__NE_—_—

Induction of triploidy in fish is a common method for sterilization. Hydrostatic, heat or
other shocks applied to eggs shortly after fertilization results in retention of the egg’s
second polar body. The resulting triploid organism has three sets of chromosomes, two of
maternal and one of paternal origin. While male triploid salmonids can sexually mature
and produce non-viable offspring, female triploid salmonids do not generally mature (e.g.
Benfey et al. 1989). Consequently triploid fish, parficularly all-female triploid fish, are a

useful method of biological containment. However, triploid methods are not 100%,

although reported failare rates are usually less than 1%.
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9.2.5 Characterization of the Transgene Integrant

The company thoroughly characterized the inserted transgene and provided sufficient
evidence to conclude that that AAS only contains one copy of the opAFP-GHe2 integrant
at a single locus (EO-10). Characterisation of the inserted transgene revealed a
rearrangement of the integrant relative to the construct and short non-coding pUC
sequences which are not of concern. Two integration sites were initially identified in the
founder animal but there is enough evidence to ensure that only the o-integrant remains
in fish included in the AAS broodstock. Although microinjection is not of concern,
uncertainty remains about the potential integration of small fragments of the plasmid due
to its co-injection with the transgene. Absence of a complete ampicillin resistance gene
and sequences for toxic proteins alleviate these concerns. The integrant does not appear
to have been inserted in the coding region of an endogenous gene; however uncertainties
remain about the potential for the fransgexle integrant to disrupt surrounding endogenous
genes. The latest ave alleviated through characterization of the phenotype. We conclude
with reasonable certainty that the nature of the transgene integrant at the EO-1a locus is
not of concern for the risk assessment.

Relevant genotypic changes are both related to the integration of the transgene and the
triploidization of the eyed-eggs. Aspects of the integration of the transgene of
considerations include the sequence of the infegrant, number of mtegration sites, number

of copies integrated, positions of the integrants, and determination of presence or absence

_of plasmid-vector sequence in the host genome.

9.2.5.1 Sequence of the Integmnt

The opAFP-GHe? construct was rearranged upon insertion inte the host genome
positioning a portion of the ocean pout AFP promoter downstream from the construct. In
addition, short non-coding pUC sequences were included in the infegrant. Excluding the
above differences, sequencing demonstrated complete identity of the integrant in the host

genome and the construct.

The initial structure of the integrant was initially analysed through PCR and linker-
mediated PCR (MLPCR) through which a rearrangement of the integrant was suspected.
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Complete sequencing of the EO-1u mtegrant provided solid evidence of the
rearrangement of the opAFP-GHe2 construct upon insertion to the host genowme (ABT
2013, - The 4205 bp EO-1a integrant consists of the last 613 by of the
ocean pout AFP S’regulatory sequence (which was originally made of 2186 bp including
the 5 -flanking region, the promoter and the 5"UTR region in the construct prior fo
injection), followed by the intact Chinook Salmon GH cDNA, the complete Ocean pout
antifreeze 3” regulatory sequence, 25 bp of pUCY, 20 bp of pUC18 and the first 1678 bp

of the Ocean pout antifreeze 5’region.

BamH1 Pl Hind 111 Potl Bkl Ovean pout ¥-promoter
Feak Ig i i T ,  OpAFP-GHc2
5 B *’-‘f—-—— 3 Plasmid ' Chineok salimon GH cDNA
W 291 bp t 1369 bp f D Orenn pout 3'rerminaror
puc 18 plcy
womin Cenoe IINA
Bam¥ 1 =328 s pUCDNA

EO-1a Lotus e . . D Not draven to sedle |
E Butative Psr 1site SRS
b gl by 1869 bp {4 ig78pp w3 flanking
: DNA
A5t ptc fenamie

Figure 9.4 Comparison of the physical characterizations of the microinjected
plasmid construct (opAFO-GHc2 Plasmid) and the integrated transgene (EG-1a
Locus) in the Atantic salmon (Salmo salar) genome.

Sonrce: ABT 2013, p. 177
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9.2.5.2 Number of Integrants

Two integration sites, referred o as the o- and B-integrants, were identified in the founder
animal. As only the o-integrant confer the enhanced growth phenotype the company
eliminated the non-functional f-integrant from the AAS EO-1u line. Sufficient evidence
was provided to demonstrate the absence of the B-integrant in all fish included in the
AAS broodstock maintained at the PEI facility. The company provided sufficient
evidence to conclude that that AAS only contains one copy of the opAFP-GHe2 integrant
at a single locus (EO-1a).

The assessment of the number of integrants includes considerations to both the number of
integration sites, 1.e., locus, and the number of copies at each loci. Southern blot analysis
was provided as evidence to support the number of integration sites in the AAS. Results
suggested two integration sites, referred to as the o~ and B-integrants, in the founder
animal (EQ-1%) and early generations (F; and ¥2) (ABT 2013, NN - Foother
analysis determined that the integrants were independently segregating and that only the
a-integrant confer the enhanced growth phenotype. The notifier selectively bread later
generations fo only vetain the o-integrant in transgenic individuals and eliminated the

non-functional B-integrant from the AAS EO-1o line (ABT 2013, [

The probes used in the Sonthern blot were designed to anneal the ocean pout antifireeze
protein, which are not present in the Atlantic salmon hence making them specific to the
transgene. Genomic DNA was digested with different restriction enzymes (Psfl, HindIll

ot Bg/ll) prior to Southern blot hybridization in which the o-integrant was represented by
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a single band, indicating a single integration site (ABT 2013, AAS-MFG-004,
Supplement 2 to AAS-MFG-004). The potifier provided sufficient evidence across five
generations that the a-integrant ig present at a single site in the AAS line. Genomic
Southern blot hvbridization lias been routinely used in plants (OECD, 2010) and in fish
(Du et al. 1992; MacDonald and Fletcher, 2012) to determine the number of integration
sites. In the assessment of the evidence provided to support the nnmber of integrant, it is
important to consider recent information about the molecular characterisation of
transgenic cattle in which detection of multiple copies of incomplete transgene and vector
backbone was reported in a host genome through next-generation sequencing while other
techniques had failed to detect them (Zhang et al. 2012). This new information raises
uncertainties around the nature of the integrated transgenic material in the host genome of
the AAS.

Of relevance to the current risk assesstent is the number of integrants in the fish used in
the production of the AAS line, hence the evidence provided in support of the elimination
of the non-functional P-integrant from the AAS line needs to be considered. Baged on the
summary genealogy provided by the notifier (ABT 2013, p. 46), N i iy
.. J1
L 1 . |/ |
0
I
R —
O
I R Ccromic

Southern blot hybridization was conducted on DNA isolated from blood samples from
individuals from the F;, F4 and F¢ generations descendant from [ -1 <
I (D2t are representative of the AAS population |GGG
T Southern blot hybridization conducted on the Psil

digested genomic DNA using a probe in the ocean pout AFP region of the transgene
confirmed the presence of a single band representing the ¢-integrant and providing

evidence of the absence of the B-integrant in F4 and Fg descendants from the three
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individuals selected from GGG in the Fy, AS200 and
in F, and Fs descendants from the three individuals selected from |-

IR (5T 2013, I
I I I

I, - inultiplex PCR was used to confirm the absence of the B-integrant. The

Concatemerization of a fransgene at a single locus has been reported in transgenic
salmonids (Uh ef al. 2006). The complete sequencing of the o-integrant provide sufficient
evidence of a single copy of the transgene in the EO-1a AAS line.

9.2.5.3 Position of Infegrants

The exact location of the integrant in the host genome is not known. Sequencing of the
flanking regions of the integrant provides sufficient evidence to conclude that the
mtegrant was not inserted in the coding region of an endogenous gene. However,

uncertainty remains about the potential for the integrant to disturb srounding genes.

Knowledge of the position of the integrant can have fwo main uses in the context of a risk
assessment. First, it can contribute to the determination of the stability of the transgene

through generations and second, it can be useful to determine the genes surrounding the
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integrated transgene and hence provide the possibility to generate evidence to determine
if the insertion disrupts the expression of gene surrounding the transgenic integration site
(Ohigashi et al. 2010). Determination of the position of transgene integration in fish is
achievable through fluorescence in-situ hybridization (Phillips and Devlin, 2010).

The position of integration of the transgene, i.e. specific location of the EQ-1a locus, in
AAS is unknown and the NSNR(O) do not require the notifier to determine the position
of the integrant in the host genome. Evidence from other methodologies to demonstrate
the stabality of the inserted transgene (reviewed in Inheritance and stability section) will
be 1"equired‘ Evidence provided o demonstrate that the inserted transgene did not disrapt
endogenous genes relies on sequencing of the genomic flavking regions of the EO-1a
locus which revealed 35 bp repeat sequences for at least 1136 bp upstream and 730 bp
downstream of the u-integrant (ABT 2013 — SR -1 Y askowiak et al.
2006°). Additional evidence for the lack of distutbance of surrounding genes can be

substantiated with considerations of unintended effects (see seetion 9.2.7).

9.2.5.4 Vector Sequence in the Host Genome

Considering that the transgene was co-injected with the vector. The company provided
sufficient evidence to conclude that no fragment larger than 161 pb from the pUC vector,

which was co-injected with the transgene, was incorporated into the genome of AAS.

Evidence of absence of plasmid backbone integration is important to ensure no

expression of additional proteins or altered endogenous gene expression (OECD, 2010).

l | |
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This is of concern in this risk assessment as the plasmid was co-injected with the

transgene’ (ABT 2013). Provided evidence includes absence of bands in Southern blot

analyses using genomic NN NNNSRINNRSRRRAR

D A lihough the nature of the probe is not of concern, its size (2686
pb) raises the concern for detection of small integrants of the vector in the host genome
especially in light of detection of multiple copies of incomplete transgene and vector
backbone through nexé-generation sequencing (Zhang et al. 2012). This new information
raises uncertainties around the nature of the integrated transgenic material in the host
genome of the AAS. However, the company also conduected nyultiplex PCR analyses to
verify if AAS had incorporated or inherited the ampicillin resistance gene. Appropriate
primers and internal controls were included. Blood samples from individuals from
muitiple families from the Fy- through Fg- generation were included. Results support the

conclusion GGG U C vector, including the

ampicillin resistance gene, was incorporated into the genome of AAS.

9.2.6 Exprﬁssimé of the Transgene

Despite the truncated nature of the promoter in the integrant, there is enough in-vitro and
-vivo evidence to conclude that the remaining portion can drive expression of the

tl'ansgene. S ——

e
R ~:l2ble information about

? The opAFP-GHe2 was liberated from the plasmid construct by restriction enzyine digestion with EcoRT
for microinjections but was not further purified resulting in microinjection of both the transgene and the

vector DNA (ABT 201 1. Il
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Relevant to this assessiment is the activity of the trunked promoter, expression of the
growth hormone transgene, expression of any allergenic or toxic proteins in transgenic

individuals.

9.2.6.1 Activity of the Truncated Promoter

Despite the truncated nature of the promoter i the integrant, there 1s enough in-vitro and
in-vivo evidence to conclude that the remaining portion can drive expression of the

transgene.

Indirect evidence of the ability of the trimcated promoter fo drive expression of the GH
transgene is available through in-vitro analysis. A series of opAFP promoter of varying
sizes were fused to the bacterial chloramphenicol acetyltransferase (CAT) gene and
microinjected into medaka embryos (Oryzias latipes) and transfected i rainbow trout
hepatoma cells, chinook salmon embryonic cells and chum salmon (Oncorhiynchus keta)
einbryonic cells. Results demonstrate the basal activity of the promoter to be retained
despite the $’end, including the CAAT sequence, being truncated (reported in ABT 2013,
). Additional indirect in-vifro evidence includes the transfusion of eleven AFP
constructs of various sizes fused to a Inciferase reporter gene and transfected in salmon
and human cell lines (Butler and Fletcher 2009). The anthors concluded that the
expression of the EOQ-1o transgene in the AAS line to be driven by nucleotide elements
within the promoter truncated upstream of the TATA box and to a small degree, by the
relocated downstream sequence. Since the relocated 1579 bp downstream of the
transgenic growth-hormone did not fully restore the promoter regulatory activity, no
mujor enhancers appear to be part of the promoter. T he relocated sequence is not
expected to affect gene expression downstream from the EO-la locus which gene
sequencing demonstrated to be 35-bp repeat region. The avthors provided enough

evidence of presence of positive and negative regulatory regions in the promoter. Any
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remaining uncertainty around the ability of the trunked promoter to regulate the
expression of the EO-1a transgene is alleviated by the demonstration of the expression of
the transgenic growth hormone in the AAS (see section 9.2.6.2). Finally, the promoter
appears to lack tissue specificity (Hobbs and Fletcher 2008).

9.2.6.2 Transgenic Growth Hormone Expression

Available data demonstrate active transcription of the GH transgene in several tissues at
varying levels but does not provide a complete temporal profile of the transgenic GH
expression through the life cycle of the AAS. Low levels of transgenic GH mRNA

expression were detected using RT-PCR in several tissues in a small sample of AAS

juvenile fish; however the use of J GGG
IR . vilable data does not

provide a complete temporal and tissue expression profile of the transgenic GH protein

levels through the Life cycle of the AAS. No data on plasma GH levels are available for

AAS. [
-

A complete characterisation of a transgene expression should include a description of the
temporal and spatial distribution of the expression of the gene (transcript and proteins)
and evidence for the phenotypic expression. Relevant evidence of the transgenic growth
hormeone expression includes analysis of the expression of the transeript, protein levels
and phenotypes i representatives of the AAS line. Evidence from AAS-relatives is also

imcluded but weighted differently.

Transcriptional evidence of the transgenic GH in AAS juveniles of approximately 400g”
is provided in 12 different tissues® but not in blood cells using reverse transcriptase PCR

(Hobbs and Fletcher 2008). Primers used in the study targeted the 5'-junction between

¥ Age and size are not specified in Hobbs and Fletcher {2008) publication but the size is reported to be

around 400g in the notifieation.
? Tested tissues were heart, mouth skin, intestine, spleen, liver, kidney, stomach, ovary, gills, nuscies, skin,

brain, blood and pituitary.

73



DRAFT FOR PEER REVIEW FROTECTED B

the promoter aund the transgenic GH coding sequence amplifying a 331 bp fragment
transgenic individuals and failure to do so in non-transgenic controls. Northern blot
analysis in the same study using the same samples with a probe designed to anueal to the
same region than the PCR primers, only detected a signal in the spleen. The above study

provides very little information about the transeription of the transgenic GH in AAS
considering the small sample size (n=2) and the unique life stage. |GGG

R Overall, the available data does not provide a

complete temporal expression profile of the transgenic GH through the life cycle of the
AAS. Available data is limited fo transgene mRNA expression af varying levels in
several tissues in two juvenile fish of unknown position in the AAS genealogy and in
muscle and skin samples of eight AAS progenies at market size nsing methodologies

with different sensitivity.

Analyses of plasma levels of GH analyses were conducted in Fq AAS progenies. With
over 95% amino acid sequence homology between the Chinook and the Atlantic salmon
(ABT 2013), contrary to the mRNA {evels, it is not possible to distinguish the GH protem
derived from the transgene from the GH protein derived from the endogenous gene.

Investigation of the expression of the transgene thereby relies on the comparative total
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GH Jevels in transgenic and non-transgenic individuals. |
... |]
I (:ouoccuic (1530), non-transgenic controls (n=33) and farmed comparators

that are not from ABT (n=10) | ENG—_—

Information about plasma GH levels is available in AAS-relatives fry (n= 5 to 7) in
which there was no statistical difference between the plasma GH levels in the transgenic
(39.9 & 14.8 ng/ml), five biggest aged-matched non-transgenic siblings (28.2 + 8.8 ng/ml)
and other non-transgenic siblings (20.5 & 7.8 ng/ml) (Du et al. 1992). It should be noted
that fry differed greatly in average weight (37.0 £ 10.2 g for transgenic and 5.94 + 0.14 g

for non-transgenic).

Overall, the available data does not provide a complete temporal and tigsue expression
profile of the transgenic GH protein levels through the life cycle of the AAS. Available
data is Iimited to GH levels below detection limit in AAS muscle-skin of commercial size
AAS fish and detectable levels in plasma of AAS-related fiv. Knowing that levels of
plasma GH vary with life stages and environmental factors (Bjtrnsson 1997, Ebbesson ef
al 2008), we conclude that the available information about the GH levels in AAS might

not be representative of potential lughest levels.
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9.2.7 Biological and Ecological Properties

This section focuses on the biological and ecological properties of the AAS. Information
about AAS-relatives, L.e. Atlantic salmon injected with the same construct as AAS but
resulting from different insertion events, is considered as smrogate information as
opposed to information about the notified organism as transgene expression and
physiological effects are strain specific and depend on the integration site(s)"® (Devlin et
al. 2004). AAS-relatives are therefore included in this section but less weight is attributed
to this information. Biological and ecological properties of other transgenic growth-
enbanced salmonids presented in numerous studies will be incorporated i the hazard

assessment with related uncertainty level.

9.2.7.1 Size and Growth

The magnitude of the effect on growth rates reported in studies provided by the company,
combined with evidence published in the scientific literature provides evidence of an
enhanced growth phenotype in AAS ander hatchery conditions. [ IR
that AAS would not reach a larger size than their non-transgenic comparators i the
natural environment. Uncertainty remains around the growth enhanced phenofype of

AAS across different environments including those i low food availability.

Increased growth rate associated with the presence of the EQ-ld transgene has been

reported in several studies conducted by the notifier, and published in the scientific

literatwre. The notifier conducted a study to compare body mensurements of AAS (2N

and 3N) and control siblings (2N and 3N) at 2700 degrees-days, corresponding

approximately to 7 to 8 months old (189 to 223 days at reported temperatures) (il
. - . .

2 mdividuals strains of transgenic growth-erihanced salmon injected with the OnMTGH1 construet have
different survival rates and different fry and juvenile growtls rates suggesting that the insertion site and
transgene structure affects transgene expression (Devlin et al. 2004). Hence, one cannot assnme the

reported phenotypes for AAS-relatives fo be the same in AAS,
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Figure 9.6 Change in specific growth rate during growth of AAS and non-transgenic
comparators. Taken from ABT 2013: Narrative Response, p. 139,

2009
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The notifier indicated that there have been no controlled studies comparing the growth
rate of AAS with wild-type Atlantic salmon or any | ENEGEGEGEGGEGENGEN

Information in support of an increase growth rate of the AAS is also available in the
scientific literature. Levesque et al.(2008) report significantly higher mass and length for
AAS (1433 +£3.32 gand 11.75 6.57 £ 0.81 cm) compared to their non-transgenic
siblings (2.83 £ 0.75 g and 5,57 +0.49 cm) at 4 months of age. AAS was also reported to
outgrow its non-transgenic sibling resulting in significantly higher mass during the first
and second year of life under low and high feeding conditions (Moreau and Fleming,
2012). Finally, Deitch et al. (2006) reported a 3.6 times faster growth rate in Fs AAS

compared to non-transgenic comparators from the St. John River strain (nof siblings).

it
I
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We concluded that there is sufficient evidence for the enhanced growth phenofype of the

AAS under hatchery conditions. However, we consider that there is no evidence o

support the claim that AAS does not grow larger than their non-transgenic counterparts

(ABT 2013, ) - - [though anecdotal information was provided to
demonstrate that the accelerated growth-rate of the AAS is not sustained over later stages
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of development, appropriate data would inchude size and growth rates of AAS and non-

transgenic siblings after 4 years of age.

Of relevance to this risk assessment is the growth enhanced phenotype of AAS under
food limsited conditions. In a study in which AAS and non-transgenic Atlantic salmon
were split between high and low feed levels (4 to 8% and 1 to 2% tank biomass per day,
respectively), AAS outgrew non-transgenic fish 1n both feed levels (Morean and Fleming,
2012) (Figure 9.9). The size of transgenic fish varied with feed levels suggesting that
transgenic growth is limited by feed availability. On the other hand, Moreau et al.
(2011b) also reported similar growth performance of GIH transgenic and non-transgenic
Atlantic salion during first feeding in food-limited stream microcosms. Results from this
study should be carefully interpreted due to the reported weight loss for all fish, including
the non-transgenic controls, over the 37-day assessment period and to the different
genetic background (i.e. AAS being crossed with wild adults from the Exploit and
Colinet rivers as opposed to domesticated individuals from the St. John River strain).
Using the same fish, Oke et al. (2013) confirmed the growth rates of transgenic and the
non-fransgenic in a naturalized stream to be lower than in hatchery conditions. AAS has
higher growth rates in hatchery than the non-transgenic controls (approximately 1.8% and
1.4% g per day, respective.ly} as opposed to in naturalized streams in which AAS has
lower growth rates thau the nop-trapsgenic condrols (approximately 0.65% and 1% g per
day, respectively), 1“epres'§nting an approximate 64% and 40% reduction for the AAS and

the non-transgenic fish, respectively.
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2106  Figure 9.9 Mass and fork length of transgenic (AAS) and non-transgenic precocious
2107  male Atlantic salmon during the first (0 and second (1+) years of kfe,

2108  High and low feed levels were applied only duxing the first year of life. Data
2109  represent means £ 95% confidence intervals. Taken from Moreaun and Fleming,
2110 2012

2111

2112 AAS-relatives were also reported to have greater growth rates than their non-transgenic
2113 comparators. Study of AAS-relatives provides estimates of growth rates 2- to 6-fold greater
2114 than non-transgenic comparators during the frst year of life (Du et al. 1992}, 2.62- to 2.85-
2115  fold greater in transgenic pre-smolts compared to control fish when fed to satiation (Cook

2116  etal. 2000a) and to be significantly higher in GH transgenic compared to non-transgenic
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juvenile Atlantic salmon {Stevens and Sutterlin, 1999, Stevens et al. 1999). Abrahams
and Sutterlin (1999) also demonstrated the growth rate of AAS-relatives (1.53% per day)
1o be significantly greater than in their non-transgenic counterpart (fish from the same
strain but not siblings) (1.05% per day) over the weight interval of 1 to 10g.

Despite the lack of statistical analysis in some of the reports summited by the company,
the magnitude of the effect on growth rates, combined with evidence published in the

scientific liferature, is considered to be adequate evidence of an enhanced growth

phenotype in AAS. Nevertheless, there is | EG_G_—_— GRS

R (5T 2013, I
In addition, despite reduced thermal growth coefficient (ABT 2013 ]

) and reduced specific growth rates (Levesque et al. 2008) with time, there is no
evidence that the AAS would not reach a higher mass and grow to a larger size than their
non-fransgenic comparators, Appropriate supportive data would require growth curves,
ideally under naturalized conditions, for diploid and triploid AAS and non-transgenic
siblings over longer periods of tirte. The maxiroun size of the AAS therefore remaing
unknown. '

9.2.7.2 Morphology

Based on several studies and observations, the notifier has asserted that there were no
significant differences between the AAS and non-transgenic comparators. They also
concluded that the morphological irregularities in some AAS specimens were of low

magnitude, Hmited distribution, and of non-debilitating nature.

The notifier provided gross morphology data for diploid and triploid AAS and non-
transgenic comparators (n=12 fish per groupy" - Transgenic and non-

transgenic fish inchided in this study share common parents without being fill siblings

* The experimental design includes 6 males and 6 females for each group, corresponding to 12 fish per
group, 24 fish per genotype and a total of 48 fish (-
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but the triploid and diploid fish, within a same genotype, are full sibling’®. A total of
eight external (Jaw, operculum, gills, fin structure, vertebral column, eyes-cornea, skin,
and color-markings), ten internal (gonad, GI tract, liver-gall bladder, spleen, swim
bladder, kidney, heart, body wall, cranjum-ant spine, and gills) features and weights of
five organs (GI tract, heart, liver, gall bladder and spleen) were assessed. No statistical
analysis was reported on the gross morphology results. Abnonmality in external features
were mostly mild and of similar rates in transgenic and non-transgenic fish with most of
the cases were observed in the gills and appeared to be related to the triploid state rather
than to the genotype. Abnormalities in the internal features appeared to be similar in
transgenic and non-transgenic fish (UMD The report authors concluded that
gross and microscopic findings for 445 m the aggregate were of low magnitude, limited
distribution, and a non-debilitating nature are were unlikely to compromise the overall
health of these fish during commercial production (ABT 2013: |

W

Several morphological features were also reported for Fs AAS (8 months old) and size-
matched non-transgenic comparators (20 months old) from the St. John River strain, i.e.
not siblings of the AAS (Deitch et al., 2006). No differences between AAS and the non-
transgenic comparators were reported for general morphology features including fork
length, body depth, opercular length, candal peduncle depth and tail area or for gill
morphology features, including number and length of filaments, lamellar densily and area
and total gill area. Although no differences were reported for optical surface area of
erythrocytes, their perimeters and compactness in the transgenic fish were significantly
smaller than in the controls. Atrinm and bulbus heart mass were not different but
ventricle mass and relative ventricular mass were higher in transgenic than in non-
transpenic comparators. The authors also reported in sifu hearts of the AAS to exhubit a

marked 18% increases in maxinmm cardiac output compared to the controls.
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Morphological differences were also reported in the gills and gastrointestinal fract of
AAS-relatives compared to their non-transgenic comparators'’. GH transgenic Atlantic
salroon have longer intestinal folds leading to a 1.5 times larger digestive surface area in
the anterior intestine and 1.2 times in the pyloric caeca (Stevens et al. 1999). In addition,
contrarily to adult AAS (Deitch et al. 2009), pre-smolts GH transgenic AAS-relatives
have significantly longer gill filaments than their non-transgenic comparators leading to a
1.24 times larger gill surface area (Stevens and Suttelin, 1999). Deitch et al. 2009
attributed the reported differences to the higher mass-specific oxygen requirements of the

freshwater pre-sinolis,

9.2.7.3 Life-history

Based on the mformation available in the literature, the effects of the EO-1a on early life
stages appear to be small with Jess than a day of advance on the hatching time and less
than 2% in weight and 1% in size for the AAS compared to the non-fransgenic
counterparts. There is concuring evidence of early smoltification in both the AAS and
AAS-relatives compared to their non-transgenie Atlantic salmon. There is no information
about the timing of emergence of the AAS alevius from the gl'aﬁrel and on the maturation
rate of female AAS. However, AAS reaches smolt and adult maturity stages faster than
wild conspecifics suggesting a shortened life-cycle. Overall, limited available
information suggests that the transgene hag a larger effect on later freshwater stages than

earlier ones.

The notifier anecdotally reported to have never observed any acceleration or delay in
time to hateh for diploid, triploid, hemizygous or homozygous growth hormone
transgenic Atlantic salmon relative to their non-transgenic counterparts at the R&D

facility on PET (ABT 2013 : NN ). In addition, the notifier reported
O
T

YThe control fish were reported to be from a non-fransgenic cross from the same stock and spawned on the

same day as the transgenie fish. The authors do nof report them to be fuil siblings.
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Hemizygous AAS males were crossed with wild non-transgenic Atlantic salmon females
from the Exploit River (Morean 2011). The cross resulted in approximately half of the
offspring inheriting the transgene as expected for Mendelian inheritance patterns. Such an
experimental design enables the comparison of full siblings differing for the presence of
the transgene hence controlling for maternal effects and genetic background (Moreau
2011). Over 60% of the fish in each family of transgenic and non-fransgenic Atlantic
salmon hatched over a period of three to four days (Figure 9.10) (Moreau, 2011). The
transgenic fish hatched on average less than one day earlier than their non-transgenic full
siblings (493 + 8.2 and 497.2 4 8.1 degree days, respectively) and was dependent on
family. Figure 9.10 also demonstrates the interfamily variation in the onset and rate of
hatching over several days which is within the range fthat has been typically reported
elsewhere (Darek Moreau, personal communication). In the same study, the amount of
yolk remaining near emergence time in the transgenic (13.38 & 0.27) was slightly greater
than in the ilén»transgenic (12.99 + 0.26) fish. Finally, the transgenic fish weigh less than
their non-transgenic counterparts (0.148 £ 0.001 g vs.. 0.151 £ 0.001 g, respectively) and

were smaller (25.08 + 0.09 mum vs. 25.26 & 0.12 mm) at time of emergence,
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Figure 9.10 Time of hatch {degree days) of full sibling GH-enhanced transgenic and
non-transgenic Atlantic sabmon (Salmo salar) from eight families (n = 100 eyed-epgs

for each family).
Taken from Morean, 2011, Ph.D, Thesis
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The number of maturing AAS fransgenic pair was the same as their pon-transgenic
giblings from the Exploit River over the first year of life but was only half dosing the
second vear of life from which the authors councluded in reduced precocial male
maturation in AAS (Figure 9.11) (Moreau and Fleming, 2011). In addition, although not
quantified, observations of secondary smolt characteristics in the immature transgenic
pars (of silver colouration and loss for parr marks), as opposed to the non-transgenic

fish, suggest the fransgene preferentially include physiological pathways towards

smoltification.
_ & (4 Transgeuic parr
30 X
O+ Nop-transgenic pary
A 1+ Transgenic parr
25 - { a1+ Nop-transgenic pay
20 %
&
g
g 13
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Figure 9.11 Kﬁcidence of mature male transgenic and non-transgenic Aflantic
salmon parr during the first (0+) and second (1+) years of life.

High and low feed levels were applied in the first year of life enly. Transgenic fish
are AAS in the Exploit River genetic background. Taken from Moreaun and
Fleming, 2011

(fhanges in life history have also been reported in AAS-relatives. AAS-relatives reach
smolt size and completed smoltification at 6 months of age (Saunders et al. 1998) and

transgenic AAS-relatives appeared to undergo precocious smoltification based on silver
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2240 coloration and lost of dark vertical parr marks at a smaller size than their non-transgenic
2241  counterparts (Cook et al. 2000b).

2242 9.2.7.4 Metabolism and Physiology

2243 Metabolic and physiological differences between AAS and non-transgenic counterparts
2244 include higher feed consumnption rates, lower feed conversion ratios, increased oxygen
2245  consumption rates and reduced metabolic scope and swimming performance. Available
2246  information does not provide a complete profile over the entire life cycle of the AAS.
2247

2248  Serum analysis revealed significant lower serum glucose and cholesterol in AAS

2249  compared to their non-transgenic comparators from common parenfage (Figure 9.12)
2250 (ABT 2013: ")m. Several other parameters
2251  were demonstrated to be different, while remaining within the nofnlal range observed in
2252 Atlantic salmon, between AAS and non-transgenic comparators including chloride,
2253 aspartate aminotransferase, biliburin, total protein, albumin, globulin, caleium, and
2254  phosphorous while no difference were reported for sodium potassinm, alanine

2255  aminotransferase and creatine phosphokinase. Together, these results suggest a difference
2256  in the metabolic rates of sexually immature AAS corapared to non-transgenic confrols.
2257  However, due to the small sample size of the above study (812), and the single time
2258  point, the results are considered preliminary and not necessarily representative of the

2259  whole population.
2260

% Transgenic and non-transgenic fish were 1213.0 £ 125.9 g (r=48) and 45.9 £ 1.7 con and shared a
comunion patentage with the commercial broodstock without being full siblings. Transgenic fish were
derived from the Fs generation of AAS. Triploids were derived from hydrostatic pressure shock of
approximately half of the fertilized eggs from the respective crosses (I NEG_G_GGG_ -
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Figure 9.12 Scatter plots of serum glucose and cholesterel values by genotype (TX:
transgenic, S5C: pon-transgenic) and ploidy (2N: diploid and 3N: triploid).

N =12 per group including equal nambers of sexually immature males and females
weighing 1000 to 1500g. Data taken from |GG

The respiratory metabolism of AAS during early ontogeny has been examined in several
families resulting from crosses between the AAS and wild fish from the Exploit River,
Newfoundiand (Moreau 2011). The oxygen consumption in AAS eyed-egps and alevins
was not significantly different from their full sibling comparators (Figare 9.13) (Moreau
2011). In addition, the mean oxygen consumption in AAS (0.170 # 0.004 mg O, g ')
and non-transgenic siblings (0.164 + 0.007 mg O, g !y first-feeding fish was also not

19 Sample size reported to be 6 tanks, without the number of fish per tanks, No details on the statistical

analysls were provided.



2283
2284
2285

2286

2287
2288
2289

2290
2291
2292
2293
2294

DRAFT FOR PEER REVIEW PROTECTED B

significantly affected by the transgene. The results from thas study suggest that the
metabolic differences between AAS and non-transgenic Atlantic salmon to be minimal at

critical early life stages.
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Figure 9.13 Oxygen consumption in transgenic (black circles) and non-transgenic
(white circles) full siblings Atlantic salmon eggs (top panel) and alevias (bottom
panel).

