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Abstract

Salmon aquaculture is the rearing of salmonids for commercial purposes. These practices are
typically carried out in saltwater farms located in coastal waters. The process of siting these
facilities requires identifying and selecting areas that are economically, socially and
environmentally suitable to locate them. Siting salmon aquaculture facilities has become a
controversial resource management issue in British Columbia (B.C.), where distance-based

criteria ultimately determine the location of these facilities,

This thesis focuses on providing insights and concepts to inform and examine the salmon
aquaculture facility siting process in B.C. It is argued that regulatory proc‘esses and outcomes
in the context of a new industry could respond to mechanisms and factors that shape
governmental agendas, illustrating ‘how policy can behave reactively rather than in a
précautionary manner. In this case, the outcomes of such reactive policies are reﬂectéd in
siting criteria that yield implicit environmental and socio-economic disadvantages and trade-
offs. This way, siting critegia derive from expert judgements based on best available
information while their associated uncertainties may lead to consider less-desirable sites
while underestimating or overestimating risks, and overlooking important regional
objectives, cumulative impacts and stakeholder values.

The thesis further suggests that the future evolution of the salmon aquaculture facility siting
process in B.C. could benefit from siting processes that have already been developed and
implemented by other sectors. Differeﬁt lines of reasoning that deal with processes of public
negotiétion, analytical decision-making and a systems’ approach ate explore.d as ways by

which the salmon aquaculture facility_ siting process could evolve in the future toward

creating more comprehensive policy.
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Introduction to the case
Chapter 1

1. Introduction to the case

Salmon aquaculture is the rearing of salmonids for commercial purposes. This research is
concerned with the grow-out phase of salmon aquaculture in British Columbia (B.C.), which
1s almost entirely carried out in saltwater farms located in coastal Waters.‘Siting criteria
ultimately determine the location of salmon aquaculture facilities. The focus of this thesis is

how such criterta have evolved and what they entail.

Siting refers to the process of identifying and selecting areas that are economically, soéially
and enviromﬁenta]ly suitable to locate certain types of facilities. In general, facility siting is an
exceptionally complex problem associated with new (and controversial) industries such as
salmon aqﬁaculture. In B.C,, siting fish farms has become an increasingly contentious issue

given the environmental, socio-economic and cultural contexts associated with the industry.

1.1. Context and need for the stildy

Siting salmon aquaculture facilities has become 2 controversial resource management issue in-
B.C. The federal and provincial governments introduced siting criteria several years after the
industry was established and duting a process of rapid expansion. Siting fish farms became
gfadually more complex from environmental and socio-economic perspectives as numerous
stakeholders reacted to this process. To date, there is no harmonization of siting criteria

between policy makers or agreement between stakeholders about their meaning.

Significant environméntal and soclo-economic concerns have created conflicts between
policy makets, resource users and other stakeholders. At the same time, conflicting interests
between levels of government have led to conflicting interpretations éf the criteria and
complicated the siting process. Therefore, the expansion of the sector has been limited
(assuming that salmon aquaculture is a viable Iindustry, capable of growth). The provincial

goverﬁment curtently seeks to make 'siting criterla more flexible while the federal

government does not want to relax regulations. Issues concerning the integration of
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biophysical, socio-economic, political and cultural components still need to be resolved.
Also, the lack of a clear procedure for making siting decisions and considering alternative

perspectives are important challenges.

The current salmon aquaculture siting criteria deal with biophysical aspects from the
perspective of how to avoid further environmental damage (e.g., sites should be located at
least 1 km away from salmon bearing streams) or with socio-economic questions from the
perspective of how to avoid further conflict with other resource users or stakeholders. These
criteria are fraught with disadvantages and implicit trade-offs that need to be clarified in

order to address the problem.

It is argued that the salmon aquaculture industry in B.C. 1s regulated by siting policy that has
responded to factors that shape governmental agendas. These factors describe how
regulations can behave reactively rather than in a precautionary manner. In addition, siting
policy has been designed under a sife—by—site approach. The outcome 1s reflected in criteria

that may overlook important regional objectives, cumulative impacts and stakeholder values.

1.2. Fundamental objective and research quéstions

The fundamental objective of this research project 1s to explore the salmon aquaculture
facility siting process to provide insights that clarify the evolution, determination and use of
siting criteria. Three research questions related to the aforementioned context are posed and

explained in the following sections.

12.1. How has salmon aquaculture siting policy evolved in B.C.?

This tesearch question arises from the need to understand how siting policy has originated
and evolved 1n the context of an industry that is relatively recent and whete initial planning

approaches neither projected an accelerated expansion notr conceived significant potential

tisks (which wete almost unknown in B.C. at the time when the industry was first established
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v

there). It is expected that examining the factors that shaped siting policy processes and

outcomes will offer insights for future policy decisions.

Chapter 3 .addresses this question in detail. First, section 3.1 propdscs a conceptual
framework comprised by mechanisms and factors that may shape policy in general.
Thereafter, section 3.2 delves into the different salmon aquaculture policy outcomes that
dealt with siting matters. Each policy outcome is analyzéd based on the proposed

framework.

1.2.2. What are the rationales, disadvantages and implicit trade-offs of siting
criteria? '

Understanding the rationales, disadvantages and implicit trade-offs behind the establishment
of siting criteria 1s important for informing future courses of action that are able to integrate
expert judgments, technical information and stakeholder values. Section 3.3 delves into the
origin, evolution, purpose and tadoﬁale of relevant criteria, placing emphasis on six out of a
total of fifteen existent siting criteria. Section 3.4 discusses some of the implicit
disadvantages concerned with the establishment of criteria and analyses some of the major

trade-offs associated with the buffers that constitute siting critetia.

12.3. How could the salmon aquaculture facility siting process evolve in
B.C.?

This research question is concerned with suggestions regarding how the current facility siting
process could evolve in the future toward creating more comprehensive policy. Facility siting
could be approached from different perspectives. Often, locating a fish farm in coastal
waters may only consider the perspective of how to find the most suitable site in terms of
fish production. However, because the real problem is much more complex (from
environmental and socio-economic petspectives), the facility siting process may also benefit,
for instance, from negotiation ot analytical decision-making processes. Chapter 4 suggests

and describes three processes that consider how salmon aquaculture facility siting in B.C.

could evolve.
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1.3. Research sequence and methods

A wvast literature review was conducted that included the most comprehensive official

document concerned with the salmon aquaculture industty in the province (i.e., the

Environmental Assessment Office Salmon Aquaculture Review), other studies that discussed
stakeholder perspectives on the industry (i.e.», Net Loss, Leggatt Inquiry) and the history of
the industry itself (1e., Sea Silver). This literature provided an overall introduction to the
salmon aquaculture situation in B.C. as well as an overview regarding some of the major

problems associated with the industry.

A particular case regarding siting criteria was identified from a GIS exercise performed by-
the Living Oceans‘Society (Leggatt Inquiry, 2002), where over 90% of salmon aquaculture '
sites located in the Broughton Archipelago (the most aquaculture-intensive region in the
province) were found to violate at least one criterion. The first two research questions of this

thesis emerged from this situation.

Two types of interviews were then carried out. The first set was undertaken with
government officials (policy makers) of the federal Department of Fisheties and Oceans and
the provincial Ministry of Agriculture, Food and Fisheries. The aim of these interviews was
to clarify the origin, evolution, purpose and scientific rationale (if aﬁ}r) behind siting criteria.
These interviews yielded information on policy outcomes concerned with siting mattérs,
perspectives regarding the role of siting criteria and important historical facts. A second set
of interviews was undertaken with individuals associated with the industry (le., Stolt Seav
Farm) and research organizations (i.e., Aquametrix and Living Oceans Society).' These
interviews were based on a questionnaire specifically developed to clarify their values and

interests.

A conceptual framework regarding the evolution of siting criteria was developed based on

factors that may play a role in the setting of agendas, which is the means by which 1ssues get

typically addressed from a policy-maker perspective (Kingdon, 1995). Inductive reasoning
concerned with the salmon aquaculture case strengthened this framework. An analysis

concerned with each siting policy document followed. The suggested factors weére then

4
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applied to each policy outcome, including a general and a more detailed analysis with respect
to six relevant (and controversial) criteria. The disadvantages and implicit trade-offs

associated with siting criteria were also deduced.

Finally, as a response to the research outcome and analysis from chapter 3, a new question
was posed concerning how the salmon aqua-culture facility siting process could cvolve in
B.C. Facility siting literature associated with other industries was analyzed to understand how
they had managed their siting issues. Important céncepts were identified in three different -

processes which could help the salmon aquaculture industry adapt its own siting process.

1.4. Outline of remaining chapters

The remainder of this thesis 1s comprised by four chapters. Chapter 2 provides an overview
of the history and evolution of the salmon aquaculture industry worldwide and in B.C. This
provides a description of historical and current production quantities and values, the overall
production process, alternative technologies, the regulatory framework in the province and
inherent risks associated with this _industrly. Moreover, an introduction is given to the facility

siting problem, comprised by its dimensions, objectives and typical mechanisms.

Chapter 3 introduces the conceptual framework on which the research is founded. Factoré
that have contributed to shape the evolution of salmon aquaculture siting policy are
introduced and a thorough analysis concerned with relevant siting policy outcomes in B.C. is
presented. Finally, the chapter explores the purpose, rationale, disadvantages and implicit
trade-offs regarding the establishment of siting criteria. Policy-maker and stakeholder views

on this subject are also presented.

Chapter 4 describes three processes that could be considered when thinking of how the
facility siting process could evolve 1n B.C. The first one refers to a public negotiation process
that has been previously used by other sectors. A second process approaches facility siting

from an analytical decision-making perspective to find best sites. Finally, a third process

examines fish farm sites as sub-systems that are embedded in and should adapt to broader
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and more complex systems. The chapter concludes with ideas toward integrating siting

perspectives to develop a more comprehensive facility siting process.