Data represent mean values within different families. The overall transgenic and
nen-transgenic means ave represented by the short and long dashed lines,
respectively. Transgenic fish are AAS with an Exploit River genetic background.
Taken from Moreau 2011 Ph.D. Thesis

92



2295
2296
2297
2298
2209
2300
2301
2362
2303
2304
2305
23006
2307
2308
2300
2310
230
2312
2313
2314
2315
2316
2317
2318
2319
2320
2321
2322
2323

DRATYT FOR PEER REVIEW PROTECTED B

Metabolic differences attributed io the transgene appéar to be more important at the post-
smolt adulf life stages than at early life stages. Deiteh and colleagues (2006) reported a 21
to 25% higher oxygen consumption rates in Fs AAS (828 + 40g) compared to their size-
maiched non-transgenic comparators (884 + 86g) from the St. John River strain (not
siblings) (Deitch et al. 2006). The same study also reported on several other metabolic
and physiological differences between AAS and non-transgenic comparators.. AAS has a
18% lower metabolic scope and a 9% lower critical swimming speed compared to the
non-transgenic counterparts despite having higher oxygen consumption rates, 29% larger
hearts, 18% greater mass-specific in-situ maximum cardiac output, 14% higher post-
stress blood hemoglobin concentrations and 5 to 10% higher aerobic enzyme activities
(Deitch et al., 2006). The authors concluded that the gill surface area, which did not
increase in the AAS, may limit the ability of the adult AAS fo elevate its maximum

metabolic rate and swinuning performance®®, Overall, the above study

Metabolic and physiological differences are also reported in AAS-relatives. Abrahams
and Sutterlin (1999) demonstra.téd the rates of consumnption of AAS-relatives to be
approximately five times that of their non-transgenic counterpart (fish from the same
strain but not siblings) over the weight interval of 1 to 10g. Daily feed consumption over
a pre-simolt body eight interval of 8 to 35 g is 2.14- to 2.62-fold greater for AAS-relatives
than their non-transgenic counterparts, suggesting an increased appetite, and exhibita
10% improvement in gross feed conversion efficiency (Cook et al. 2000a). Transgenic
fish have less body fat than their comparators, which is reported fo be a function of their
elevated metabolic rates (Cook et al. 2000a). Routine oxygen consumption rates are 1.54
to 1.70-fold higher in the AAS-relative than mn their non-fransgenic counterparts over the
same weight interval (Cook et al. 2000b). Oxygen conswmption remained 1.58 to 2.30-
fold higher m transgenic fish than in non-transgenic comparator after 24 hours starvation
(Cook et al. 2000b). As starvation progressed over 8 weeks, transgenic fish exhibit a
more rapid decline in oxygen consumption as well as in body protein, lipid and energy

{Cook et al. 2000c). Oxygen uptake in fransgenic fish is 1.7 times higher than in control

2 Sarmple size varied between 7 to § fish
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fish resulting in a critical oxygen uptake level of 6 mg/L for transgenic fish compared to
4 mg/L for controls (Stevens et al. 1998). Oxygen uptake of transgenic fish was 1.6 times
higher than in control fish during forced swirnming activity but critical swimming speed

was not different between groups (Stevens et al. 1998).

9.2.7.5 Endocrinology

Available data for the GH concentrations in the AAS is scarce. Plasma GH

concentrations across the life cycle of the AAS have not been reported. Muscle-skin of
commercial size AAS and non-transgenic counterparts have GH levels below detection
limit and suggested no difference between the different genotypes for IGF-1, estradiol,
testosterone and thyreid hormones. Juvenile AAS appears to have a different hormonal

response to stress than ifs non-transgernde counterpaits.

Growth hormone expression profile in the AAS is addressed under the Expression of the
transgene section (9.2.6). This section specifically addresses the profiles of other

hormones in the AAS.

The notifier conducted a blinded comparative muscle-skin hornonal composition study
for Atlantic salmon and AAS (ABT 2013: NN - (1 this study,
muscle-skin samples were collected from Fq AAS individuals® (n=30), non-transgenic

controls™ (n=3 3) and farmed comparators from other sources (u=10). The AAS and non-

transgenic salmon were of conumercial size (2 to 7.5 kg) |GGG

I Sinples were analysed for growth hormone (GH),
insulin-like growth factor-1 (IGF), triiodothyronine (T3), tefraiodothyronine (14},
estradiol (EST), testosterone (T'T), and 11-keto-testosterone {11kT) content by a private

# Specific position int the genealogy of sampled fish is not specified in the study report (AAS-HFS-001)
nevertheless, suminary genealogy in the notification (p. 46) suggests that the fish are from individuals
ransferted to the PEY facility from which the AAS line descent.

2 gponsor Control animal subjects were the progeny of wild-type male and female Atlantic

salmon maintained at the facility (ABT 2013: AASHIFS-06L, p. 17).
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laboratory in accordance with GLP regulations under approved SOPs using
radioimmunoassays (RTAs) and an enzyie immunoassay (EIA) developed and validated
using commercial biomaterials, reagents, and supplies. Complete procedures and
validation reports for all methodologies were provided by the company (ABT 2013:
m). Summary of the hormone results are presented in Table 9-3. It is shounld
be noted that the farmed comparators were not included in the statistical analysis and that
a sub-sample of the non-transgenic fish (the Sponsor Control, i.e. SC) was selected for
the analysis. Analysis concluded in no significant differences in the hormone levels in the
muscle-skin sample between the AAS and the non-transgenic control fish (ABT 2013:
AAS-HFS-001).

In addition to the data provided by the notifier, Deitch and colleagues (2006) reported
eight month old F5 AAS to have similar resting cortisol levels than their size-matched

twenty-month-old non-transgenic comparators® (Table 9-4). Epinephrine,

¥ Controls ate from the St. John River strain but not reported to be AAS siblings
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2369  norephinephrine and total cathecholamines plasma levels were significantly higher in
2370  transgenic fish compared to the control, with the exception of epinephrine in the rested
2371  fish. Results suggest a potential impaired cortisol response in the AAS compared to non-
2372 transgenic fish sugpesting a potential impact on the hypothalamic-pituitary-adrenal axis.
2373 In addition, results suggest a different catecholamine response in the AAS and their non-
2374  transgenic counterparts.

2375

2376  Table 9-4 Plasma cortisol and catecholamine levels in rested and stressed GH
2377  tramnsgenic and control Aflantic salmon. Taken from Deitch et al. (2007).

Control Transgenic Trans/Con ratio P ovalue
Cortisol (rg mih Rest 121417 1E6£2.3 0.93 .86
Siress 17423 1713 0.72 0027
Epinephrine (amol 1) Rest  * 33206 58217 1.76 .17
Stress 132247 20,6228 167 0,03
Morepinepheine el h Rest 1.7x0.3 4.3:0.8 2.83 {.02%
Stress 5.0:0.8" 8.9:£0.7" 1,78 0.004%
Total catesholamines tnmaol I Rast 49209 102521 2.08 004
Stress 17.422.9* 20,6234 170 0,02+

Resting medsurernents were aken 48 b alter canndadon and black boa confinement. Post-steess camecholamuine lovels were measured
immediately after s 43 5 net siress, whereas post-stress cortisol Jevels wers assessed 36 min later,
. Values are means £ 1 standard ervor (N=8).
2378 #Significant difference (P<0.05) betwean transgenic and conttol salmong 1'sigt“iiﬁ(:m‘!l dfference (P<0.05) between resting and stressed fish,

2379

2380  Information is also available in 2 small sample (1 =3 to 5) of AAS-relatives fiy in which
2381  plasma T levels in the five biggest aged-matched nop-transgenic siblings (2.8 0.5
2382  ng/ml) was significantly higher than in the transgenic (1.1 + 0.5 ng/ml}, and other non-
2383 transgenic siblings (1.9 0.1 ng/ml) (Du et al. 1992).

2384 9.2.7.6 Behaviour

2385  Little information about the behaviour of the AAS is available. The notifier 1'ep61'ted
2386  normal avoidance, feeding and postural beliaviour of juveniles AAS in a hatchery

2387  environment, Competition for territory is related to prior domiance rather than

2388  transgenesis and there is no information available about the predatory behaviour of the
2389  AAS in the environment. Information is limited to foraging behavionr in AAS-relatives
2390 which appear to be more willing to be exposed to predators than the non-fransgenic

2391 comparators.
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Under hatchery conditions, the AAS and the non-transgenic domesticated counterparts

| show no abnormal behaviour in avoidance, feeding and posture® during feeding o

).

Studies conducted in experimental stream mesocosis suggest that territorial dominance
1s advantaged by prior residency at the fiy stage rather than genotype as the presence of
the GH transgene® was reported not to influence survival or territorial dominance
(Moreau et al. 2011a). There is no study available specifically for the AAS on their prey
selection or food preference (ABT 2013, - schooling

tendency, predator avoidance, territorial defence and migration.

Behavioural information is also reported for AAS-relatives which were demonsirated to
spend significantly more time feeding in presence of a predator than the non-transgenic
controls and have a significantly higher average speed of movement (328 cin/min) than to
the control figsh (96 em/min) (Abrahams and Sutterlin, 1999). Together, these
cbservations suggest that AAS -relatives are more willing to be exposed to predators

while foraging than non-transgenic comparators.

9.2.7.7 Reproduction

Potential reprodlsctibn of AAS of the fertile broodstock and sterile triploid females is
considered separately. Despite reduced reproductive performance in male, fertile male
AAS can participate in natural spawning events and offspring can survive past first
feeding ,stage. under food limited conditions, AAS has reduced occurrence of sexually

mafure male parr. Significant knowledge gap relies in the absence of information about

** Fish nsed in this study were AAS crossed with wild fish from the Exploit River in Newfoundland.
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the fecundity and reproductive behaviour of fertile female AAS. Triploid AAS females
are expected to be functionally sterile but up to 2%, but likely less than 0.5%, diploid
AAS potentially heterozygous for the transgene can be expected among triploid eyed-

eggs for exportation.

AAS includes all the genotypes, life stages and ploidy states required in its manufactore,
The reproductive capacity of the diploid broodstock and the triploid AAS are therefore

considered separately.

The fecundity and fertility relative to wild conspecifics has not been exaﬁﬁned in AAS.
However, studies conducted under naturalized stream mesocosm reported wild
anadromous males to outperformed captively reared AAS anadromous males in terms of
nest fidelity, quivering frequency and spawn participation (Moreau et al. 2011a). In
addition, despite displaying less aggression, captively reared non-transgenic mature pare
were superior competitors relative to AAS parr in terms of nest fidelity and spawn
participation (Moreau et al. 2011). Studies examining alfernative male breeding
phenotypes of AAS reported a reduced ocemrence of sexually mature parr in tanks under
low and high food abundance conditions (Moreau and Fleming 2012). Together, the
above studies provide evidence of (1) the ability of male AAS to participate in natural
spawning events, {(2) an overall reduced breeding performance of male AAS relative fo
wild conspecifics and (3) reduced occurrence of sexually mature male parr relative to
wild conspecifics. The reproductive breeding behaviour of female AAS has not been
examined. The knowledge gap about fecundity and breeding bebaviowr of female AAS
significantly Hmits prediction of the overall reproductive fitness of AAS in the natural
environtuent as Atlantic salmon females spend more energy in offspring production than
males (Fleming 1996). Finally the overall reproductive performance also depends on the
survival rates of the offspring. Under simulated natural rearing conditions, the GH
transgene did not influence the survival or growth at the onset of exogenous feeﬂing
{Moreau et al. 2011a). However, it is important fo note that all fish in the studies,

including controls, loss weight hence the results requires cautious interpretation.
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Nevertheless, the study provides evidence that AAS, after hatching under naturalized

conditions, can survive past first-feeding stage under food limited conditions.

Reproduction of triploid AAS is also relevant as AguaBounty proposes to export triploid
female eyed-eggs (ABT 2013), As reviewed under the triploidization section (see section
9.2.4.3), triploid AAS, as other triploid fish, are not expected to mature sexually hence to

be functionally steril. A

9.2.7.8 Health Status

We conclude with reasonable certainty that AAS is more susceptible to A. salmonicida
than domesticated comparators, however, the relative disease susceptibility to A.
salmonicida of AAS compared to wild Atlantic salmon is not known. It is highly certain
that AAS is highly susceptible to ISAV. In addition, AAS and domesticated non-
fransgenic comparators likely have comparable susceptibility to ISAV, but this is
reasonably uncertain. The relative susceptibility of AAS to [SAV compared to wild

Atlanic salmon is not known. | EGEG_G_G— G
A 1. on this Fish Health

Certificate data, we conclude that disease risk at the AquaBounty facility in PEI is well
managed. Based ori studies and observations of gross morphological and clinical
pathologies, we conclude with reasonable uncertainty, that morphological irregularities

derived from the transgene do not represent serious fish health issues.

Disease susceptibility:
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N Note that in a similar disease challenge experiment
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using GH transgenic coho salmon, Kim et al. 2013 concluded that the transgenics were

more susceptible to 4. salmonicida challenge than non-transgenics (wild) controls based,

in part, on a difference in mortality profiles of only day. For the purposes of the current

From the foregoing, we conclude with reasonable certainty that AAS is NGB

Y. o' cver, no data s aveilable to assess
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Preliminary results from functional genomic and QPCR analysis conducted by Hori ef al,
2013 showed no significant difference within a given AAS family in immune-relevant
trangcript expression (Mx1 gene is a key gene in anti-viral defence) between diploid and
triploid AAS injected with a viral mimic (pIC). However, (ranscript expression did vary
significantly between families suggesting that genetic background may be important in
immume response, a finding that is consistent with the preliminary data on ISA

susceptibility data presented divectly above.
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I Based on this Fish Health Certificate data, we conclude that disease risk at
the AquaBounty facility in PEI is well managed.

Also of relevance to any differential susceptibility of AAS to fish pathogens are the
observations that necropsy of moribund and dead fish at the PEI facility ||l [ G0%K

Morphological irregularifies:

AquaBounty provided a Study Report (2013 [N i which gross and
microscopic morphology, clinical and histological pathologies of diploid and triploid
AAS, non-trapsgenic size-matched controls are presented. In addition to these primary
Study groups, one additional group of three male and three female “satellite” comparators
of matching ploidy (but not size) was enrolled contemporanecusly with each Treated
cohort: since Treated and Sponsor Control fish achieved target body weight and were
enrolled at different times of the year, the diploid ($47-2n) and triploid (SA47-3n)
satellite controls were used to facilitate the distinction of phenotypic differences
associated with seasonal variation in culture conditions. The study was intended to
identify any acute, and clinically-relevant phenotypic changes associated with
transgenesis or {riploidization in AAS as an indication of general health and welfare of
AAS.
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Pre-qualified pools of candidate animal subjects were established in Phase I of the study
whereby prospective-candidate animal subjects were selected from pre-Study inventory

and subjected to remote observation of behavior for at least two weeks prior to Phase I

screening-enrollment. |G
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Sereening-enrollment process: At screening-enrollment for each Study group, candidate

animal subjects in the pre-qualified pool GGG
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Findings with regard to gross morphology: Findings with regard to gross morphology
are summarized Table 9-10and ranked as indicated 1n the table description. Of the 384
observations for external morphology, 8 features x 48 fish (24 Treated and 24 Sponsor
Control), made during external examination, abnormal fmdings were reporled 18 times
(9%) for the former and 25 times (13%) for the latter. The number of findings was
considerably larger for triploid fish of both treatments, which findings were related
predominately to abnermalities in gill structure; a similar pattern of abnormal findings
was observed for triploid satellite controls. The overall rank scores for change in external
appearance of the animal subjects enrolled were either a | (none) or 2 (slight), with the
exception of one triploid Sponsor Control with a rank score of 3 (moderate). Of the
216 oﬁservatious for internal morphology (9 organs-structures x 24 fish) made during the
internal examinations for each of the Treated and Sponsor Control groups, abnormal
findings were reporfed 12 times (6%) for the former and 10 times (5%) for the latter. The
number of abnormal findings was similar among diploid and friploid fish of both
treatinents; and, a sinular pattern of abnormal findings was observed for the satellite

controls. No obvious or remarkable difference in relative organ weights (gastrointestinal
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tract, heart, liver and gall bladder, and spleen) between the Treated and Sponsor Control
animal subjects, or between the diploid and triploid fish of either treatment, was noted.

A few types of gross findings involving gill arches and fins were substantially more

prevalent among triploid than diploid salmon. |GGG

I w MR that were subject to erosion, shortening, twisting,

bifurcation, and/or the presence of nodules. With the exception of a nodule associated
with an epidermal cyst (SC-2n fish) and a shortened, twisted dorsal fin associated with a
skeletal deformity (SC-3n fish), these structural abnormalities were not generally
correlated with specific microscopic changes. A margmally higher prevalence of cardiac
shape abnormalities (e.g., loss of pyramidal profile) was observed in triploid than diploid
salmon for which no microscopic correlates were obsewéé; and, a low occurrence of jaw
erosion was observed exclusively _male and female, 'diploid AAS. Diploid
AquAdvantage fish had an incréased prevalence of focal inflammatory lesions. The
lesions, which were generally minimal-to-mild, were obgerved in a variety of tissue types
and tended to be more common in diploid than triploid animals, and more common
among diploid transgenic {and 1o a lesser extent, triploid transgenic) salmon than either
the Spomsor or satellite controls. Inflarnmation was most frequently characterized as
sranulomatous, consisting chiefly of macrophages in spherical nodular aggregates, with
or without multinncleated giant cells or cenfral areas of necrosis. Other categories of
inflammatory  lesions  (e.g, acute, chiomic active, necrogranulomatous,
pyogranulomatous) were less regularly represented. The most conunonly affected sites
for inflammation were the abdominal mesentery, cranium, and tnmk kidney. Etiologic
agents were not evident in any of the lesions. A higher prevalence of inflammatory and
hyperplastic changes was associated with those structural abnormalities in triploid than
diploid fish. Absent filaments were observed most often in a single region of the gill arch

(usuvally at the apex) and the filaments flanking each bare region were frequently
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misaligned; little (if any) inflammation was associated with filament absence. |GG

- A substantially higher prevalence of minimal-to-moderate
mineralization was observed in a variety of soft tissues for the triploid Aguddvantage and

satellite control groups compared to diploid and triploid Sponsor Controls. This was
generally the case for male vs. female fish, although females had a higher prevalence of
mineralization than males among transgenics and satellite controls. Commonly affected
sites were the eye, heart, liver, and trunk kidoey. Microscopically, most instances of
mineralization were graded as minimal, althongh mild-to-moderate mineralization was
seen on occasion and a few mineralized lesions of the urinary tract were identified
macroscopically at necropsy. Minimal-fo-moderate Hhepatocellular vacuolization tended
to be higher m triploid than diploid salmon (with the exception of diploid, female
Sponsor Controls), and was characterized by single or multiple, variably-sized, discrete,

round, sharply-defined spaces within the cytoplasm of hepatocytes; larger vacuoles

displaced the nucleus toward the cell periphery. |GG

In smm, the pathology findings associated with AAS were an increased presence of
minimal-to-mild, focal inflammation of unknown cause in some tissues, especially
among diploid fish, and a low occurrence of jaw erosions among both male and female

diploids. The majority of other findings, which included gill and fin abnormalities,

11
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The data in the above fébles and the study report has been reviewed by a DVM of

Fisheries and Oceans Canada who provided the following comments:

*

Collectively the results, descriptive summaries and discussion/interpretations
were reasonable and satisfactory in clarity and sophistication;

Some areas in the report (S EGE—_G_G_GGEGGNGEG) occded furthex
explanation and / or would have benefitted from an expanded study design scope.
AquaBounty’s statement that there was ‘no indication of serious health issues
deriving specifically from Aguddvanfage transgenesis that would be cause to
prevent the deployment of the dguddvantage Salmon line in commercial
produetion” N

wis a reasonable conclusion based on the findings that were presented but this

E-C(z_nciusibn is less certain given the short camiﬁgs of the study design and lack of

additiémal diagnostic work-up done for the pre-study and enrolled fish at the time
of.p(mt mortem or Necropsy, respectively;

Specific pathological changes that were associated with AquAdvantage
(transgenic) fish, included ‘increased presence of focal inflammation, especially
among diploid fish, and a low occurrence of jaw erosions among both male and
female diploids’ | RN | hese changes are somewhat unusual

(especially the inflammation) but ultimately were not considered further by the
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authors, Presumably, after the authors took into consideration clinical,
growth, gross and remaining histopathological findings and the inflammatory
lesions in the transgenic fish were deemed incidental. Thave no objection to
this conclusion based on the results and diagnostic materials considered in the
Study. However, the stady was restricted to such a small number of animals at
ong point in time. The issue of determining whether there are health or welfare
concerns with transgenic fish that are to be cultured in a commercial setting
would have benefitted from a more wide ranging study involving fish selected
from different ages and sizes throughout a grow-out cycle, under actual
commercial conditions. A greater scope for this study would have improved the
strength of the conclusions (more fish over a greater time period; repeated.

e AquaBounty states: ¢ In the aggregate, these findings were generally of low
magnitude, limited distribution, and non-~debilitating nature that would be
unlikely to compromise the overall heal'tﬁ of Aquddvantage Salmon in
commercial production. *. This praéumabiy alludes to at least a part of the
study objective of the client that involved a determinatian as to whether the
AquAdvantage triploid fish are healthy enough to withstand the rigors of
commercial production. To this question the study design was too restrictive

in scope to provide a satisfactory answer.

Based on studies and observations of gross morphological and clinical pathologies, we
conclude with reasonable uncerfainty, that morphological irvegularities derived from the

transgene do not represent serious fish health issues.

9.2.7.9 Tolerance to Physical Factors

There 13 no empirical data on the range of temperature, salinity and pH tolerance of the
AAS compared to non-transgenic Atlantic salmon. Physiological data suggest that the
AAS would have a reduced capacity to survive in lower dissolved oxygen water.
Evidence of preferential physiological pathways towards smoltification may render the
AAS able to sustain changes in salinity af an earlier stage but there is no comparative data

on the tolerable salinity range.
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There are no studies specifically reporting on the comparative tolerance of the AAS and
non-transgenic comparators to a range of physical factors such as temperature, salinity,
oxygen, pH, etc. Nevertheless, the increased requirement of AAS for oxygen at rest and
the lack of increase in gill surface area (Deitch et al. 2006) provides indirect evidence of

a reduced capacity for survival of the AAS under lower dissolved oxygen concentration.
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AAS-relatives are able to compete smolting at the low age of 6 months and hence tolerate

direct transfer from freshwater to 35%o salinity and survive over 96 hours contrarily to
their aged-matched non-transgenic counterparts that all died within 24 hours™ (Saunders
et al. 1998)*". Although this study provides evidence that AAS-relatives can undergo
smoltification earlier than their non-transgenic counterparts, it does not provide
comparative tolerance to a range of salinity between transgenic and non-transgenic

smolts.

9.2.7.10 Body Composition

There is supporting evidence that AAS feed commercial diet has a body composition
within the range of commercial Atlantic salmon strains. Nevertheless, there is no
information about the body composition of AAS at other life stages than commercial size

and while feeding on natural preys.

The notifier provided information about the body composition of AAS at a market-size
(Erisman, 2004). This information is mainly relevant to the safety and fitness for haman
conswmption, nevertheless extreme deviations from the body composition of wild

Atlantic salmon ¢ould potentially affect predators of Atlantic salmon,

ABT reported body composition for market-sized (2.0 to 7.5 kg) Atlantic salmon
including AAS (referred to as TX by ABT), non-transgenic controls (8C) and farmed

% pigh were transferred to seawater when they had reached (for transgenic) or were approaching (non-
transgenic) smolt size (14 to 16 cm).

7 The genotype of fish in this study is determine by the growth rate, fish in the upper modal groups and in
the lower modal groups wese designated to be transgenic and non-iransgenic, respectively without
confirmation of the genotype.
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commparators™ (Erisman, 2004). Fish were automatically feed Moore-Clarke commercial
salmon diet (Erisman, 2004) of three different protein (ranging from 37 to 46%) and fat
(25 to 36%) content (USFAD, 2010) depending on stages. Nevertheless, AAS and non-
transgenic controls were fed similar diets during the three months prior to sample
collection (USFAD, 2010). Main conclusions from the study report 71% higher total fat,
a 13% lower pantothenic acid, a 21% lower vitamin B1, and lower 30% vitamin C

contenf in the AAS compared to the non-fransgenic control salmon { Table 9-15). Other

veported small difference
T i
the AAS compared to the non-transgenic controls. Despite differences, all reported values

were suntlar to farmed salmon body composition (Erisman, 2004).

| |
| m
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We did not conduct a full analysis of the compositional and nutritional raw data provided

by ABT considering the remote potential hazard of body composition of AAS on
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predators. Based on the data prcvi&ed by ABT, USDA and the literature, we conclude

that market size AAS, fed the identified commercial diets, has a similar body

composition to other commercial Atlantic salmon straing (Table 9-16). We also conclude

that in the context of the environmental risk assessment, the body composition of the
AAS at other life stages, including highly predated upon juvenile stages, and the body
composition of the AAS based on a diet representative of what would be found in nature
also remains unknown.

Table 9-16. USDA and ABT nutrition profile of raw Atlantic salmon. Taken fro:ﬁ
Erisman, 2004,

. . - U8DA No, 153076 - memmmnesrwin. SPONSOR DATA woomm v - TEDA Mo, FR234 -
Value/100g tissue (~ygmy EXITT Treated Sanmon ] [Spen: P el Farmed Anantic
Proximate | o | Mean | SE 2 Mens | SE n { | Mean Mean | ... B Mean| SE i n
Moisture - 850 1146 21 5201 0383 6936 8443 . H 48.90| 2
PFrotein 1983 0662 9 19.43] 0243 0] | 2043 [£:3:51 - tgl 1250 2
Toral Fat 634 177y 7 14500 08RY 3 £08 1537 .. £ 1083 k1
Ash 23] 08929 @ L. 040 39 117 [ ] R i 1493 3
Carb .. ] ool . o N o1 0.0 9
Mineral | fms)
Ca e 12f 407 3 2% 8 4 131 B Hy 12 9
Cu 4330 .. 1 Q457 34670 Desdl .. 1 2049, 3
Fe - 080 1 0490 G482 [ 1:] I 16 038 2
Mg 2 1 U7 158 354 .o |19 - 2
Mo 0315 1 G426 3423 [ | IR 1 0.01% 2
P i1 I i 2584 2672 W . 19 33 2
8 Aphi 30234 3 1888 3eih IR 1 362 2
Na 44 . 2 325 357 nsy .. 18] b 2
Zn 464 H .30 08317 [+352:] R 19 .40 b
S gz ] 365 9 16.04 1788 LAY W WL 36.5 ppm*1F
Vitamin | fmg)
FOL ) FE - 1 3178 331 172 wae] . | 10 2 Hagramif
NIA, 3360 G618 13 5746, B349 G LR D 2505 Hugrarii
PAN v | sssa] a3 o8 | nioeo 12030 o4 ixal L el ] a3so Yugrgt1et .
A f1a6 L L5 1 =50 <50 L. <3 ... |10 30 )
B; Q6; 0038 1 Q068 0O78 0002 o084 L 14 (340 2]
By o | oase] omenl 8 | oaos 0114 0003 ptor! ... | 1w | o Hugigrio®
Bé e 2818 8035 4 0R31 GEa8 G014 0800 .. H 2637 i e Ul
By ey BEER I EIH 103 278 140 326 .. |19 2.8 thezt10t
C ol c_xl 2581 184l onm Xzl R I L 39 2

9.2.8 Inheritance and Stability of the Transgene

There is sufficient evidence over 3 generations to conclude that the opAFP-GHe2
inserted at the EO-1a locus is transmiited through Mendelian inheritance. There is also
sufficient evidence over 5 generations to conclude in the molecular stability of the
transgene at the EO-1o locus. However, the accelerated growth phenotype of AAS

appears to be very plastic, and is strongly influenced by environmental conditions.
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9.2.8.1 Inheritance of the Transgene

There is sufficient evidence, based on the transgenic ratios in different generations, to
conclude in a Mendelian inberitance of the opAFP-GHe2 transgene integrated at the EO-
1o locus in the AAS.

The determination of the inheritance mechanism is based on ratios of non-transgenics to
transgentc individuals as deteﬁninead by PCR?. The notifier provided inheritance ratios
for 80 different crosses over 5 generations of AAS in both the ASC3482 and ASC3513
families of AAS. Progenies of crosses of the ASC3482 and ASC3513 males from the Fy
generation with non-transgenic females resuited in in 73% and 67% of transgenic fry
suggesting a Mendelian inheritance of two independently segregated integrants (named o
and B) at chromosomally distinct loci (ABT 2013, Shears and Yaskowiak 2004 i

) - Sclective breeding was applied to increase growth

performance and lead to the establishment of an AAS brood stock that only bears the a-
integrant. Progenies of crosses of . NN =< I 10ales from the Py
generation, derived from 3482af, with Wi_ld—type females all resulted in 50% inheritance
of the GH transgene in the offspring, which represents the expected ratic for Mendelian
inheritance for crosses between transgenic hemizygous with wild-type individuals
(Fletcher et al. 2004, JEGGG— - T he notifier also
provided evidence of fransgene inheritance percentage of 0% and 100% for crosses
between wild-type fish and involving transgenic homozygous fish, respectively (Shears
and Yaskowiak 2004, M); The evidence is
considered adequate to conclude in a Mendelian inheritance of the opAFP-GHe2

frapsgené across generations in the AAS.

% primers used to confirm the Mendelian inheritance are different from the opes officially reported to
detect a transgenic fish bearing the op AFP-GHe2 construct at the EO-1a locus |
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9.2.8.2 Genotypic Stability

There is sufficient evidence, based on multi-generational sequencing and multiplex PCR,

to conclude in the molecular stability of the opAFP-GHe2 transgene at the EO-1a locus.

Brood stock is maintained over several generations, hence the inaportance of
demonstrating molecular stability of the transgene. The stability of the opAFP-GHe2 at
the EO-1e Jocus is demonstrated over three generations through consensus nucleofide
sequencing results of the EO-1a infegrant and genomic flanking regions in ¥, and F,
individuals (Yaskowiak et al. 2006 and ABT 2013 ~ AAS-MFG-004). [GG_—

I A dditional demonstration of the stability is also
provided for a broad sampling of AAS individuals from F,, F, and Fy generations through

a diagnostic PCR assay that detects the 5' and 3" junctions of the EO-lo integrant (ABT
2013, Supplement 1 to Study Report AAS-MFG-004). For every sample, || EENRGGNGN

N 1 considered indicative of molecular-genetic

stability of the BO-1d integrant, The combination of the multi-generational sequencing

- %
0

O D S
0 i
acceptable considering the complexity of optimizing a PCR reaction for several primer sefs, and
considering that the bands that discriminate between the transgenic and non-transgenic and the ones that

demoustrate the stable integration into the genome at the 5” and 3° junction are clear,
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2929  and multiplex PCR are considered sufficient evidence to conclude in the molecular

2936 stability of the transgene at the EO-1a locus and thereby in low potential for mobilization
2931 of or recombination of the EQ-la. However, it should be noted that the insertion of the
2932 transgene in a simple sequence repeat region of the genome has the potential to alter

2933 locus structure but only over evolutionary timeframes (Greckho 2011).

2934 )
A

2037 |

2038 '

2939 9.2.8.3 Phenotypic Stability

2940 The primary phenotypic change of AAS is increased growth and size at eqﬁiva lent age
2941 relative to non-transgenic siblings. This phenotype is consistently observed in standard
2942 hatchery practices by ABT and in numerous poblished papers. Variation in growth of
2943 AAS between and within generations has not been well examined, but appears fo be
2944 slightly gréater than variation of non-transgenics. Accelerated growth of AAS appears to
2945 be moderately influenced by different standard culture conditions, and strongly

2946 influenced by natural versus culture conditions. As such, the accelerated growth

2947  phenotype of AAS appears to be very plastic, and is strongly influenced by

2948  environmental conditions.

2949

2950 The prinary phehotypic change of AAS is increased growth rate and increased size at

2951  equivalent age relative to non-transgenic siblings. This phenotype is consistently
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2953  numerous published papers on AAS and relatives (see Section 9.2.7.1). However, there

2954  is limited data on the stability of accelerated growth over generations, as well as in

2961  specifically examined, but some information regarding generation-effect on growth rate
2962  can be ascertained from data provided by ABT. While inconsistencies between age at
2063  reported size make comparisons of data between generations difficult, there appears to be
noteworthy variation in growth rate of AAS fish between generations. |GGG

2082
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together, size and growth rate appears to vary to a greater degree between and within
generations in AAS fish than in non-transgenic {ish, although further work is required to
confirm this.

The efiects of different standard culture conditions on accelerated growth of AAS fish
have not been directly assessed. AAS fish maintained high growth rate and body size at
the PEI facility (see Section 2.2.7.1), at the Ocean Science Center (see Figures 9.17 and
9.18), and at the grow-out site in Panama (see Figure 9.19). However, direct comparison
of these studies is difficult as there are no data between studies that are consistent in
format (i.e. degree versus calendar days), in time at measurement, or in year/generation
of measurement. Increased growth relative to non-transgenic controls does appear to
vary between studies conducted at different facilities. For example, AAS fish are
approximately 1.5 times greater in size than non-transgenic fish at 20 months when
grown at the Panama site (see Figure 9.19), and 4 or more times greater in size at 15-18
months when grown at the PEI facility (in 2010, see Figure 9.7). However, whether this
18 due to differing environmental conditions at the two sites, generational effects, or a
combination of these and other factors, is not known, and further work is required to
determine the phenotypic stability of high growth in AAS fish across standard culture

conditions,
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Figure 9.17 (previous page) Size-frequency distribution (by weight) of
representative Fy, Fy and Fy generations of AAS at the Ocean Science Center,
measured at 11-12 months post first-feed.

Shaded areas indicate transgenic offspring, white areas indicate non-transgenic
offspring. Taken from Shears and Yaskowiak (2004).

Figure 9.18 (next page) Size-frequency distribution (by length) of representative ¥,
and Fs generations of AAS at the Ocean Science Center, measured at 7 months post
first-feed

Shaded areas indicate transgenic offspring, white areas indicate non-transgenic
offspring. Taken from Shears and Yaskowiak (2004) page 46.
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Figure 9.19 Growth performance of AAS at the AquaBounty Canada research and
development grow-out facility in Panama. Taken from ABT (2013, p. 147).

Of particular interest is whether AAS ﬁsﬁ would maintain high growth rates if released to
natural environments. Oke ef al. (2013) found AAS fiy grown i a hatchery had growth
rate 1.29 times greater than non-transgenic fry, but only 0.65 times that of non-transgenic
fish when grows in'a seny-natural stream enviropment with limited live feed. Inthis
environment, AAS fish lost their phenotypic high growth rate, to the point of having
lower growth than that of non-transgenic fish. Moreau (2011) also found AAS fish did
not have increaéed growth or size above non-transgenic fish for 2 weeks post-emergence
in an artificial stream with limited live food and low or high density. This later
experiment should be interpreted with caution as all fish had negative growth rate over
the course of the experiment. The effect of feeding levels has not been directly assessed
m AAS. However, Moreau and Fleming (2012) found AAS x wild salmon mature male
parr maintained larger size than non-transgenic mature male parr at both low and high

feeding levels under culture conditions. Taken together, the above studies indicate the
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ability to predict whether AAS fish may maintain high growth phenotype in natural
environments is highly problematic, although current studies suggest accelerated growth

may be limited in many circumstances.