The fifth and final chapter provides general conclusions regarding the scope and outcome of
this research. Emphasis is placed on the three general resecarch questions. Additional

suggestions and recommendations with regards to possible future research steps are also

provided.
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2. Overview of the salmon aquaculture industry and the siting problem

This chapter provides a briéf review of the history and evolution of the salmon aquaculture
industry focusing on B.C. The first section discusses historical facts associated with the
growth and development of the industry at a global scale and in the province. The second
section provides an overview of the industry in B.C., placing emphasis on the production
process, current and alternative technologies, the regulatory framework and the risks that
have given rise to public concerns. The third section introduces the siting problem by
discussing its social and environmental dimensions, addressing important siting process
objectives and describing typical siting mechanisms. The chapter concludes with the lessons

learned throughout the three sections and their relevance to this project.

2.1. Origins of the salmon aquaculture industry ¢

\

The gc-;nesis of the aquaculture industry dates back to 4000 BC. Archaeological evidence has
shown that people of Mesopotamia reared fish in ponds at that time. Their techniques were
‘adopted and improved by other cultures including the Egyptians, Greeks and Romans
(Keller & Leslie, 1996). Moreover, cultures inhabiting the world’s eastern hemisphere also
developed sophisticated fish farming techniques during the same period of time. For
instance, carp are known to have been' spawned and reared about 5000 to 2500 years 2go In

China (Landau, 1992).

The term aquaculture has been subject to several definitions. Amongst the most common
ones are ‘“the large-scale husbandry or rearing of aquatic organisms for commercial

urposes” or “the art of cultivating the natural produce of water” (Landau, 1992).
purpose 2 P

¢

! An Egyptian bas-relief from 2500 BC shows men removing tilapia from a pond (Keller & Leslie, 1996).
7
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2.1.1. Contemporary salmon aquaculture history worldwide

In general terms, salmon aquaculture2 is the practice of raising salmon for human
consumption. The first endeavours to culture salmon intensively from juvenile stages to
cotn1nefcial distribution and marketing were carried out during the late 1960s and early
1970s. Norway pionecered contemporafy salmon aquaculture practices and successfully
harvested Atlantic salmon (Sa/no m/dr) since the early 1970s. Scotland took the lead in
salmon production during the first years of the indu_stry.3 However, since 1974 and until

most recent data (FAO, 2003), Norway has been the leading farmed salmon producer.

Several other nations entered the salmon aqudculture market during the following decade.
Global farmed salmon production surpassed 10,000 tonnes in 1981 and as technology,
farmed stock and feed quality continued to improve, production quantities grew
exponentially exceeding 200,000 tonnes by the end of the decade (Figure 2-1). Norwegian
production continued growing significantly and produced over 60% of the world’s farmed

Atlantic salmon until 1986 (45,000 tonnes).

Parallel to the Norwegian fish farming expansion during the 1980s, the industry also evolved
in Scotland, Chile and Canada (B.C. and the Atlantic coast provinces), and to a lesser degree
in the Faeroe Islands, Japan and the United States. Norway continued to be the most
important producer until Chile’s strong growth in farmed salmonid production during the
1990s. Chile’s production has impressively grown to the extent that farmed salmon
quantities have practically equalled those of Nommy.4 In recent years, Norway and Chile
together have accounted for over 70% of the wotld’s total salmonid production from
traditional floating marine net-cage systems. And together with Scotland, B.C. and the

Faeroe Islands, production rates account for over 90% of the world’s total production

2 The terms salmon aquaculture, salmon farming, finfish aquaculture and fish farming are used interchangeably
throughout this thesis. It is important to note that the term ‘salmon ranching’ refers to a different culture
method where salmon are released into the natural environment, followed by their entire development at sea,
and finally their subsequent retum to freshwater for harvesting.

> From 1970 and until 1973 Scotland produced 1074 tonnes of Atlantic salmon while Norway harvested 465
tonnes (FAQO, 2003). -

4+ Norway produced 509,000 tonnes of farmed salmon in 2001 versus Chile’s 503,000 tonnes duting that same
year (FAQ, 2003).
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(FAO, 2001). The remaining 10% takes place in Australia, France, Iceland, Ireland, Japan,
New Zealand, Spain, Sweden, Turkey and the United States (off the coasts of Washington

State and Maine).
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Figure 2-1. Worldwide salmonid production quantities by country (in metric tonnes), from
1986 to 2001 (FAO, 2003).

The industry in Chile grew to become the second largest producer of farmed salmonids, and
s a2 main actor in international markets for salmon and trout. Beneficial environmental and
social conditions have contributed to the achievements of the sector in that country. For
instance, Chilean regions where aquaculture has been developed are typically sheltered and
biophysically favourable. Moreover, the relatively low population density within those
regions, low labour costs, inexpensive feed based on locally-produced fish meal, and the
relatively few constraints that the government has placed to the expansion of the industry,
are all important factors that have largely contributed to such growth (Bjorndal & Aarland,
1999). In contrast, other jurisdictions with less favourable biophysical or socio-political

settings have developed the industry under more limiting conditions.
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Figure 2-2. Worldwide farmed salmonid production quantities by country (in %),” from 1986
to 2001 (FAO, 2003).

Atlantic  salmon  (Salmo  salar), Coho salmon (Oncorhynchus  kisutch), Chinook salmon
(Oncorbynchus tshawytscha), and Rainbow trout (Oncorbynchus mykiss) are the most important
farmed salmonid species. Atlantic salmon have become the preferred farmed salmonid
species in most jurisdictions throughout the world mainly due to market preferences and
cost advantages. In addition, Atlantic salmon are characterized by faster growth rates and a

greater tolerance to higher stocking densities (EAO, 1997a).

The global production rates of both Coho salmon and Rainbow trout have been quite
stmilar, with Rainbow trout production exceeding that of Coho salmon only recently.
Chinook salmon production has remained somewhat modest with respect to the other three
farmed salmonids on a global scale. For instance, in 2001, chinook production just reached

over 20,000 tonnes while almost 1,000,000, neatly 200,000 and 150,000 tonnes of Atlantic

salmon, Rainbow trout and Coho salmon were generated, respectively (Figure 2-3).

> Production of salmonids in this graph comprises the types of most typically farmed salmonids: Atlantic
salmon, Coho salmon, Chinook salmon, and Rainbow trout (Source: Fishstat-+, thid.).
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Figure 2-3. Worldwide salmonid production quantities by species (in metric tonnes), 1986 to
2001 (FAO, 2003).

At present, the aquaculture industry is characterized by global integration that has created
intensive market competition across borders and continents. The industry has been
influenced by an emerging international trend of organizational challenges. The extent by
which globalization has influenced the salmon aquaculture industry is quite remarkable.
Small-scale, locally-controlled farms have virtually disappeared while few multinational

. . . . (
corporations dominate the entire farmed salmonid marketplace.”

Furthermore, the value of salmonid production has exponentially increased to the extent that
the industry has become a multi-million dollar business (Figure 2-4). Altogether, current
production values exceed 3.5 billion USD (FAO, 2003). In B.C., salmonid production values
went beyond 250 million USD in 2001 (FAO, 2003).

¢ B.C.’s salmon aquaculture industry clearly illustrates this fact. By 1988 there were 101 companies operating in
the province (EAO, 1997a). Ownership of small farms shifted to larger corporations in subsequent years. A
total of 16 companies owned all sites that remained operating by 1997. Currently, three Norwegian multi-
national corporations (Stolt Sea Farm, PanFish and EWOS) together own 74 sites while the Dutch multi-
national Nutreco owns 15 sites. Norway and Holland account for two-thirds of a total of 135 sites that operate
in the province (LWBC, 2002; Living Oceans Society, 2003).
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Figure 2-4. Wotldwide salmonid production values (in thousand USD), from 1984 to 2001
(FAO, 2003). '

2.1.2. Salmon ;zquécu]turc history in British Columbia
The 1970s’

The salmon aquaculture industry was introduced to the province in the 1970s. The first

attempts to farm salmonids were undertaken by a forestry firm, Crown Zellerbach, in 1971. The
| company initiated an aquaculture project receiving federal and provincial government
approvals to farm Chinook salmon and hybrids of Rainbow and Steelhead trout. However,
the final permits were not granted and, because these species had been obtained from a
foreign hatchery, the federal Department of Fisheries and Oceans (DFO) ordered to depott

the fish. Soon after, the corporation shut down their initial test site.

DFO granted the first B.C. aquaculture license to Moccasin Valley Marifarms to site a farm
next to the Sechelt Peninsula in the Sunshine Coast by mid-1972. This local firm designed its

own net-pen technology and relied on Coho salmon eggs from government hatcheries,

7 This section draws heavily on Keller & Leslie (1996) for historical facts.
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because imported eggs were outlawed by the federal go&exnment at the time. Duriﬁg the
same year, a foreign-owned company, Union Carbide Canada Ltd., showed interest in
aquaculture investment and placed an order with DFO for several million eggs to be
delivered during the subsequent year. The provincial govermﬁent objected to this proposal

and decided not to issue a license. Union Carbide ended up cancelling their project.

There were ten more aquaculture licenses granted to both locally-owned and foreign
companies during the rest of the decade. Projects were attempted in multip“le locations along
the west and east of Vancouver Island,® as well as on several mainland inlets. Local species
(Chum, Sockeye and Coho salmon) were the first to be farmed. Chum and Sockeye were the
specialties of the federal Pacific Biological Station (PBS) at Nanaimo, B.C., who provided the
companies with hatchery eggs. Both species proved commercially unviable while Coho and

Chinook were prevalent until the introduction of Atlantic salmon in the following decade.

In summary, the major factors that made salmon aquaculture projects in the coastal waters
of B.C. unsuccessful during the 1970s were the failure to attract financial interest, lack of
governmental support, isolation of sites and deficient technology. However, an important

shift occurred during the following decade on all four matters.