9.3 Biology of Wild Atlantic salmon

Atlantic salmon (Salmo salar), with its spectacular life history, resolve in ascending

. rivers, and flavourful and tender flesh, has captivated the interest and imagination of

ithabitants of Europe and eastern North America for centuries, has been the subject of
some of the earliest British laws, and is one of the most studied fish species in the world.
By some estimates there are currently tens of thousands of scholarly papers and
monographs on the ecology, distribution, behaviour, physiclogy, genetics, taxoimmy and
all other aspects of Atlantic salmon life, as well as numerous policies, position papers,
memorandums, popular science and media articl,és, 1elated to its utilization,

management, cultivation, and preservation.

9.3.1 Taxonomic Status of Atlantic salmon

Atlantic salmon has been classified as a distinct species over 250 years ago. Itis
accepted that it is a monotypic species with a high degree of phenotypic plasticity (King

et al,, 2007). Its closest relative is the brown trout (Salino trutia), of European origin.

Linnaeus classified the Atlantic salmon as the species Sa/mo salar in 1758, It is one of
the approximately 20 species in the sub-family Salmoninae, of the Salmonidae family.
Tt is accepted that the entire Salmonidae family appears to have evolved from a common
ancestor following genome duplication. This facilitated species radiation driven by the
adaptive benefits of the tetraploidisation event. At the current stage of the family’s
evolution, the initially tetraploid genome has evolved in each species as to it again

behaves as a diploid (King et al., 2007).

The genus Salnie comprises two species — the Aflantic salmon and brown trout {Salmo

frutta). In the past the species bas been viewed as composed of a number of distinct
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evolutionary lineages (polytypic origin); however, the species has been considered
monotypic by most contemporary researchers (Webb et al,, 2007). The gepetic diversity

and species structure js further discnssed in Section Background Genetics.

9.3.2 Distribution

Atlantic salroon is native to the temperate and subarctic regions of the North Atlantic
Ocean and its marginal seas. Although the migratory ranges of many populations overlap
during the marine stage of their life cycle, the freshwater spawning and rearing habitat is

highly frapmented.

Aflagtic salmon are distributed throughout the North Atlantic Ocean and the associated
freshwater drainage basins (Thorstad et al. 2011; Webb ef al. 2007; MacCrimamon and
Gots 1979, Scott and Crossman, 1973).

In North America, anadromous populations of Atlantic salmon can be found in the
coastal rivers and streams of the New England States, the Maritime Provinces,
Newfoundland, Quebec and in Labrador as far north as Siugak Brook in Okak Bay (57 35
N, 62 06 W). There have been unconfinmed reports of populations further north (fan
Bradbury, personal communication). Isolated populations can also be found in the
Nastapoka River on the eastern gide of Hudson Bay, Ungava Bay and one population on
the western side of Greenland. Resident freshwater populations are found throughout
norih-eastern Québec, Labrador, Newfoundland, southern New Brunswick and New

England.-

In Europe, Atlantic salmon are distributed from northern Portugal to the Kara and Barents
Seas in north-western Russia and can be formd in the Baltic Sea, the United Kingdom,

Ireland and Iceland.

During its marine phase, Atlantic salmon feed throughout the North Atlantic Qcean. Most
salmon originating from rivers in North America will spend the winter feeding in waters

surrounding the Grand Bank, north eastern Newfoundland and southern Labrador, before
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migrating back to their natal streams as one sea-winter (1-SW) adults, commosly known

as grilse (reviewed by Reddin 2006). Multiple sea-winter (M-SW) salmon tend to
miigrate further north ito the Labrador Sea and east of Greenland, where they inter-
mingle with multiple sea-winter salmon that originate from Enrope. On rare occasions,
multiple sea~winter fish originating from North America will continue to the Eastern
Atlantic, where they will ascend Furopean rivers to spaws (Reddin et al. 1984 cited in -
Reddin 2006. However, other authors have demonstrated that there are no contemporary,
or recent intercontinental gene exchanges and that the presence of Buropean allelles in
some populations in Europe and of North American alleles in northern Europe and Russia
are considered to be remmnants of post-glaciation colonization events (G. Chaput, personal
communication, King et al., 2007). An exception to the migratory pattern in North
America consists of several populations of Atlantic salmon that originate from rivers in
the inner Bay of Fundy, who tend to remairrin the bay and in the swrrounding areas
throughout their entire life-cycle (Ritter 1989 cifed in Reddin 2006, Webb et al., 2007).
Atlantic salmon populations originating from rivers draining into Ungava Bay, Quebec
exhibit a similar migratory behaviour (Power ef al. 1987 cited in Reddin 2006).

Over the past century, declining numbers of Atlantic salmon has resulted 1 a contracted
distribution that has become increasingly fragmented, especially at the southern fringe of
the species range (G. Chaput, personal communication, Thorstad et al. 2011; Webb et al.
2007 Parrish et al, 19'98) In those southern areas of its historical range, populations have
either been extirpated, or are in danger of disappearing without the support of
supplemental stocking programs, including river- and stock-—specific products and
captive bred and in river gene banks. However, in many cages, lustorical practices used
by such programs have introduced fish not native to local waters into areas where

endemic populations are endangered or extinet.
Industrial and agricultural practices that have resulted in habitat destruction and changes

to both the freshwater and marine environments are broadly implicated in the decline of
wild Atlantic salmon populations (Chaput 2012; Parish et al. 1998).
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9.3.3 Physical and Biological Requirements

Atlantic salmon populations have complex and flexible life histories that begin in
freshwater and may involve extensive migrations through freshwater and marine
environments before returning to fresh water to spawn. The transition between the life
history stages is accompanied by profound hormonal, physiological, and morphological
changes. Availability and quality of habitat as well as water’s physicochemical

parameters are considered limiting factors during the fieshwater stages of life cycle.

9.3.3.1 Physical Habitat

Rivers used by Atlantic salmon for spawning and rearing are generally clear, cool and
well oxygenated, with low to moderate gradient, and possessing bottom substrates of
gravel, cobble and boulder. Freshwater habitat is considered a limiting resource to
freshwater production and is used fo set conservation requirements for Canadian rivers..
There have been substantial declines in habitat quantity and quality in the southern
portion of the species’ Canadian range. This logs of freshwater habitat may be an
mmportant risk factor for declining abundance in several southern DUs, Trends in the
quality and quantity of marine habitat aré not well understood, but large-scale changes in
ocean ecosystems may be adversely affecting Atlantic salmon across their range
(COSEWIC, 2010).

The migratory behaviour exhibited by Atlantic salmon makes them pasticularly
vulnerable to the negative effects of obstructions. Both natural and mau-made bamiers to
fish passage severeiy reduce the production of salmon by restricting mature salmon from
reaching spawning habitat and preventing juveniles from reaching feeding and refuge
habitats. In general, most obstructions in excess of 3.4 m in height will block the
upstream passage of adult salmon (Powers and Orsborn 1983). Ideally, a passable falls
will have a vertical drop into a plunge pool with a depth 1.25 times the height. Depending
on the shape of the falls and plunge pool, the maximum height can be considerabkly less.
Fuorthermore, since jumping and swinining capacity is a function of body length (Reiser
and Peacock 1985), the ability of juveniles to surmount barriers is greatly reduced
relative to adults (COSEWIC, 2010).
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9.3.3.2 Dissolved Oxygen Content

Salmonids are known to have a greater requirement for dissolved oxygen (DO) than
warm-water fish (Scott and Crossman, 1973, Grant and Lee, 2004, O’Connell et al.,
2006). Oxygen requirements and tolerance to low dissolved oxygen vary depending on
the life stage, but it is generally accepted that concentrations above 9 mp/L, are optimal,
and concentrations above 7 mg/L are tolerable in the 50 percentile (Hendry and Cragg-
Hine, 2003).

9.3.3.3 Water Temperature

Aflantic salimon, are ectothermic and so are dependent upon the sutrounding

water temperature to cue migratory patterns, to drive matabolié processes, and to
determine the rate of progression from one life stage to the next. Some authors view
Atlantic salmon as having the most narrowly defined thermal requirements, in terms of
survival, feeding, and growth, of all salmonids species (Elliott, 1991, cited in Webb et al,,
2007). However, the range of water temperatures experienced by different populations is
highly variable, and some might experience the full range of tolerable temperatures for

the species within a year.

Relative change in water temperature affects both local movement and seaward
migration of salmén; at'the extremes of the tolerable range, feeding and survival are
affected. The optimal vange is estinsated to be ~4-10°C, with the lower- and upper-limits
for survival being ~0°C and ~28°C, respectively. The upper-limit of tolerance for
juveniles (< 100 g) in fresh water has been estimated at ~24°C;for parr and 28°C for fry,.
Since thermal sensitivity is size --specific, adults are more temperature intolerant than
juveniles and the incipient lethal temperature hag been estimated to be near 25°C (DFO
2012)

Lethal seawater temperatures for both wild and farmed salmon smolts adapting to
seawater were reported to ocour af both low and high temperatures. At the lower end of

the temperature range, mortalities of postsmolts occurred at sea temperatures of 6-7°C
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while at the higher end, mortalities occurred at temperatures over 14°C. This suggests
that there may also be environmental windows for successful smolt transition into the sea.
(COSEWIC, 2010). On the other hand, smolis enter saltwater at teruperatures above |

140C in the southern Gulf of St. Lawrence (G. Chaput, personal commmication).

Aduit and juvenile salmon may live for short periods above the incipient lethal
temperature. A sudden increase in incipient temperature in excess of 10°C may bring
about the death of resident salmon at temperatures considerably below the upper lethal
temperature, (COSEWIC, 2010; Ceater for Veterinary Medicine, 2012a).

Post smolt and adult salnon are found at sea in water with temperatures of 1-12.5°C,
with peak abundance at 6-8°C. In the Labrador Sea, 80% of the salmon were found in
waters with surface temperature between 4-10°C. Similarly, tagged Atlantic salmon kelts
were found in temperatures ranging from a low near 0°C to over 25°C, although most of
the time kelts stayed in seawater of 5-15°C. Lethal temnperatures for adult salmon occur
below 0°C. This may explain the tendency of salmon to avoid ice-covered water
(COSEWIC, 2010).

Little else is known about the upper-limit of tolerance for adult Atlantic salmon in the
marine enviropment, but rfeeémg and general activity continue to occur at temperatures
up to ~20°C and according to some authorsmortality does oceur at ~22°C (CVM, 2012a).
However, salmon stage in estuaries and coastal waters of the Gulf of St. Lawrence

through summer in water temperatures exceeding 22°C frequently without observed

negative effects, and salmon returning from the ocean were frequently sampled in

estuary trapnets when temperatores exceed 22°C (G. Chaput, personal communication.

9.3.3.4 Hydrogen lon Activity (pH ) and Acidification

Acidification is an important freshwater stressor for Atlantic salimon in some
regions, Increased H+ ion concentrations, coupled with the low concentrations of Ca++

are responsible for increased mortality of salmon in acidified rivers of Nova Scotia. In
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fresh water, the osmotic gradient results in the passive diffusion of water into the blood
and of fons out of the blood. Passive losses of ions are countered by active uptake of Na+
and Cl- from the water to maintain a balanced state. When pH is < 5.0, active uptake of
Na+ and Cl- is reduced and passive efflux is increased resulting in a net loss of both 1ons.
The loss of ions results in a shift of water from the extracellular fluids (e.g., plasma} to
the intracellular fluids, cavsing a reduction in blood volume. In addition, red blood cells
swell and additional cells are released from the spleen. The reduced blood volume and
increased number and size of the red blood cells may cause a doubling of blood viscosity

and arterial pressure. Death is a result of failure of the circulatory system.

Other determinants of the negative effects of acidification are the concentrations of
caleium, dissolved organic carbon (DOC), and almninum, High levels of DOC (5-

30 mg/L) chelate the free (i.e., cationic) form of aluminwum that is toxic to fish; bowever,
in the absence of free aluminum, low pH and caleium alone can canse salmon mortality.
Generally mortality due to exposure to low pH in fresh water varies with the life stage of
salmon. All freshwater stages are unaffected when pH is above 5.4 but mortality of fry
(19- 71%) and smolts (1-5%4) occurs when pH is below about 5.0. Mortality of parr and
smolts is relatively high (72-100%) when pH declines fo the 4.6-4.7 range. Eggs and
alevins begin to experience lethal effects at pH’s below 4.8. Levels of pH <5.0 also
interfere with the smoltification process and seawater adaptation. Due to the natuzal
buffering capacity of the ocean, acidification issues for Atlantic salmon are restricted to
freshwater environments (COSEWIC 2010).

9.3.4 Life-history

Atlantic salmon display considerable phenotypic plasticity and variability in life-history
characters ranging from fully freshwater resident forms, where females can mature at
approximately 10 cin in length, to anadromous populations characterized by 3-5 sea-
winter (5SW) salmon.

Atlantic salinon have a complex and highly variable life-history (Hutchings and Jones

1998) umdergoing a series of anatomical, phystological and behavioural changes that
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enable individuals and populations to survive and adapt to constant variation in both the
freshwater and marine environment. Even within simple 1SW populations, 20 or more

spawning life-history types can be identified (Klemetsen et al., 2003).

Atlantic salmon are, for the most part, anadromous, spending their embryonic (egg and
alevin) and juvenile (fry and parr) life-stages in fresh water streams before migrating (as
smolts) to the Atlantic Ocean where they become adults (reviewed by Thorstad et al.
2011). After a period of growth at sea, sexually mature adults migrate back, with
variable fidelity, to their natal streams where they spawn and deposit fertilized eggs into
the river’s gravely substrate. Resident freshwater populations, spending their entire lives
in fresh-water without a marine migration, are commonly observed throughout the native
range of the species. These include landlocked (whose migrations are prevented by
impassable barriers), and resident freshwater populations as well as juvenile males fhat
become sexually mature as pair (reviewed by Fleming and Einum 2011). Following
spawning some mature parr may undergo smoltification; migrate to sea, and return to

spawn again later as full-size adults (Garcia de Leaniz, cited in Webb et al., 2007).

A generalised life cycle of Atlantic salmon is presented in Figure 9.20.
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Figure 9.20 Generalized life history of Aflantic salmon {source COSEVIC, 2010,
from O’°Connell et al., 2006)

9.3.4.1 Eggs and Alevins

The embryonic stage for Atlantic salmon lasts from fertilization tntil just after absorption
of the egg-sac. During this period of development, cells differentiate, organs take form
and the organism grows until it eventually breaks free from the egg. After hatching, the
alevin, or sac-fry, is still dependant on the nutrients originally supplied by the mother
wilh the egg, which are now contained within the egg-sac. It is not until this sac has been
completely absorbed and the digestive tract is fully functional, that the fry is ready to
swim up to the surface, fill its air-bladder and conmence feeding on exogenous nutrients.
Throughout this stage of development, the embryo is restricted to an enviromment in

which physical and chemical factors such as temperature, dissolved oxygen, pH, salinity

138



3283
3284
3285

3286

3287
3288
3289
3290
3291
3292
3283

3294

3295
3296
3297
3298
3299
3300
3301
3302
3303
3304

3305

3306
3307
3308
3369
3310

DRAFT FOR PEER REVIEW PROTECTED B

and mechanical stress must be maintained within acceptable limifs for normal

development.

9.3.4.2 Fry

The Atlantic salmon fry stage is relatively short lived, occuiring when the fish emerges
from the river’s gravel bed and starf to feed on exogenous nutrients. Soon after

emergence, fry start to disperse from the area surrounding the redd (gravel nest), typically

~moving downstream and avoiding pools. The fry stage ends when the fish settle and

establish small territories, which they defend against conspecifics of the same year-class.

After this point, they are referred to as par.

9.3.4.3 Parr

The Atlantic salmon parr stage starts once the newly emerged fry have dispersed from the
redd and establish small territories, which they defend against conspecifics of the same
year-class. It1s the predominant freshwater stage and, in the wild, may last from one fo
eight years depending on the growth conditions of the nursery stream. In some cases,
parr may leave the terrifory it initially established as a fry and move upstream in search of
more favourable habitat (McCormick et al. 1998; Hutchings 1986) or downstream to
occupy an estuarine environment if there is improved food availability (Cunjak 1992).
The parr stage ends when the fish becomes a smolt and undergoes a physiological

transformation that enables it to sarvive and grow in the marine environment.

9.3.4.4 Sexual Maturation as Parr

The life cycle of most anadromous Salmoninae encompasses migration to sea. However,
a proportion of the fish, usually male, become mature at the parr stage, without leaving
fresh water. These fish have the capability to reproduce with anadromous and resident
partners. Mature female pamr have been detected in some anadromous populations, but are

considered relatively rare (Fleming 1996 cited in Webb et al., 2007). Precocial
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maturation of parr is widespread, and likely the dominant male phenotype, in
Newfoundland rivers where sex ratios of anadromous individuals are significantly
skewed towards females (~70%) (1. Bradbury, personal communication, Daley et al |
1983).

Maturity among resident parr has been regarded as a "conditional strategy’, whereby the
expression of the phenotype is not predetermined genetically, but is most probably linked
to the individual growth rate and size and condition af age. It is also a manifestation of
the phenotypic plasticity of the Atlantic salmon. Laboratory studies have demonstrated
the relationship between the predisposition of individuals to mature and body size and
lipid content (Rowe et al., 1991, Berglund, 1995 cited in Webb 2007). It has been noted
that in wild populations with larger individuals there is a higher proportion of mature
male parr. At the individual level, the inifial fastest-growing individdals tend to mature in
higher proportions, than slower-growing individuals, though the latter may avercome the
former by the fall. Consequently, it has been suggested that size divergence of fish
destined to mature begins soon after the emergence from the spawning nests, and that
pre-maturing male parr exhibit a size advantage a year before matoration (Webb et al.,
2007). Results of studies on the reproductive success of matare male parr at the group
and individual level have shown a high variability; however, it appears that mature pary
as a group contribute to the fertilization of eggs in egg nests and redds, and on the basis
of relative body mass, reproductive success can be substantial (Jordan et al., 2007).
Dionne et al. (2012) estimate that the contribution of mature parr is approximately 40 %
in Newfoundland streams. As well, they may be playing a critical role in maintaining
diversity in Newfoindland rivers (Johustone et al., 2013, L Breadbury, personal

communication).

9.3.4.5 Smolts

The Atlantic salmon smolt stage is a period of transition in which freshwater pary
undergo morphological, physiological and behavioural changes that prepare it for life in
the marine environment (Thorstad et al. 2011, McCormick et al. 1998). This

transformation typically involves the acquisition of a slimmer body form, colour changes
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that help to conceal it in the pelagic environment, increased salinity folerance and the

behavioural drive to leave its territory and migrate downstream toward the sea.

9.3.4.6 Smolf Migration

Throughout the natural distribution of Atlantic salmon, there is considerable inter-

population and inter-regional variation in both the timing and the destination of seaward

- migrations (reviewed by Thorstad et al. 2011). While the age at which a parr becomes a

smolt may vary depending on growth rate or productivity of the stream, the timing of
seaward migration within a particular river is coordinated and is believed to be highly

dependent on variables such as the river’s water temperatures and the divwrnal cycle.

9.3.4.7 Post-smolts and adulls

Once wild Atlantic salmon smolts have left freshwater and have completed the transition
to the marine environment, they are referred to as post-smolfs and will spend the next one
to four years at sea, growing info sexually mature adnlts that will ascend suitable rivers in

an attempt to reproduce {Thorstad et al, 2011).

As previously noted, most salmon originating from rivers m North America will spend
the winter feeding in waters surrounding the Grand Bank, northeastern Newfoundland
and southern Labrador, before migrating back to their natal streams as one sea-winter (1-
SW) adults, commonly known as grilse ( reviewed by Reddin 2006). Multiple sea-winter
(M-SW) salmon tend to migrate frther north into the Labrador Sea and east of
Greenland, where they infer-mingle with multiple sea-winter salion that originate from
Europe.

Several populations of Atlantic salmon that originate from rivers in the inner Bay of
Fundy, tend to remain in the bay and the mmediate surrounding areas throughout their
entire life-cyele (Ritter 1989 cited in Reddin 20068, Webb et al., 2007). Atlantic salmon

originating from rivers draining into Ungava Bay, Quebec display an even more spatially
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restricted migratory pattern, limiting their marine phase to estuaries in some years (Power
et al. 1987 cited in Reddin 2006, Webb wet al,, 2007)).

Unlike the Pacific salmon, which die after spawning, the Atlantic salmon is iteroparous
and is capable of spawning more than once in their life-time. After spawning, spent
Atlantic salmon will spend the winter in fresh water as kelts before migrating back to sea
in the spring, to repeat the salt-water phase of its life-cycle and the related migratory
patterns (Thorstad et al. 2011). Tn some instances, including Bay of Fundy populations,
kelis treturn to sea in November and December (Lacroix 2013)

9.3.4.8 Changes in Growth Hormone Levels a’unng the Llfé‘ Cycle of Wild
Atlantic salmon
Growth hormone (GH) is a hormone produced by the pituitary gland in bony fish and
other vertebrates. In fish GH participates in alinost all major physiological processes in
the body including the regulation of ionic and osmotic balance, lipid, protein, and
carbohydrate metabolism, skeletal and sc}ft ‘ﬂssue gwwih reproduction and immumne
function. Recent studies have mdmated that GH affects several aspects of behaviour,
including appetite, foraging behaviour, aggression, and predator avoidance, which mn tarn
have ecological consequences (for reviews, see Bjornsson, 1997, Bjornsson et al., 2004,

Peter and Marchant, 1995, Reinecke et al., 2005).

Literature dafa suggésts that plasma growth hormone levels in hatchery reared juveniles
varied depending on the light regime and other clues, but were generally between 0 and 4
ng/ml, With the higher values recorded in April, May and June (Augustsson et al,, 2001)
and generally lower values under winter photoperiod (Ebbesson et al., 2008).
Smoltification brought higher concentrations of growth hormone, with increases between
3 to 9 ng/ml (Ebbesson et al., 2008} , 4 to 18 ng/m! (Boeuf et al., 1989) and 10 to 30
ng/ml {Prunet et al., 1989).
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In maturing males and females, plasma growth hormone levels were around 1 ng / ml
through February to Septernber, rising to about 2 ng / ml in October (Bjornsson et al.,
1994).

9.3.5 Background Genetics

Atlantic salmon populations form a single species, Salmo salar, though divergence
between groups in the Eastern and Western Atlantic has resulted from limited genetic
exchange for over 500,000 years. The species frequents a wide range of diverse and
fragmented freshwater habitats which, coupled with the homing behaviour} has resulted
11 a large number of reproductively distinet and adaptively differentiated genetic

populations.

Atlantic salmon live in the North Atlantic Ocean, its marginal seas, and the Barents and
Kara Seas. Although the migratory ranges of many populations overlap during the marine
stage of their life cycle, the freshwater spawning and rearing habitat is highly fragmented
and the species is subdivided into a high number of spatially disconnected groups of
breeders (King et al,, 2007). Because of relatively high homing fidelity these groups
demonstrate limited mixing among different rivers, even within a river system. As a
consequence, Atlantic salmon has demonstrated a considerable level of evolutionary
diversity and population structuring. However, the species has shown very narrow scope

of morphological differentiation between populations (King et al., 2007).

Based on genetic data (King et al., 2007, COSEWIC, 2010) Atlantic salmon 1n Western
and Eastern Atlantic Ocean belong to two distinet, deeply divergent phylogeographic
groups, that have experienced limited gene exchange for approximately 500, 000 years.
Newvertheless there is evidence that there have been gene exchanges between the two
groups, most likely due to secondary contact early in the current post-glacial period.
Within the continental populations individual groups have been isolated for less than
15,000 years and their stracture reflects the repeated expansion and contraction of the

Atlantic salmon range due to the Pleistocene glaciations, post-glacial colonisation, and
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environmental conditions. Generally, the following groups have been identified (King et
al., 2007):
Eastern Atlantic
Tceland / Greenland
Northern Russia / Norway
Southemn Norway / Sweden
Baltic Sea
Northern British Isles
Soﬁthem Brifish Isles / Northern France
Southern France / Spain
Western Atlantic
Labrador (and Ungava Bay)
Newfoundland
Gulf of St. Lawrence
Nova Scotia
Inner Bay of Fundy
Quter Bay of Fundy.
Maine
It should be noted that there 1s evidence of weaker geographic structuring m the Western

Atlantic populations fhan in the Bastern Atlantic.

Non-genetic data, including variations in life history support nmach of the broad-scale
population structure inferred from the genetic data, including smolt age, small and large
salmon proportions in retozns, sea-age at maturity, proportion of small and large females,
and fork length of small and large fish (Chaput et al., 2006, cited in COSEWIC, 2010).
Based on several criteria, both genetic and non-genetic, DFO proposed 28 Atlantic

salmon Conservation Units (DFO and MRNF 2008).

In a similar manner, COSEWIC proposed 16 designatable units (DUs, Figure 9.21,
COSEWIC 2010) as follows:
DU 1- Nunavik population,
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DU 2- Labrador population,

DU 3~ Northeast Newfoundland population,

DU 4- South Newfoundland population,

DU 5« Southwest Newfoundland population,

DU 6- Northwest Newfoundland population,

DU 7- Quebec Eastern North Shore population,

DU 8- Quebec Western North Shore population,

DU 9- Anticosti Island population,

DU 10- Inner St. Lawrence population,

DU 11- Lake Ontario population,

DU 12- Gaspé-Southem Gulf of St. Lawrence population,

DU 13- Eastern Cape Breton population,

DU 14- Nova Scotia Southern Upland population,

DU 15~ Inver Bay of Fundy population, and

DU 16~ Outer Bay of Fundy population
These units recognise population or group of popuiations that have attributes that make
them discrete and evolutionarily significant relative to other populations, mcluding both
inherited fraits (e.g. mozpholﬂgy; lifee history, bebaviowr) and/or neutral genetic markers
(e.g. allozymes, DNA miem_éafellites, as well as large disjunctions between populations,
and oceupation of different eco-geographic regions.
The microinjected egps that initiated the AAS lineage were from the Exploits and Colinet
rivers , which befong to DU 3. Purther crosses were made with Atlantic salmon captured
in in Exploits and Northeast rivers, also in DU 3. The development of the intended AAS
commercial line involved predominantly domesticate salmon from the St. John River
lineage. Aswell, the manufacture of eyved-eggs will involve crossing individuals fiom the
brood stock with the domesticated St. John River strain (please refer to Section 9.2.2 for
further details. The wild St. John River population of Atlantic salmon is in DU 16,
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Figure 9.21 Proposed designatable wnits (DU) for Atlantic salmon in eastern Canadsa
{COSEWIC 2016) '

9.3.6 History of Invasiveness

Unlike its close relative, the brown trout, Atlantic salmon aré nof predisposed to
imvasiveness to territories outside their North Atlantic native range. With few straggling
exemptions, attempts'ta establish Atlantic salmon populations outside the Atlantic Ocean
have faled. -

When campai‘ed with some other salmomd species, such as brown trout (Salmo frutta),
rainbow trout (Oncorhynchus mykiss), or brook trout (Salvelinus fontinalisy, Atlantic
salmon is considered a poor coloniser outside of its native range (Thorstad et al. 2011).
Numerous attempts fo establish self-sustaining populations of Atlantic salmon outside of
their native or historic range in Canada have occurred in the western provinces of British
Columbia and Alberta; however, no permanent populations were ever established

(MaeCrimumon and Gots 1979). Internationally, repeated attempts to establish
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anadromous populations of Atlantic salmon in various countries have failed (Thorstad et
al. 2011; FAO Database on Introductions of Aquatic Species), though self-sustaining
freshwater populations have been established in Argentina, New Zealand and the
Kerguelen Islands (MacCrinunon and Gots 1979; Valiente et al 2010; Lecomte ef al.
2013).

9.4 Biology of Domesticated Atlantic salmon

The environment and selective pressures in hatcheries and fish farms differ drastically
from these in the natural habitat of Atlantic salmon. As a result cultivated fish are subject
to morphological, physiological, ecological, and behavioural changes. When caltured
Atlantic salmon are released into nature their competitive and survival abilities differ
from their wild conspecifics, often putting them in a disadvantageous position.
Nevertheless, due to sheer numbers and genetic effects, escaped farm salmon can have

detrimental effect on wild salmon populations.

Domestication of Atlantic salmon has three main forms, whereby the domesticated figh
spends different time under human husbandry: hatchery rearing and stocking, ocean
ranching, and fish farming and aquaculture. Each of these schemes has its own purpose
and goals, brings differeﬁt levels of domestication, and has different impacts on the

environment and the receiving ecosystems.

In fish stocking fishare raised in a hatchery and released into the wild at an eaily age to
suppleément existing populations, or to create a population where none exists. Stocking
may be done for the benefit of commercial, recreational, or Aboriginal fishery, or to
restore or increase a population of threatened or endangered fish (Cross et al., 2007,
Egglishaw et al., 1984). Under most stocking schemes, indigenous broodstock, or non-
indigenous broodstock with desirable traits are canght and stripped of eggs and milt. The
fertilized eggs ave then either released in the wild or cultured in a hatchery where they‘
Latch and after the reabsorption of the yolk sack, the alevins are remred to a stage when

they can be released in wild habitats,
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Similar to stocking, in salmon ranching local salmon broodstock are caught and stripped
of eggs and milt. The fertilized eggs are then cultured in a hatchery where they spend the
fivst stages of their life cycle. Minucking the natural life cycle of a wild salmon, the
smolts are then transferred from freshwater hatcheries to saltwater fish farms. While in
net pens, salmon are fed feed pellets to gain size and strength. Also, during that time the
salmon are “unprinted” to the area where they ave temporarily farmed. Imprinting ensures
that these coltured salmon return fo the same place where they were “born™ — stmlar to
natural, wild salmon. Once large enough to survive, these cultured salmon are released
into the ocean to forage for food (hence the reference to “ranching”). Salmon ranching
does not always involve rearing smolts in sea pens before releasing. In thany instances
smolts are released in the river and impriot to the river and therefore return after rearing
at sea (G. Chaput, personal communication).

Upon refurn, a mixture of wild and ranched salmon are canght in the commercial and
sports fisheries. In many instances (e.g. Iceland), there are no wild populations in the
“natal” rivers (G. Chaput, personal comununication). Selected salmon are alsc retained by

the source hatchery to be used again for egps and milt and the process is repeated.

In salmon farming (or saimén aquaculture), the entire life cycle of the fish, from
fertilization to harvesting or gamete production is under controlled conditions. Generally
salmon are farmed in two stages. First, broodstock with desizable traits, usually non-
indigenous and cultivated in artificial habitats for generations, are stripped of eggs and
milt. The fertilized eggé are imcubated and the juveniles reared in fresh water to the smolt
stage, then transferred to net cages in the sea for grow-out to market size and harvested.
Becanse under the Notification AAS is intended for salmon farming in closed land
facilities, and not for salmon stocking or ranching, mostly the biology of farmed Atlantic
salmon is being reviewed. However, for the sake of more cormpleted review, the life
history of Atlantic salmon produced by other forms of domestication, as well as other

domesticated salmonids was considered, when warranted.
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Unlike carp (Ciprinus carpio), goldfish, and other ciprinids, which have been
doresticated and reared for food more than thousand years, the aquaculture of Atlantic
salmon (Salmo salar) began in the early 1970s, when Norwegian entrepreneurs
successfully harvested fish that had been stocked as simolts and reared in pens at sea for
two years. Since then the industry has expanded exponentially and in 2011 approximately
1.7 million tounes were produced worldwide, with a value of over § 9.7 billion (FAQ,
2013).

In most instances Atlantic salmon farming mimics broadly the life cyele of wild salmon.
First, the salmon are hatched from eggs and raised on land in freshwater tanks. When
they are 12 to 18 months old, the smolt are transferred to floating sea cages or net pens
anchored in sheltered bays or fjords along a coast. There they aie fed pelleted feed for

another 12 to 24 months, when they are harvested.

Rearing in artificial enviromments exposes_domésticateé fish to new selective forces
(space restrictions, high density, selection for desirable traits, sensory deprivation,
manipulation and bandling) while other pressures are alleviated (abundant food, lack of
predators, medication, artificial reproduction) . Throughout the generations these forces
have led to significant morphological, physiological, behavioural, and life cyele changes.
Unless indicated otherwise, the following sections were summarized from the reviews
provided by Cross et al. (2007), Ferguson et al. {2007), Jonsson and Jonsson (2006), and
Gross (1998).

9.4.1 Morphology and Anatomy

Phenotypic divergences can be shaped by environmental conditions early in life. In
artificial conditions the protected environment permits fish to allocate more energy to
profein growth and lipid deposition, and several morphological changes occur in
association with this, For example, cultured Atlantic salmon parr have smaller heads and
rayed fins and narrower caudal peduncles than wild parr. Similar changes have been

observed in other salmonids reared under hatchery conditions.
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Morphological divergences were observed between wild and enlfiwed Aflantic salmon
stmolts from the Irish Burrishoole and Corrib stocks. In Burrishoole stocks, wild smolts
were thinner and smaller. Atlantic salmon parr grown from the eyed-egg stage with a
non-sibling group in a hatchery environment came to resemble the body shape of the
cultured non-sibling fish more closely than that of full siblings grown in their natal
habitat. Moreover, the shape of wild smolts differed from that of enltured offspring.
Although this difference was less pronou:iced, it was still significant when the fish were

captured after free-swimming at sea for 1 year.

At maturity, farmed Atlantic salmon may display a morphology that differs greatly from
that of a wild fish. Farmed adults have longer heads, smaller rayed fins, larger adipose
fins, and shorter horizontal trusses in the trunk region, and wiove distorted jaws (Fleming
et al., 1994). Farmed males display more damage to their kypes and jaw distortion than

wild males, which are almost free of such deformities.
Other changes that were nofed in cultwred salmomds include the following:

1~ It was found (Lema et al., 2005 éited in Jonsson and Jonsson, 2006) that cultured
rainbow trout and coho salon have smaller brains than wild conspecifics of similar
gize and it is not known whether the reduced cell proliferation of the telencephalon of
juvenile fish is assc_ac_:iétecl with swiinming activity, sensory input, or social structure
in the hatehery tanks. However thig may influence cultured salmonids’ subsequent

behavioural performance in natuse,

2- Poppe et al. (2003, cited in Jonsson and Jonsson, 2006) found that the hearts of
farmed Atlantic salmon and rainbow trout were rounder than those of their wild
counterparts and that the angle between the ventricular axis and the axis of the bulbus
arteriosus was less acute in farmed fish than in their wild counterparts. The norinal
shape of the salmonids ventricle is a triangular pyramid with the apex pomtmmg caudo-

ventrally.
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3~ Poole et al. (2003 cited in Jonsson and Jonsson, 2006) found that cultured smolts have
significantly higher concentrations of mucous cells in both skin and secondary gill

lamellae, which may influence subsequent marine survival.

9.4.2 Physiology and Biochemistry

In order to optimise production, the characteristics of the produced fish, and the timing of
harvest, most fish farm operators select broodstock with desirable traits and manipulate
many of the environmental variables that guide salmon’s life cycle. These deviations
from the “natural” environment and selection pressure bring fortﬁ not uiﬂy changes in the
morphology and anatomy of cultured fish, but also chauges in their physiological

fumctions and biochemical characteristics.

In Burrishoole stocks, cultivated smolts bave lower basal cortisol levels in April and May
and exhibit a strong cortisol responses to capture stfess, which is lacking in wild smolts.
Similar differences appear in serum glucose levels. These physiological changes, together
with lower gill Na /K ATPase activity, lower growth hormone and plasma chloride levels
found in cultured siolts (as compared with wild smolts), and differences in survival on

transfer to full-strength seawater at different femperatures (Handeland et al., 2003 cited in

Jongson and 301!5&611; 2006), indicate that wild Atlantic salmon smolts may tolerate the

transfer better than cultured smolts,

Fleming et al. (2(}62) found higher levels of growth hormone in dotnesticated than in wild
Aflantic salmon, which is not surprising, considering that individuals with a fast growing

phenotype are targeted during the domestication process.

9.4.3 Behaviour and Life History

Fartn salmon demonstrate not only physiological and mosphological differences, but also

dissimilarities in behaviour and life history, both in the artificial environment that has
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brought forth these changes, but also in the wild, following accidental or intentional
releases (Ferguson et al., 2007). The difference in sensory stimulation between cultured
and wild salmon may also influence different behavioural aspects, such as ternitoriality
and dominance, feeding, predator avoidance, migration, and reproductive behaviour in

nature, 'I‘hefoliowing_hehavioural traits were observed:

9.4.3.1 Aggression and Dominance

The results of experimental tests of feeding competition between wild and cultured
salmon differ. Einum and Fleming (1997) observed that parr of farmed Atlantic salmon
dominated wild fish in one-on-one challenges, with hybrids exhibiting intermediate

success, The authors related this to greater aggression in farmed fish, as compared with

- wild fish, Similar dominance of cultured fish was reported by Rhodes and Quinn (1998,

cited in Jonsson and Jonsson, 2006) for coho salmon. Furthermore, it was found
(Berejikian ef al., 1999 cited in Jonsson and Jonsson, 2006) that juvenile coho salmon
with cultured mothers won dominance challenges in a laboratory flume more frequently
than parental half-siblings with wild mothers, 's'uggesﬁng that dominance may be a
maternal effect. Other authors (Riley et al,, 2005) found no evidence that rearing
environments caused more aggression iuyculﬁlred steelhead fry than in wild steelhead fry.
The greater aggression observed In sbmé cultured fish populations, and the outcome of
aggressive and dominant beﬁavimu were shown to be modified by the environment, with
wild salmon being better adapted to more complex environments, ag well as by previous

residence of the conflicting parties.

9.4.3.2 Predator Avoidance

Tn predator-response experiments domesticated parr had a shorter time until reappearance
from cover following a simulated predator attack, and had a lower heart rate and less
pronocunced flight and heart respouses to model predator attack (Jonsson and Jonsson,
2006). Shorter reappearance time of farmed Atlantic salmon was also observed by
Houde et al (2009). The authors, who used St. John River fanmed stock, coneluded that
farmed fry exhibited significantly reduced antipredator responses relative to fry from
both wild populations. The anti-predator responses of wild-farmed hybrid fry were
intermediate to those of the parental populations (pure farmed or wild). The magnitude by
which wild X farmed hybrids differed in anti-predator responses from pure wild fish also
depended on the wild population.
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9.4.3.3 Feeding

Foliowing experunents with masu salmon it was postulated that the tendency of farmed
salmon to feed on the surface was at least partially learned. Over time wild fish were
feeding closer fo the swface, although not as high in the water column as cultured ones
Reiriz et al., 1998 cited in Jonsson and Jonsson, 2006).

In the Noxth Atlantie, enltured post-smolts have constderably more food items in their
stomachs, especially amphipods and krill, than do wild post-smolts. Amphipods were the
most abundant item in the stomachs of cultured postsmolts, whereas krill was the most
abundant food item of wild post-smolts. Fish, mostly sandlances (Ammadytidae), the
largest prey item consumed, were almost twice as abundant in the diet of cultured post-
smolts as in that of their wild counterparts. In the northeastern Aﬁanﬁc, mesopelagic

fish such as lanternfish (Mycrophidae), pearlsides (Sternoptychidae), and barracudinas
(Paralepididae) were more important than amphipods, which were more important than
krill (Jacobsen and Hansen, 2001 cited in Jongson an& Jonsson, 2006). In the open ocean,
the diet of wild and cultured salmon is similar, indicating that at least some cultured fish

are well adapted to ocean life.

9.4.3.4 Smolt Emigration

‘When released into rivers, culiured Atlantic salmon smolts move quickly to the sea, even
when released in daylight. Wild smolts usually move to the sea over a longer period,
starting in cool tempera_tui‘e and moving downstream by night, and gradually becoming
day-active as temperatures tise above ca. 13°C (Thorpe et al., 1994 cited in Jonsson and
Jonsson, 2006). Wild smolts may also be entrained during the day in schools consisting
chiefly of hatchery fish (Hansen and Jonsson, 1983).

Juvenile Atlantic salmon migrate actively through fjords into the ocean (Finstad et al.,
2005). Sexually maturing cultured post-smolts, on the other hand, seem more inclined to
stay in coastal areas and to enter rivers as they migrate (Hansen et al., 1987 Jonsson et al.,
1993).
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9.4.3.5 Reproduction

When sexually mature, both wild and cultured salmon enter rivers to spawn, and may
home to the area of their origin (Jonsson et al., 1990). However, cultured salmon may not
originate in a specific river and may return to areas adjacent to the hatchery outflow
(Clifford et al., 1998). Their homing precision appears fo be less accurate than that of

wild fish, even when the two leave the river together as smolts (Jonsson et al., 2003).

Mean rates of straying for sea-ranched and wild Atlantic salmon of the River Imsa stock

were estimated at 15% and 6%, respectively, when both types of fish left the river as
smolts in May. Moreover, the straying rate was higher for Atlantic salmon attaining
sexual maturity and returning to fresh water after two years at sea rather than one year.
The longer the time fish stayed away from their home river, the greater

the chance of straying. Both cultured and wild salinon strayed to many of the same rivers,
ca. 80% of which drain into the fjord of the River Imsa within 60 km of the outlet.
Therefore, the chance of entering the ““wrong’” river increases with time or distance
moved at sea. Farmed post-smolt salmon that escape fo sea in winter do not return to any
specific avea when sexually mature (Hansen and Jonsson, 1991), and fish released when
maturing in their second sumnmer also appear (o have lost their ability to navigate back to
their home river or place of _I:.e.ieasé"(}iansen et al., 1987). There is probably a finite
period when Atlantic salmon are able to choose navigational cues that they use during the
return migration. Sub-adults and adults have lost this ability (Hansen et al., 1993; Hansen
and Jonsson, 1994). Therefore, many cultared fish may reproduce in rivers other than the

one that they left as smolts.

Tt was observed that cultured Aflantic salmon entered the rivers to spawn later in the
season, moved about more, and stayed iu the river for a shorter time than wild fish

(Jonszon et al., 1990; Gkland et al., 1995).

Thorstad et al. (1998) found that unlike wild salmon, cultured fish were not homing to
any particnlar spawning area, and moved as far upstream as possible, instead of utilizing
the spawning grounds of wild fish lower downstream. Once at the spawning grounds

sea-ranched male Atlantic salmon, probably resulting from their experience of feeding
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competition in hatchery tanks, fook part in more prolonged aggressive encounters,
incurred greater wounding, and sustained greater mortality than wild males originating in
the same population, even though both cohorts showed sunilar levels of aggression.
Furthermore, farmed miales did not establish dominance hierarchies as effectively as wild
males, courted less, spawned with females in larger munbers and participate in fewer
spawning events, and frequently failed to release sperm when the females released their
eggs. Consequently, experimental evidence suggests that they achieve only a low
percentage of the reproductive success of wild males (Fleming et al., 1996; Weir et al.,
2004, 2005). Simularly, in‘ other salmonids such as coho, reproductive success is greater
for wild than for cultured males (Flemzing and Gross, 1992, 1993; Bergjikian et al., 1997

cited in Jonsson and Jonsson, 2006).

Studies in an experimental stream indicated that cultured brown trout males appear to
have less reproductive success than wild males, but a similar effect was not found for
females (Dannewitz et al., 2004 cited in Jonsson and Jonsson, 2006). In Atlantic salnon,
the inferiority of cultured fish is often sex-biased, being more pronounced in males than
in fernales and resulting in cross-breeding between cultured females and wild males. As a
consequence more hybrids are produced in the wild than pure farm offspring.
Nevertheless, experimental evidence supgests that female cultured salmon have also
reduced fitness caused by morphological maladaptation (Fleming et al., 1994; Gross,
1998), being less active, displaying less breeding behaviours, constructing fewer nests,
retaining a greater mass of unreleased eggs, incurring more nest destruction, being less
efficient at nest covering, and suffering greater egg mortality than wild females.

As a consequence of domestication, farmed salmon, their offspring, and hybrids show
substantially reduced lifetime success with poorer survival in the early juvenile stages
and, later in the life cycle at sea and during spawning. This results i loss of overall
fitness in individual salmon population. Because farm escapes occur on a regular basis
small and vulnerable populations could be severely affected and may eventually become

extinet,
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9.4.4 History of Invasiveness

In contrast to wild Atlantic salmon, the invasiveness and potential detrimental itapact of
dowmesticated Atlantic salmon has received considerable attention (Morzis et al. 2008;
Hindar et al. 2006; Thorstad et al. 2007, Naylor et al. 2005; McGimity et al. 2003;
Youngson and Verspoor 1998; McGinnity et al. 1997). Accidental releases of cultured
Atlantic salmon into the environment that result from activities in the aquaculture
industry have been implicated in the spread of disease and parasites (Amundrud and
Munray 2009; Naylor et al, 2005), increased competition for resources among native fish
species (Volpe et al. 2001; Fiske 2006) and temporal changes i the genefic integrity of
wild Atlantic salmon populations (Bourret et al. 2011; Skaala ef al. 2006). However,
frequent accidental releases over a period of many years have nof resulted in known
established population of Atlantic salmon cutside of its natural range. Follow-up studies
following the successful spawning of adults and rearing of juveniles in Tsitika Rivei'_,
British Columbia, reported by Volpe et al. (2000} did not docunent presence of either

adult or juvenile Atlantic salmon in the river (Piceolo and Orlikowska, 2012}

10 EXPOSURE CHARACTERIZATION

10.1 Characterization of Exposure

The characterization of exposure will consider the potential for AAS to enter, survive,
reproduce and establish in both the Canadian and Panamanian environments, however,

the final assessment will only consider exposure to the Canadian enviromnent.

The assessment of exposure of the AAS to the Canadian environment will include both
its potential to enter the environment and its fate once in the environment. In considering
the physical, geographical, and biological containment strategies used for all life stages of

the AAS, the exposure assessment will focus on;
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1. The potential for nnintentional release(s) of AAS into the receiving environment (i.e.
entry} at both the Canadian and Panamanian facilities and during transport between the

two locations;

2. The potential of AAS to swrvive, dispeise and persist in the Canadian and Panamanian
receiving environments (i.e. fate), If applicable, the magnitude and frequency of dispersal

{i.e. propagule pressure) will also be assessed;

3. The potential of AAS to reproduce, establish and spread in the Canadian and-
Panamanian enviromments (1.e. fate). If applicable, the magnitude and frequency of

reproduction, establishment and spread will also be assessed; and

4. The potential for the disposal of AAS carcasses in Canada to act as an exposure

pathway.

Although containment at both the Canadian and Panamanian facilities will be examined,
the assessment will only consider the exposure of AAS to the Canadian enviromnent.
Consequently, assessment of potential exposure from activities in Panama will focus
primarily on the potential of AAS to retrn to Canadian waters, including the Atlantic
and Pacific Oceans. Measurement endpoinis will inclnde relevant information about
physical, geographical and biological containment strategies used for all life stages of the
AAS. The likelihood of natural events (e.g. hurricanes, earthquakes) and security
violations that may lead to a failure of physical containment will also be considered and
weighed against the adequacy of the reasonable measures {e.g. facility sifing, design,
security) employed by AquaBounty to prevent an accidental release under an extreme

circumstance,
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10.1.1 Scenarios under which AAS May Enter the Receiving
Environment :

Both acute failures in physical confainment, caused by natural events or security
violation, and chronic failures i physical containment will be considered in the

assessment of exposure.

Though land-based hatcheries and grow-out facilities offer the potential for high-level
confinement of aquatic organisms, the prevention of accidental releases from such
facilities requires considerable forethought regarding its design, secuity, staff,
operational procedures and oversight, as well as the facility’s geographic location and
siting. There are three principle scenarios by which AAS may come to breach physical

containment and enter the receiving environment.

Natural events, such as earthquakes, tsunamis, hurricanes, tidal surges, mud slides and
flooding, may cause significant damage to a facility and possibly result in a large scale or
acute release of organisms. This type of event would be expected to oceur at a low
frequency, but has the potential to release a large number of organisms. It is a common
experience when farming salmon in open net-pens (Morris et al. 2008) and has also
occurred at land-based fish hatcheries. In Eastern Canada, floods have ocomred at land-
based hatcheries that are close to streams and there have been breaclies associated with
the flooding of ponds (Gerard Chaput, DFO, personal communication). Similar incidents

have been yeported in the United States

(htty:/www boston.com/news/local/massachusetts/201 3/01/20/ish-hatchery-damaged-
rene-almogt-fixed/aNvvNH INvZdTPBdxMOn40/story.hitml.

hitp:/frecovery.dol.gov/press/us-fish-and-wildlife-service/de-booth-historic-national-fish-

hatchery/). Although it 1s difficult to predict an event of this nature, it is important fo

consider its potential when assessing the geographic location of a facility, its siting,
construction and emergency procechires in place to prevent the possibility of containment

failure under this scenario.
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Security violations committed by unauthorized individuals who gain access to the site
may result in the escape of AAS into the environment through either the deliberate
release of organisms or the failure of mechanical barviers that may result from vandalism
or thefi (Morris et al. 2008), As with natural events, this type of scenario is difficult to
predict and is not expected to oceur with any predictable frequency, however it is
important to consider especially given the contentious stance that several private interest
groups have taken towards this produet. Consequently, it is important to review

measures AquaBounnty has put in place to prevent secusity violations.

Finally, chronic failure of physical containment is commonly recognised as a
predominant circumstance by which domesticated salmonids may enter the environment
(Carr and Whoriskey 2006; Mortis et al 2008; Arismendi et al. 2009). Even if the
number of individuals released during discreet events is small, persistent and repeated
entry may be sufficient to result in significant impacts or further exposure through
reproduction and establishment. Assessment of the potential for chronie failure of
physical containment will consider the suitability and redundancy of mechanical barriers
as well as the operation procedures and oversight in place to énsure that physical barriers

are properly used and maintained 8o to prevent the accidental release of AAS.

The prospect of recapturing an organism such as Atlantic salmon once it has entered a
suitable aquatic environment may be limited by a variety of factors (Chittenden et al.
2011; Skilbrei and Jorgensen 2010 ; Skilbrei et al. 2009) and is therefore not considered

as an acceptable mitigation measure for the accidental release of AAS.

10.1.2 Standards and Methodologies for the Assessment of
Physical Containment

A mininium number of three mechanical barriers will be accepted as adequate physical
containment of AAS. A Failare Mode Analysis will provide further guidance on the

efficacy of physical containment.
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Standards for the physical containment of genetically modified fish are currently not
available. The U.S. Depaitment of Agriculture’s ‘Performance Standards for Safely
Condueting Research with Genetically Modified Fish and Shelifish’ (ABRAC 1995) .
emphasizes fhe importance of mechanical barriers, security and the operational
procedures that are in place to maintain physical containment and mitigate catastrophic
events. It has suggested that 3 to 5 independent bariers along a single pathway are
sufficiently redundant to effectively confaiu an organism. However, it acknowledges that
an adequate level of redundancy may depend on the specific location. of the facility or the
nature of the proposed research. Some guidance on containment standards for salmonids
is also provided by the New Brunswick Rainbow Trout Aquaculture Policy

(hitn:/fwww.enb.ca/01 68/ Trout odf) which also advocates at least three bariers. In

addition, to facilitate the assessment of the physical contaimment of AAS in both the
Canadian and Panamanian facilities a Failure Modes Analyses (FMA) will be condueted

following guidance from Stamatis 2003 and McDermott et al., 2009,

Failure Modes Analyses (also known as Failure Modes and Effects Analysis) was first
adopted by the antomotive industry to be used as a systematic method for identifying and
preventing product problems before they occur (MeDermott et al. 2009). It has since
been extended to a variety of industries that are concerned with quality and safety during
design and improvement when a product is in use (Stamatis 2003}, The ISO/TS
16949:2002 standard (part of the ISO 9000 family of certifications) requires that
suppliers to the automotive industry conduct product design and process FMAs in an
effort to prevent failures before they happen (McDermott et al. 2009). FMA has also
been extended to the interface of mechanical and biological systems by Hayes (2002},

who used it to identify the potential spread of marine organisms via human vectors.

In this assessment, FMA is extended to the mechanical and operational processes of
physical containment of AAS at both AB PEL and AB Panama and during transport
between the two facilities with the objective of identifying potential weaknesses along all
pathways of entry. The FMA also provides a systematic method for the examination and

assessment of each and every element of physical containment. Both the mechanical
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bartiers and the operational procedures in place to mainfain and ensure the proper
employment of each bariier to entry will be considered along with the potential

consequences of a failure at each barier.

Briefly, each element of physical containment is ranked according to the severity of a
failure (based on the redundancy of downstream containment), its likelihood of
occurrence (based on incident records provided by AquaBounty) of and the mitigation in
place to prevent a potential failure (based on S80OPs and oversight documentation provided
within the notification). Severity {8), occurrence (O) and mitigation (M) are ranked
according to Table 10-1, Table 10-2 and Table 10-3. The product of the three rankings
generates a risk priority number (RPN) that 15 used to identify where potentially severe
failure modes are most likely to oceur, assess the consistency of confainment across all
individual pathways and indicate where a recommendation of additional mitigation may
be required (able 10-4).

Table 10-1 Rankings for the Severity (8) of potentinl failures in physical
containment based on the redundancy of downstream containment

Rank Severity ()

1 Low; No entry possible; >2 downstream barriers still present

2 Medium; No entry possible; Isnitable downstream barrier still present
3 High; entry possible; no suitable downstream barrier present

Table 10-2 Ranking for Occurrence {O) of potential failure in physical containment

based records of incidents provided by AquaBounty

Rank Qccurrence (0)

1 Low; O < 1 recorded incidents per year

2 Mediu; | <O < 5 recorded incidents per year

3 High; O > 5 recorded incidents per year or no records available
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Table 10-3 Ranking for Mitigation (M) te prevent potential failure in physical
containment based on SOPs and oversight documentation provided within the
notification

Rank | Mitigation (M) _

1 High; writter. SOPs include daily inspectidu and compliance documentation

2 Mednun; written SOPs do not include daily inspection and compliance
documentation

3 Low; no written SOPs, daily inspections or compliance documentation

able 10-4 Rankings for concern based on Risk Priority Numbers (RPNs)

RPN = | Concern
103 Low
4109 Medium
10to27 | High

The FMA is intended to provide a qualitative estimate for the likelihood of an
unintentional release, throngh the examination of every element of physical containment
af each life-stage of AAS along all pathways to entry. Though accurate estimations of
RPNs relies heavily upon documented occurrences of failure, in the absence of data, the
FMA still provides a systematic means by which potential problems with containment
can be identified or where additional oversight may be required. In the absence of data,
uncertainty regarding the assessment of a particular pathway is likely to increase.
Consequently, the assessment of physical containment will take into consideration not
only the redundancy of mechanical barriers for a particular pathway to eatry, but will also
address the potential for failure of each barrier and the operational mitigation in place to
prevent failures from occurring.  Under specific circumstances, this type of analysis may
lead to conclusions about elements that underestimate the overall risk. For example, the
system would yield an RPN of Low (3) if a breach occurred once every 2 years
(Occurrence <1), even if there is no downstream barrier (Severity = 3), but excellent

procecures are in place (Mitigation = 1). Consequently, the FMA is meant more as guide
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to idenfify where there may be weaknesses in contaimmnent, not as an absolute test of

efficacy.

Failure Mode Aualysis tables for the containment of AAS along pathways at AB PEI, AB
Panama and duving transport between the two locations are presented in Appendix B, C

and D respectively,

10.2 Potential for Entry of AAS into the Receiving
Environment at both the Canadian and Panamanian
Facilities and during Transport between the Two
Locations

The likelihood and magnitude of exposure of the AAS to the Canadian aquatic
environment resulting from any failed containment at the facilities and during
transportation will be assessed. This will inelude unintentional releases that may result
from equipment failure and human error as well as potential catastrophic events.
Measures proposed by AquaBounty to prevent and mitigate unintentional releases from
the failure of physical containment and security violations will be evaluated. Tn addition,
the likelithood of natural event (e.g. hurricanes, tidal surges) that could lead to a
containment failure will be considered and weighed against the adequacy of reasonable
measures, such as facility siting, design and emergency provisions, to prevent

uwnintentional release under such circumstances.

10.2.1 Potential for Entry of AAS into the Receiving
Environment af the Canadian Facility

All life-history stages of both sterile triploid (3n) and fertile diploid (2n) AAS will be

housed at the facility in PEL which is land-based, includes extensive mechanical and

operational containment provisions and has been subject to regulatory oversight since
1996.
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Figure 10.1 Map indicating approximate location of AquaBounty facility, next to
Bay Fortnne on PEL

The manufacturing site, where triploid-eggs are produced and broodstock are maintained,
is located southwest of Souris, Prince Edward Island, Canada, on a parcel of land that is
adjacent to the south bank of the Fortune River, approximately 50 meters from the Bay
Fortune estuary and approximately 1000 meters from a spit of Jand that extends into
Rollo Bay and the Northumberland Straight (Figure 10.1).

The facility is entirely land-based. All organisms are maintained within the confines of a

two-story main building GG

All life-stages of AAS, both diploid (2u) and triploid (3n), are housed in various locations
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I I +<dition, o

variety of mechanical and chemical barriers designed to prevent the accidental release of
AAS into the environment are in place, along with standardized operational procedures
{50Ps) and internal compliance documentation, to ensure that all contaimment provisions
are properly employed and maintained. Since 1996, the facility has been subject to
oversight by the Department of Fisheries and Oceans (DFO) and Envitonment Canada

(EC) pursuant to its use for R&D involving transgenic organisms (ABT 2013, p. 486).

AquaBounty has indicated its intent to produce annually, no more than 100,000 female
triploid AAS eyed-eggs for commercial export. In order to meet this demand, the facility
in PEI will need to maintain a diploid commercial broodstock (see section 9.1.2.1 and
Figure 9.3) and will require additional female triploid eggs as insurance against natural

and unexpected mortality or possible 'clmnges to shipping schedules,
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10.2.1.1  The Potential for Natural Events in PEI fo Result in the
Accidental Release of AAS

Given the information of the facility’s siting, structural integrity, construction and design,

the SOPs and emergency procedures currently in place and cwrent knowledge of extreme

natural events that may occur in the region and may challenge the containment of AAS,

the likelihood of an accidental release resulting froin a natural event such as a hwzicane

or a tidal surge is considered to be pegligible, with high certainty.

An acute release of AAS resulting from a natural disaster, such as earthquakes, tsumamis,
tornados, hurricanes, tidal surges, flooding or fires, 1s hughly unlikely. The facility is not
located in an arez of significant seigmic activity and tsunamis in the region are exfremely
rare. Those that have occurred in the past did not affect the inner Gulf of St. Lawrence
(http:/rwrww . earthquakescanada nrean. ge.ca/zones/eastcan-eng. php). Though several

tornados have been reported in New Brunswick, Nova Scotia and Quebec over the past
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100 years, none have been reported on PEI (http://edd.publicsafety.ge.ca/sichpg-

eng.aspx).

The most likely natural disaster to challenge the facilities infrastiucture and physical
containment of AAS would be a hurricane or the flooding that may result from the tidal
surge that often accompanies intense depressions in barometric pressure. Indeed, Canada
and its Atlanticrwaters are threatened by an average of six tropical storms per year

(httprwww e oo ca/meteo-weather/defanlt asp Hano=Enden=9F6732DB-1). Prince

Edward Island’s official hurricane season runs from June 1* to November 30™ and peaks
between mid-August and the end of September. According to Enviromment Canada,
there have been six land falling hwricanes on PEL since 1891, three of which have been

category 2 (winds between 154 and 177 kovhr).

The building itself is structurally sonnd, built to local building codes by professional
contractors with 2 NG (ha has withstood several severe
storms including the 120 ko/br. winds of Hurricane Juan in September of 2003, This
challenige was shortly followed by the “White Juan” blizzard of February 2004 which

dropped approximately lmeter of snow on the region without damaging the facthty. In

addition to a sturdy above~ground construction, |GG
.
B Durivg the winter, snow accwmulation on the roof 1s monitored and 1s
professionally removed when it becomes too deep. Consequently, it is reasonable to
conclude that the facility’s structure will continue to withstand the extreme winds and

snowfall that it may be subjected to in this region of the country.

Though the province of PEI has a history of flooding, the effect of tidal surges tends to be
at its worst around Charlottetown and diminishes towards the northeastern part of the
island (Vasseur and Catto 2008)). For example, on January 21% 2000, an intense low
pressure system brought a storm surge of approximately 1,36 meters to the Maritimes.
When combined with the normal tide height and waves, water levels around

Charlottetown (Approximately 78 km southwest of the facility) reached a total height of
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4.23 meters above chart datum, the highest levels recorded on the island in 100 vears
(http://edd.publicsafety ge.ca/sichpg-eng.aspxTenltureCode=en-
Ca&provinees=108&eventTypes=%2788%27 &normalizedCostYear=1). At the same
time, in Souris (approximately 12 km to the northeast of the facility) the combined surge,
tide and waves reached a land elevation of only 1.75 meters (Climate Change
Vulnerability Assessment — Souris and Souris Weat, PEL 2012 _
http://atlanticadaptation. ca/sites/discoveryspace. upei.ca.acasa/files/CC%20Vulnerability
%20Assessment%20-%2050uris%20FINAL%20Combined _1.pdf). '

The PEI facility is located at latitude N49:19:53.3 (46.331472) and longitude
W062:21:50.7 {-62.364083), adjacent to the south bank of the Fortune Estuary and on a
rise of land that prevents damage from heavy rain (p.503}. Althongh a hand held GPS
uuit places the facility at approximately 12 meters (39 feet) above the high water line of
the Fortune River (p.503), according the Canadian Topographic Series, the given
coordinates correspond to a height of approximartely 23 feet above chart datum, o1 just
less than 7.6 meters above the mean lower low tide. A more conservative and acceptable
estimate would be that the floor of the facility’s foundation lies somewhere between 6
and 7 meters above chart datum. Consequently, given the history of flocding caused by
storm surges on the island, and the siting of the facility above the Fortune Estuary, it is
highly unlikely that a storm or tidal surge would ever reach the facility or cause damage

to the facility’s mfrastructure.

I addition to the above physical limitations to natural events which may lead to a
catastrophic release, facility staff are trained on emergency procedures and SOPs

designed to limit the effects of catastrophic events or a loss of operational capacity.

Therefore, given the mfonmation of the facility’s siting, structural integrity, construction
and design, the SOPs and emergency procedures currently in place and knowledge of
extreme natural events that may occur in the region and may challenge the contaimment
of AAS, the likelihood of an accidental release resniting from a natural event such as a

lurricane or a tidal surge is negligible, with high certainty.
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10.2.1.2 The Potential for Securify Violations in PEI fo Result in the
Accidental Release of AAS

Given its remole and peaceful location, extensive measures in place fo prevent illegal
access and history of no securily violations, the likeliltood of an accidental release of
AAS resulting from a securily violation is considered to be negligible with high

certainty.

Like natural events, security violations are difficult to predict, but carry the potential to
result in large scale releases of AAS. Regardless, AquaBounty has, in prudence, put in
place several security measures to protect both its property and personnel. These

meagures inclhude:

s An 8 foot high, galvanized chain-linked perimeter fence, with locked gates that

encloses the facility’s main G

o There is exterior lighting throughout the premises at night.

¢ There are steel exterior doors, key control and entry logs.

o Intercomus and a remote unlock are used to confirm the identity of and enable
access to approved visitors.

¢ All ground floor windows have steel bars.

*
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.

+  AquaBounty has also explored JEEG—GGEE
I

These provisions have been put in place despite the very limited number of threats to the
facility (several small and peaceful protests) that have occnrred without incident. There
has never been a security violation at the facility since AquaBounty took possession.
Tumover of staff is low and most employees have been with the company for over five

yeass.

Consequently, given its retnote and peaceful location, extensive measures in place to
prevent illegal access and history of no security violations, the likelihood of an accidental

release of AAS resulting from a security violation is considered to be pegligible with high
certainty,
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4186

4187 10.2.1.3 The Poiential for Chronic Failure of Physical Confainment
4188 in PEI to Result in the Release of AAS
4189  Physical containment strategies for all life-history stages (gametes through to sexually

4190 mature adults) of AAS and all potential pathways to entry will be individually assessed.
4191 '

4192

IR
4195 '

4196  Housing and husbandry for all life-stages of Atlantic salmon requires a broad variety of

4197  tank sizes, incubators, water flow rates, operational procedures and mechanical barziers to

4198 prevent accidental releases. [N
B D The following assessment will consider all

4200  mechanical or chemical barriers for each pathway and for all life-history stages of AAS.
4201
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The notification provides detailed information regarding the facility’s floor plan, drainage
system, operational procedures and redundaut bartiers designed to contain AAS. Over |
the past 17 years there have been a number of modifications made to the facility in order

to improve the physical containment of AAS as well ag operational oversight (ABT 2013,

p491).

10.2.1.3.1 Physical Containment of A4S Gametes

The potential for exposure resulting from the accidental release of AAS gamefes is low,
though limited information and the absence of oversight documentation make this
assessment reasonably uncertain. Regardless of any likelihood that AAS gametes may be
released, the viability of Atlantic salmon ganletéeé exposed to an agqueous enviromment is

extremely limited and likely to negate any potential for exposure.

Spawning of AAS takes place from late October to late December. Eggs and milt are
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which is not sufficient to prevent the loss of gametes into the exterior enviromment

(Heinimaa and Heinimaa 2004; Reid and Chaput 2012).
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Failure Modes Analysis (FMA) for this stage of development identifies only |} |
components of physical containment and 6 potential fatlure modes (Appendix Table
B-1). The majority of these failure modes are likely to be the result of .ﬁmnan errors such
as the accidental spilling of gametes on the floor during collection or a failure to properly

secure floor drain covers.

Despite these mitigation measures, RPNs (risk priority munbers) associated with the
various failure modes are high (9 to 12); a result of limifed redundancy in physical

containment during this activity and uncertainty with regards to the frequency and

occurrence of failure modes G
I SO @nd infernal compliance

oversight will Iikeiy limit the incidence of release to a very low frequency; however there
is a chance that AAS gametes will accidentally enter the environment. Consequently, the
potential for exposure resulting from the accidental release of AAS gametes is low,
though limited information and the absence of oversight documentation make this
assessment yeasonably uncertain, Regardless of any likelihood that AAS gametes may be
released, the viability of Atlantic salmon gametes exposed to an aqueous environment is

extremely limited and likely to negate any potential for exposure (see section 9.3.4.1).
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10.2.1.3.2 Physical Containment of AAS Diploid and Triploid Embryos (Eggs and
Alevins)
D
O
P Th likelihood of AAS embryos entering the environment

is considered to be pegligible. For all pathways, this assessment is made with high

certainty.

AAS embryos (both diploid and triploid) will be physically contained in several different
locations within the PEI facility and for variable periods of time depending on the
location, type of incubator, temperature of incubation or the organism’s end use

(broodstock, R&D or commercial production). During fertilization procedures, which

inclnde pressure shocking to induce triploid sterilization, | EERGGNGGGG_G_—_——
o
T
|
e
I, Cave is taken to move them, though if an accident did
oceur, eggs would simply fall on the grass (or snow) and whatever can’t be picked up
immediately would die. Depending on the type of incubation unit or the end use of the
organism, embryos may be removed from an incubator prior to hatching, or maintained
within a vnit until the egg has hatched and the egg-sac is partially absorbed.
Consequently, the assessinent of physical containment duging this stage of AAS
development must consider several independent pathways to entry over a period of

several months.
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Atflantic salmon egg diameters may range between 4.5 and 7 mum (Heinimaa and
Heinimaa 2004; Reid and Chaput 2012) and developing alevins are capable of fitting
through spaces greater than 5 mm in diameter (New Brunswick Rainbow Trout
Aquaculture Policy). The small size of embryos makes it possible for them to pass
through containment screens with a mesh pote size greater than 6 mm in diameter.
Consequently, the assessment of various entry pathways of AAS embryos does not
include the facility containment sump as an element of physical contaimment since the
basket filters at this point have a minimum pore size of 6.2 mm. However, it should be

noted that in ten years of collecting compliance documentation, no AAS embryos have

- been detected in the ERA containment stp,

There are a total of 6 distinet pathways to entry for AAS embryos that are under physical
containment at the PEI facility. This includes containment during pressure shocking

procedures to induce triploidy. Each pathway will be considered, in turn, below.