The 1980s’

\

Regulations, foreign investment and production rates associated with the salmon aquaculture
industry in the province underwent considerable changes. Both the federal and provincial
governments began to make aquaculture policy more explicit in terms of permit and license
processes. The regulatory process became rather complex, requiring,farn;ers to obtain
licenses from DFO and permits from the then provincial Ministry of the Environment;
foreshore leases, environmental assessments and development plans. In addition, had any

other federal agency or provincial ministry with a stake in the evaluation process objected to

a certain application, it was likely to be derailed.

8 Interestingly, during the same decade and as part of a large project, the founder of a college in the northeast
of Vancouver Island encouraged the Nimpkish Indian Band of Alert Bay to acquire fish farming skills and
began growing coho salmon in 1977 after receiving a license (Keller & Leslie, 1996).
? This section draws heavily on Keller & Leslie (1996) for historical facts.

' 13




Overview of the salmon aquaculture industry and the siting problem
. Chapter 2

By the early 1980s, the main mnlets of the Sunshine Coast became the preferred location for
aquaculture investment given the optimal biophysical conditions of the area and their relative
proximity to the mainland markets. Aquaculture investment in the areca was being strongly
encouraged by the Economic Development Division of the Sunshine Coast. At that same
time, in Norway, a moratorium on new farms that had been in place since 1977 had limited
the dimensions and capacities of salmon farms, therefore imposing stringent control on the
expansion of the industry in that country."” It was then that Norwegian corporations looked

overseas for investment opportunities and considered B.C. a suitable location to expand.

Given the lack of explicit regulation and the changing political climate in the province at the
time, Norwegian firms envisioned the possibility of developing much larger farms than in
their own country. Also, they invested in the Canadian market to minimize their own taxes
in Norway. In 1984, the Conservative party came into power in Canada and new policies
wete established and implemented, encouraging foreign investment in different sectors. A
delegation of Norwegians then visited the B.C. coast to sutvey the potential for investment
in the area. Several corporations that were financed by the aquaculture subsidiary divisions of
two major Norwegian banks,'" sited their farms on the B.C. coast in 1985 (Keller & Leslie,

1996).

Once salmon farms were actively operating in the Sunshine Coast and there was promise of
considerable expansion in the province, both ﬁshérs and community organizations began
raising envitonmental concerns associated with impacts of fish farm waste, including
overfeeding and faeces. Little was known about the long-term effects of a large-scale
aquaculture industry then and neither testing nor research had been planned for the future

expansion of the industry.

10 Gary Caine. Ministry of Agriculture, Food and Fisheries (MAFF). Courtenay, B.C. April 2003. Personal
communication. '

I Betgen Bartz and Christiana (Keller & Leslie, 1996).
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While most salmon farmers in the province were entirely unaware of the risks held by
particular types of diseases in their farqls, plankton blooms emerged," giving tise to multiple
water quality concerns. Universities and other research groups began to study harmful algal
blooms (HABs)" while local farmers dealt with diseases such as the bacterial kidney disease

(BKD) and vibrosis, both of which had no controls at the time (Keller & Leslie, 1996).

The risk of disease and greater environmental concerns increased significantly when DFO
allowed the introduction of Atlantic salmon eggs to some farm sites in the mid-1980s. While
this species was considered ‘more desirable due to faster growth rate and substantial
economic appeal, its mtroduction to the B.C. coast had the potential for the spread of sea
lice," which had already generated outbreaks resulting in massive fish kills in Scotland and

Norway.

The industry continued to expand to other areas located on the west, east and northeast of

Vancouver Island. The mdustry had a gold-rush vision for development. Then, a massive
bloom of phytoplankton (Heterosigma carterae) occurred on the Sunshine Coast in the summer
of 1986 which killed an estimated 100,000 fish and led to recommendations that suggested
moving fish farms into less exposed locations."” Soon after th\is event took place, pressure
from fishers resulted in the first moratorium on 1ssuance of farm leases. An inquiry led by
David Gillespie was then conducted, resulting in recommendations for improving and
monitoring the industry. By 1987, an Atlantic salmon importation policy was established and

the industry began to switch from Coho and Chinook production to Atlantic salmon.

Controversy increased with respect to several environmental and socio-economic aspects

during subsequent years and a disastrous crisis struck the industry. Fishers reported declines

12 Despite being the staple of the marine food chain, these microscopic organisms exponentially increase
whenever there is underwater accumulation of nutrients that deplete oxygen. Plankton become then a peril to
the survival of aquatic organisms. The natural decay process of plankton creates hydrogen sulphide (H»S) and
methane (CHy), which cause the death of marine life.

13 Specific types of phytoplankton (e.g. diatoms such as Chaetoceros, or flagellates such as Fleterosigma carterae) that
cause death of marine life and humans.

I+ External parasites that feed on the skin and mucous of salmon

15 Research carried out at the University of British Columbia focused on the origin of the bloom and whether
fish farms had been the cause of high nuttient levels. This wotk concluded that there was no particular
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in wildlife 1n areas near fish farms on the Sunshine Coast. The unconsidered problem of fish
predators (e.g., seals, sea lions, river otters, etc.) in farms arose and quickly worsened, causing
fish farmers to apply unsustainable control measures. The disposal of morts (dead farmed
fish) as well as 1ssues of infected egg and smolt su}'_)'plies also arose. For instance, an epidemic
of furunculosis'® hit several fish farms after the importation of Scottish eggs.” Consumers
were alarmed about ingesting antibiotic residues from farmed salmon. The Norwegians (who
owned 40% of the B.C. salmon-aquaculture industry byr 1988) cut off further investment. A
price collapse in salmon also took place, causing serious financial difficulties and
contributing to the closure of farms, particularly from Prince Rupert to the Sunshine Coast.
By the end of the decade, there were 185 small salmon’ farms operated by more that 100

comipanies.

The 1990s

The industry went through a considerable restructuring process during this decade. Most
companies relocated their farms and moved north to regions such as Campbell River and the
Broughton Archipelago. Although few firms stayed on the Sunshine Coast, the industry

mostly shut down there.

The beginning of the decade was not easy for the industry. Harsh climatic conditions from
wind and rainstorms impacted several fish farms in their new locations while phytoplankton
blooms remained a problem. These damaging biophysical conditions coupled with the Low
salmon prices at the time caused production to decrease in 1992'compared to the previous
year (Figure 2-5). Despite the introduction of Atlantic salmon some years before, most
companies continued to farm Chinook salmon until a major switch to the imported species
came about in 1993. From that year onwafds, Atlantic salmon production prevailed over

) S
other salmonid species. 7

evidence of farm contribution to phytoplankton bloom. However, it was recommended to relocate fish farms
in areas with better biophysical conditions (Keller & Leslie, 1996).

16 Disease caused by a bacterium that produces an enzyme that inhibits immunity-producing cells.

17 Atlantc salmon currently accounts for over 80% of overall farmed salmonid production.
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Fish farms became large in size and many were purchased by transnational corporations. The
number of small, family-owned operations radically decreased. The total number of
companies in charge of aquaculture operations dropped to only a few." With this trend, plus
the fact that mechanical procedures became automated, fewer companies yielded fewer jobs.
The provincial government continued to encourage Norwegian investment. In terms of
location, farms predominantly concentrated off the coasts of the provincial mainland and
east coast of Vancouver Island (Broughton Archipelago, Johnstone Strait, The Narrows, and
Queen Charlotte Strait) and to a lesser extent along the west coast of Vancouver Island

(Clayoquot and Barkley Sounds, and the northwest coast), where they remain.
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Figure 2-5. Salmon production quantities in British Columbia by species (in metric tonnes),
from 1984 to 2001 (FAO, 2003).

A moratorium on the issuance of aquaculture tenures was imposed in April 1995, when
multiple concerns and conflicts made it necessary to review an array of environmental issues

and policies. The Environmental Assessment Office (EAO)" was then established to carry

'8 The total number of farms declined to 80, operated by only 17 companies in 1993.
1 The EAO established a Technical Advisory Team of experts to perform reviews and recommendations on all
5 tssues. The final outcome was compiled in the overall Salmon Aquaculture Review (SAR).
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out an evaluation of five major issues® associated with the industry as determined via broﬁd
public consultation (EAO, 1997a). The final outcome was revealed in the Salmon
Aquaculture Review (SAR) in 1997, which consisted of five detailed volumes that addressed
the above-mentioned issues. The general conclusions of the review declared that salmon
farining presented a low overall risk to the environment. However, the SAR acknowledged
continuing concerns and- the need for more 1n-depth ecological research given the significant.

gaps that existed in the scientific knowledge on which they based their conclusions.

The 2000s

The magnitude of B.C.’s salmon aquaculture industry remaiﬁs relatively small compared to
the global industry.”’ Nevertheless, the industry accounted for about 15% of the province’s
total agricultural production in 2000 and ’within a few years has grown to be the province’s
largest agricultural exporter (B.C. Salmon Farmers Association, 2003). The moratortum on
aquaculture tenures ended in September 2002 after seven years: Since then, different
companies have applied for new aquaculture tenures but only relocations have been
approved. DFO and MAFF are still undergoing a procesé of finalizing 2 ‘harmonized

. . . : P . . . 22
application package’ where both agencies need to agree on siting criteria and other issues.

A scenario of 1isks, issues and concerns associated with salmon aquaculture is likely to
remain if the industry continues to operate with its current net-cage technology. Moreover,
the development of the industry in the province has also generated social controversy as fish
farms and their ecological footprint intetfere with the way of life of certain First Nations
groups, local communities and other resource users, some of whom are in opposition to
industrial aquaculture. This fact makes the B.C. case distinctive from several other

aquaculture-mntensive jurisdictions.

20 2) Impacts of escaped farmed salmon on wild stocks; b) Discase in wild and farmed fish; ¢) Environmental
impacts of waste discharged from farms; d) Impacts of farms on coastal mammals and other species, and ¢)
Siting of salmon farms. .
2 About 67,700 tonnes in 2001, representing less than 5% of the total global salmonid production (FAO,
2003).

22 Jennifer Nener. DFO. Vancouver, B.C. March 2003. Personal communication.
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Marine grow-out sites in B.C. are currently located in the protected waters of the Strait of
Georgia and the inlets of Vancouver Island’s west coast. The former region includes areas
adjacent to Campbell River and Desolation Sound, as well as the Johnstone and Queen
Charlotte Straits. Most of these farms grow Atlantic salmon. Vancouver Island’s west coast
aquaculture areas mainly comprise the Clayoquot Sound (west-central region) and Quatsino

Sound (northwest region) which also grow Chinook and Coho salmon.
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Figure 2-6. Salmon production values in British Columbia by species (in thousand USD),
from 1984 to 2001 (FAO, 2003).
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2.2. Current salmon aquaculture in British Columbia

2.21. Production process”

B.C.’s salmon aquaculture technology and its production process are, in essence, identical to
those followed by other aquaculture-intensive countries. The production process is

‘comprised by the following six stages.

SmolF L, Smolt L, Fish |l Harvest & Ly Fish. | | Marketng
Production Rearing Grow-out " Transport Processing o &
: Distribution

Figure 2-7. Fish farming production process stages (Tyedmers, 2000)

Smolt production comprises the (artificial) spawning, incubation and hatching of eggs that
are collected from broodstock.* Hatching is typically carried out in land-based hatchery
fa‘cilities.25 The eggs (harvested from broodstock) are selected depending on their growth
potential, feed conversion and maturation rates, and disease resistance. Once selected, they
are combined with milt taken from males and placed in incubation trays (for approximately
one month) to reach fertilizarioﬁ. Eggs are hatched over a three to five month period. Once
they have reached a certain weight called the ‘eyed’ stage, the fertilized eggs are transferred

into freshwater rearing tanks where they are intensively fed to become smolts.

Co . : : : 26
Smolt rearing is usually catried out either in hatcheries or lake-based, net-cage sites.™ From a

cost-effectiveness perspective, it is more convenient to rear smolts in lake-based facilities

2 This section draws on Tyedmers (2000), Keller & Leslie (1996), and the EAQO’s Salmon Aquaculture Review,
Volumes 1&3 (1997).

2 Female salmon.

% Hatcheries are commonly located where freshwater can be either diverted from nearby streams or tapped
from pure underground supplies. i

26 Pacific salmon and a large percent of Atlantic salmon used to be directly transferred from hatcheries into
marine net-cages. However, throughout the yeats, the B.C. aquaculture industry has found that if kept longer in
freshwater environments, smolts become larger and thus have higher survival and faster growth rates when
entering saltwater systems (Tyedmers, 2000).
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than 1t 1s to grow them in hatcheries because lakes have lower capital and operating costs.
\X/hen smolts reach a stqgc at which they are capable of living in seawater, they are
uansfened to floating marine net-cage systems via ﬂo'ltphnes tanker trucks or well-boats

suspendcd from hehcoptms (Keller & Lesle, 1996).

Fish grow-out is typically carried out in floating marine net-cage systems where fish are
reared to market size. A traditional farm is generally comprised of a system of suspended and
interconnected pens within a rigid framework anchored to the seabed.” There are typically
10 to 30 cages in a farm, usually arranged in two rows. Additional infrastructure is commonly
located next to the farm itself, which mainly consists of feed storage sheds and houses for
farm staff. These constructions are cither located on land or on floating platforms adjacent

to the net-cage system.

Biophysical factors ultimately determine the success or failure of finfish marine grow-out
sites. Good tidal flushing and shelter are considered to be key factors in attaining success.
However, many other factors eventually determine whether a site has optimal biophysical
properties. First order factors™ are fundamental to fish health ‘and their production. They
cannot be mitigated by other means. Second order factors” largely influence the long term
viability of a site. . Finally, third order factors™ are those that threaten the operational
feasibility of a farm (MAFF, 1987). '

Fish stocking densities vary according to the species under cultivation. For instance, the
average stocking density for Pacific salmon is about 8 kg/ m’ versus 10 kg/ m’ for Atlantic.
salmon. Salmon aquaculture farms should also be fallowed.” Ideally, several sites are set
aside for smolt intake to leave each site uncultivated for a period of time (usually a year)
between crops. The objective of this action is to lower disease transfer risks ‘from previous

crops (Ellis, 1996).

21 A variety of materials (steel, aluminium, wood or plastic) are used to construct these systems. In B.C., typical
net-cages and their frameworks are made out of galvanised steel and, more recently, plastic.

2 Water temperature, dissolved oxygen, salinity and phytoplankton.

» Pollution, curtents, depth, site physiogr‘lphy and hydrology.

3 Predators, marine plants, fouling organisms and wind and wave action.
-1 Fallowing is the process by which farm activity is rotated between tenures to allow regovery from adverse
environmental impacts (Ellis, 1996).
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Harvest and ttanspoft take place after fish spend between one and two years in marine net-
cages, when they \Veigh between 2 and 5.5 kg (Tyedmers, 2000). Typically, live fish are
harvested on-site. The fish are pumped from net-cages into boats™ and transported to
processing centres, where they are brailed from the ship’s hold into a receiving tank. Harvest

time 1s usually determined by several external (economic) factors, such as market conditions.

Fish processing typically takes place in shore-based plants located at suitable distances from
fish farms. Salmon are graded according to specific physical properties such as texture and
colour. They are processed into gutted, head-on form, and shipped in boxes containing ice

(Ellis, 1996).

Finally, fish are marketed in a cleaned, fresh and head-on fashioh (Tyedmers, 2000) and

thereafter distributed according to proximity and demand.™

321n B.C,, the great majority of sites can only be accessed either by water or air. For obvious economic reasons,
marine vessels are the main means of transporting farmed salmon to processing centres.

% In the Pacific Northwest, gutting and boxing functions are carried out at distribution centres (Ellis, 1996)

3 Due to proximity and high demand, most of B.C.’s salmon production has been exported to the U.S. In
general, expotts in previous years have accounted for over 80% of B.C.’s total salmon production (B.C. Salmon
Farmers Association, 2003). In response to U.S. market demands, there has been a shift to value-added
production, which tends to be labour-intensive. Also, to a lesser extent, foreign brokers conduct overseas sales,
particularly to Japan.
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2.2.2. Current and alternative technologies”

Industrial aquaculture 1s largely dependent on the technology associated with the
containment of fish and attached structures. Floating marine net-cage systems have been, by
far, the predominant type of aquaculture technology employed by the industry throughout its

years of operation in B.C.

Several alternative technologies have been researched and developed by countries with
intensive salmon farming industries (e.g., Norway and Scotland) as well as non-intensive
ones (e.g., Germgny, Japan, the U.S. and Iceland) since the 1980s (EAO, 1997d).
Environmental and economic disadvantages associated with typical net-cage technology have
driven proponents to explore alternative technologies.™ Fot instance, land-based systems

have been developed due to concerns and government financial incentives.

The main characteristics associated with the current floating marine net-cages and alternative

technologies are described in the following paragraphs.

Floating marine net-cage systéms

A traditional floating marine net-cage farm is generally comprised of a system of suspended
and interconnected pens within a rigid framework anchored to the seabed. There are
typically 10 to 30 cages in a farm, usually arranged in two rows. Several other structures are
located next to the farm.” An array of cage designs with varying dimensions is currently in
use by the industry. The typical structural design is square (15m by 15m) with a net depth of
10m.” |

35 This section draws heavily on the EAO’s Salmon Aquaculture Review, Vol. 4, 1997.

3 Environmental concerns refer to impacts on the natural environment and cultured salmon themselves.
Economic matters have restricted increase in the total number of sites and improvement of efficiency in’
current culture practices. These aspects have become key incentives in the search of alternative technologies as
more intensive practices and profits (i.e., ihcreqsing the total number of sites, stocking densities, growth rates
and levels of fish health) are being sought (EAO, 1997d).

37 These buildings include feed storage sheds and floating houses serving as dwellings for farm smff They are
either located on land or on floating platforms adjacent to the net-cage system.

3 However, these dimensions may vary, measuring 10, 20 or 30m on the side and 15 or 20m deprh Reccnrly

different designs have been adopted but square net-cages continue to be the most common structures.
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This type of system offers several advantages, such as low capital investment requirements,
easy mode of operation and the allowing for incremental change in production capacity with
littde alteration of the facility (EAO, 1997a). However, the many disadvantages” that

contribute to the cutrent controversy could outbalance the aforementioned benefits.

Land-based systems

Land-based saltwater systems are perhaps the most complex and sophisticated .'type of
salmon aquaculture technology. They are composed of several structural clements.” A
recirculating téchnology component makes these systems promising and attractive.”! Most
benefits are mainly environmental, both for farmed salmon grow-out and the surrounding
marine environment. The farmer can more easily control the physical, chemical and
biological factors, which improves the management of the temperature, oxygeﬁ levels,
plankton blooms and so forth. Negative effects on the marine eﬁvironment are considerably
minimized or even eliminated.” Similarly, if wastewater and sludge treatment facilities are

incorporated, the discharge of residues and their associated impacts are significantly reduced.

According to industry affiliates,” government subsidies would be required before land-based
systems would be viable substitutes for grow-out operations. Even so, experience from some
other countries, patticularly Scotland, suggests that not only economic, but also technical

feasibility of these systems are questionable (EAO, 1997d).

Siting this type of facility can also be a limiting factor. There ate physical requirements such
as the dimensions of the land, topogtaphy, proximity to saltwater that meets determined

quality standards, and the need for access to ‘vital’ infrastructure, such as roads and power

3 The numerous environmentfal risks discussed elsewhere in the Salmon Aquaculture Review (1997) are a result
of using net-cages as grow-out systems for salmon aquaculture.

10 Pumps, pipelines, saltwater ponds, effluent structures; tanks and site buildings comprlse the basic land-based
infrastructure.

* Recirculation technology is, however a leading constraint from an economic standpoint as it substantially
increases the capital costs and operating comple‘ﬂry of f‘lclhnes (m'nnly due to energy and oxygenation
requirements).