10.2.1.3.2. 1 Containment of AAS Diploid and Triploid Embryos during Fertilization
and Pressure Shocking Activities in the Loading Dock Area of the GOA

Giiven the limited time frame for this activity, the redundant ‘nwc'hanical and chemical
containment and the operational oversight, the likelihood of entry into the enviromment of
viable AAS embryos by means of this pathway is negligible. Detailed information
available on facility design, containment features, water treatinent, SOPs and internal

compliance documentation result in a highly certain assessment.
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R
N . smiall number of riploid
AAS will also be reared at the PEI facility as part of AquaBounty’s R&D program.
During these activities, which may be limited o a few hours per day over a course of
several months, there is a potential for both diploid and triploid AAS to spill on the floor
I <o enter the environment via Jj GGG
Should fertilized eggs enter I drainage system, the only downstream containment
measure is a screen located at the exterior containnient swnp with a minimuom pore size
of 6.2 mum, whicls is not sufficient to prevent' entry of fertile eggs into the exterior
environment. In response to this possibility, AquaBounty has put in place several
physical, chemical and operational containment provisions to mitigate the potential for

entry.

For a fertilized AAS egg to enter || NG
0
N o further mitigate the
highly unlikely event of faihu‘e— .
_ (also subject to oversight and
compliance documentation, —). This chemical barrier would
effectively kill any AAS embryos that may enter the drain, provided they are exposed to
the chemical for a sufficient period of time. —
0
.
|

The FMA for these activities identified |f components to physical (and chemical)
containment and 10 potential failure modes (Table B2). The majority of these failure
modes are likely to be the result of human errors such as the accidental spilling of eggs
on the floor during transfers between egg containers and pressure shocking cylinders
(SOP/ABPEY/4350), oy a failure to inspect and confirm the correct placement of all

containment elements. The notification appropriately recognizes the inevitability of
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spilled epgs and addresses this issue in [ NINNEGGEN- Multiple containment
features, which inchnde chemieal treatment of the drainage pathway, have been putin
place to prevent the accidental release of AAS eggs during fertilization and pressure
shocking activities and there is written compliance docmmnentation
) (o cusure all elements of containment are in place at the
apptopriate time. The RPNgs associated with potential failure modes during these
activities are ranked as low to mediom (3 to 9). This is primarily the result of limited
information regarding the frequency of occurrence of failures and values would likely

drop to within the low range if occurrence of failure modes is provided.

Given the limited time frame for this activity, the redundant mechanical and chemical
containment and the operational oversight, the likelihood of entry into the environment of
viable AAS embryos by means of this pathway is negli.gjble.. Detailed mformation
available on facility design, containment features, water treatment, SOPs and internal
compliance documentation result in a highly certain assessment of pegligible exposure to

the environment from AAS that may result from containment failures along this pathway.
Once fertilization and pressure shocking activities are complete, 2n and 3n eggs are

relocated NN where they are transferred to one of several different incubation

units.
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10.2.1.3.2.2Containment of AAS Diploid and Tripleid Embryos in Upwelling
Incubation: Unirs |GG

Given the limited tite frame for this activity, the redundant mechanical and chemical
containment and the operational oversight, the likelihood of entry into the enviroument of
viable AAS embryos by means of this pathway is pegligible. Detailed information
available on facility design, containment features, water treatment, SOPs and internal

compliance documentation result in a highly certain assessment of gegligible exposure fo

the environment from AAS that may result from containment failures along this pathway.
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Given the redundant mechanical confainment and the operational oversight, the

likelihood of entry mnto the environment of viable AAS embryos by means of this
pathway is negligible.

Detailed information available on facility design, containment features, water treatment,
SOPs, internal compliance documentation and information on the frequency of

contaimment failure result in an assessment that is highly certain for this pathway.

10.2.1.3.2.3 Containment of AAS diploid and triploid embryos in Heath stacks located

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of viable AAS embrvos by means of this
pathway is pegligible. Detailed infornmation available on facility design, containment
features, and water treatment, SOPs, internal compliance documentation and information
related to the frequency of past contaimment fa ilures result in an assessment that is highly

certain.

Heath stack incubators |G
D -1 dains from the system, G

Embryos may be removed from an incubation unit prior to hatching, or as alevins, just

prior to egg-sac absorption.

The Heath stack uuits I
1
—
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4449 -
]
—
]

4450

4451

a5t
4455

I For afertilized AAS egg to enter [ NNNNNNE <ystem from the Heath stacks il
4457 — there must be a simultaneous failure of | mechanical

4458 barﬂers, I A ¢ subject to daily oversight (inspections) and internal compliance
B documentation (G - I

4460 I
4461

4462 The FMA for this pathway identifiedi NG o 24

4463  potential failure modes that may result from material failures, electrical failures, human

4464  error, or a combination of these (Appendix Table B-4). In addition to multiple and
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redundant containment features, written SOPs in the form of daily inspection
documentation promote compliance and enable the immediate detection and correction
for the majority of failure modes. The RPNs associated with potential failure modes

during these activities are raunked as low to mediom (2 to 6), though the majority of

- failure modes are ranked as low. Moderate rankings are primarily the result of an

inability to check GG  Fovever,
the severity of a failure ||} is r2nked as low since there are il

additional barriers downsfream to maintain containment.

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of viable AAS embryos by means of this
pathway is negligible. Detailed information available on facility design, contaimment
features, and water treatment, SOPs, intemal compliance documentation and information
telated to the frequency of past containment failures result in an assessment that is highly

certain.
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10.2.1.3.2.4Containment of AAS diploid and triploid embryos in individual egg frays in
the A, B or C tanks i+ |GGG

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of viable AAS embryos by means of this
pathway is negligible. Detailed informafion available on facility design, containment
features, and water treatment, SOPs, internal compliance docunentation and information

related to the frequency of past containment failures result in an assessment that is highly

certain,
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The FMA for this pathway ideutiﬁed.components to physical containment and 20
potential failure modes that may result from material failm‘es,' electrical failures, human
ertor, or a combination of these (Appendix Table B-5). In addition fo multiple and
redundant containment featares, written SOPs in the form of daily inspection
documentation promote compliance and enable the immediate detection and correction

for the majority of failure modes (i EEEGEGEGNEGEGEGNGNGGN
) The RPN associated with potential failure modes during
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these activities are ranked as low to medium (2 to 6), though the majority of failure
modes are ranked as low. Moderate rankings are primarily the result of an inability to
check the bottom screen on a daily basis when a tray is in use. However, the severity of a
failure at the bottom screen is ranked as low since there are JJjjjjjj additional barriers

downstream to mainfain containment.

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the enviromnent of viable AAS embryos by means of this
pathway is ﬁegﬁgi‘big, Detailed information available on faciiity design, containment
features, and water treatment, SOPs, interual compliance documentation and information
related to the frequency of past containment failuves result in an assessment that is highly

certain,

10.2.1.3.2.5Containment of AAS diploid and triploid embryos in individual egg fraysjf}
|

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the enviromment of viable AAS einblyes by means of this
pathway is negligible. Detailed information available on facility design, containment
features, and water treatment, SOPs, internal compliance documentation and information
related to the frequency of past containment failures result in an assessment that is highly

certaip.

Tndividual egg treys GGG
AT N (¢
units may be used to incubate AAS diploid or triploid embryos, J NG
I D)<pcrcling
on water temperatures, G
1
|
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IR .U yos may be removed from the nnit prior to hatching, or as alevins, prior

to egg-sac absorption.

For a fertilized AAS egg to ente:JJill drainage system from the mdividual egg trays

there must be a simubtaneous failure of at

least e chanical barriers, all of which are subject to daily oversight (inspections)

and internal compliance documentation ([ NGNS

The FMA for this pathway identified Jjcomponents to physical containment and 13
potential failure modes that may result from material failures, electrical failures, human
error, or a combination of these (Appendk Table B-6). In addition to multiple and
redundant containment features, written SOPS in the form of daily inspection

documentation promote compliance and enable the immediate detection and correction

for the majority of failure modes (GGG
I The RPNs associated with potential failure modes during

these activities are ranked as low to medium (2 to 6), though the majority of failure
modes are ranked as low. Moderate rankings are primarily the result of an | N
R - 1iowever, the severity of a
‘fa ilure at the bottom screen is ranked as low since [N 2cditional barriers

downstream to maintain containment,

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the enviromment of viable AAS embryos by means of this
pathway is negligible. Detailed infornation available on facility design, containment
features, and water freatment, SOPs, internal compliance documentation and information
related to the frequency of past containment failures result in an assessment that is highly

certain.
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10.2.1.3.2.6 Containment of AAS diploid and triploid embryos in Heath stacks |JjJ R
IR

Given the redundant mechanical containment and the ope'mtionaf oversight, the
likelihood of entry into the enviconment of viable AAS embryos by means of this
pathway is pegligible. Detailed information available on facility design, contaimnent
features, and water treatment, SOPs, internal compliance documentation and information
related to the frequency of past containment failures result i an assessment that 1s highly

certain,

Depending oun the circumstances, Heath stack incubators [ INEGNGNGN

For a fertilized AAS egg or alevin to enter | NG (om a Heath stack
tray | . t:crc must be a simultaneous tailure of at least i}
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mechanical barriers, the majority of which are subject to daily oversight (inspections) and

internal compliance documentation J GGG

The FMA for this pathway identified J GGG d 16

potential failure modes that may result from material faihu‘es, electrical failures, hinman
error, or a combination of these (Appendix Table B-7). In addition fo multiple and
redundant containment features, writfen SOPs in the form of daily 1nspection

documentation promote compliance and enable the imimediate detection and correction .

for the majority of failure modes J NG

S The RPNs associated with potential failure modes during
these activities are ranked as low to mediumn (2 to 6), though the majority of failure

modes are ranked as low. Moderate rankings are primarily the result of an mability to
check the Heath tray screens on a daily basis when they are in use. However, the severity
of a faiture at a Heath tray screen is ranked as low | i M ~<ditional barriers

downstream to maintain containment.

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of viable AAS embryos by means of this
pathway is negligible, Detailed information available on facility design, containment
features, and water treatment, SOPs, internal compliance documentation and information
related to the frequency of Iiast containment failures result in an assessment that is highly

certain,

10.2.1.3.3 Physical containment of AAS diploid and triploid fry

There are a total of il pathways to entry for AAS fry that are under physical
containment at the PEI facility. The likelihood of AAS fry entering the environment is

considered to be negligible. For all pathways, this assessment is made with high
certainty.
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For the practical purposes of this exposure assessment, AAS at the PEI facility are
considered to be fry just after egg sac absorption, when fish are first ‘ponded’ into fry
tanks, until they have grown to a size at which they will be retained | RGN

— —
A A ccording to provincial standards for the containment of '-
rainbow trout in New Brunswick {(see New Brunswick Rambow Trout Aquacuimre
Policy, http://www.gnb.ca/0168/Trout.pdf), when fish are at a weight of 1.5 grams, the

standard for round screen openings is 5 mm or less. Therefore, Atlantic salmon at 3

grams will, in all likelihood, be vetained by a screen with an opening of 6.2 mm.
Therefore, the fry stage is expected to last for a period of approximately 3 month post

first feeding, I

AAS fry will be physically contained in several different locations within the PEI facility.
Once egg-sacs are close to being fully absorbed, fish are transferred from incubation units
to fry tank<} N i small size of fiy makes it
possible for them to pass through containment screens with a mesh pore size greater than
6 mm in diameter. Consequently, the FMA for the various entry pathways of AAS fiy
I
I

There are a total offf distinct pathways to entry for AAS fiy that are nnder physical

containment at the PEI facility. Each pathway will be considered, in turn, below.

16.2.1.3.3.1 Containment of AAS diploid and triploid fry i NG
|
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Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS fiy by means of this pathway is
negligible. Detailed information available on facility design, containment features, and
water treatment, SOPs, infernal compliance documentation and information related to the

frequency of past contaimment failures result in an assessment that is highly certain.
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For an AAS fiy to enter RAEIRNUUNNNRSRINME . 1cre s be 2

simultaneous failure of at least Jjjjjj mechanical barriers, all of which are subject to daily

oversight (inspections) and internal compliance docunentation

).

The FMA for this pathway identifies Jjcomponents to ] containment and

examined 25 potential failure modes that may result from material failures, electrical

- failures, human error, or a combination of these (Appendix Table B-8). In addition to

multiple and redundant containment features, written SOPs in the form of dasly
inspection documentation promote compliance and enable the nnmecizate detectmn and

correction for the majority of failure modes (I ENERGENGEGGGGNNGGEGE_—E
I ). The RPN associated with potential failure modes along this
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Given the redundant mechanical contaimnent and the operational oversight, the
likelihood of entry into the environment of AAS fry by means of this pathway is

negligible. Detailed information available on facility design, containment features, and
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water treatment, SOPs, internal complance doctumentation and information related to the

frequency of past containment failures result in an assessment that is highly certam,

16.2.1.3.3.2 Containment of AAS diploid and triploid fry ivii NG
I——

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS fiy by means of this pathway is
negligible. Detailed information available on facility design, containment feahﬁe‘s, and
water treatment, SOPs, internal compliance docwmentation and infmmat:ion_ related to the

frequency of past containment failures result in an assessment fha;_t'is highly certain,
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For an AAS fry to enter [N . ((ic1e must be a
simultaneous failure of at lea;st— barriers, all of which are subject to daily

oversight (inspections) and internal compliance documentation

).

The FMA for this pathway identifies J NN <ovt2inment and
examined 24 potential failure modes that may result from material failures, electrical
fatlores, lniman error, or a combination of these {Appendix Table B-9). In addition fo
multiple and recundant contéimnent features, written SOPs in the form of daily
inspection documentation promote compliance and enable the immediate detection and
correction for the majority of failure modes | GGG
_). The RPNs associated with potential failure modes along this
pathway are ranked as low (2 to 3).
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Given the rednndant mechanical containment and the operational oversight, the

likelihood of entry into the environment of AAS fiy by means of this pathway is

B T -
o T B
50 oo Q0 00 00
[=- B = M

negligible. Detailed information available on facility design, contaimﬁenf features, and
4789  water treatment, SOPs, internal compliance documentation and information related to the

4790  frequency of past containment failures result in an assessment that is highly certain,
4791
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10.2.1.3.3.3 Containment of AAS diploid and triploid fry NG
T

Given the redundant mechanical contaimment and the operational oversight, the
likelihood of entiy mto the .énvironment of AAS fry by means of this pathway is
negligible. Detailed information available on facility design, containment features, and
water treatment, SOPs, internal compliance documentation and information related to the

frequency of past containment failures result in an assessment that is hi hly certain.
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I (5 st be 2
simultaneous failure of at least [ NEERETNNINENEENY . 21! of which are subject to daily

oversight (inspections) and internal compliance documentation

).

The FMA for this pathway identifies Ji NG

examined 18 potential failure modes that may result from material failures, electrical
failure, human error, or a2 combination of these (Appendix Table B-10). In addition to
multiple and redundant containment features, written SOPs in the form of daily
inspection documentation promote compliance and enable the immediate detection and
correction for the majority of failore modes l— _
T ) The RPN associated with potential failure modes along this
pathway are ranked as low (2 to 3). '

Given the redundant mechauical containment and the operational oversight, the
likelihood of entry into the environment of AAS fiy by means of this pathway is

negligible. Detailed information available on facility design, containment features, and
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water treatment, SOPs, internal compliance documentation and information related to the

frequency of past containment failures result in an assessment that is highlv certain,

10.2.1.3.4 Physical containment of AAS diploid and triploid parr

There are a tota) of K pathoways to entry for AAS parr that are under physical
containment at the PEI facility. The likelihood of AAS parr entering the environment is
cousidered to be negligible. For all pathways, this assessment is made with high
certainty.

For the practical purposes of this exposure assessment, AAS at the PEI facility are
considered to be parr once their weight is greater than 3 grams (see section 9.2.1.3.5)
until they have reached a fork length of approxunately 16 cm and are capable of transfer
to full strength sea water as smolts (Saunders et al. 1998). This is expected to cover a

period of approximately 3 months.

There are a total of Il pathways to entry for AAS parr that are under physical

containment at the PEI facility. Each pathway will be considered, in turn, below.

10.2.1.3.4.1Containment of AAS diploid and triploid parr SN
I
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Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS fry by means of this pathway is
negligible. Detailed information available on facility design, containment features, and

water treatment, SOPs, internal compliance documentation and information related to the

frequency of past containment failures result in an assessment that is highly certam,

The SRR »»d associated water systems have been described earlier in section
9.2.1.3.3.1. As parr grow into smolts, they can continue to be held in these tanks or

transferred into larger tanks to maintain appropriate biomass concentrations.

For an AAS par to enter environment outside the facility NN - herc
must be a simultaneous failure of at leas@ij mechanical barriers, all of which are

subject to daily oversight (inspections) and mnternal compliance decumentation

)

The FMA for this pathway identifies Jjjjcomponents to physical containment and
examined 31 potential failure modes that may result from material failures, electrical
failures, lnunan ervor, or a combination of these (Appendix Table B-11). In addition to

multiple and redundant containment features, written SOPs in the form of daily
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inspection documentation, promote compliance and enable the immediate detection and
correction for the majority of failure modes (NG
- The RPNs associated with potential failure modes along this
pathway are all ranked as low (1 to 3), a result of redundant containment which includes

both the ERA and the facility containment snmps.

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS fiy by means of this pathway is
negligible. Detailed information available on facility design, containment features, and
water treatment, SOPs, mternal cnmpliénce docmnentation and information related to the

frequency of past containment failures result in an assessment that is highly certain,

10.2.1.3.4.2Containment of AAS diploid and triploid parr [ NG
T
1
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4926  Given the redundant mechanical confainment and the operational oversight, the

4927  likelihood of entry into the environment of AAS fry by means of this pathway is

4928  negligible. Detailed information available on facility design, containment features, and
4929  water treatment, SOPs, internal compliance documentation and information related to the
4930  frequency of past containment failures result in an assessment that is highly eertain.

4931

4532 -

4933
4934

For an AAS parr to enter the environment outside the facility | NN - there must
be a simultaneous failure of at least | b-tics, all of which are subject to

daily oversight (inspections) and interzal compliance documentation

N
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The FMA for this pathway identifies |GGG <cviamnment and

examined 35 potential failure modes that may result from material failures, electrical
failures, human ervor, or & combination of these (Appendix Table B-12). In addition fo
mulﬁple_ and redundant containment features, written SOPs in the form of daily
inspection documentation promote compliance and enable the immediate detection and
correction for the majority of failure modes 4_
). The RPNs associated with potential failure modes 'along this
pathway are all ranked as low (1 to 3}, a result of redundant contaimment which includes

both the ERA and the facility contaimment sumnps.

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS fry by means of this pathway is
negligible. Detailed information available on faéiiity design, contaimment features, and
water treatment, SOPs, internal compliance documentation and information related to the

frequency of past containment failures result in an assessment that is highly certam.
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10.2.1.3.4.3Containment of AAS diploid and tripleid parr |GGG
T

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS fry by means of this pathwayis
nesligible. Detailed information available on facility design, confaimment features, and
water {reatment, SOPs, internal compliance documentation and information reléted to the

frequency of past containment failures result in an assessment that is highly certain.

For an AAS parr to enter environment outside the facility from the JJJiillf . there must
be a simultaneous failure of at least_ barriers, all of which are subject to

daily oversight (inspections) and internal cbmpliance documentation

- )

The FMA for this pathway identifies || NN <o!ainment and
examined 24 potential faihwe modes that may result from miterial failures, electrical
failures, human error, or a combination of these (Appendix Table B-13). In addition to
muitiple and redundant containment features, written SOPs in the form of daily
inspection documentation promote compliance and enable the immmediate detection and
correction for the majority of failure modes (JEENGGEG_G_GEE
B The RPNs associated with potential failure modes along this
pathway are all ranked as low (1 to 3}, a result of redundant containment which includes

both the ERA and the facility containment sumps.
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Given the redundant mechanical containment and the operational oversight, the
likelibood of entry into the envii‘énment of AAS fry by means of this pathway is
pegligible. Detailed i;ixf{:rmaﬁon avéilable on facility design, containment features, and
water treatment, SOPs;, internal compliance documentation and information related to the

frequency of past containment failures result in an assessment that is highly certain.
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18.2.1.3.4.4Containment of AAS diploid and triploid parr RN

Given the redundant mechanical contaimuent and the operational oversight, the
tikelihood of entry into the environment of AAS fry by means of this pathway is
negligible. Detailed information available on facility design, containment features, and
water treatment, SOPs, internal compliance documentation and information related to the

frequency of past containment failures result in an assessment that is highly certain.
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For an AAS parr to enfer environment outside the facitity from i} there must be a
simultaneous faikure of at least NN barticrs. all of which are subject to daily

oversight (inspections) and infernal compliance documentation

The FMA for this pathway identifies | NBEEERNE coutainment and

examined 24 potential failure modes that may result from material failures, electrical
failures, hunan ervor, or a combination of these (Appendix Table B-14). In addition to
multiple and redundant containment features, wz;iﬁeii SOPs in the form of daily
inspection documentation promote compliance and enable the immediate detection and
correction for the majority of faﬂure_ modes TR
T The RPNs associated with potential failure modes along this
pathway are all ranked as low (2 to 3), a result of redundant containment which includes

both the ERA and the facility containment stmnps.
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5083
5084
5085
5086
5087

5088
5089

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS fiy by means of this pathvay is
negligible. Detailed information available on facility design, containment features, and
water treatment, SOPs, internal éompliance documentation and information related to the

frequency of past containment failures result in an assessment that is highly certain.

10.2.1.3.4.5Containment of AAS diploid and tripioid pare NG

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the envirommnent of AAS ﬁ'y by means of this pathway 15
pegligible. Detailed information avaﬂabie_on facility design, containment features, and
water treatment, SOPs, internal compi_iance documentation and information related to the

frequency of past containment failures result in an assessment that is highly certain,
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5106  For an AAS parr to enter environment outside the facility fron . there must be a
5107  simultancous failure of at least G barriers, most of which are subject to
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The FMA for this pathway identifies | NN co:t:inment and

examined 20 potential failure modes that may result from material failures, human errot,
or a combination of these (Appendix Table B-15). In addition to multiple and redundant
containment features, writfen SOPs in the form of daily inspection documentation
promote compliance and enable the immediate detection and correction for the majority
of faiture modes (NI Ti:c RPNs associated with potential |
failure modes along this pathway are ranked as low to medinm (2 to 6}, though the

majority of failure modes are ranked as low.
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IR O
5140

5141

5142  Given the redundant mechanical containment and the operational oversight, the

5143  likelihood of entry into the environment of AAS fry by means of this pathway is

5144  pegligible Detailed information available on facility design, containment features, and
5145  water treatment, SOPs, infernal compliance documentation and information related to the
5146 frequency of past containment failures result in an assessment that is highly certain,

5147
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10.2.1.3.4.6Containment of AAS diploid and triploid par GGG

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS frv by means of this pathway is
negligible. Detailed information available on facihity design, containment feaﬁrrés, and
water treatment, 5OPs, infernal compliance documentation and information I_elatéd to the

frequency of past containment failures result in an assessment that is highly ceitain.
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For an AAS parr to enfer environment outside the facility from JJjjjjjjijil; there must be a
simultaneous failure of at least NN Lariiers, all of which are subject to daily

oversight (inspections) and internal compliance documentation

The FMA for this pathway identified NN cov'ainment and
examinted 16 potential failure modes that may result from material failures, buman error,
or a combination of these (Appendix Table B-16). In addition to nmltiple zmd rédmidant
containment features, written SOPs in the form of daily inspection docuwmentation .
promote compliance and enable the immediate detection and mrreatibn for the 'major.ity
of failure modes (_} The RPNs
associated with potential failure modes along this pathwajf are all r_ém’ked as low (1 to 3),

a result of the limited number of documented failures and redundant containment N

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS fry by means of this pathway is

negligible, Detailed information available on facility design, containment features, and
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water treatment, SOPs, internal compliance docuinentation and information related fo the

frequency of past containment failures resnlt in an assessment that is highly certam.

10.2.1.3.4. 7Physical containment of AAS diploid and triploid smelts, post-smolt
Jrveniles and adwlls

Given the rednndant mechanical contaimment and the operational oversight, the
likelihood of entry into the environment of AAS fry by means of this pathway is
nggiigjble. Detailed information available on facility design, containment features and
water treatment, SOPs, internal compliance documentation and infennaﬁoﬁ relétecﬁ to the

frequency of past coutainment failures result in an assessment that is hig hly certain,

The Atlantic salmon smolt stage is a period of fransition in w}uch freshwater pary
undergo morphological, physiological and behavioural changes that prepare it for life in
the marine environment (Thﬁmiad et al. 2011, McCormick et al. 1998). This '
transformation typically involves the acquisition of a slimmer body form, colour changes
that help to conceal it in the pelagic environﬂlent; increased salinity tolerance and the

behavioural drive to leave its territory and migrate downstream toward the sea.

After completing the smolt stage (in their first year of life), AAS will continue to be
reared in freshwater throughmat the post-smolt juvenile stage and mto their development
as sexually mature adlllt;su I cult AAS broodstock (both
hemizygous and homozygous) at the PEI facility are expected to become sexually mature
and will be used in the prépa gation of friploid all-female AAS for conmmercial production
or the propagation of diploid AAS for future broodstock and for research and

devciopment peeds. All AAS will continue to be maintaised in freshwater throughout

this stage of their life-cycle |GGG
A
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I Since AAS smolts at the PET facility are kept in the same
locations and same tanks as AAS parr, the analysis of physical containment and

conclusions regarding the likelihood of entry into the environment are essentially the
same {(pegligible with high certainty).

All diploid and triploid post-smolt and adult AAS will be physically mmame&-
I Since AAS post-smolt and adults are kept in the
same locations and same fanks as AAS smolt, the analysis of physical contannnent and
conclusions regarding the likelihood of entry into the environment are essentially the

same (negligible with high c:ertaint}{" ).

Details of physical containment for the tanks used to house smolts, post-smolt and adult
AAS at the PEI facility are provided for parr in section 9.2.1.5.4. The FMA for the

varions pathways to entry can be found in appendix A.

Given the redundant mechanical containment and the operational oversight, the
likelihood of entry into the environment of AAS fry by means of this pathavay is
negligible. Detailed information available on facility design, containment features and
water treatment, SOPs, 'inteiﬁai compliance documentation and information related to the

frequency of past contaimment failures result in an assessment that is highly certan.
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5253

5254  10.2.2 Potential for entry of AAS into the receiving
5255 environment at the Panamanian facility

5256  Only sterile triploid (3n) all female stocks, from the eyed-egg stage to market weight
5257  (~3kg), will be housed at the facility in Panama, which is land-based, includes extensive
5258  mechanical and operational containment proﬁsions and has been subject to regulatory
5250  oversight since 2009 | |
5260 :

5261

5264
5265  The grow-out site, where triploid ail-female AAS eggs will be received, hatched, grown

5266  and harvested for US retail markets, is located in a secluded region of the high altitude,

5267  tropical rainforest of Chiriqui, the western most province of Panama, near the town of

5268 Boquete and J
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A ¢ facility is
entirely land-based, sited on a five acre parcel of land that is adjacent to the Caldera

River {part of the Chiriqui River watershed) and approximately 130 km inland from

where the Chiriqui River empties into the Bahia de Muertos and the Pacific Ocean.

To prevent the accideniai. release of AAS into the environment a variety of mechanical
bartiers are in place along all potential pathways to entry. Standardized operational
procedures (SOPs) and internal compliance documentation are also in place to ensure that
all containment provisions are propetly employed and maintained. The facility is subject
to oversight by a number of Panamanian authorities including the Autoridad Nacional del

Ambient (National Environmental Authority).

In addition to physical containment measures, AquaBounty has indicated a number of
biological and geographical containment provisions aimed at mitigating environmental
hazards by preventing the potential establishment and dispersal of any AAS that may be

accidentally released from the facility in Panama. The populations of AAS fo be reared
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at the facility will be limited to female-only, sterile triploids. Also, regional
envirommental conditions are considered hostile to the long term survival of AAS and are
expected fo prevent the dispersal of any escaped salmon from the facility’s immediate
location. Both these factors will be considered in the assessment with respect fo the

likelihood of AAS entering Canadian waters via the Pacific Ocean.

10.2.2.1 The potential for nataral events in Panama fo result in the
- accidental release of AAS '
The likelihood of an accidental release resulting from a natural event such as an

earthquake, flooding or landslides is considered low, with reasonable cettainty.

A catastrophic release of fish resulting from a natural disastez, such as earthquakes,
sunamis, tornados, hurricanes, tidal surges, flooding or fires, is unlikely. The western
province of Chiriqud does experience the greatest frequency of seismic activity in
Panama; a result of ifs proximity to berders.b'etween the Cocos, Nazea and Caribbean
tectonic plates (Benz et al. 2011). However, the ‘majority of significant earthquake are
centered in the Gulf of Chirigui 0&1‘: fuither west in Costa Rica. Tremors that are felt in
Bogquete tend to be mild and there have been no reports of significant damage to
infrastructure resulting from earthquakes in the area. It should also be notes that the
facility is sited on the eastemn flank of an active volcano, Volean Barti, which may have
erupted as recently as 1550 AD (Sherrod et al. 2007). Several notable “‘earthquake
swarms’ have been reported around the volcano over the past 50 years and as recently as
2006, but they are not known to have resulted in significant property damage. An -
eruption Woui;d likely be explosive, but would be preceded by days or months of
intensifying seismic activity, giving residents the opportunity to prepare for the event
{Sherrod etal. 2007). Tsunamis and tidal surges are highly unlikely to affect the facility
given its elevation of approximately 1600 meters above sea level and though tornados are
known to occur in Panama, there have been no reports of tornados forming in the

province of Chiriqui.
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The most likely natural disaster to challenge the facility’s mfrastruchwe and physical
containment of AAS wonld be flooding or landslides that may result from excessive
amounts of rain. Although hurricanes and tropieal storms rarely make landfall in Panama
(Hurricane Martha in 1969 is the only event on record), many have formaed or tracked
within the Central American region (Williams ef al. 1989). Low pressure weather
systems that form in the Pacific Ocean or track through the Gulf of Mexico can often
foree moist air into the area resulting in above average rainfalls. This can be of p:articnlar
significance late in the rainy season (October - November)} when drainage systems are
saturated and there is an inereased susceptibility to flash floods and mltei slides. There is
an extensive history of flooding and mud slides in Central American countries mcluding
Costa Rica and Panama. In November 2008, excessive rainfali"ﬁl Chiriqui province
caused significant property damage m the town of Boguete, but did not have a significant
affect the aquaculture facility (still under construction at the time) that is sited

approximately 20 ki north of Boguete and is much closer to the headwaters of the

Caldera River.
R

Since 2008, there have been additional reports of flooding and mud slides in the province
of Chirigui with no reported unpact to the facility. Consequently, it is likely that the
siting of the facility at a high elevation and closer to the headwaters of regional

watersheds will continue to protect it from weather related events.

Therefore, given the information of the facility’s siting, knowledge of extreme natural
events that may occur in the region and may challenge the containment of AAS, the -
likelihiood of an accidental release resulting fiom a natural event such as an éarthquake,

ﬂodiﬁng or landslides is considered low, with reasonable certainty,

10.2.2.2 The pofential for security violations in Panama fo result in the
accidental release of AAS

Given its remnote location and the information regarding measures in place to prevent

trespassing, security violations are expected to be rare. Consequently, the likelihood of
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an accidental release of AAS resulting from a security violation is considered to be

neglioible, with reasonable cerfainty.

Regardless of its remate and peaceable location, AquaBounty has, in prudence, put in

place several security measures to protect both its property and personnel. [l NENG

Given its remote location and the information regarding measures in place to prevent
trespassing, security violations are expected to be rare. Consequently, the likelihood of
an accidental release of AAS resulting from a security violation is considered to be

negligible with reasonable ceﬂ'aimg.
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3379
5380 16.2.2.3 The potential for chrenic failure of physical confainment in
5381 - Panama to result in the release of AAS

5382  Physical containment strategies for all life-history stages (eyed-eggs through to market
5383  weight) of AAS and all potential pathways to entry will be individually assessed.
5384 |

5385

5336
5387

5388  Although the facility in Panania is of a much simpler design than the facility in PEL there
5389  are still several pathways by which AAS may enter the environment and multiple

5390  containment points that may be subject to failure for a variety of reasons. Therefore, in
5391  addition to providing a critical review of the suitability and redundancy of physical

5392  containment, the assessment will include a failure modes analysis (FMA) for all life-
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stages present and for all potential pathways to entry. Tables for each FMA can be found

in appendix C. They provide a detailed look at all containment provisions and all

measures in place to mitigate or prevent potential {alures.

10.2.2.3.1 Physical containment of all-female triploid AAS embryos

‘Given the redundant mechanical containment, but the absence of operational oversight

documentation, the likelihood of entry info the environment of viable AAS embryos by

means of this pathway is considered fo be low. Detailed information méailahlé_on facility

“design, confainment features, and water treatment, SOPs, internal comphance

documentation and information related to the frequency of past containment failures

result in an assessment that is reasonably certamn,
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Inn Panama, there is only one notified location to be used for the embryonic development
of AAS. |

Once the triploid (3n) all-female AAS eggs are received af the ABP site, they will be
removed from an insulated ‘ega-crate’ under the supervision of an official from the

National Antmal Health Authority (DINASA, a division of the Ministry of Agriculture,

MIDA) and [

221



5423
3426

5429
343G
5431
5432

5434
5435
5436
5437
5438
5439
5440
5441
5442
5443
5444
5445
5446
5447

5450

DRAFT FOR PEER REVIEW PROTECTED B

I Consequently the FMA for this paﬂiway does not
consider physical containment features beyond the Fry fank dmiaagé systém {see section
9.2.1.3.2).

When eggs or alevins are being held in the Heath stack incu_ha,toré,_
IR v sical barriers in place to prevent enfry into the Caldera River.
Consequently, a simultaneous failuce at all N i reqired for an accidental

release to ocowr.

The FMA for this pathway identified J NN coniainment and 16
potential failure modes that may result from material failures, human error, or a
combination of both (Appendix Table C-1). In addition to multiple and redundant
containment features, there are written SOPs directing staff to ingpect most containment
features on a daily basis, however, there is no internal compliance docmmentation such as

a daily check-list that must be signed by the attending staff member.

The RPN associated with potential failere modes during these activities are ranked as
low to medivm (1 to 6). Moderate rankings are primarily the result of an inability to
check the Heath fray screens on a daily basis when a tray is in use and limited
information regarding the failure frequency of heath tray screens. |JjiiG_G_GG_____
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5452
5453

5454  Consequently, given the redundant mechanical contaimment, but the absence of

5455  operational oversight docamentation, the likelihood of entry into the environment of
5456  viable AAS embryos by means of this pathway is considered to be low. Detailed
5457  information available on facility design, containment features, and water freatment,
5458  SOPs, internal compliance documentation and information related to the _freémency of

5459  past confaimment failures resulf in an assessment that is reasonably certain,
5460
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3461

5462  10.2.2.3.2 Physical containment of all-female triploid AAS fry

5463  Given the redundant mechanical confainment, but the absence of operational oversight
5464  documentation, the likelihood of entry into the environment of viable AAS fiy by means
5465  of this pathway is considered to be low. Detailed information available on facility

5466  design, contaimmnent features, and water treatment, SOPs, internal compliance |

5467  documentation and information related to the frequency of past containment ﬁiipﬁ‘e’s '
5468  result in an assessment that 19 reasonably certain. '

5469

547G

53471

5474

224



th Lh L

B
S WD
[ T U -

N
-
o)
(]

4

th
o
s
=

W LA
L
O\
~X N

LA
-
\D
%]

5499
3500
5501

5505

DRAFT FOR PEER REVIEW PROTECTED B

For the practical pmposes of this exposure assessment, AAS at the Panama facility are
considered to be fiv from just after egg sac absorption when fish ave first ‘ponded” into
firy tanks, until they have grown to a size 2 grams and can be effectively retained by
mechanical bacriers with a mesh size smaller than or equal to 6 mm. (a period of

approximately 30 days).

B Consequenily the FMA for this pathw::ty does not consider physical
containment features beyond the Fry tank dramnage system.

When fty are being held in the fry-tank inserts, there are || NN b-vicrs

in place to prevent entry into the Caldera River. Consequently, a simultaneous fatlure at

a

The FMA for this pathway identifies |GG containment and
examined 12 potential failure modes that may result from material failures, human error,
or a combination of both (Appendix Table C-2). In addition to multiple and redundant

contaimnent features, there are written SOPs directing staff to inspect most containment

features on a daily basis, bowever G
R | RPN
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associated with potential failure modes along this pathway are all ranked as low fo
moderate {2 to 6). Moderate rankings primarity result from the absence of internal
compliance documentation, such as a daily check-list to ensure that all relevant
mechanical baniers are in place and functioning properly. Consequently, given the
redandant mechanical containment, but the absence of operational oversight
documentation, the likelihood of entry into the environment of viable AAS fry by means
of this pathway is considered to be Jow. Detailed information available on facility
design, containment features, and water treatment, SOPs, internal compliance - '
documentation and information related to the frequency of past confzﬁnmmﬁ failures

result in an assessment that is reasonably certain.

10.2.2.3.3 Physical contaimnent of all-female fripioid AAS parr

Given the redundant mechanical containment, but ﬂie.'absenee of operational oversight
documentation, the likelihood of entry mto the mvimnméﬁt of viable AAS parr by means
of this pathway is considered to be low. Detailed information available on facility
design, containment features, and water tieatment, SOPs, internal compliance
doctumentation and information related to the frequency of past contaimnent fatlures

result in an assessment that is reasonably certain,
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5528  For the practical purposes of this exposure assessment, AAS at the Panama facility are
5529  comsidered to be parr once they have reached a weight of 2 grains (are no longer fry) until
5330  they have grown to a size of approximately 25 grams and can be effectively retained by
5531  mechanical barriers with a mesh size smaller than or equal to 12 mm (a period of

5532  approximately 60 days).
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IR i belov this minimum

size are euthanized and disposed of according to SOPs for ABP.

B Couscquently, all containment featares with a mesh size greater ii_zén 6 mm
are not considered in the FMA. There is only one pathway to entry into the Caldera

River for AAS parr that are under physical confainment at the facility iﬁ_Pmmma.

When parr are being held in the fry-tank building, there are | independent physical
barriers in: place to prevent entry into the Caldera River. - —

N Covscquently, failure at all JgY bartiers, with
simultaneous failures at the first i bér;iam, is fequireci for an accidental release to
occur. |1
I

The FMA for this pathway identifies JjJj components to physical containment and
examined 35 potential failure modes that may result from material failures, Iman error,

or a combination of both (Appendix Table C-3). The majority of potential failure modes

are mitigated by writtenr SOPs in the form of daily inspection; however, SR

RN 1 RPNs associated with potential failure modes along

this pathway are all ranked as low to moderate (2 to 6). Moderate rankings primarily
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result from the absence of mernal compliance documentation, such as a daily cheek-list

to ensure that all relevant mechanical barriers are in place and finctioning properly.

Consequently, given the redundant mechanical contairzment, but the absence of
operational oversight documentation, the likelihood of entry into the environment of
viable AAS parr by means of this pathway is considered to be low. Detailed information

available on facility design, containment features, aud water treatment, SOPs, internal

* compliance documentation and information related to the frequency of past containment

failures result in an assessment that is reagonably certain.
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10.2.2.3.4 Physical containment of all-female triploid AAS juveniles and adults in
grow-gut

Given the redundant mechanical containment, but the absence of operational oversight

documentation, the likelihood of entry into the enviropment of viable AAS juveniles and
adulfs by means of this pathway is considered to be low. Detailed information available
on facility design, contaimnent features, and water treatment, SOPs, internal cf)mpﬁm}ce

documentation and information related to the frequency of past containment faihwres

result in an assessment that is reasonably certam.

5595
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When juvenile or adnlt AAS are being held in the grow-out tanks, there ardjjj
independent physical barriers i place to prevent entry into the Caldera River. N

Consequently, failure at all jbarriers, with a

simuitaneons failure at the R bariers, is required for an accidental release to

occur. |

The FMA for this pathway identifies JJjj components to physical containment and

examined 45 potential failure modes that may result from material failures, human error,
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or a combination of both (Appendix Table C-4). The majority of potential failure modes
are mitigated by written SOPs in the form of daily inspection; however, SN

The RPNs associated with potential failure modes along this pathway are all ranked as
low to maderate {2 to 6), though the majority of ranking are low. '

Consequently, given the redundant mechanical containment, but the NG
R - the likelihood of entry into the environment of
viable AAS juveniles and adults by means of this pathway is considered fo be low.
Detailed information aVéiE&bie on facility design, containment features, and water
treatment, SOPs, internal compliance documentation and mformation related to the

frequency of past comtaimment failures result in an assessment that is reasonably certain,
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10.2.3 Potential for entry of AAS inte a receiving
environment during transport

Given the redundant mechanical contaimﬁant and operational oversight, the likelihood of
entry mfo the environment of viable AAS embryos by means of this pathway is
neghigible. Detailed information available on containment features, SOPs, internal and
mternational comphance docmmentation and information related to the ﬁequéucy of past

containment failures result in an assessment that is highly certain,

The shipping and handling of eyéd triploid all-female AAS eggs from the site in PEI to
the site in Panama represents an additional pathway by which AAS may enter the

environment.

I T cufire activity is subject
to standard operational procedures | NN itcrhal compliance

documentation and international compliance documentation and oversight. Preparing

eggs  PEI for shipping is an activity during which many physical containment barriers
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During ground fransport from the facility to either the Halifax or Charlotietown airport,
the eggs will be in the possession of AquaBounty Canada staff. A transport will be
facilitated by a commercial freight-forward company to mamtain a 'eha.iu—of-custody
through to its arvival NG The AAS eggs will be received and
transported to the ABP facility under the supervision of an official from the Ministry of
Agriculture’s (MIDA) Quarantine Department and will be unpacked and inspected at the
facility under the supervision of an official from tiie National Animal health Authority
(DINASA, also a division of MIDA). |

Eyed triploid ali-female AAS eggs received at ABP will be acelimated and disinfected

according to SOPs, S NGG—
T |

The FMA for this path{my identifiesJ] components to physical containment and
examined 17 potential failure modes that may result from material fatlures, human error,
or a combination of both (Appendix Table D-1). The RPNs associated with potential
failure modes along this pathway are all ranked as low (1 to 3), though rankings are
difficult to make given the unprediciable nature of incidents involving significant impact
or their severity, which may depend heavily on the location of an event. During
transport, when triploid all-female AAS eggs are in the possession of ABC or ABP
personnel, containment is mainly determined by the company’s SOPs and is equally

stringent as when conducting other activities such as the collection of gametes, pressure
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shocking or tank transters. When the eggs are in the possession of shipping agents,
airlines or government suthorities, they are subject fo SOPs designed to ensure the proper

handling of valued merchandise and public protection.

Consequently, given the redundant mechanical contaimment and operational oversight,
the likelihood of entry info the emvironment of viable AAS embryos by means of this

pathway i’s negligible. Detailed information available on containment features, "Séf}?__sy
internal and international campﬁance&ocumenmﬁun and mformation related to- the

frequency of past contaimment failures result in an assessment that is,ﬁg\hiﬁ certain,

10.3 The potential of AAS to survive, disperse and persist
in the Canadian and Panamanian receiving
environments

The ability to survive in fhe receiving enviromment is limited to parr, smolt, post-smolt
and adults that may enter the environment at the facility i PEI and all life-stages that
may enter the environment in Panama. The capacity of AAS to disperse from the point
of entry and enter the Canadian environment 1s limited to pérr, smolt, post-smodt and

adults that may enter the environment at the facility in PEL

The assessment of the potential of the AAS to survive, disperse and persist in the |
enviromment will rely on available fitness data. Relevant measurement endpoints will
include the physical tolerance of the different life stages of the AAS, or valid
comparators, to envirommental parameters such as temperature, salinity and pH at
potential sites of entry. Tolerance to seasonal or sudden changes in physical and
physiological parameters will also be assessed along with availability of habitat and
resources within dispersal range of the facilities. Since the physical requirements and
physiologieal tolerances of Atlantic salmon and AAS are known to change according to
its life-history stage, the potential for AAS to survive at, disperse from and persist in the
environments at both the ABC and ABP facilities will be considered for all relevant life-

stages. The potential effects of triploidy, gynogenesis, sex-reversal and domestication
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and transgenesis on the ability of AAS fo swrvive, disperse and persist are also taken into

consideration.

10.3.1 Potential effects of triploidy, gynogenesis and sex-
reversal on the capacity of AAS to survive and disperse and
persist in the receiving environment

Triploidy, gynogenesis and sex-reversal are expected to decrease or have no eﬁfeét on
survival, persistence and dispersal of the organism in most circmﬁsi'énces. Triploidy can
decrease survival during non-optimal conditions, althongh combined with all-female
technology triploidy can increase survival during spawning season. Triploidy greatly
decreases spawning migrations of salmon, particularly in a._lI-feniaié fish. Otherwise,
these technologies are expected to have little effect on survival, persistence and dispersal

of the organism.

AquaBounty has demonstrated that triploid AAS fish had more minor external
abnormalities and some minor alterations in organ ﬁmcﬁon, but equal internal
abnormalities relative to diploid AAS fish (Erisman et al. 2009). However, whether
triploidy, gynogenesis, or sex-reversal would influence the ability of AAS or AAS
broodstock to survive, persist, or disperse in a receiving environment has not been
addressed. Studies of other triploid salmonids in stocking programs, aquaculture, or
laboratory conditions indicate triploid fish may have equal, lesser or greater survival than
diploid fish, depen&ing on the conditions. In particular, triploid fish may perform poorly
in systems of low productivity (Kozfkay et al. 2006), duﬁug exposure to disease (Parsons
et al. 1986, Yamamoto and Tida 1994, Ojolick et al. 1995, Cotter et al. 2002, Jhingan et
al. 2003, Ozerov et al. 2010), when oxygen is limiting (Yamamoto and Iida 1994, Ojolick
et al. 1993), during smolting or early seawater rearing (Benfey 2001, O’Flynn et al. 1997,
Jolmson et al. 1986, Galbreath and Thorgaard 1995, Withler et al. 1995, McCarthy et al.
1996, Taylor et al, 2007), and high temperature (Atkins and Benfey 2008). All-female

triploid fish may survive longer in some circumstances as they do not have spawning-
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related mortality observed in diploid fish or triploid males (Teusclﬁer et al. 2003, Chatterji
et al. 2008, Koenig ¢t al. 2011). As well, Bewxill et al. (2013) found triploid rainbow frout
had overall greater survival than diploid fish in aquacultuye within the UK. Owerall,
triploidy is expected o decrease persistence of AAS ﬁéh in poor conditions, but

combined with all-female technology may increase persistence post-spawning.

The effects of gynogenesis and sex-reversal on potential survival of escaped r_erg-anisms
have not been examined to our knowledge. Gynogenesis can result m low early slﬁvival
in founder fish, but offspring of gynogenetic fish generally have normal or ﬁe&i‘;_—nm;mal
survival {see Pandian and Koteeswaran 1998, Kome and Thorgaard 29%}”?}! The effect of
sex-reversal on survival of fish has been poorly studied, but environmental chemical sex-
reversal appearé to have little effect on survival (see McNair et al. 2{}12}. However,
when all-female technology is combined with triploidy, this can result in increased

survival during spawning season (see above).

Triploidy combined with all-female technology 1s expected to decrease dispersal of fish,
as triploid salmon have greatly decreased spawning migrations relative to diploids,
particularly female fish (Warrillow et al. 1997; Cotter et al. 2000; Wilkins et al. 2001;

- Chatterji et al. 2008). The effect of gymgenesis or sex-reversal on dispersal has not been

examined, but is not expected to increase potential dispersal of notified organism.

10.3.2 Potential effects of domestication on the capacity of
AAS to survive and disperse and persist in the receiving
environment |

Domestication is expected to diminish the fitness of AAS, but will not prevent it from
surviving and dispersing from the point of entry, nor is expected to prevent AAS from

reaching the aduit life-stage.

The physical requirements and tolerances of AAS are not expected to be significantly

affected by the process of domestication. In general, the temperatures, salinities and pH
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at which domesticated salooon are able to survive are expected to fall within the ranges

observed for the wild populations from which they have been derived.

Most studies investigating the survival of domesticated Atlantic salmoon in the wild have

focused on how the changes to morphology, physiology and behavior brought about by

‘selection {or adaptation) in the hatchery environment, or the conditions mnposed by

intensive aquaculture, can affect their fituess, relative to wild Atlantic salmon, in the
natural environment {Fisheries and Oceans Canada 2006; Jonsson and Jonsson 20{)6;
Moreau and Fleming 2012). For exaumple, faster growth rates and aggressive bebhavior
observed in juvenile domesticated Atlantic salmon may provide an advantage over
competitors in the wild; however a greater motivation to risk predation in order to feed
can also lead to higher rates of mortality (Einum and Fleming 1997; McGinnity et al.
1997; Bire et al 2004). Diminished swimming performance {Enders ef al. 2004) and
stress response (Jolinsson et al. 2001) may also lead to inferior fituess and reduced
survival of domesticated Atlantic salmén in the wild. Additional factors such as the

timing and location of release may also play a role (Fisheries and Oceans Canada 2006).

Direct meastrements of the survival of domesticated Atlantic salmon in the wild are
limited. Survival of farmed lines duing the pre-smolt freshwater phase has been
observed as equivalent to (Einum and Fleming 1997) or inferior (McGinnity et al. 1997)
to wild salmon when both are reared in the wild. Studies wvestigating marine mortality
have demonstrated a lower rate of survival for fanned Atflantic salmon compared to wild
salmon when the hatchery smolts are released at the same time as wild smolts are
migrating (J'cmséun et al. 1991; Jonsson et al. 2003; Saloniemi et al. 2004). The
conclusion drawn from all of these studies is that, provided all physiological
requirements are met, domesticated Atlantic salmon can survive in the wild enviromment

long enough to reach maturity and have a genetic impact on wild populations.

Much of what is known about the migratory patterns of domesticated Atlantic salmon
comes from a small number of studies designed to understand the potential impact of

accidental releases from the agquaculture industry. Taken together, these studies suggest
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that the survival and migratory behaviowr of domesticated Atlantic salmon that are
released into the wild is dependent on the Jocation and time release as well as the age or
life-stage at the time of release. Skilbrei (2010} observed that smolts released in the
spring demonstrated much stronger migratory behavious, dispersing quickly from fiords
when released in the spring mﬁl liitle or no migratory or dispersal behaviour when
released in the fall. When released as adults, domesticated Atlantic salmon tend to follow
prevailing currents, demonstraie little homing ability and enter nou-natal stfeams to
spawn. Hanson and Youngson (2010) found that domesticated Atlantic satmont released
at a sight in Norway during the spring, remained within 130 km of the refease sig!it,
where they eventually entered local fresh water systems. However, in the same study,
salmon from a similar release in Scotland drifted east with prevailing dcean currents and
were recaptured in Norwegian rivers. Hanson (2006) demonstrated that adult |
domesticated Atlantic salmon released i Norway at various times of the vear, tend fo
follow prevailing currents nosthward before entering nmkgnataﬁ streams to spawn (in one
case over 2000 km from the release site). Wﬁoriskey et al. (2006) used telemetry to
establish the fate of adult domesticated Atlantic salmon released fromn cage sites in
Maine, USA. They concluded that fish released i winter and spring dispersed from
coastal areas and followed currents imfo the Bay of Fundy, but were never reported
entering fresh water. To date there is no evidence of escaped domesticated sinolts or
adult Atlantic salmon migrating from eastern North America to winter feeding regions in

the western North Atlantic.

10.3.3  Potential effects of growth hormone transgenesis on
AAS survival, dispersal and persistence in the receiving
environment

Though the effects of growth hormone transgenesis may result in diminished fitness of
AAS, but will not prevent it from surviving and dispersing from the point of entry, nor is

expected to prevent AAS from reaching the adult life-stage.

239



5863
5864
5865
5866
5867
5868
5869
5870

- 5871

5872
5873
5874
3875
5876
3877

5878

5879
5880
5881
5882
5883
5884

DRAFT FOR PEER REVIEW PROTECTIED B

Changes to the physical requireinents and tolerances of growth enhanced transgenic
salmonids have recetved little attention. Most often, transgenic salmomds are raised, in
captivity, under physical conditions that best represent either a natural environment ora
standard hatchery and grow-out facility. Deiteh ef al. (2000) have demonstrated that
AAS have a smaller metabolie scope than non-fransgenic Atlantic ‘saimoﬂ, which may
diminish itg ability to theive at higher than optimal water temperatures or lower than

optimal oxygen coucentrations.

Many of the physiological and behavioural changes that may result from the
domestication have also been observed in salmonids that have wxeféxgane_tramgenesis
with growth enhancement genes. Growth enhanced transgenic cohe salmon
{Oncorhynchus kisufch} may also demonstrate increased feeding motivation (Sundstrom
et al. 2003) and an increased ability to compete for food (Devlin et al. 1999); but suffer
greater mortality due to dunimished predator avoidance behaviour (Sundstem ef al.
2004). These ﬁixﬁiimities in the physiology and behaviour of domesticated and transgenic
coho salmon are compliniented by similarities in gene expression {(Overturf et al. 2009).
Abrahams and Suttertin (1999) demonsﬁ:ated that AAS relatives are also willing to accept
a greater predation risk in order to Satisfy its enhanced motivation for food. Diminished
swonming performance and reduced metabolic scope (Deitch et al. 2006) may also lead
to reduced fitness and lower swrvival of AAS when compared to wild salmon in the
natural enviromment. However, in the absence of predators and during early life-stages,
AAS and wild Atlantic salmon have similar rates of survival when fish are reared in

naturalized environments (Moreau et al. 2011).

Few studies have investigated the effects of growth enhanced fransgenesis on dispersal or -
the migratory behaviour of salmonids. Sundstrém ef al. {2007) observed that growth
enhanced transgenic coho salmon were less likely to disperse upstream, but equally likely
to disperse downstream as their non-transgenic, wild connterpart. They also found that
transgenic fish had a greater tendency to move about and explore; a behaviour similar to

that observed in brown trout (Salmo rrutta) treated with bovine growth hormone (Sundt-
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Hansen 2009) and attributed an increased foraging activity. No difference in the survival
or the mmgratory timing of growth enhanced and wild coho salmon was observed when
both are raised from the furst feeding stage under naturalized conditions (Sundstrtm et al.
2010),

10.3.4 Potential for dipleid and triploid AAS to survive and
disperse and persist under the physical conditions at the
point of entry in PEI |

The saline condition of the marine environment at the point of entry in ?EI is the

principal factor that may limit the survival and dispersal of AAS in Canadian waters.

Though conditions will likely i}revent the survival of AAS at early life-sta ges {(embryos

to fty), they are not expected to prevent the survival and dispersal of AAS at later life-

stages (parr to adult). |

The estuary receives fresh water from the Forfune River watershed; a system that has not
supported any populations of Atlantic salmon since the early 1900s, despite several
attempts at stecking.ﬂie river in the 1920s and 1930s (Caimns et al. 2019). Like many of
the island’s rivers, degradation, resulting from agricultvwal practices and the activities of
beavers, has resuited in a habitat that is no longer suitable to support viable Atlantic

salinon papxﬁaﬁbﬁs {Guignion 2009).

The notifieation states that local waters [the Bay Fortune Estuary] are quite saline {~20 to
30 ppt), which makes the local environs inhospitable year-round to early salmonid life-
stages (p. 858). Indeed, data collected by Environment Canada (as part of the Canadian
Shellfish Sanitation Program and provided to AquaBounty) indicate that salinity
‘upstream’ of the facility varies between 23 and 30 ppt from May to October. Surface
salimity in the Northumberland straight tends to range between 26 ppt during the summer
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months and 30 ppt during the winter (htip://www2 mar dfo-
mpo.ge.calscience/ocean/ssl/gsimap html).

The notification also states that during the winter months, the Bay Fortune estuary is

covered with ice and that water temperatures range between -2 and 2°C, making local
eondifions m the area of the facility inhospitable to salmonids at all life-stages during the
coldest months of winter (p. 857). Average sea surface temperatures in this part of the
Northumberland Siraight fall below 0°C during February and March and below 1°c

during Fanvary and April (http://www2 mar.dfo-
mpo.pe.calscience/ocean/psl/gslmap htmi).

Since the plysical requirements and physiological tolerances of Atlantic salmon and
AAS are known to change according to its life-history stage, the potential for AAS to
survive at, disperse from and persist in the enviromment at the ABC facility will be

considered for all relevant life-stages.

16.3.4.1  Survival, dispersal and persistence of AAS gametes

Exposure resulting from the survival, dispersal and persistence of AAS fertile gametes is
expected to be pegligible. The availability of peer reviewed data supporting rapid
activation and subsequent loss of fertility in salmonid gametes and detailed information

about the physical parameters of the receiving environment, result in an assessment that

1s highly certain.

Gametes are typically present at the facility in PEI

during egg collection and fertilization activities. By the time any unfertilized gametes
enter the environment outside of the PEI facility, it is highly unlikely that they will be
viable or capable of being fertilized. Upon entry into the aqueous environment, Atlantic
salmon gametes are ‘activated’ in advance of fertilization, but lose fertility rapidly in the
absence of zygosis. In the wild, eggs and milt must be in close proximity of one another
at the time of release i order for fertilization to be successful. When milt 1s activated by

water, the gameteg become motile, using flagella to propel the genn cell towards an egg.
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Within five minutes of activation, the energy reserves within the sperm cell are depleted,
the milt s no longer viable and the gametes expire (Vladic and Jarvi 1997). The exact
length of time that Atlantic salmon eggs will remain viable after activating in fresh water

is unkonown. Viadic and Jarvi {1997) found that Atlantic salmon eggs activated in water

temperatures between 2 and 16°C, remained viable for 8.5 minutes, but they did not

assess egg viability beyond this time period. Studies in brown trowt (Salmo frutta) have
demonstrated that eggs are completely infertile after 10 minutes in fresh water _
(Lahnstetner 20023, Puring this time, the outer membrane (the chorion) of the .egg
slowly hardens; covering the micropyle and preventing penetration of sperm cells. It is
reasonable to expect a similar time frame for this process to ocewr in Aﬂgxﬂti{: salmon,
given that brown trout is its closest living relative. Since eggs and milt are collected at
different times NN te sinvitaneous entry of eggs and milt into the enviromment,
followed by successful fertilization, is highly ualikely.

Consequently, exposure resnlting from the survival, dispersal and persistence of AAS
fertile gametes is expected to be negligible. The availability of peer reviewed data
supporting rapid activation and subsequent loss of festility in salmonid gametes and
detailed information about the physicéd parameters of the receiving environment, result in
an assessment that is highly certain. |

10.3.4.2  Survival, dispersal and persistence of AAS diploid and
triploid embryos (eggs and alevins}

Exposure resulting from the survival, dispersal and persistence of AAS embryos {eggs

and aleving) is expected to be negligible. The availability of peer reviewed data

describing the physical requirements and tolerances of Atlantic salmon at this stage of

development and detailed information about the phiysical parsmeters of the receiving

environment, result in an assessment that is highly certain.

Depending on water temperatures, I G
I T:-cughout the embryonic stage of
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development, the AAS is restricted to an environment in which physical and chemical
factors such as temperature, disselved oxygen, pH, salinity and mechanical stress must be

maintained within acceptable bnits for normal development.

Atlantic salmon embryo development is restricted to freshwater. Salinities greater than 2
ppt have been observed to result in osmotic abnormities in the egg which lead to irregular
or arrested development of the embryo (Li et al 1989). According to Parry (1960) one
week old alevins will last up to 8 hrs at 30 ppt or 45 hours at 7.5 ppt. Six wé_éic old
alevins will only last 0.5 houss at 30 ppt or 96 howrs at 7.5 ppt. Dispersa! of AAS alevins
to areas of lower salinity (well upstream of the entry point) is unlikely given the limited
swinuning abilities and poor mobility of Atlantic salmon at this life-stagé; Thus, with
salinities of greater than 20 ppt at the point of entry, any AAS embryos that are
accidentally released fiom the PEI facility are not expected to survive at the point of
entry. In addition, during the later stages of embryonic development |GGG
I vt temperatures at the point of entry are eﬁpected to range below 2°C and
would severely limit the survival of both AAS eggs and alevins which have lower .

temperature limits of 0 to 2°C (Elliott and Elliott 2010).

Consequently, exposure resulting from the survival, dispersal and persistence of AAS
embryos is expected to be negligible. The availability of peer reviewed data describing
the physical requirements and tolerances of Atlantic salmon and detailed information

about the physical parameters of the receiving environment, result in an assessment fhat

is highly certam.

10.3.4.3 Survival, dispersal and peysistence of AAS diploid and triploid
fry -

Exposure resulting from the survival, dispersal and persistence of AAS fry is expected to
be negligible. The availability of peer reviewed data describing the physical

requirements and tolerances of Atlanfic salmon at this stage of development and detailed
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mformation about the physical parameters of the receiving environment, result in an

assessment that is highly certain.

in the wild, the Atlantic salimon fiv stage is a relatively short lived, transitional period,
lasting several days from emergence and dispersal, until the establishment of small
territories. In a hatchery, this period is more difficult to define, but typicatly starts just
after egg sac absorption when fish are ‘ponded’ into early rearing fiy tanks and slowly
encouraged fo start feeding. Within several weeks of first feeding, early rates of |
mortality in the tank vwall bave diminished substantially and fish will have grown strong
enough to swim and maintain a position in the stronger currents that are above the bottom
of the tank, where they can actively pursue food offerings. The frv stage at the facility in
PEL 1s expected to last for a period of approximately 3 month post first feeding, IR

Though less fragile than alevins, fiy are still sensitive to physical conditions that exceed
those for normal freshwater development. According to Parry (1960), Atlanfic salmon
fry up to three month post-hatch and less than 2 cm in length will survive at a salinity of

approximately 15 ppt for only 7 hours and will survive less than 4 hows if salinities are

- greater than 22.5 ppt. Saunders and Henderson (1969b) observed that Atlantic salmon

fry greater than 5 cm in length may survive indefinitely at salinities of 12 ppt, but die
when exposed to salinities of 15 ppt. Dispersal of AAS fry to arens of lower salinity
(upstream) is unlikely given their small size, limited swimming abilities and the distance
they would have to travel upstream to reach suitable habitat. Thus, with salinities of
greater than 20 ppt at the point of entry, any AAS embryos that are accidentally released
from the PEI facility are not expected to survive at the point of entry.

In addition, during the early stages of fry development | RENENNNN atc
temperatures at the point of entry are expected to range below 2°C and would severely
Limit the survival of AAS fiv which have a lower temperature limit of 0 to 2°C (Elliott
anct Elliott 2010).
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6033  Consequently, exposure resulting from the survival, dis?ersai and persistence of AAS fiy
6034  is expected to be negligible. The availability of peer reviewed data describing the

6035 pliysical requirements and tolerances of Atlantic salmon and detailed information about
6036 the physical parameters of the receiving enviromment, result in an assessment that is

6037  highly certam.
6038
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10.3.44  Survival, dispersal and persistence of AASN diploid and triploid
parr

The potential exposure resulting from the survival, dispersal and persistence of AAS parr

that may be accidentally released into the enviromuent may be high. The availability of

peer reviewed data descrihing the physical requirements and tolerances of Atlantic

salmon parr and detailed information abont the physical parameters of the receiving

environment, result in an assessment that 1s highly certain,

In the wild, the Atlantic salmon parr stage may last from one to eight years depending on
the growth conditions of the nursery stream. Atlantic salmon mn the Gulf of St. Lawrence
can spend anywhere from 1 to 7 years in freshwater before undergoing a seaward
migration (O'Connell et al. 2006). It ends when fish become physiologically able to
survive in the inarine environment and undertakes a seaward migration as simolt. For
AAS, the period of time speﬁt as a parr 1s Iikely to be much shorter, given that it can
reach a size of 30 cm i only 2700 degree-days post batch. Saunders et al {1998)
observed that AAS relatives were capable of divect transfer to full-strengfth sea water (35

ppt) at a size range of 15 to 25 ¢m and approximately six months post first feeding.

There is a high likelihood that any AAS parr entering the Bay Fortune Estuary would be
able to survive and persist for an extended period of time. Saunders and Henderson
(1969a) obyerved that Aflantic salmon parr greater than 10 cm in length will survive and
grow indefinitely in salinities of up to 22 ppt while fish greater than 5 cm in length will
persist at salinities of 12 ppt (Saunders and Henderson 1969b). Cunjak (1992) has
reported that Atlantic salmon parr in Newfoundland may occupy the estnarine
envirenment during juvenile stages and prior fo the smolt stage and suggested an
improvement in food availability as a possible reason for this alternate life-history tactic.
In addition, the ability for pair to leave the territory it imtially established as a fiy, and
move upstream in search of more favourable habitat (MeCormick et al. 1998; Hutchings

1986), opens the possibility that parr escaping into the Bay Fortune Estuary could move
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upstream into the freshwater section of the Fortune River. Any AAS part snrviving entry
mto this environment would likely develop into smolt and acqure the phystological

ability to survive and grow in full strength seawater (>30 ppt; Saunders et al. 1998).

Given the timing of fertilization and embrye development at the PEI facility, I

I (o May to July, mean surface water temperatures
in the Northumberland Straight range from 5.68 to 17.08°C (http-//www2 mar dfo-

mpo.ge.calsciencefocean/gsl/gsimap. html). This water temperafure range is not expected
to affect the survival of AAS parr in any way (Elliott and Elliott 2610).

Consequently, the potential exposure resulting from the survival, dispersal and
persistence of AAS parr that are accidentally released into the environment may b;a high.
The availability of peer reviewed data describing the physical requirements and
tolerances of Atlantic salmon parr and detailed information about the physical pacameters

of the receiving environment, result in an assessment fhat is highly certain.

10.3.4.5  Survivdl, dispersal and persistmée of AAS diploid and triploid
smolt, post smolts and adults
The potential exposure resulting from the survival, dispersal and persistence of AAS
smolts, post—smbl{s and adults that may be accidentally released into the environment
may be high. The availability of peer reviewed data describing the physieal requirements
and tolerances of AAS and Atlantic salmon smolts, post-smolts and adults and detailed
mformation about the physical parameters of the receiving environment, result in an
assessment that 1s highly certain with regards to survival. Though several peer reviewed
studies suggest that escaped domesticated Atlantic salmon have the potential to disperse
over long distances and ascend rivers to spawn, variability between studies and
knowledge gaps with regards to behaviour in the marine environment, result in an

assessment that is reasonably uncertain with regards to dispersal.
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Throughout the natural distribution of Atlantic salmon, there is considerable infer-
population and inter-regional variation in both the timing and the destination of seaward
migrations {Thorstad et al. 201 I, McCormick et al. 1998). While the age at which a par
becomes a smolt may vary depending on growth rate or productivity of the stream, the
timing of seaward migration within a particular river is coordinated and is believed to be
highly dependent on vaviables such as water temperatures and diurnal ¢cycle and typically
occurs once the fish has reached a minionum fork length of approximately 10 em
(Thorstad et al. 2011). Atlantic salmon in the Gulf of St. Lawrence tend to become
smolts when they are between [ and 7 vears of agel or at a size of 12 to 14 cm 11 length
{O’Conneli et al. 2006). |

The notification states that AAS reach an average fork length of greater than 25 cm

within 2700 degree days of hatching (p. 56). JNNEGTEGGGGGG
N

I iilar results for ite to smol status
have been reported for AAS relatives {(Saunders et al 1998).