12 For instance, fish escapes into the wild and the po%sﬂ)le interaction of farmed fish with wild m’lﬂne
mammals and other aquatic species ate virtually eliminated.
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lines. In addition, siting land-based facilities would require a different legislation that could

be very restrictive.

Closed circulating systems

These systems mainly resemble typical floating marine net-cage systerns. The structures that
distinguish them from the latter are their closed-wall cages, composed of a variety of
materials such as polyester or fibreglass. Water recirculation and aeration are essential
requirements.” Waste collection systems can be added at the bottom of the cage and used to
ump out solid matter (EAQ, 1997d). Wastewater and sewage require further treatment
pump ) ge req

(which resembles the type of processes and infrastructure employed in land-based systems).

Effective control of ﬂl@ farmed fish environment is the major benefit associated with this
_type of technology, which in turn translates into a higher qualify product. Problems related
to external biophysical factors (plankton blooins, fluctuating temperatures and pathogen
exposure) are considerably decreased or even avoided, while impacts on the marine

6
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environment are also significantly reduced. > However, strong environmental,” economic

and technical® constraints remain and have not allowed the expansion of this technology

(EAO, 1997d).

Offshore systems

Also known as ‘open marine systems’, these structures are located between a few hundred
meters and a few hundred kilometres from the shore and are exposed to mote severe
environmental conditions. Cultured fish are exposed to higher water quality and less

interaction with predators. A wide variety of offshore systems have been designed to date.

3 Gary Robinson. Stolt Sea Farm. Campbell River. December 2002. Personal communication.

+ The use of aeration 1s dependant on stocking densities.

5 F.g., the closed walls associated with these systems do not allow for predators to interact with farmed fish.

46 For instance, pumping water through the system leaves the potential to disperse fish pathogens into the
marine environment. In addition, waste continues to be disposed of in the marine environment and the visual
impact of these structures has the potential to generate conflict with toutism and nearby communities.

47 High capital investment and operating costs greatly exceed those of net-cage systems.

# High enetgy use (involving pumping and water recirculation) translates into high economic and
environmental costs.
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Infrastructure, operation and serviceability are considerably different from typical net-cages

in sheltered Wﬂ_ters‘(EAO, 1997d).

Envitonmental and economic benefits” are a function of the type of design employed as
well as the relative distance from the shoreline. Offshore systems present fewer conflicts
with adjacent landowners and some competing coastal resource users but more conflicts
with offshote resource users. Contrary to land-based systems, the most relevant constraints
assoclated with offshore structures are fechnical in nature. Given their exposed location, these
systems require more sophisticated engineering that is less vulnerable to harsh weather
conditions from storms and wind. These systems also present complex logistical problems,
such as maintenance, servicing and monitoring (EAO, 1997d). As far as siting is concerned,

regulations, permitting requirements and government policy are uncertain or do not exist.”

Conclusion

The disadvanfages assoclated with floating marine net-cage systems have caused controversy
and led to questions about the viability of this industry in the province. Alternative finfish
aquaculture technologies aim toward controlling environmental impacts, improving
efficiencies in culture methods, and enhancing opportunities to site salmon farms in

locations that result in reduced coastal use conflicts.

However, important constraints (mainly economic) associated with salmon aquaculture
alternative technologies still outweigh benefits. The factors that may lead to the adoption of
any alternative technology lérgely depend on economic requirements that are not currently
met. This fact explains why all inténsive salmon farming countries still rely on typical net-

cage systems to carry out their operations.

1 Economic benefits of offshore systems are directly related to water quality. Major concerns in near-shore
facilities usually involve nutrient loading and parasite exposute as well as benthic smothering, which translate
into fish losses. In offshore systems, advantageous water quality would mean a higher-quality product given the
appropriate flushing and overall healthier environment.

50 In the B.C. case, siting regulations concerning salmon aquaculture apply uniquely within the province.
Locating pens offshore within federal jurisdiction would require a new legal regime.
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Current siting criteria ate designed to minimize the mmpact of fish farms on the marine
environment and reduce the interaction with competing coastal resource users. While
current technology may be economically feasible, the level of attainment of these objectives
with respect to land-based, closed, and offshore systems is still questionable. For instance,
land-based systems may have important environmental benefits but are restricted by
technology costs, land availability, and conflicts with neighbouring property users. In the
case of offshore systems, benefits would be largely perceived by major population centres

rather than small coastal communities.

2.2.3. Regulatory framework

Since B.C.’s salmon aquaculture industry first began to operate in the 1970s, it has faced an
unclear identification of regulatory responsibilities and little policy guidance. Competition
with other existing users led to conflict and distrust, and insufficient consideration was
allocated to potential impacts related to environmental values. Farm practices generally
improved over the years, but the absence of clear standards, consistent performance, strict
enforcement of regulatory requirements -and meaningful public participation in siting
decisions have continued to generate criticism.

/
The industry is currently regulated by several provincial and federal bodies. Their respective
roles often overlap and their responsibilities and regulations could be somewhat complek
(EAO, 1997¢). The federal government has responsibility for the conservation and
management of the fisheries resource and is the regulatory authority for farmed fish health, .
food safety and public. health, conservation and protection of wild fish stocks and habitat,
and navigational safety (OCAD, 2003). The lead federal agency is the Department of
Fisheries and Oceans (DFO) ’

The province has authority for overall development and tanagement of the industry,
including location, size and development of farm sites, reporting requirements and

monitoring operations. The lead entities are the Ministry of Agriculture, Food and Fisheries
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(MAFF)*" and Land and Water British Columbia (LWBC).”* The province has overall
responsibility for issuing aquaculture operating licenses and leasing Crown land (N[AFF,
2000).% | ‘

To establish new salmon aquaculture operations ot relocate eﬁisting facilities, applicants
must obtain an aquaculture license issued by MAFF in compliance with the Fisheries Act. A
review process based on biophysical suitability and technical viability is then carried out by
the ministry. The license 1s valid for a one-year period, with an option for renewal. The
Eolder must comply with aquaculture development plans, rear certain kinds of species ar_ld
consider sensible precautions to prevent escapes. License applications are also reviewed by
DFO under the Canadian Environmental Asséssment Act (CEAA) screenings. A ﬁcense‘ 1s
given only with MAFF and DFO approval.

Furthermore, proponvents need also apply to LWBC for Crown land tenure under the Land
Aet* since aquaculture operations make use of public aquatic resources.” The review process
considers riparian rights, navigation requirements, aboriginal interests and environmental
and social concerns (LWBC, 2004). Besides béing contingent on the approval of federal and
provincial bodies, siting decisions also depend on local governments who regulate local land

use via zoning (QP, 2004).

S Amongst its multiple licensing roles, MAFF is responsible for licensing and monitoting aquaculture (finfish,
shellfish and marine plants), and licensing all fish processing plants, fish buying stations, fish vendors and
brokers. MAFF is also the provincial government's lead agency to deal with the federal government on
aquaculture-related matters. As the agency that licenses aquaculture operations, the ministry controls most
operational aspects of salmon aquaculture.

52 LWBC is responsible for evaluating land allocation and management applications with tespect to the best
management practices and guidelines established by other agencies, as well as initiating referrals for applications
which cannot be adequately addressed through best management priotities or established guidelines.

5% Together with the Ministty of SustainaBle Resource Management (MSRM) that is responsible for issuing
foreshore tenures for aquaculture operations, water and waste legislation to allocate water for fish hatcheries
and regulate waste discharges, and the Ministry of Water, Land and Air Protection (MWLAP), MAFF and
LWBC manage inland fisheries and aquaculture activities under the authority of several acts such as the federal
Fisheries Act, provincial Fisheries Act, Wildlife Act, Forest Practices Code Act, Land Act, Water Act, Fish Inspection Act
and the Waste Management Act (EAO, 1997¢).

3 There ate three different forms of land allocation for aquaculture: investigative permits, licenses of
occupation, and leases. These last 2, 20 and 30 years, respectively (LWBC, 2004)

5 The so-called sub-aquatic lands such as bays, harbours, estuaties and inland waters where most aquaculture

sites operate are within the boundaries of the province.
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2.2.4. Risks

The risks currently faced by the salmon aquaculture industry i B.C. relate to environmental
and, to a lesser degree, human health impacts. Environmental risks are associated with fish
health and impacts on the surrounding biophysical environment. These include genetic
damage to wild. stocks, fish escapes,S(’ exotic diseases introduced by imported Atlantic

salmon eggs, and waste discharge557 (EAO, 1997a).

Human health risks arise from the consumption of both wild and farmed fish. For instance,
wild salmon that First Nations and coastal communities rely on for subsistence may be
under risk of acquiring disease that could be passed on to humans. Also, farmed fish may

contain antimicrobial drug residues that pose risks to consumers.

2.3. Introduction to facility siting

Siting refers to the process of identifying and sclecting areas that are economically, socially
and environmentally suitable to locate certain types of facilities. Facility siting is an
exceptionally complex problem associated with new and controversial industries such as
salmon aquaculture. The process involves high—svtakes decisions but there 1s a lack of
_expertise among stakeholders and policy-makers that can lead to different Interpretations
and difficult understanding of such concerns (ie., the interaction of environmental, socio-

economic, political and cultural contexts associated with the industry).

Siting criteria could be created using expert judgements and technical information. Criteria
usually consist of a set of standards or rules on which judgements or decisions can be based.
The extent of their success fully depends on a complex process that is continually refined by

policy-makers and stakeholders.

5 Fish escapes may induce the transmission of parasites and pathogens from farmed to wild stocks and
therefore could provoke epidemics. : :
" 57 Waste discharges can provoke smothering and organic overload under cages.
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2.3.1. Dimensions of the facility siting problem

Siting controversial facilities such as landfills, incinerators, and chemical and nuclear power
- plants, has been a problem since the 1970s. To date, siting these types of facilities continues
to raise intense public opposiﬂon due to potential health and environmental concerns.” The
general pﬁblic has become increasingly aware of the inherent social, environmental and
human health risks and uncertainties associated with these types of facilities (Kunreuther,
1993). Similarly, communities have grown more sceptical of government authorities and
industry. Disagreements about values and objectives have inevitably arisen while
considerable challenges to enhance siting processes remain. Two major dimensions (social
and environmental) have been identified as critical to the facility siting process as they are

believed to be the roots of siting 1ssues (Keeney, 1980).