From May to July, mean surface water temperatuwes in the Northumberland Straight

range from 5.68 to 17.08°C (Lttp:/Awww2 mar dfo-

mpo.ge ca/science/ocean/gsl/gshnap hitml). This water temperature range is not expected
to affect the survival of AAS pawr in any way (Elliott and Elliott 2010). Similaly, the

salinity of the Bay Fortune Estuary 1s not expected to prohibit the swrvival of AAS smolts
should they enter the enviromment (p. 415 of Notification). Saunders et al (1998)
observed that AAS relatives were capable of direct transfer to full-strength sea water (35

ppt) af a size range of 15 to 25 em, six months after hatching,

Environmental conditions at the point of entry are not expected to limit the survival,
dispersal and persistence of post-smolt and adult AAS that may be accidentally released
from the facility in PEI. From January to April, mean surface water temperatures in the

Northumberland Straight range below 1°C (bitp-//www2 mar dfo-
mpo.gc.calscience/ocean/gsl/gstmap btml) and could have a limiting effect on the
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survival of Atlantic salmon {Elliott and Elliott 2010). However, from May to December,
mean surface temperatures range between 5.06 and 18.17°C and would have no effect on

the survival, dispersal and persistence of post-smolt and adult Atlantic salimon or AAS.

The salimity of the Bay Fortune estuary is also expected to have limited effects on
survival of post-smolt and adult AAS. When Atlantic salmon smolfs are prevented from
entering seawater, a partial re-adaptation to freshwater, termed ‘desmoltification” may
occur through {he abandonment of mechanisms permitting survival in sea water and a re-
establishment of mechanisms to enable survival ins the freshiwater environment
(Stefansson ef al. 1998, Hoar 1988). It is generally believed that that divect transfer of
sahmonids from fresh water to salt water during or after desmoltification may result in
higher mortality or poor growth (Amesen et al. 2003). However, the results of Amesen
et al. (2003) and Mortensen and DPamsgard (1998) suggest that the period of diminished
salt water tolerance is short lived and that Atlantic salmon smolts and post-smolts held in

freshwater are capable of direct transfer to sea water.

It is difficult, if not impossible, to predict the specific dispersal pattern that a
domesticated Atlantic salmon smolf, post-smolt or adult would take if it were o enter the
marine environment from a release site in the southern Gulf of St. Lawrence. There is no
scientific data describing the migratory behavionr of domesticated Atlantic salmon in the
southern Guif of St. Lawrence. The Atlantic salmon aguaculture industry in this region is
limited one or two facilities at the eastern end of Prince Edward Island. Consequently,
research on the potential impact of escaped domesticated salmon in this area has never
been a priority. The majority of Atlantic salmon culture in the Gulif region has mvolved
the stocking of streams and rivers for the purpose of maintaining or rebuilding natural
populations. These activities oceur throughout the region, but only involve the husbandry
of early life-stages, using the ova and milt obtained from wild Atlantic salmon as they
return to spawn in fresh water systems. Consequently, these fish are not fully
domesticated and would not serve as suttable comparators for the dispersal or migration
patterns of domesticated Atlantic salmon, should they be released in the area. Instead, it

is probably more suitable to model predictions of dispersal from research on escaped
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domesticated Atlantic salmon that has been conducted in Norway, Scotland and the Gulf

of Maine and has been described in section 9.3.2.

What is known about escaped domesticated Atlantic salinon is that they are able to
disperse long distances (Hanson and Youngson 2010, Hanson 2006, Whoriskey et al.
2006) and are capable of ascending natural river systems to successfully spawn with
wild or naturalized con-specifics (Bourret et al. 2011, Thorstad et al. 2008, Morris et al.
2008, Ferguson et al. 2007, Skaala et al. 2006, Saegrov et al. 1997). Censec{gtentlj; itis
reasonable to assume that all Atlantic salmon populations supported by rivers that drain
into the southern Gulf of $t. Lawrence (approximately 85) conld be exposed to
domesticated GE Atlantic salmon that are released from the AquaBounty facility at
Fortune Bay, PEL - '

The direction and distance of dispersal would likely depend on a variety of factors such
as the time of the selease, the life-stage of the escapee and prevailing ocean currents at
the point of release. Spatial and temporal patterns of dispersal would not be expected to
follow the coordinated strategy observed in wild populations. Dispersal 1s more likely to
be random in nature, with individualsi‘emaining close to the site of release (within 150
ki), or drifting away from the area on prevailing ocean currents. In addition, prevailing
ocean currents in this regiou move eastward past PEL then push north along the western
shore of Cape Breton Island before‘exiting the region through the Cabot Straight. The
prevailing current then fravels south-west along the shores of Nova Scotia before entering
the Bay of Fundy and Gulf of Maine (Drinkwater and Gilbert 2004). Therefore, it is also
reasonable to assume that all Atlantic salmon populations along the eastern seaboard,
from Cape Breton, Nova Scotia southward to Maine (approximately 140} would also be

at risk of exposure.

Consequently, the potential exposuze resulting from the survival, dispersal and
persistence of AAS parr that are accidentally released into the environment may be high.
The availability of peer reviewed data describing the physical requirements and

tolerances of AAS and Atlantic salmon smolts, post-smolts and adults and detailed
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information about the physical parameters of the receiving environment, result in an.
assessment that is highly certain with regards fo survival,

Though several peer reviewed studies suggest that escaped domesticated Atlantic salmon
have the potential to disperse over long distances and ascend rivers to spawn, vatiability
between studies and knowledge gaps with regards to behaviour in the marine
environment, result in an assessment that is reasonably yncertain with regards to

dispersal

10.3.5 Potential for triploid AAS ﬁamales fo survive and
disperse and persist under the physical conditions at the
point of entry in Panama

High water temperatures in the region of Panama are the principal factor that may lumit
the survival and dispersal of AAS at the point of entry. Though conditions at the point of
entry will likely allow the survival of AAS that may be released, regional freshwater and
marine temperatures will likely prevent AAS from dispersing to a lower elevation, or

surviving long enough to reach the territorial waters of Canada.

The point of entry for any friploid AAS females that may be accidentally released from
the facility in Panama is the npper reaches of the Caldera River, a tributary within the
Chiriqui River Wateréhed which drains into the Pacific Ocean at the Gulf of Chiriqui.
The notification states that, “the upper basin of the Caldera River has conditions that
favour the establishment of salmonids” (ABT 2013, p. 805). This is evident from the
naturally reproducing and self-sustaining populations of rainbow trout (Oncorhynchus
mykiss) that are reported to have been introduced to this area for the purpose of sport
fishing (Welcomme 1988). Indeed, values for water temperature, dissolved oxygen, and
turbidity in the upper-basin (provided on p.806) are all within the known tolerances of
Atlantic salmon (Danie et al. 1984, Amiro 2006). Consequently, if triploid AAS females
at any life-stage were unintentionally released into the Caldera River fromi the

Panamanian facility, it is reasonable to assume that they would be able to survive and
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grow for an extended period of fime. However, dispersal of AAS downstream from the
facility would in all likelihood be Innsted.

Average water temperatures in the lower basin of the Chirigni watershed are reported to
fange between 23.6 and 25.8°C (p. $06) and, similar to monthly average air temperatures
for this region, are expected to remain consistent throughout the year, (p.805).
Downstream from where the Caldera River enters the Chirigui River, water temperatures
of 26.0°C or higher have been recorded (p. 802). The nofification suggests that these '
water temperatures exceed the lethal limit of ~23°C for Atlantic salmon at all life stages
(p. 805). Though the temperature tolerance range for AAS is not known, its reduced
etabolic scope relative to Ailantic salmon (Deitch et al. 2006) suggests that 1t will not

have an upper temperature tolerance that is greater than Atlantic salmon.

Water temperature is indeed a key abiotic factor that effects both the survival and
production of most freshwater fish populations, and is & pervasive determinant of habitat
suitability (Elliott and Elliott 2010, Amiro 2006, Joblin 1981, Magnuson et al. 1979).
Still, it is difficult to predict whether or not Atlantic salmon can tolerate an environment
where temperatures may range between 23 and 27°C throughout the year. During the
summer months, streams that support populations of Atlantic salmon in New Brunswick,
Canada, are known to reach temperatures exceeding 23%C for prolonged periods of time
and have been recorded at temperatures above 29%C (Caissie 2000). However, extreme
conditions of this nafure oceur for limited periods of time in Canada and the Atlantic
salmon in these streams likely have opportunities to move into cooler areas within the

system, such as deep ponds or lakes.

The temperature requirements of Atlantic salmon have been reviewed by Elliott and
EHiott (2010). Estimates of incipient and lethal temperature limits tend to vary
depending on the strain of salmon, the life-stage, and the methodology used to obtain
critical values. Fertilized Atlantic salmon eggs will not survive above 16°C and alevins,
or sac fry, will not survive above 25°C (Elliott and Elliott 2010). Garside (1973)

estimated 27.5°C to be the upper temperature limit at which Atlantic salmon pair can
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survive. Studies by Elliott (1991) recorded survival of parr for short periods of time (100
minutes) at 31.1°C, but determined that prolonged survival (over 7 days) was limited by
an upper temperature of 27.8°C and that feeding only occuired at temperatures below
22.5°C. According to Elliott and Elfiott (2010), estimates of upper incipient and lethal
water temperatures for parr range between 22 and 33°C, but feeding will not oceur above
28°%C. Similar estimates have been proposed for smolts (Elliott and Elliott 2010),
however Alabaster (1967) found that in fresh water, smolts are more sensitive to water
temperatures than parr and will not sarvive prolonged exposure (100 minutes) to
temperatures above 25°C. Smolts are most sensitive to temperature when making the
transition from fresh to salt water, but improve slightly once acclimated (Alabaster 1967).
Experimental results that identify the upper-incipient and lethal water temperatore for
adult Atlantic salmon camot be found. According to Danie et al. (1984), Atlantic salmon
adults ave rarely found in water temperatures above 20°C and mortality is expected at
temperatures above 28°C. Temperatures of 20%C to 27°C reduce resistance to disease and
are therefore considered to be mdirectly lethal (Danie et al. 1984). Amiro {2006) has
proposed 27.8°C as the maximum incipient lethal temperature for Atlantic salmon in
freshwater streams (the terperature at which all salmon would exit a habitat if an
opportuitity were available). Elliott and Elliott (2010} state that in general, when water
temperatures exceed 22 to 28°C, Atianﬁc salmon will die unless they can move fo cooler

wafer.

Consequently, although an average water temperature range of 23 to 27°C would prevent
the survival of both AAS eggs and alevins; it would not necessarily prohibit AAS
juveniles, smelts or adults from entering the lower-basin of the Chiriqui River watershed
if an accidental breach of containment were to oceur. In addition, AAS eggs or aleving
that are accidentally released into the upper-basin could survive and develop mto
juveniles, smolts or adults with a greater ability to disperse from the area. However, the
long-term survival of any AAS that enter the lower-basin will be limited by opportunities
to move into cooler water before succumbing to the metabolic stress that is induced by

the high temperatures.
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Juvenile AAS that disperse down the Caldera River would likely stop moving
downstream, or move back upstream, once water temperatures xise above 22°C, the upper
maximum for optimal feeding and growth (Dande et al, 1984, Elliott 1991, Elliott and
Eliott 2010). This constraint could likely limit the spread of AAS parr to the upper
reaches of the Caldera River. However, water temperatures along the lower reaches, and
at the mouth of the Caldera River, before it enters the Charigud, are not known.
Consequently, it cannot be stated with certainty that parr will not be able to _sprea(}
downstream to the mouth of the Caldera River, where it joins to the Chiriqui River and

water temperatures are known to reach 26°C.

Regardless of this vncertainty, any AAS juveniles entering the Chiriqui River at this point
would have few options for moving into cooler waters. Parr could move npstream, back
into the cooler headwaters of the Caldera River, or possibly up into the headwaters of the
Chiriqui River. Parr moving downstreamn, over the dam’s spillway and into the lower
section of the Chiriqui River would, in all likelihood, stop feeding and starve to death, or
simply succumb to the high water temperatures in this section of the watershed and die.
A third option available to parr that exit the Caldera River, would be to move down the
diversion that leads from the top of the dam to Lake Esti, where cooler water
temperatures might be available at greater depth. However, the canal that joins the
Chiriqui River and Lake Esti is approximately 5 km long and exposed. The water in the
canal is likely to exceed 26°C and would 1ot be an optimal environment for the dispersal
of parr. Therefore, although there 1s a potential for juvenile AAS to spread mto the lower
section of the Caldera River and even enter the Chiriqui River, higher water temperatures
in the lower section of the Chiriqui River would prevent further dispersal downstream. It
is more likely that AAS parr will be restricted to the upper reaches of the Caldera River
and its tributaries, possibly spreading to the upper reaches of the Chiriqui River and its

tributagies.

1t 1s not clear how the relatively constant water temperatures and photoperiods
experienced near the equator will affect the timing of the parr-to-smolt transformation or

the subsequent physiological and behavioural changes associated with this process in
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Atlantic salmon (Bjomsson et al. 2011, Bjornsson and Bradley 2007, Saunders and
Henderson 1970). There is a possibility, bowever, that smolts, though more sensitive to
high water temperatures than parr (Alabaster 1967), may be physiologically compelled to
migrate downstream (Thorstad et al. 2011, Ruggles 1980}, into the Chiriqui River and
over a dam’s spillway, towards the sea. However, to reach the Pacific Ocean from the
confluence of the Caldera and Chiriqui rivers, smolts would have to travel approximately
40 km through water for which femperatures are reported to remain above 26°C
thronghout the year (ABT 2013, p.428). These temperaiures are considered 16 be
incipient fethal for Atlantic salmon smolts and death would be expected: to oceur withm
two hours (Elliott and Elliott 2010, Alabaster 1967). In their nafural habitat, migration
velocities for Atlantic salmon smolts have been observed to vary between 0.2 and 28 km
per day (Ruggles 1980, Aarestrup et al. 2002). Consequently, it is highly unlikely that
any AAS smolt would be able to survive the 40 km journey from the confluence of the
Caldera and Chiriqui rivers to the Pacific Ocean if water temperatures in this section of

the Chiriqui River remain above 26°C.

As with smolts, it is difficult to predict the dispersal behaviour of an adult Atlantic
salmon that either escapes from the production site or develops from a more juvenile
stage in the freshwater environment of the upper-basin. Unlike smolt, for which known
physiological and environmental cues initiate its downstream migration (Thorstad et al.
2011, Ruggles 1980) the proximate factors initiation the homeward migration of adult
Atlantic salmon is still poorly understood (Thorstad et al. 2011, Hansen and Quinn [998).
Therefore, it is not clear whether escaping adults wounld disperse upstream or
downstreamn. However, the tend.enc:# for adult Atlantic salmon to avoid water
temperatures greater than 20°C (Danie et al. 1984) suggests that, like juveniles, adults
will likely restrict their movements to the upper-basin of the Caldera watershed, and may

possibly disperse into the upper reaches of the Chiriqui River.

If adults were to enter the lower section of the Chiriqui River, they're larger size may
confer to them greater resistance than smolts to the 26°C plus water temperatures (Elliott

and Elliott 2010). However, survival for a prolonged period in this section of the river is
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highly unlikely (Danie et al. 1984). Therefore, there may be a potential for adult AAS to
spread into the lower section of the Caldera River and even enfer the Chiriqui River,
highes water temperatures in the lower section of the Chiriqui River would prevent
further dispersal downstream. It is more likely that AAS adults will be restricted o the
upper reaches of the Caldera River and its tributaries, possibly oconrcing to the upper

reaches of the Chirigof River and its tributaries.

Consequently, the potential exposure resulting from the survival and ;Jersisteﬁce of AAS
that may be accidentally released from the facility in Panama may be high: the capacity
for AAS to disperse to the lower section of the Chirigui watershed is Jow to negligible.

The availability of peer reviewed dala describing the physical requirements and
tolerances of AAS and Atlantic salmon embryos, fiy, parr, smelis, post-smolts and adults
and detailed information about the physical parameters of the recetving environment,

result in an assesément that is highly certain.

10.3.6 Potential for triploid AAS females to disperse beyond
Panama and enter the tervitorial waters of Canada

The potential for AAS to enter the Canadian environment after an accidental release in
Panama is negligible. The availability of peer reviewed data describing the physical
requirements and tolerances of Atlantic salmon and AAS, as well as detailed information

about the physical parameters of the regional environment, result in an assessment that is

highly cerfain.

As indicated above, it is highly unlikely that any escaped transgenic Atlantic salmon that
may be accidentally released from the facility in Panama would be capable of surviving
the warm water temperatures that it would experience in the lower section of the Chiriqui
River. The water temperatures along the 40 km stretch of river between the confluence
of the Caldera and Chiriquf rivers and the Pacific Ocean are reported to remain above

26°C tluonghout the year. Although such temperatures may not result in the immediate
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death of the organism, the ensuing deterioration in health brought about by the sub-

optimal environment, would likely bring about its eventual demise.

Beyond the Chiriqui River, the environmental conditions in relation to the survival of
Atlantic salmon, or the AAS, do not improve. The river eventually drains into the Pacific
Oeean in a region {the Gulf of Chiriqul) where sub-surface water terperatures range
between 23°C and 30°C throughout the year (Locamnini et al. 2010) and available
dissolved oxygen temains below 5 ppm (Garcia et al. 2010). Stevens et al. (1998) found
that at ~13°C critical oxygen uptake levels (level at which oxygen uptake becomes
limited by oxygen supply) for Atlantic salmon controls and AAS relatives was

~ approximately 4 mg/L and 6 mg/L respectively. At temperatures above 25%C, metabolic

demand for oxygen is expected to be much higher. Thus, both high temperatures and low
oxygen levels would be expected to have a detrimental effect on any AAS that may enter
the Gulf of Chiriqui. At 75 meters below the ocean sﬁrface, water femperatures can cool
to approximately 20°C (Locarnini et al. 2010); however, at that depth, dissolved oxygen
concentrations also drop to 3 mg/L (Garcia et al. 2010) which is well below the opfimum
of 6 mg/L. for Atlantic satmon (Danie et al. 1984). Therefore, in the extremely unlikely
event that an AAS managing to dispei'se from the point of entry in Panama to the Pacific
Ocean, the likelihood of it surviving and swinming over 3000 km to reach suitable

marine habitat is exceptionally remote.

Consequently, the potential for AAS to enter the Canadian environment after an
accidental release in Panama is negligible. The availability of peer reviewed data '
describing the physical requirements and tolerances of Atlantic salmon and AAS, as well
as detailed information about the physical parameters of the regional environment, result

m an assessment that is highly certain.
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10.3.7  Potential for triploid AAS female embryos to survive
and disperse and persist during fransport

The potential exposure resulting from the survival and persistence of AAS embryos that
may be accidentally released during transport from the facility in PEI to the facility in
Panana is expected to be negligible. The availability of peer reviewed data describing
the physical requirements and tolerances of Atlantic salmon embryos and information

about fhe physical parameters of the receiving environment, result in an assessment that

is highly certamn.

In the unlikely event of an unintentional release during 'tmaxspézt egos wounld have fo
enter an environment in which physical and chemical factors such as temperature,
dissolved oxygen, pH, salinity and mechanical stress are within acceptable limits for
normal development. Given the proposed meéns of tranisport (see section 9.2.3) any eggs
that are accidentally released during transport are most likely to enter a terrestrial or
marine environment and die. In addition, to remain viable over the period of time needed
to reach their destination, eggs wﬂl_ have fo be shipped moist (but not wet) and at a
temperature low enough to'slow their metabolism without freezing. When released from
this metabolic state, egos must be slowly acclimated to the receiving environment in
order to avoid high mortality. This further narrows the environmental conditions that
would enable survival of AAS eyed-eggs should they be accidentally released.
Consequently, the potential exposure resuliing from the survival and persistence of AAS
embryos that may be accidentally released during transport from the facility in PEI to the
facility in Panara is expected to be negligible. The availability of peer reviewed data
describing the physical requirements and tolerances of Atlantic salmon embryos and
information about the physical parameters of the receiving environment, result in an

assessment that is lughly certain.
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10.4 The Potential of AAS to Reproduce, Establish and
Spread in the Canadian and Panamanian
Environments

The capacity 1o reproduce, establish and spread in the receiving environment is limited

to parr, smolf, post-smolt and adults that may enter the environment af the facility in

PEL All life-stages that may enter the enviromment in Panama will be sterile and
Sfemale and will not be able to reproduce ai the point of entry.

The assessment of the potential for AAS to reproduce and establish in the Canadian
environment will consider the reproductive fitness of both AAS and AAS descendants. It
will evaluate the likelihood of reproduction between failed triploids and diploid brood
stock with either wild conspecifics or brown trout. The efficacy of triploid wduction as a
biological containment strategy will be evaluated (Devlin et al. 2010) keeping in mind
that the majority of juvenile and aduit fish held at the PEI facility will be diploid. The
stability of the sex-determination systems used to generate all-female populations will

also be considered as will the influence of propagule pressure.

The assesswment of the potential for AAS to establish and spread in the environment will
include measurement endpoints related to its overall fitness in the receiving environment,
such as metabolic efficiency, growth rate, swimming performance, competitive ability for
acquiring food resources, reproductive behavior, predator avoidance, capacity to adapt to
environmental variability, breadth of habitat tblermiceipreference, disease resistance,

imprinting, migration, developmental rates and timing of critical life history stages.

260



G454

6455
6450
6457

6458
6439
6460
6461
6462
6463
6404
6463
6466
6467
6468
6469
6470
6471
6472
6473
6474
6475
6476
6477
6478
6479

- DRAFT FOR PEER REVIEW PROTECTED B

10.4.1 Potential Effects of Triploidy, Gynogenesis and Sex-
reversal on the Capacity of AAS te Reproduce and
Establish and Spread In The Receiving Environment

Triploidy, combined with all-female populations produced through gynogenesis and sex~
reversal, is expected to greatly decrease or remove the ability of the organisin to

reproduce in, establish in, and spread from the receiving environment.

Triploid fish are functionally sterile (Benfey 1999), and are therefore incapable of
reproducing viable offspring in the receiving environment. If diploid individuals from
failed triploidy escape, these are expected to be all-female and would therefore be
incapable of reproduction in the absence of an existing mixed-sex population with which
to breed with. If AAS brood stock with incompl&té sex-reversal escaped, this
phenotypically mixed-sex population could theoretically reproduce in appropriate
conditions. However, sex-reversed salmon have poor gonad development (e.g. Johnstone

and MacLachlan 1994, see Pandian and Koteeswaran 1998), and reproductive stceess is

'expeeted to be greatly diminished or absent. In écﬁdﬁitﬁmx, any offspring produced from

such fish would be 100% génétieaily female and would therefore be nnable to reproduce
past a second generation. Sex determination in salmon is not entirely genetic, and can be
influenced by enviromnental condifions (e.g. Craig et al. 1996, see McNair et al. 2012).
Shonld fish be exposed to temperatures or other factors in culture or receiving
environments that alter the phenotypic sex ratio, any diploid fish could theoretically
reproduce in appropriate 1'eceixri1ig conditions. However, offspring would be genetically
all-female and would not persist in the absence of existing mixed-sex populations or

unless continual environmental control of sex ratio is present.
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10.4.2 Potential Effects of Domestication on the Capacity of
AAS to Reproduce and Establish and Spread in the
Receiving Environment '

Domestication is expected to diminish the reproductive fitness of AAS, but is not
expecited to prevent it from reaching sexual maturify or ascending rivers to mate with
appropriate con-specifics.

Though it has been established that escaped domesticated Atlantic salmon are capable of
ascending natural river systems to successfully spawn with wild or naturalized con-
specifics (Bourret et al. 2011, Thorstad et al. 2008, Morris et al. 2008, Ferguson et al.
2007, Skaala et al. 2006, Saegrov et al. 1997), heir rate of success on the Spawning
ground and their ability to become established are questionable. The majority of studies
investigating the capacity of domesticated Atlantic salmon to reproduce in the wild have
looked at how behavioral changes brought about by .selection (or adaptation} mn the
hatchery enviromnent, or the conditions imposed by intensive aquaculture, can affect the
reproductive fitness of farmed Atlantic salnon, relative to their wild counterpart {Morean
and Fleming 2012; Weir et al. 2005; Weir et al. 2004; Fleming et al. 1996). Fleming et
al. (1996} and Weir et al. (2004) were able to demonstrate under experimental conditions
that farmed adult males and females expressed several behavioral anomalies that
diminished their ability to successfully reproduce. However, Weir et al. (2005)
concluded that mature male parr of a domesticated line was able to adequately compete
with wild mature parr and succeed in fertilizing eggs. The latter study illustrates how
mature male pair may not only introduce domesticated genes into a wild population, but
may also increase the rate of introgression by maturing earlier than adults and decreasing

the time period between generations.

Consequently, even though domestication may have a negative effect on the reproductive
fitness of Atlantic salmon adults, mature male parr may represent an alternative pathway
by which domestic genes can be ntroduced into a wild population in a short period of

time and prior to the removal of those genes by natural section during the marie phase.
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Both Skaala et al. (2006) and Bourret et al. (2011} have found evidence of temporal
changes in the genetic structure of wild Atlantic salmon populations that may have

resulted from reproduction in the wild with domesficated lmes.

10.4.3 Potential Effects of Growth Hormone Transgenesis
on the Capacity of AAS to Reproduce and Establish and
Spread in the Receiving Environment

Though growth hormone transgenesis may diminish the reproductive fitness of AAS, it
is nof expected o prevent it from reproducing suceessfully with an apprapriate
conspecific.

All studies investigating the reproductive performance of growth enhanced transgenic
salmonids have been conducted in physically contained semi-natural arenas and illustrate
the challenge of distingnishing between the effects of transgenesis, domestication and
rearing environment on reproductive fitness. Bessey etal (2004) fouad that both
growth-enhanced transgenic and cultured non—tmnsgexﬁe- coho salmon were
reproductively inferior to a line of conspecifics that were reared in the wild, but spawned
in a hatchery for stocking purposes, but could not separate the effects of domestication
and transgenesis. Fitzpatrick et al. (201 1) found the reproductive fitness of transgenic
coho to be less than that of cultured coho, which was in turn, inferior fo that of wild
salmon. However, the author’s stress that the response of wild-reared fish to a transgene
may differ significantly from to that of cultured salmon and that a complete
understanding of gauatﬁp e-by-enviromment interactions for reproductive phenotypes is
needed. Morean et al. {2011) conducted a series of experiments comparing the
reproductive success of AAS sexnally mature adult males and sexually mature male parr
(both from a cultured line) with wild adult males captured from the wild and wild matare
parr that had been reared to maturity in a hatchery. The trials indicated that, with regards
to reproductive success, non-transgenic males were superior to male AAS both as adults
and parr. Again, it is difficult to separate the effects of the transgene and domestication
on the performance of AAS; however the experiments do demonstrate that AAS males

are capable of reproduction in the wild. The authors also acknowledge that the
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phenotypic expression of the opAFP-GHc2 construct in the natural environment and in a
wild genetic background may be very different from that observed under experimental

comditions.

Consequently, though growth enhanced transgenesis is likely to be a negative effect on
the reproductive fituess of AAS, it does not preclude reproduction in the wild. Further,
how the opAFP-GHc2 construct will affect the fitness of wild Atlantic salmon, should it

be introduced to populations in the wild, is largely unknovwm.

10.4.4 Potential for Diploid AAS fe Reproduce and Establish
and Spread in the Receiving Environment in PET

Though many of the rivers on PEY no longer support viable Atflantic sabinon
poprlation, several rivers within the region do support sizable runs of Atlantic salmon
and could provide snifable habitat for the reproduction, establishment and spread of
AAS. However, the small number of AAS housed at the facility in PEI may be limiting.

In order for AAS fo reproduce, establish and spread in the receiving environment, it must
first survive long enough to reproduce; either as a sexuvally mature adult or as a sexually
mature male parr. It must then be able fo successfully reproduce, in a suitable freshwater
habitat with a suitable mate, Establishment of the AAS genotype in the wild will depend
partly on the fitness of AAS descendants in the wild (which is largely unknown) and
partly on the propagule pressure or frequency of release from the point of enfry; the latter
being recognised as a predominant factor in the establishment and spread of invasive
species (Lockwood et al. 2005; Colautti et al. 2006; Bennett et al. 2010).
|
O
D | Dhe number of triploid fish reared at the facility may vary
from year to year depending on research needs | N ENENGGNGGGGGGEGGEEGEEEEEEEEEE
I Since these fish are triploid and ﬁmcﬁonaiiy sterile,

they pose no threat of exposure throngh reproduction or establisliment. The majority of
fish reared at the facilify in PEI will be dipleid and fertile and | NRGEG_G_
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RPN il all be required to meet production
needs in Papama, maintain brood stock and perform research and development. The
estimated number of post-embryonic, fertile AAS to be reared at the facility in any given
. |

As indicated in: section 9.3.4., AAS pametes, eggs, aleving and fiy are not expected to
survive in (he saline environment of Bay Fortune and pose no threat of exposure through
reproduction or establishment. Consequently, the potential for exposure resulting from
reproduction and establishment will only be considered for AAS parr, 'smolts, post-smolts
and adults. '

16.4.4.1 Reproduction, Establishment aﬁd Spread of AAS Diploid Parr

Exposure resulting from the reproduction, establishnient and spread of fertile AAS
parr in the Fortune River is expected to be pegligible. The availability of peer reviewed
date describing the reproductive requirements of Atlantic salmon, information about
the physical parameters of the receiving environment, history of Atlantic salmon
introductions and detailed information regarding plysical confinement and potential
propagule pressure; result in an assessment that is highly certoin.

As indicated in section 9.3.4.4., AAS parr entering Bay Fortune have the potential to
survive, though any unintentional releases are expected to be very small and very
infrequent (i.e. negligible). If any AAS parr are accidentally released, and are able to
acquire the resources needed to persist for an extended period of time, there are two
alternative life-listory strategies it could follow to reproduce; it could remain in the
Fortune River watershed and become sexually mature as either a parr (males only) or an
adult, or it could migrate to the marine environment as a smolt, eventually refumnmng fo
freshwater as a sexually mature adult (Moreau 2011; Saunders et al. 1998). The former
strategy will be addressed in the current section. The latter strategy will be addressed in
the following section (9.4.4.2.) which looks at the reproduction, establishment and spread

of smolts, post-smokts and adult AAS.
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If AAS were to remain in the Forfune River watershed, there is curvently no established
population of Atlantic salmon and past attempt to re-establish salmon in the river have
failed (Cairns et al. 2010). Though populations of rainbow trout and brook trout
(Salvelinus fontinalis) may be present in the watershed (p. 499), these species do not form
viable hybrids with Atlantic salmon (Chevassus 1979). Chance meetings may occur
between AAS and adult Atlantic salmon strays that are occasionally observes entering in
the Fortune River from other systems (Cairns et al. 2010) however, such events are
expected to be extremely yare. The co-oceurrence of more than one AAS in breeding
condition is also expected to be rare given that propagule pressure is expected to be
greatly limited by physical confinement measures at the PEI facility. Fowever, if such an
event did occur, successful reproduction is unlikely given the behavioural anomalies
associated with domestication (section 9.4.2) and a habitat that is no longer suited for the
reproduction and establishment of Atlantic salmon (Cairns et al. 2010; Gunignion 2009).
To give the latter point some context, ducing the 1920s; 30s and 40s, nine separate -

introductions of Atlantic salmon, tanging from 15,000 to 60,000 fry, were made to the

Fortune River without success (Caims 2010). JIIINGGNGNGEGEGEGGGEN
T : .11y given vear; resulting in a potential propagule

pressure that is relatively small.

Consequently, exposure resnﬂti11g from the reproduction, establishinent and spread of
fertile AAS parr in the Fortune River is expected to be negligible. The availability of
peer reviewed data describing the reproductive requirements of Aflantic salmon, ‘

information about the physical parameters of the receiving environment, history of

Atlantic salmon introductions and detailed information regarding physical confinement

and potential propagule pressure; result in an assessment that is highly cerfain.

An alternative to reproduction and establishment in the Fortune River would be to
migrate into the marine environment as a smolt and return to a pearby freshwater system
as a sexually mature adult. It is unknown if AAS that are accidentally released from the
PFI facility will be able to sustain the rate of growth experienced while inside of the
facility. Under conditions of low food availability, AAS growth may be restricted
(Sundstrom et al. 2007) and parr may take longer to develop into smolt than has been
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observed for AAS relatives under hatchery conditions. Then again, wneaten food that
exits from the facility as part of its effluent at the point of entry may provide sufficient
nuirition to allow AAS pair to grow quickly and reach the smolt stage prior to the end of
summer {Saunders et al. 1998). Consequently, there is a possibility the AAS parr
entering the environment will be able to reach the smolt stage and migrate to the marine
enviromnent. The possible fate of AAS smolis that enter the marine environment is

considered in the next section.

16.4.4.2  Reproduction, Establishment and Spread of MS Diploid
Smolts, Post-smolts and Adults

Exposure that conld resulf from the reproduction, establishinent and spread of fertile
AAS smoits, posi-smolts and adults that disperse from the Fortune River watershed
into the marine environment is ranked as moderate fo high. However, limited
knowledge regarding the fate of AAS, AAS relatives and Atlantic salmon in the marine
eavironment resulf in an assessment that is reasonably pnceriain.

Factors contributing to the swrvival of Atlantic salmon in the marine environment are
likely to be complex. In addition to influences within the marine enviromment, processes
at play in the freshwater and estuaiine {transitional) life-history stages may also have a
consequence on marine morfality (Pofter et al 2003; Jonsson and Jonsson 2004; Sheehan .
etal 2012). Hutchings and Jones (1998) found that average estimates of survival wild
Atlanfic salmon from the smolf stage to adults returning after a single winter af sea
(grilse) to vary from 1% in Iceland to 7% in Newfoundland and 13% in the Maritimes.
The likelihood of survival is expected to increase as fish become larger and are less
susceptible to predation (Jonsson aﬁ(i Jonsson 20045.