The social dimension

Significant social aspects are inherently associated with siting contentious types of facilities
such as hazardous waste deposits, nuclear power plants, and more recently, marine-based
aquaculture factlities. Such aspects may be associated with multiple stakeholders and objectives,
risk perceplions, concerns, uncertainties about impacts and intangibles. Their degree of relevance 1s a

function of the site in question.

Multiple étal<eholders (and therefore multiple objectives) surround the siting ques‘rion. For
instance, stakeholders may involve federal, provincial and local governments, industry,
research organizations, First Nations groups, specific communities, other fésoutce users, and
the general public, amongst others. Fach party has its own set of values and interests, which

translate into different objectives.

Fundamental objectives are a function of stakeholder values and interests, as well as socto-
economic, political and environmental conditions. For instance, the fundamental objectives

of site proponents {e.g., industry, a state or provincial government) could ultimately relate to
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economic revenues and jobs. At the same time, the fundamental objcctives of site opponents
(e.g., local communities, a local government, or interest groups) could focus on short and
long-term health mmpacts, aesthetics, reduced property values and risk concerns. Industry
objectives may strongly influence the desirability of a site while the degree of impacts, risks
and uncertainties inherent to site operations could shape the objectives of stakeholders who

are opposed.

A site’s value to a stakeholder 1s a function of his fundamental objectives which may be
opposed to other stakeholder, objectives. Deciding which objectives will take priority dﬁring
the decisi’on—making process and final outcomes is an issue. Value trade-offs are unavoidable
as the share of some groups may be only improved at the ekpense of others. Based on this
premuse, it is essential to minimize and balance such trade-offs during and after the facility

siting process.

A multiple-objective scenatio inevitably gives way to diverse perceptioﬁs of risks and
uncertainties, which generate different attitudes.” Stigma, an extreme case of perceived risk,
illustrates the enormous differences in perspective that may exist among stakeholders
(Gregoty, et al., 1996)." In siting controversial faciliri-es, stigma can be associated with the

operations or purpose of the site.®!

Another aspect of the social dimension of siting is uncertainty about impacts. The prediction

of phenomena associated with future implications of sited facilities could be inaccurate. An

38 The effects of this resistance ate reflected on phenomena such as NIMBY (Not [n My BackYard) and LULU
(Locally Unwanted Land Use), (Kunreuther, 1993), which have expanded into water-based facilities such as the
case of finfish aquaculture open-net cages in the coastal waters of some aquaculture-intensive jurisdictions.

3 The public and scientific community are influenced by emotions, diverse paradigms, worldviews, ideologies
and values (Slovic, 1987). Wisdom and error are present in attitudes and perceptions. '

% Stigma can be based on social perceptions of particular risks associated with places, products or technologtes.
In the context of siting, stigma is directly associated with the technology in place. For instance, a certain
technology thar is supported by a specific industry may be perceived by other parties as catastrophic. In such
technological contexts, extensive media coverage plays a crucial role in the intensification of stigma (Slovic, e,
al, 1994). The general public experience such technological hazards via the news media, which typically
document threats and disasters occurring elsewhere (Slovic, 1987). a '
61 Stigma is prevalent in petceptions of nuclear plants (e.g., Chetnobyl). This gives way to public opposition’ in
jurisdictions that intend to site nuclear plants in relative proximity to them. Similarly, it happens in siting new
hazardous waste facilities aimed at treatment, disposal and incineration (Kunteuther, ez 44, 1993). In the case of
salmon aquaculture in B.C., the media has played a critical role in moulding perceptions and creating stigma in
terms of environmental risks, impacts and human health implications.
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open treatment of uncettainty allows stakeholders to consider the most and least important
factors and sources of disagreement in a problem, and to plan for probable unforeseen
events (Motgan, ez al, 1990). Historically, decisions taken by industrial sectors and societies
have considerably disregarded significant uncertainties (Keeney, 1980). Thus, identifying and

effectively addressing uncertainties 1s essential.®

Finally, there is the question of intangibles. Some socio-cconomic objectives can be
measured in’ defined units like jobs or dollars. However, other aspects are difficult to
measure in tangible terms. These may include the social disruption of psychological and
moral impacts on local or nearby communities (Keeney, 1980),” or the aesthetic disruption

of a setting.

L@I Actor
D) Consequence
44— Generate/Influence

DiECISION

MAKIERS
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OBIECTIVIES

MULTTPLE

STAKIEFIOLDERS

Figure 2-8. Siting controversial facilities: The social dimension.

62 The major uncertainties of the B.C. salmon aquaculture industry are associated with the 5 major issues
pointed out by the SAR 1n 1997.

6 For instance, the impact that a multi-national corporation may have on aboriginal communities when
introducing some type of industry into their territories may ultimately generate a degree of social disruption
that is difficult to assess. :
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The environmental dimension

The environmental dimension of the facility siting problem is comprised by two major
issues. The first one relates to searching for locations that are environmentally suitable for
the facility’s own purposes; that is, the appropriate biophysical and spatial considerations
make the site a suitable location (Keeney, 1980). The second issue is the potential for
impacts on the ecosystems where the facility is located. In practical terms, this can be
addressed with environmental impact assessments or studies, designed to identify and
predict impacts on the biogeophysical environment, human health and well-being, and to

interpret and communicate information about the impacts (Munn, 1979).

Identifying an environmentally-suitable location 1s a crucial step in the facility siting process.
First, a region (e.g., an inlet) is chosen; then numerous potential sites give way to a final
selection. Several biophysical criteria need to be met. For instance, proponents of an energy
facility may consider environmental variables such as topography, climatic conditions, wind
directions, and so forth. Similazly, proponents of a waste disposal facility must regard water
levels and soil coﬁaposition, among other environmental variables. Proponents of a marine-
based aquaculture facility would be concerned with water temperatures and ﬁurrents,
dissolved oxygen levels, depth and site physiography, hydrology, salinity, and interactions
with flora and fauna, among others (MAFF, 1987). These factors are measured to determine

the viability of a site.

This environmental dimension explores the impacts that a pérricular site may have on
biophysical systems. In principle, ecosystem considerations could be addressed via
environmental impact assessments that incorporate risks and uncertainties. Numerous
ecological considerations that consider the influences and interactions amongst Qrganisms :
and abiotic substances® need to Be similarly addressed. This is particularly important in the

. ST ‘ . . 65
case of net-pen fish farms, which are in direct contact with the environment.”

6 Tnteractions amongst and between the four basic components of ecosystems: abiotic substances, producer
organisms, consumer otganisms and decomposer organisms.

6 The degree of impact on ecosystems is determined by the negative alteration of the biotic (e, flora and
fauna species) and abiotic environments. In the case of salmon aquaculture, these impacts are mainly generated
by fish escapes, the envitonment of fish farms, wastes and predator control practices. Fish escapes are a2 major

concern given the existing potential for genetic and disease interactions with wild populations, which may
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It 1s difficult to predict how other systems will respond to aquacultﬁre disturbance gradients,
which extend beyond the net-pen structure. Sites could therefore be considered elements of

complex systems that are interconnected and influence one another.

Risk and uncertainty

site Predators

Disease e N 9
Escapes !

Waste —® Wild fish

s

Figure 2-9. Siting controversial facilities: Ecosystem considerations and ecological
interactions. '

2.3.2. Siting piocess objectives

The siting decision-making context seeks not only to attain viable outcomes but more
importantly, to develop a sound methodology. Understanding the objectives of the siting
process is fundamental to addressing issues and could lay the foundation for an appropriate
siting procedure. Practicality, quality analysis and perception of the analysis could be essential

objectives to guide a suitable and fair process (Ford, ez 4/, 1979).

translate into deleterious effects on wild salmon stocks. The overcrowded and stressful environment of fish
farms has an inherent potential for disease, not only on farmed fish themselves, but also on wild populations
"and other marine species. The amounts of waste (i.c., fish faeces and unconsumed fish feed) that accumulate
below fish farms have the potential to create water quality concerns (e.g., build-up of hydrogen sulphide (F2S)
and methane (CHy), eutrophication, algae blooms, and oxygen depletion) that may translate into deleterious
effects on benthic communities. Finally, marine mammals, birds and other species that are targeted as predators
are also at risk via common predator control practices (e.g., shooting, poisoning, harassment or the use of
acoustic deterrent devices).
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Pracicality 1s based on having the required expertise to successfully go through an enti’re
process that 1s cost-effective to implement. Interdisciplinarity makes this objective easier to
attain by minimizing costs, effort and time.*® Quality analysis means each part of the process
(e.g., establishing siting criteria) should be clear and justified. The data and “expert
judgements used in the process need to be clarified as they reflect perceptions and
interpretations. Pereption of the analysis is crucial to stakeholders. The siting process deals
extensively with sociol—political issues that generate multiple perceptions. Several values, such
as understandability, accountability and moral concérns could impact such perceptions in a positive
manner. Understandability is achieved when any particular stakeholder can assimilate the
siting process cleatly. Accountability addresses stakeholder concerns. Finally, moral concerns

relate to fairness, equity, legality and rationality of the process.

2.3.3. Typical siting mechanisms

Site identification and selection mechanisms have been used by other industries in the
process of identifying and selecting sites. The salmon aquaculture industry uses screening to
a large degree as a typical siting identification mechanism. This section discusses some of the

characteristics of these mechanisms.

Screening: The identification mechanism

Screening models have been used to identify candidate sites associated w.ith nuclear or
hazatdous waste facilities. They entail three basic steps: selection of a region of interest,
identification of candidate areas and selection of candidate sites. Selecting a region 0/ inlerest
'depends on political districts, service or geographical areas that may ultimately benefit the
operdtions of the facility mn question. Screening criteria may be used to identify candidate areas
and select candidate sites once the region of interest has been chosen. The criteria are usually
constituted by bzuffers (for measuring pui‘poses) and attributes (that define what is acceptable or
~unacceptable for a site to be considered as ‘potential’). There are also weaknesses associated

with screening criteria, such as inconsistency amongst critetia, implicit assumptions and

% Interdisciplinarity is characterized by the participation of several fields of study. It comprises careful effort to
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value judgements and the application of oversimplified criteria. In combination, these

shortcomings could lead to the rejection of good candidate sites. A detailed example given in

the following chapter illustrates the disadvantages associated with screening criteria.

Evaluation procedures: Selection mechanism

- Candidate sites must be evaluated for selection using site-specific data that relate to socio-

economic and environmental considerations. Typically, evaluation procedures such as cost-

benefit analysis, dominance or site rating are followed in the absence of sufficient data and

make use of implicit assumptions while oversimplifying value judgements (Keeney, 1980). In
consequence, they may be impractical, of questionable quality, and show a bias toward

economic objectives while neglecting uncertainties.

2.4. Conclusion

This chapter sought to support the further-arguments of this thesis by offering a preamble
that highlights the background and constitution of the industry. Understanding the overall
structure and actors associated with salmon aquaculture in B.C. 1s of significant value in

identifying the factors that determine the development and progression of siting policy.

A general overview regarding the origin and evolution of the wotld’s salmon aquaculture
industry with particular emphasis on B.C. was described in the first section of this chapter.
The worldwide and provincial production quantities and values illustrate the (exponential)
growth pattern that has guided the industry. Global competition suggests this pattern will

continue.

The second section of this chapter addressed the overall setting of the industry in the
province. The production process and current technologies clatify the important risks
concetned with the current controversy. Moreover, the regulatory framework and its most

significant players ate introduced, since the interaction between these means and actors

interpret and translate research findings between different sciences or paradigms (Vedeld, 1994).
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determines siting policy evolution. The subsequent chapters of this thesis will seek to argue

how salmon aquaculture siting policy has evolved in B.C.

Finally, the third section introduced the siting problem via its social and environmental
dimensions, which in combination determine the degree of compléxity concerned with
factlity siting. The facility siting process could benefit from understanding the considerations
explained by these dimensions. Siting objectives are also suggested to guide the facility siting

process.
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3. Factors affecting the evolution of salmon aquaculture siting policy in

B.C.”

This chapter proposes a conceptual framework based on specific factors that attempt to
explain how policy evolves in the context of new industries. The framework was developed
under the theoretical basis of governmental agenda setting, which describes how problems
come to be addressed from a policy. perspective (Kingdon, 1995). Inductive reasoning was
used to strengthen the argument for cach of the proposed factors for the salmon aquaculture
case in B.C. Such factors appear to influence (to different aegrees) the evolution of siting

policy associated with salmon aquaculture facilities.

The main argument of this chapter asserts that regulatory processes and oufcomes in the
context of a ne\\} industry may respond to factors that shape’ governmental agendas. This
tésponse llustrates how policy can behave reactively rather than in a precautionary manner.
In addition, the outcomes of such reactive policies (Le., siting criteria) may yield implicit

environmental and socio-economic disadvantages and trade-offs that need to be clarified.

Section 3.1 discusses the conceptual framewotk that includes two siting mechanisms. Hach
mechanism is composed of series of factors and interactions, which attempt to explain how
policy is likely to evolve in a new industry. Section 3.2 describes the evolution of salmon
aquaculture siting policy in B.C. The proposed conceptual framework is applied to each
pohcy outcome (document). Section 3.3 delves into the origin, evolution, purpose and
rationale of felevant criteria, focusing on six out of a total of fifteen existent siting criteria.
Section 3.4 discusses some of the implicit disadvantages and trade-offs concerned with the
use and constitution éf criteria. Section 3.5 characterizes stakeholder and policy maker views
regarding the current state of siting policy. Finally, the last section draws general conclusions

concetrned with the lessons learned from the chapter.

67 The term ‘policy’ is defined as “a definite course or method of action selected to guide and determine present
and future decisions.” For the purposes of this work, ‘policy’ is used interchangeably with terms such as
‘regulations’, ‘criteria’ and ‘guidelines’. :
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3.1.. Conceptual framework: Factors that influence the evolution of policy

This section outlines the conceptual framework developed in this thesis to explain: the
evolution of policies for siting salmon aquaculture facilities in B.C. The proposed framework
1s founded on two mechanisms (agenda setting and incrementalism) that attempt to describe
the evolution of policy. Each mechanism is a function of three different and independent
factors. The general concept of the agenda setting (AS) mechanism was drawn from the
political science literature (Kingdon, 1995). The mctementalism (IM) mechanism has been
similarly adopted but éhanged to reflect specific factors affecting salmon aquaculture siting
policy evolution.”® Both mechanisms and their related factors attempt to explain why policy
may respond reactively rather than in a precautionary manner. An explanation of both AS

and IM, with their associated factors, 1s given in the following section.

Governmental AS is a function of focusing events (IFEs), indicators (INDs) and feedback
(FB) (Kingdon, 1995). The dynamics of these factors depend on environmental, socio-
economic or political issues and have the potential to create and constantly shape policy
outcomes in the form of guidelines, criteria or re_gularions. IM is a function of scientific
evidence (SE), other jurisdictions’ leads (OJLs) and borrowing existing policy (BEP). These
factors typically shape existing policies on an individual basis. Altogethér, the six policy
evolution factors imay influence policy independently or simultaneously -via expansion,

adjustment or replacement.

It sh.ould be noted that, in principle, all factors are ultimately associated with AS. Besides
FEs, INDs and FB, the factors associated with IM also have the potential to influence AS in
a direct way. In other words, the progressive incremental growth of policy itself may well
have been originated via AS. However, for the purpose of this analysis and to offer a clearer

emphasis, all factors are addressed separately.

The following diagram summarizes the policy evolution factors, mechanisms and outcomes

(regarding salmon aquaculture per s¢) that constitute the proposed conceptual framework.
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Figure 3-1. Conceptual framework explaining the evolution of policy.

In this conceptual framework, the evolution of policy associated with a new industry is
activated by some environmental, socio-economic or political issue (or a combination of
these). The recognition of such issues may occur in the form of FE (e.g., an environmental
disaster or socio-economic crisis). INDs are the elements that show the magnitude of the

event and are objective manifestations of FE. Finally, FB, which may be a stream of

0 The terms ‘incrementalism’ (IM) and ‘progressive incremental growth’ are used interchangeably throughout
this thesis.
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complaints from stakeholders, is a subjective manifestation of FEs. The dynamics that occur
among these three factors have the potential to shape policy in the form of expansion,

adjustment or replacement.

The three factors associated with the IM mechanism also have the potential to modify
existing policy but on an individual basis. In other words, SE, OJLs and BEP, do not interact
with each other, but may work to create similar outcomes. These factors may also trigger the

creation of policy.

The following diagram attempts to explain the dynamics of policy evolution factors. Note
that there 1s a pzirticular interaction between SE and INDs. The former is usually represented

in the form of the latter, activating the evolution of policy. A description of each policy

~ evolution mechanism and factor is given in the following section.
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Figure 3-2. Dynamics and interactions between factors that influence the evolution of policy.
Arrow suggests ‘influence’ from A to B.

3.1.1. Policy Evolution Mechanism #1: Agenda setting’”’

A governmental agenda is the list of matters to which officials pay attention at any given
time. Participants and processes ultimately define how and why subjects take precedence (or
do not) on a given agenda. In brief, this course of action characterizes AS." Participants may

be from inside the government (e.g., the prime minister’s cabinet or civil servants) or outside

@ This section draws heavily from Kingdon, ].W. (1995). Agendas, Alternatives and Public Policies.
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the government (e.g., interest grbups, academia, consulfants, the media, the general public,
etc.). The processes that determine how pi‘ominent a matter is on the agenda are the
recognition of problems, the occurrence of political events’' and the involvement of visible
participants.n,Th'e recognition of problems depends on how participants (in and around the
government) learn about them. This learning can occur via l Zs, INDs and FB. The first part
of the proposed conceptual framework of this study focuses on the first AS process (Le.,
recognition of problems) and its factors (FEs, INDs and FB) as conceptual indicators that

. . . "
explain policy evolution.’

Focusing events (FEs)

FEs are associated with happenings inside or outside a specific industry that are concerned
with the industry itself and that may hav‘e‘the potential to impaét its policy processes.
Disasters and crises are typically FEs. These two phenomena are often interconnected.
Disasters usually take place during-a short” period of time whereas crises last longer,
sometimes as a result of a disaster, i.e., the consequences of a disaster may give rise to a .
Crisis. However, this process may also occur the other way around. For instance, a crisis may
not be regarded:as such until it turns into a disaster. Kingdon (1995) argues that, generally,
human health-related issues are top priority on agendas in the sense that they (directly or

1

indirectly) affect everybody.

0 “AS 1s a predecision process that narrows the set of subjects that could conceivably occupy the government’s
attention to the list on which they actually do focus.” (Kingdon, 1995).

71 The occurrence of political events takes place when there are swings in national moods, elections that shift
political parties to power and bring new ideologies fo governments, and pressure from intetest groups
© (Kingdon, 1995).

72 Visible participants (e.g., the prime mmlsrel his high-level appointees, members of parliament, political
parties, the media, etc.) are the actors who determine AS. However, so-called hidden participants (e.g.,
academic specialists, researchers, consultants, analysts, etc) may also influence AS by affecting alternative
salutions to problems. On a national scale, the most important agenda setters are the prime minister’s cabinet
and the main members of patliament.