As indicated in sections 9.3.2 and 9.3.4.5., the process of domestication is likely to
reduce the capacity of AAS to survive in the marine environment, but does not
completely prevent them from surviving, dispersing over long distances and ascending
rivers to spawn,. Though the Fortune River may not be ideal for reproduction or
establishment of AAS (section 9.4.4.1) other rivers that are nearby, such as the Morell

and the Cardigan rivers on PEI, or the Miramichi River in New Brunswick and the
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Margaree River in Nova Scotia, would provide suitable spawning habitat and plenty of
Atlaatic salmon to mate with.

As indicated in sections 9.4.2 and 9.4.3, domestication and growth enhanced transgenesis
are likely to have a negative effect on the capacity of AAS to reproduce in the wild.
However, several studies have also conchude that natural reproduction of domesticated or
transgenic Atlantic salmon is possible and, in some cases, the genetic effects of
introgression between domesticated and wild populations of Atlantic salinon have been
observed. Given the robust physical containment at the PEI facility, propagule pressure
from accidentally released AAS is expected to neghgible. However, the result of a
successful natural reproductive event between a wild Atlantic salmon and an AAS is, at
this point, impossible to predict since the phenotypic expression of the opAFP-GHc2
gene construet has never been observed in the wild. The fitness of AAS conceived and
reared in the wild will likely be significantly different from that of an AAS reared under
hatchery conditions and its capacity to become asmbliéhe(i and spread in the wild cannot
be predicted at this time. Therefore, just as the potential smrvival of wild Atlantic salmon
in the marine environment is difficult to predict, exposure resulting from the
reproduction, establishment and spread of fertile AAS smolts, post-smokts and adults that
may eater the environment and disperse from the Fortune River watershed is also

difficult to predict,

Consequently, exposure that could result from the reproduction, establishment and spread
of fertile AAS smolts, post-smolts and adults that disperse from the Fortune River

watershed into the marine environment is ranked as moderate to hich. Limited

knowledge regarding the fate of AAS, AAS relatives and Atlantic salmon in the marine

envirpnment result in an assessment that is reasonably uncertain.
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10.4.5 Potential for Triploid AAS Females to Reproduce and
Establish and Spread in the Receiving Environment in
Panama

The likeliliood of exposure resulting from the reproduction, establisiment and spread
of AAS in Panama is expected to be negligible. The availability of peer reviewed duta
describing the effectiveness of sterilization using induced triploidy and the gffectiveness
of generating all-female stocks, as well as detailed information about the physical
paramelers of the regional environment, resnlt in an assessment that is hig, By certain.

I 100% of all AAS shipped to the facility are indeed female, there will be no opportunity
for reproduction since no Atlantic salmon 1nales will be present ins the Caldera River or
the Chiriqui watershed. Aflantic salmon females do not hybridize with rainbow trout or
any other species that is endemic to, or has been iﬁtz'odﬁceﬁ o the.regian, Ounly AAS
eggs that are sterile and female will be shipped ﬁnm_ﬂle facility in Canada to the facility
in Panama. Sterility is achieved through a standardized process of triploidy induction in
which eggs are subjected to high pressure (9500 -psi} shortly after fertilization, usinga
protocol that is 95 to 100% efficient. All-female stocks are achieved through the process

of aynogenesis followed by indiredt feminization, using a protocol that is 100% efficient.

Should AAS enfer the enviromuent in Panama, local conditions in the Caldera Raver are
fikely suitable for the survival of AAS (section 9.3.5). However, sterile individuals will
not be able to reproduce and exposure will be limited to the lifetime of the organism. In
fhe rare event of a fertile AAS being released (a fertile individual may result from failure
of the sterilization process), it would still not be able fo reproduce since there are no male
Atlantic salmon present in either the Caldera River (or any other river in the region) with
which it can mate. Rainbow trout (Oncorfiynchus mykiss), a close relative of Atlantic
salmon (Salmo salar) are known to have established populations in tlie Caldera River, but
cannot form viable hybrids with Atlantic salmon. Consequently, exposute to fertile AAS
females that may enter the environment in Panama will also be limited to the lifetime of

the organism.
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As indicated in section 9.3.6, opportunity for the dispersal of AAS away from
AquaBounty Panama facility is also extremely limited. The dispersal of any AAS that
are accidentaily released from the facility in Panama will in all likelihood be restricted to
the upper reaches of the Caldera River and there is no chance of dispersal to Canadian
territorial waters. Consequently, the likelihood of exposure resulﬁng from the
repreduction, establishment and spread of AAS in Panama is expected fo be négﬁgible.
The availability of peer reviewed data describing the effectiveness of sterilization using
induced triploidy and the effectiveness of generating all-female stocks, as well as detailed
information about the physical parameters of the regional environment, result in an

assessment that is highly certain.

10.4.6  Potential for Triploid AAS Female Embryos to
Reproduce and Establish and Spread in the Receiving
Environment during Transport

The likelihood of exposure resulting from the reproduction, establishment and spread
of AAS embryos that may enter the environment during irausport from the facility in
PEF to the facility in Panaina is expected to be pegligible. The availability of peer
reviewed data describing the effectiveness of sterilization nsing induced triploidy and
the physical requirements and tolerances of AAS and Atlantic salmon enibryos,
information abont the physical parameters of the receiving environment and details
regarding physical containment during transport result in an assessment that is highty
cerfain.

Ag indicated in sections 9.2.4 and 9.3.7, the likelihoods of AAS embryos entering or
surviving in the environment during transport are both negligible. This will preclude any
chance of AAS eggs that may enter the environment from reproducing or establishing a
viable population. The chances of this happening are further diminished by the process
of induced triploid which will render a minimum of 95% of the eggs sterile.
Consequently, the likelihood of exposure resulting from the reproduction, establishment
and spread of AAS embryos that may enter the environment during transport from the
facilfty in PEI to the facility in Panama is expected to be pegligible. The availability of
peer reviewed data describing the effectiveness of sterilization using induced triploidy

and the physical requirements and tolerances of AAS and Atlantic salmon embryos,
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information about the physical parameters of the receiving environment and details
regarding physical containment during fransport result in an assessment that is highlv

cerinin.

by,

0.5 The Potential for the Disposal of AAS Carcasses in
Canada to Act as an Expasure Pathway

Based on the information provided in the regulatory submission for AAS, DFO is highly
certain that the proposed methods of disposal of transgenic AAS eggs and carcasses will
not allow the release in the environment of the organism, it genefic tnaterial, and

material from the organism involved in toxicity.

In their submission, ABC have included a standard c)pem%in'gpmce&ure {SOP) for the

disposal of transgenic and / or bio-hazardous Wﬁéfe, which includes dead eggs, alevins,

fry, patt, smolt, and adult fish EEEEG_—_—_—— .
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The New Substances Notification Advisory Note 2010-02 explains the meaning of the
word “organism’” as referring to a living organism that is not a micro-organisnx. AAS
meets this definition. The SOP is stipulating that no living transgeaic or bio-hazardous
waste will leave the facility (reference to “carcasses”, whether or not the materials to be
disposed have been frozen or not). Consequently, if disposal is undertaken —
D - (o transgenic waste, including AAS eggs and dfca@u‘c_zﬁa.se,s.z to
be transported and disposed of does not meet definition of “organism” and the condition
in paragraph 2{4)(a) of the Regulations would be met.

The New Substances Notification Advisory Note 2010-02 explaing that f“fhe genetic

wmaterial of the organism means:

1) nucleic acids that ave contained within living cells capable of surviving long enough m
the environment to come into contact with a sexually compatible cell that may result in

the reproduction or propagation of the organism or a hybrid;

it) mucleic acids, whether contained within living or dead cells, may autonomously
increase the mobilization of a novel combination of genetic material or that have been

genetically engineered to increase their potential for mobilization; or

iii) nucleic acids, whether contaimed within living or dead cells, are of unknown fanction
and that are associated with a micro-organism strain known to be pathogenic, mcluding a

VTS,

The DNA of AAS does not meet the criteria deseribed vader b(i), (1) and (i) and as a
consequence do not require full containment and may be disposed of in compliance with
municipal waste disposal standards and practices. Milt and eggs of freshly euthanized
transgenic AAS might be partially meeting criterion b(i) for a short period; however, in
order for the successful reproduction and propagation of AAS or AAS hybrids, mediated

by these gametes, a series of sequential extremely low-probability events must occur
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successfully, including survival of the gametes, contact and fertilization of sexually
compatible gametes, survival of the ferfilized egg(s) to hatching, survival of the alevins,
and development into the mobile stages of the life cycle, and closing the cycle by
reproduction. Althongh the likelihood of snccessful completion of all steps extremely
low, it could not be ignored.  However, as mentioned earlier, (ABT 2013,
T - tiiove will be no living {ransgenic Organisins, iucmding gametes that
may result in the reproduction or propagation of the organism or a hybrid.

‘The New Substances Notification Advisory Note 2010-02 explains that “material ﬁ'éﬁm
the organism involved in foxicity” refers to a substance that is prodoced by the Organism
at a concentration or in a quantity that is greater than that known to be produced naturaily

by the organism whete the substance is:

i) released in an amount capable of causing death or harm when introduced into or

absorbed by another organism; or

ii) released in an amount capable of interfering with biological processes when
introduced into or absorbed by other organisms and capable of causing ecological effects

at the population level.

The two disposal methods proposed by ABC and prescribed by I NEEREG_
I il adequately deactivate any biologically active substances that might be

present in the carcasses of the AAS to be disposed.

Consequently, exposure resulting from the disposal of AAS carcasses in Canada is
expected to be pegligible. Detailed information provided in the regulatory submission
regarding the proposed methods for disposal of transgenic AAS eggs and carcasses and
definitions of “living organism” and “material fron: the erganism involved in toxicity”
provided under the NSNR (O) make this assessment highly certain.

273



6346

6847
6848
6849
6850
6851
6852
6853
6854
GBS
6856
6857
6858
6859

6860
6861
6862

6863
6864
6365
6366
6367
GB68
6869

6870
| 6871
6872
6873
6874
6875

DRAYFT FOR PEER REVIEW PROTECIED B

10.6 Assessment of Exposure

A final ranking for expesuk will require consideration of multiple elements related to the
biological, geographical and physical containment of AAS, including a variety of
pathways that determine the entry and fate of AAS in the Canadian environment. In '
miany cases, the significance of one element will be limited by, or dependent on, another.
For example, survival or reproduction in the Canadian environment will be dependent on
entry into the Canadian environment. Similarly, entry into the Canadian environment
will be dependent on the likelihood of physical contanument failire. When elements are
dependent, the final m:nking for exposure is the ranking associated with the deternvining
element. When events are independent from one another, it is value of the highest
ranking element that ultimately determines the exposure outcome and final ranking. The
overall uncertainty ranking associated with exposure i¢ that associated with the element

that determines the final ranking.

10.6.1 Expected exposure of AAS to the Canadian
environment resulting from proposed activities at the
Sacility in PEI, Canada

Exposure of AAS to the Canadian enviromment resulting from proposed activities at the

facility in PEI, Canada is expected fo be negligible, with high certainty.

The AquaBounty facility in PEI is located well within the natural range of Atlantic
salmon, making it reasonable to assume that if AAS were 1o be released info the
environment under favorable circumstances, there is a possibility for it to survive. Since
the majority of fish housed at this facility will be fertile diploids, it is also reasonable to
assume that any AAS surviving in the environment may be able to reproduce and
establish viable populations in the wild. However, the likelihood of significant exposure
resulting from the survival, reproduction and establishment of AAS that may enter the
environment is highly speculative, given our limited knowledge regarding its

invasiveness. Accordingly, AquaBounty has focused its efforts on ensuring that AAS
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raised in its facility on PEI do not enter the environment, effectively precluding their
ability to be invasive in the Canadian environment. As summarized in Table 10-3,
though the likelihood of exposure resulting from the release of AAS at later hife-stages
may be, with reasonable uncertainty, high, the likelihood of both entry and survival info
the environment is negligible with high certainty for all life-stages present in the facility.
AguaBounty has achieved this level of physical containment using redundant mechanical
bazriers (o N =1 significant
operational oversight fo ensure that all aspects of physical containment are ;Jmperly
applied, maintained and monitored. Consequently, exposure of AAS to the Canadian

enviromment resulting from proposed activities at the facility in PEL, Canada 1s expected
to be negligible, with high certanty.

‘Table 10-5 Smmmary of multiple dependent and independent exposure estimates
that were consolidated to provide an overall estimate for expected exposure of AAS
to thie Canadian environment resulting from proposed activities at the facility in
PEI, Canada

°| Bkelihoed of exposire

N oversli exposure
ra ﬁ'w 1o exposure {mcertainty) {uncertainiy)
Acute eutry resulting from natoral event gfg;%;’izmiﬂ) Ezg;;ﬁg;bé:mm)
. e ey negligible negligible
Acute entry tesplting from security violation (highly certain) (highly certain)
ents low
Chronic exposare of Y (reasonably uncertain)
gametes e negligible negligible
Smwmi {highly certain) {highly certain}
negligible
Chropie exposure of entry {highly cestnin)
embryos S negligible negligible
survival (highly cestain} {highly certain}
uneghigible
: entry : .
. o (highly certain)
Chronic exposure of fiy el negligible neglizible
{highly certain) {highty certain}
cntx negligible negligible
Y {highly certain) (highty certain)
Chronic exposure of . P high
pase - survival and dispersal (highly certain)
. negligible
reproduction (as pare) Gv{gg!z%;r certait)
ent neghigible negligible
Chronic exposure of i (highly cextain} (highly certain)
smolt val high '
SUEVIVA (highly certain)
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P athvesy fo ExpoSIrE " Heltiood of skposure | overallexposure
FPathway to exposure . (uucertainty) . | (incerkainky)
. high
dispersal {reasenably wneertain)
reproduction , moderate fo high
establishinent and spread | (reasonably uncertain)
ent negligible neghigible
ey (highly certain} {(highly certain}
ival high
Clmonic exposure of SOTVEY {reasonably certain)
oat-smolts and adults i
F dispersal high .
{reasonably uncerfain}
repraduzction, moderate to high
establishment and spread | {reasongbly voceriain}
Expected exposure of AAS to the Canadian environment vesulting from negligible -
proposed setivities at the Facility in PEL, Canada fhighly certaln)

10.6.2 Expected exposure of AAS to the Canadian
environment resulting from proposed activities at the
Jacility in Chiriqui, Panama

Exposure of AAS to the Canadian environment resulting from proposed activities at the

facilify in Chiriqui, Panama is expected to be geghgible, with bigh cerfainty.

The AquaBounty facility in Chiriqui, Panama is located well outside the natural range of
Aflantic salmon, near the equator and approximately 5900km from the territorial waters
of Canada. In addition to this significant geographical barrier, AquaBounty has
implemented extensive physical containient provisions in the form of redundant

mechanical beviers (- '

biclogical confainment provisions in the form of female only, sterile triploid production

“stocks. Table 10-6 summatizes the multiple dependent and mdependent exposure

estimates that were consolidated to provide an overall estimate for expected exposure of
AAS to the Canadian envitonment resulting from proposed activities at the facility in
Chiriqui, Panama. Though physical containment at the facility is robust, operational
oversight may not be as thorough as practiced at the facility in PET and it cannot be

concluded with high certainty that AAS will not enter the environment in Panama.
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Table 10-6 Summary of multiple dependent and independent exposure estimates
that were consolidatedd to provide an everall estimate for expected exposure of AAS
to the Canadian environment resulting from proposed activities at the facility in

Chiriqui, Panamn

Patuway loeposure Bkelihood of exposure
Falinyay 1o exposure A (uncertainty)
. low
Acute release resulting from natural event .
{reasonably certain)
” ) e ey neghgible
Acute release resulting from security violation (reasonably cerfain)
T low
Chronic release {reasonably certain)
survival at the point of entiy (high certainty)
e NP negligible
dispersal from the point of ent;y (high certainty)
L . ‘ . negligible
reproduction, establishment and spread (high certainty)
Expected exposure of AAS to the Canadian nesliible
envirenment resulting from proposed activities at the (hig igl certain)
facility in Chiriqui, Panama gnly

Also, because of its remote location, there is only limited historical information regarding
the possibility of natural events that may compromise physical containment. Regardless,
regional water temperatures that are above the tolerance for smvival of Atlantic salmon |
are expected to restrict any AAS that may be released, to the cooler headwaters of the
watershed that are found only af higher elevations. Further, high water temperatores at

the equatorial region of the Pacific Ocean will etfectively prohibit any AAS from

reaching the Canadian enviromnent. Female only, sterile triploid stocks will limit
exposure in the local, Panamanian enviromment fo the natural litetime of any fish that

may escape. Consequently, exposure of AAS to the Canadian environment resulting

from proposed activities at the facility in Chiriqui, Panama is expected to be pegligible,
with high certainty.

10.6.3 Expected exposure of AAS to the Canadian
environment resulting from proposed transport between the
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facility in PEI, Canada and the facility in Chiriqui,
Panama

Exposuore of AAS fo the Canadian environment resulting proposed transport between the
facility in PEL Canada and the facility in Chiriqui, Panaia is expected to be negligible,

with high certainty.

During transport between AquaBounty facilities in PEI and Panama, sterile triploid, all-
female AAS eyed eggs will be will be securely packaged and labeled and sealed for
shipping and will fravel a route that rarely intersects with habitat suited to the survival of
Aflantic salmon embryos. The likelihoods of entry into the envirénmént, survival in the
receiving environment, and capacity of AAS to reproduce and establish in the receiving
environment are all expected to be negligible with high certainty. Consequently,
exposure of AAS to the Canadian environment resulting from proposed methods of

disposal for the disposal of AAS carcasses is expected to be pegligible, with high
certainty.

10.6.4 Expected exposure of AAS to the Canadian
environment vesulting from propesed methods of disposal
Jor the disposal of AAS carcasses

Exposure of AAS to the Canadian environment resnlting from proposed methods of

disposal for the disposal of AAS carcasses is expected to be pegligible, with high

Since 1996, AquaBounty has been disposing of carcasses, eggs and gametes in a manner
that is subject to provincial and federal regulations. The proposed methods of disposal of
transgenic AAS eggs and carcasses will not allow the release in the environment of the
organism, its genetic material, and material from the organism involved in toxicity. In
addition, dead AAS eggs and carcasses do not meet the definitions of “living organism”

and “material from the organism involved in toxicity” provided under the NSNR (O).
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Consequently, exposure of AAS to the Canadian environment resulting from proposed
methods of disposal for the disposal of AAS carcasses is expected to be peglisible. with
high certainty. -

190.6.5 Summary and overall assessment of AAS exposure to
the Canadian environment resulfing from the specified
activities

Since AAS ate not expected to enter the Canadian environment or survive at the point of

enfry, exposure to the Canadian environment is expected fo be negligible. This
assessment is made with high certainty given the detailed information available on

facility design, containment features, water treatment, SOPs, internal compliance

documentation and information related to the frequency of past contarament fadures. In
addition, the availability of peer reviewed data describmg:the physical requirements and
tolerances of Atlantic salmon and deta_iiec’i mformation about the physical parameters of

potential receiving enviromments also contribute to an assessment that is highly certatm.

The activity that has been proposed by AquaBounty, to commercially produce triploid
female AAS eggs at its land-based aquaculture facility in PEI for export to a land-based,
grow-out facility in the highlands of wesfern Panama, will not result in the presence of
AAS in the Canadian environment.

AAS will be restricted to only the facilities described in the notification, which have
adequate and redundant mechanical barriers and operational procedures to ensure
physical containment. Regulatory oversight is also in place to ensure that adequate
provisions for physical containment of AAS are in place and will continue to be
maintained. Both facilities are sited in locations and constructed to standards that prevent
the unintentional release of AAS that may result from naturally occurring catastrophic
events and reasonable security is in place to prevent unlawful entries that may result in
theft or damage fo property and could potentially result in an unintentional release of

AAS. In the unlikely event of a physical containment failure in Panama, biological
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containment measures {sterile, all-female stocks) and physiological barviers (lethal
regional water temperatures) will restrict AAS fo the upper reaches of a local watershed,
prevent the establishment of a viable population (limiting exposure to the organism’s
iifetime) and prevent dispersal of AAS from the point of entry into the Canadian
environment. In the uplikely event of é physical containment failure in PEL physiological

barriers (salinity) will prevent the survival of AAS at early stages of development.
AquaBounty has provided well-defined parameters for the scope of their activity, as
described above. The proposed parameters (mmechanical, physiological and reproductive

confinement} are considered sufficient to mininize the potential for éxpeﬁure_

Therefore, since AAS are not expected to enter the Canadian environment or survive at

the point of entry, exposnre to the Canadian environinent is expecled to be negligible.

This assessment is made with high ceitainty given the detailed information available on

facihty design, contamment featiwes, water treatment, 80Ps, internal compliance

documentation and information related to the frequency of past containment failures. In
addition, the avdilability of peer reviewed data describing the physical requirements and
tnlemnées of Atlanfic salmon and detailed information about the physical parameters of

potential receiving environments also confribute to an assessment that is highly certain.
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11 HAZARD ASSESSMENT |
11.1 Indivect Human Health Hazard Assessment

The indirect human health hazard assessment considers only human health hazards that
could result from environmental exposure fo AAS such as through activities iﬂciﬁ'ding
recreational swinuning or fishing. As such, nunan health hazards related to the
consnmption of fish as food are not the subject of the cwrent indirect hﬁﬁxan health risk
agsessment. Fuman health hazards associated with occupational exposure to AAS are not
considered in the indirect human healfh risk assessment either, however, the prevalence, '
nature and severity of adverse effects resulting from oecupational exposure provide a
valuable indicator of potential buman health hazards from environmental exposure to
AAS.

The objective of the indirect human hazard assessment is to characterize the nature, and
severity of potential harmful effects that AAS may cause to humans in Canada if they
were to be exposed as compared to wild Atlantic salmon. Although the indirect human
health hazard assessment does not integrate exposure considerations per se (ilas is done
in Section 12.1 Indirect Human Health Risk Assessment), the characterization of human
health lazards is limited to those effects that would be realized as a consequence of
dermal or aerosol exposure.
Three endpoints are addressed in this section:

s Potential human toxicity of AAS

» Potenﬁal haman allergenicity of AAS

¢ Potential to act as vector for buman pathogens
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Tnt general, the final hazard rank associated with these three endpoints is assigned in
accordance with the prevalence, nature and severity of potential effects, the availability of
prophylactic treatments and the potential for community-level effects as owtlined in Table
8-3. Elements of uncertainty are elaborated throughout the human health hazard
characterization for each endpoint with a final uncertainty ranking assigned in accordance
with Table 8-7. '

11.1.1 Indirect Human Health Hazard Chamcﬁeﬁmﬁeﬂ

11111 Potential Human Toxicity of AAS

There have been no reports of adverse human healih effects associated with toxins from
AAS despite long-term human occupational exposure to AAS. Based on BLAST searches
for mucleotide and amino acid sequence honology, the inserted sequence does not code
for any known toxins or proteins other than the _inteﬂdeﬂ growth hormone. We are not
aware of any endogenous toxins associated with Atlantic salmon. Triploidy, gynogenesis
and sex-reversal are not expected to alter indirect hnman health hazards of AAS. We
conclude with high certainty that the potential human health hazard associated with novel
or endogenous toxins from AAS is negligible. '

Under the NSNR(O) research and development Advisory Note, toxicity refers to “a
substance that is produced by the organism at a concentration or in a quaniily that is
greater than that known 1o be produced naturally by the organisni where the substaice is
(1) released in an amount capable of causing death or harnr whei introduced into or
absorbed by another organism or (3) released in an amount capable of interfering with
biological processes when introduced into or absorbed by other organisms and capable

of causing ecological effects at the population level” (EC 2010).

AquaBounty has indicated that no adverse human health effects related to AAS have ever

been observed in AquaBounty staff nor in individuals visiting the AquaBounty facilities
(ABT Telephone call Report 2013 May 23). Swnce 2000, IEENGNG_G_G_——
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AquaBounty staff has been occupationally exposed to all life stages of AAS in the
conduct of activities inclnding handling, husbandry, facility maintenance, clinical and
non-clinical studies, and the disposal of morbid and dead animals. In addition, a limited
numbet of other individuals (e.g. researcher, visitors, inspectors, veterinarians) have also
been exposed to various Jife stages of AAS (ABT 2013 p. 941).

To assess the potential for expression of a novel toxin resulting from the introduction of
the opAFP-GHe2 construct, we performed BLASTn and BLASTX searches {m the enfire

inserted sequence against the National Centre for Biotechnology Information (NCBD)
database to identify known genes and proteins respectively. _

5
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conclude with high certainty that the indirect huunan health hazard associated with novel

foxing in AAS is negligible.

There are no known unique indirect health hazards to humans posed by triploid,
gynogenetic, or sex-reversed fish. Whether sex-reversed fish exposed o 17a-
methyltestosterone could transfer nrethyltestosterone to hmmans through skin contact has
not been addressed. The level of methyltestosterone in fish skin post treatment relative to
pormal levels has not been well reported, but in musele of tilapia did not exceed
maxinmm levels observed in control fish (Khalil et al. 2011). As well, exogenous steroid
is generally absent by 10 days post exposure (Fagerlund and Dye 1979, 3§Ems’céne et al.
1983, Curtis et al. 1991), and therefore any potential indirect hazard is expected to be

extremely transitory.

There is no experimental evidence to indicate whether transgenesis may have altered
endogenons toxin production in AAS, however, a literature search did not reveal any
reports of endogenous toxims in Atlantic salmon. We conclude with high certainty that the

hazard associated with endogenous toxin production is negligible.

There is no evidence to suggest that the enhanced growth phenotype of AAS per se
would pose a toxicity hazard to hnmans from environmental exposure to AAS. No altered
behavioural characteristics in AAS as compared to non-transgenics have been reported by

AquaBounty that would pose a toxicity hazard to humans.

Given the evidence that there are no novel toxins and a lack of evidence for any toxins
associated with Atlantic salmon, we conclude with high certainty that the incremental

indirect human health hazard of AAS as conpared to wild fype is negligible.

11.1.1.2 Potential Human Allergenicity of AAS

Experimental evidence is highly uncertain as to whether endogenous allergen production

is altered in diploid or triploid AAS as compared fo wild type Atlantic salmon. However,
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even if endogenous allergen production were mcreased in AAS, based on the prevalence,
nature and severity of allergic responses to dermal and aerosol exposure reported in the
scientific Hterature, we conclude with reasonable certainty that the potential mereased
hazard to human health related to endogenous allergens in AAS triploids is negligible and
that related to AAS diploids is low. This conclusion is supported by the fact that there
have been 1o reported adverse human health effects associated with AAS, despite long-
tenm human occupational exposure. Based on BLAST searches for nucleotide and amino
acid sequence homology with known allergens, we conclude with high ceﬂaiﬂ?y thaf the
potential indirect uman health hazard associated novel allergens is negligible. Taken
together, the potential indirect human health hazard related to allergenicity is low with

reasopable certainty.

Fish is a common food allergy and is estimated to affect 0.4% of the population in the
United States (Taylor et al. 2004) with reactions usually occuring after consumption
(Onestmo et al. 2012). Seafood allergy is now a leading cause of anaphylaxis (Turner et
al. 2011). The three most common allergenic fish in allergy patients in a chinic in Texas
were reported to be tuna, catfish and sabmon (Khan et al. 2011). Sensitization through
aerosel and dermal exposure to fish protein allergens (Porcel et al. 2001) bas been
reported in occupational gettings (Jeebhay et al. 2001, Onesimo et al. 2012} as well as in
individuals with food allergy to fish (Tumer et al. 2011, Pitsios et al. 2010). The
prevalence of occupational asthma in fish processors due to aerosols from salmon was
reported to be 8% (Douglas et al. 1996). Rodriguez et al. 1997 report inducing asthma
due to specific bronehial challenge of salmon aerosol. Other cecupational allergic
reactions to seafood can manifest as thinitis, conjunctivitis, asthma, urticarial, protein
contact dermatitis and occasionally systemic anaphylactic reactions {(Jeebhay et al. 2001).
The prevalence of occupational dermatological allergy to bony fish (cod, coalfish,
haddock) in workers in the fish processing industry was reported to range fiom 3% to
11% (Jeebhay et al. 2001) but no data was available for occupational exposure to salmon.
The majority of skin reactions associated with dermatological allergy to seafood are
contact urticaria (hives) and eczematous contact dermatitis although in the more severe

form, local skin contact with seafood may result in generalised uriticaria or system
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angioedema or wheezing (Jeebhay et al. 2001). The development of contact dermatitis
usually requires disruption of the intact skin barsier and repeated skin contact (Jeebhay et
al. 2001). Thus, natare and severity of adverse effects in bumans related to dermal and
aerosol exposure of fish allergens reported in the literature are generally mild, consistent,

self-resolving and are without potential for cominunity-level effects.

As indicated in Section 11.1.1. of this document AquaBounty has indicated that 'ﬁo
adverse human health effects, including allergencity, related to AAS have mﬁer been
observed in AquaBounty staff nor in individuals visiting the AquaBounty facilities (ABT
Telephone call Report 2013 May 23).

AquaBounty has solicited external opinion from the Johns Hopkins University Schoof of
Medicine Reference Laboratory for Dermatology, Allergy and Clinical Tmmunclogy on a
BLAST analysis and immunochemical studies perfmméd by a third Party to assess the
relative allergenicity of edible tissue from diploid and triploid AAS compared to non-
transgenic Atlantic salmon (Hamilton 2010).

As indicated in Section 11.1.10f this docwmnent, we ran a BLLASTx search which
confirmed that the insert does not code for any protein other than the infended growth
hormone. Fish growth hormone protein (GH-1) occurs naturally in native salmon and is
not known to be a human allergen (Nakamura et al. 2009; Hamilton 2010). Hamilton
2010 concurs with the conclusions of the U.S Food and Drug Administration (USFDA
2010) that there are no potential allergen concerns identified with the salmon growth
hormone based on a search of the AllergenOnline Structural Database of Allergenic
Proteins for amino acid sequence homology. Sequence homology of greater than 35% i
a segment of 80 amino acids or more indicates that the protein is likely to be an allergen,
whereas a negative sequence homology indicates that the protein is not a known allergen
(Codex, 2003). Thus, with the negative results, we conclude with high certainty that the
inclirect human health hazard associated with the expression of novel allergens in AAS is
negligible.
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It is possible that transgensis could alter the expression levels of endogenous allergens
(Hill et al. 2000) although it has recently been suggested that the likelihood of
upregulating an endégenﬂug allergen due to transgenesis is no greater then from
traditional breeding which has a history of safety and is largely viregulated (Herman and
Ladics, 2011). '

Parvalbumin is reported to be a major allergen in Atlantic salmon (Lindstroem et al.
1996). Fish type-1 collagen has also been determined to be an allergen present in bigeye
tuna and is suggested to be m:mnéniy allergic regardless of fish species (Hamada et al,
2001). A qualitative SDS-PAGE and Western anaijsis of allergen extracts from AAS
identified a single band (M, ~11-12 kD) responsive to antibody against parvalbumin,

however, the potential presence of fish type-I collagen m AAS was not addressed.

A radioallergosorbent test (RAST) inhibition (RI) analysis of allergen extracts from AAS
muscle-skin from 6 diploid AAS, 6 triploid AAS and 6 pon-transgenic domesticated
Atlantic salmnon was commissioned by AquaBounty to determine relative allergenic
potency between these groups. AAS used in these treatment groups were not balanced for
gender or sexual maturity. This has no consequence for the purposes of the current
indirect lmiman health risk assessinent because environmental exposure to AAS, if they
were to escape, could be to either mature or inunature AAS of either gender reared at the
PEI facility.

When normalized vis-a-vis the mean potency for the non-transgesic control, relative
allergenic potencies for diploids and triploids AAS was 1,52 and 1.2 respectively. The
difference in mean potency as compared to domesticated non-transgenic controls was
statistically significant for diploids but not for triploids. No data was presented on the

comparative allergenic potency of AAS compared to wild Atlantic salmon.

AquaBounty asserts that the 52% (i.e. 1.5 fold) increase in allergenic potency observed in
diploid AAS compared to non-transgenic controls lies within the bounds of an equivalent

response for batch-wise, clinical safety testing for manufactured dust mite and grass

287



7218
7219
7220
7221
7222
7223
7224
7225
7226
7227
7228
7229
7230
7231
7232
7233
7234
7235
7236
7237
7238
7239
7240
7241
7242
7243
7244
7245
7246
7247

PRAFT FOR PEER REVIEW _ PROTECIED B

allergen vaccines for humans (0.5~ to 2.0-fold) (CBER 2000) and thus present no change
in risk to sensitising previously non-allergic consumers. However, in consultation Situ
and Lefebvre 2013, if was noted that the FDA determined that the 0.5-2.0 range is
inapproprtate for the interpretation of finfish allergen potency as this range is
standardised to dust mite and grass allergen vaccine lots (CBER 2000). Health Canada
and thie DFO are in agreement with the FDIA’s opinion. It is uncertain whether the 52%

increase in endogenons allergens in diploid female AAS will be biologically relevant n

the absence of historical controf data (e.g. RI analysis) fiom non-fransgenic salmon

DFO and others have identified a munber of uncertainties that Hinit dur ability to mferpret
the significance of potential hwunan health implications related to allérgenicity of AAS:

1. There were only 6 fish per test group employed in the RI assay. It is not clear to
what extent this limited number of domesticated confrol fish that were
employed would adequately represent the natural variability of allergen levels
in controls. It is known that the parvalb’umfﬁ content in most commounly
consumed fish species (salmon, trout, cod, carp, mackerel, herring, redfish and
tuna) may vary from several fold to one huadred fold { Kushn et al. 2010);

2. To assess indirect human health hazard from environmental exposure fo AAS,
the appropriate comparator would be wild salmon. I is not clear to what extent
the domesticated salmon coutrols that were employed would be representative

- of endogenous allergen levels m wild Atlantic salmon;

3. According to Hamilton 2010, the only definitive method for confirming no
heightened aliergenicity is with prospective monitoring of individuals who have
been exposed to AAS;

4, There 1s no consensus in the sc