3 It must be noted, however, that the recognition of problems is snonglv linked with. the occurtence of
political events and the involvement of visible participants..Its level of influence on policy ultimately depends
on the interconnectedness and synergies that are achieved between the three processes.
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Indicators (INDs)

INDs describe the magnitude or show change in a particular condition (Kingdon, 1995). The
larger the magnitude or change, the higher the probability to attract attention and therefore
influence policy. INDs are inherently interconnected with FEs and FB in the sense that they
reflect an objective measure of the former and are prone to subjective constructs regarding
the latter. INDs can comprise both qualitative and quantitative values, such as the

occurrence (or frequency) of a particular disease or the cost of a facility or program.

Feedback (FB)

FB simply refers to ‘formal or informal’ means by which officials come to know about a
§peciﬁc problem or condition. Formal means are assessments, evaluations or studies.
Informal means could be streams of complaints from specific stakeholders. More.over, FB
can be mmportantly influenced by INDs. The combination of both factors can determine the

level of significance of a FE.

3.1.2. Policy Evolution Mechanism #2: Incrementalism

IM makes reference to changes associated with existing policy that proceed gradually via
mndependent factors during a specific period of time.” In other words, IM is a mechanism of
progressive policy growth. Policy-makers may generate “small, incremental, marginal
adjustments” (Kingdon, 1995) to existing policy via three independent factors: SE, OJLs and
BEP. Any factor may have the potential to shape policy via expansion, adjustment or

replacement.

74 This second mechanism is defined as “the enactment of changes in small increments” (Kingdon, 1995).
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Scientific evidence (SE)”

SE encompasses the products of research in a given field. It is via this factor that the
scientific community plays an indirect role on public policy-making.”® SE may influence the
expansion, adjustment or replacement of policy by providing qualitative ot quant&ative
INDs. For instance, a significant scientific discovery is capable of generating a strong policy

. . . . . 77
response if a specific ‘policy window’ is open at that moment.

The way in which a jurisdiction reacts to a scientific discovery may vary according to the
inp:eraction of 1ideas, domestic interests and political institutions. associated with the
jurisdiction.” Ideas demand either severe or weak measures that lead to policy change.
Interests are mainly driven by economic 'goals, which interact with ideas. Finally, political
mnstitutions ultimately determine the relevance of scientific research according to existing

legislation and regulatory history (Harrison, 2002).

Other jurisdictions’ leads (O]JLs)

This factor inay be considered (in some instances) a feasible and timesaving approach to
developing policy, particularly when a jurisdiction is largely unfamiliar with a new industry.
The global expansion of markets has helped establish industries in new regions that may not
be familiar with them. This phenomenon creates the need for new regulations. Adopting or
adapting the regulatory leads from other jurisdictions where an industry has existed longer

could therefore be convenient.

75 This section draws heavily from Harrison, K. (2002). Ideas Alld environmental standard setting:
comparative study of regulation of the pulp and paper industry.

76 For detailed information on a case study revealing scientific impacts on public policy-making, see Harrlson,
K. (2002). Ibid.

7 “An open ‘policy window’ is an opportunity for advocates to push their pet solutions or to push attention to
their special problems” (Kingdon, 1995). Policy windows are opened by events that occur under the agenda
setting processes of ‘problem recognition’ ot ‘occurtence of political events’,

78 Harrison, K. (2002). Ibid. In the pulp and paper industry the evolution of regulatory processes in several
jurisdictions was impacted slmultqneously In this case, the discovery of dioxins (considered the most toxic
chemicals known to humankind, causing severe health impacts such as cancer) in pulp mill effluents and paper

products was a cause of remarkable policy shifts in Sweden, Canada and the U.S.
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Adoption could be seen as the straightforward acceptance and implementation of another
jurisdiction’s policy. Adaptation, however, is a process of framing, shaping or moulding
policy according to a jurisdiction’s own biophysical, socio-economic and political systems. In
principle, the adoption of regﬁlatoty standards may bring about significant risks as systems
are never-identical in two jurisdictions. Adapting policy according to specific biophysical,

socio-economic and institutional spheres may be more sensible.

Borrowing existent policy (BEP)

This concept was developed inductively based on this particular case study. New industries
may borrow existent policy from a different industry when they lack a solid policy structure
or when they must cqlnply with policies that affeét other industries. This factor may be a
function of the relationship between both industries in terms of activities or biophysical 'v

locations.

3.2. Evolution of salmon aquaculture policy in B.C. and its impact on siting

The factors examined in the previous section conceptualize the single or combined ways by
which policy associated with a new iﬁdustty may (réactively) evolve over time. This section
' explores the salmon aquaculture industry in B.C. to apply the proposed conceptual
framework. Salmon aquaculture has gencrated conflict and controversy 1n the province
during the past two decades. The siting issue has been a key issue in the debate. The industry
started without a deﬁned siting policy or planning schemes. Throughout time, the salmon
aquaculture facility siting question has therefore been subject to numerous reactive policy

shifts.

The unfolding sections describe the evolution of salmon aquaculture siting policy in B.C.
The description given for each policy document (i.e., study, review, inquiry or report)
includes the document’s purpose and outcome, historical facts that led to its developmenﬂ
actors involved, and the policy evolution factors that may have pléyed a role in determining

(\)
the document outcome. ¢

40




FFactors affecting the evolution of salmon aquaculture siting policy in B.C.
' Chapter 3

The following figure illustrates (in chronological order) the policy outcomes that directly or

indirectly influenced salmon aquaculture siting matters in B.C.

1986—DFO . 1986 — 1987 — MAFF 1988 - DFO 1988 - B.C.
Siting (— Gillespie c—p>| Biophysical Siting ic—=>| Aquaculture —>| Ombudsman
Guidelines Inquiry Criteria Report Report
1989 — MAFF 1992 — Coastal 1993 - n 1996 - b 1997 - EAO
Biophysical — Resource —> MAIAC —> « NetlLoss & —> Salmon
Suitability interest Studies Review i Report & Aquaculture
Studies (CRIS) . dzesmzsszaassd Review
2000 — MAFF no2001- o 2002 - MSAM | 2003 - DFO
Aquaculture C=> ! Leggatt @ =]  Aquaculture Screenings
Management i Inquiry Opportunity under CEAA
Plan gssszzsszsesa Studies Net Loss

Figure 3-3. Chronology of studies, reviews, inquiries and reports that have influenced siting
matters (including siting criteria, guidelines or recommendations)” relevant to the salmon
aquaculture mdustry in B.C. Bold and dotted textboxes refer to government and non-
governmental documents, respectively. The only two documents that have been entirely
devoted to siting regulation per se are the DFO Sitdng Guidelines (1986) and the MAFF
Biophysical Siting Criteria (1987), which together marked the origin of siting policy in the
province. The rest have addressed the salmon aquaculture topic in general.

7 The terms ‘criterion’, ‘guideline’ and ‘recommendation’ are different by definition. Criterion refers to a
standard, rule, or test on which a judgement or decision can be based. A level of stringency 1s innately attached
to this concept. On the other hand, a guideline is a statement aimed at determining a course of action, implying
guidance without being compulsory. In the context of salmon aquaculture policy in B.C., MAFF has historically
interpreted the three terms as ‘guidelines’, while DFO in B.C. regards them more as ‘criteria’.
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3.2.1. DFO Guidelines for Development and Operation of Aquacu]ture and
Fish Processing Facilities (1986)

When the industry was first introduced to the province in the 19705, salmon aquaculture mn
B.C. was largely unregulated in terms of siting farms. In 1986, DFO developed a set of
guidelines “to 'prevent impacts to fish and fish habitats and to avoid conflicts between
_aqudcultute and fishery activities.” This policy outcome delivered siting criteria developed
for marine fish reflring facilities, hatchery facilities and fish processing célltres, and became
‘the foundation for the further development of siting criteria. Nevertheless, this original set

of criteria was neither published nor enforced.”

The problem recognition process of AS played a role in the origin of siting policy, which was
originally issued in the form of guidelines (i.e., as recommendations, thetefore not enforced).
A combination of FEs, INDs and FB occurred simultaneously because the industry was

rapidly expanding but ignoring potential environmental risks and uncertainties.

A massive bloom of phytoplankton occurred on the Sunshine Coast, which is the coastal
area where most salmon farms had been operating since the industry origi;lated and began to
expand (Keller & Rosella, 1996). This FE coupled with a decline of marine wildlife in
prbximity to fish farms attracted the attention of fishers, the general public and interest
groups. Moreover, increasing conflicts between' resource users highlighted a second FE at
 the time. Streams of complaints (FB) associated with these two FEs indicated a need for new
siting policy (Stinchcombe, 2000). An important IND at the time was the loss of an

estimated 100,000 farmed fish. At this time little was known about the potential impacts of a

large-scale aquaculture industry (Keller & Rosella, 1996).

The combination of political events in both Canada and Norway during the same period of
time opened a policy window. The Scandinavian country accounted for over 60% of the
world’s salmon aquaculture production at the time and had been regularly investing in B.C

(Keller & Rosella, 1996). A moratorium on new farms had been put in place in Norway since

80 Wayne Knapp. DFO. Vancouver, B.C. March 2003. Personal communication.
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1977* Reétﬂctions on, the dimensions and capacities of Norwegian salmon farms had
become rather stringent, ﬁmiting the industry’s growth for several years. Moreover, because
Norway was focused on aquaculture development policy geared toward expansion and profit
maximization, investing in another jurisdiction was necessary to expand their production
rates and avoid economic losses.”” As a result, B.C. was seen as an optimal location given the
industry’s similar growth-oriented vision at that time. Similarly, the political agenda in
Canada placed strong emphasis in foreign investment. The combination of both Norwegian
and Canadian government agendas (L.e., the ?olitics stream and visible participants on this
matter) in association with the ‘problem recognition’ process and its related factors

importantly influenced the origin of salmon aquaculture siting policy in the province.

Finally, BEP also played a role in shaping this initial siting policy document.. A particular
criterion was originally borrowed from the Canadian Food Inspection Agency’s (CFIA)
Sanitary Shellfish Regulations that applied to wharves, marinas; and other nearshore based.
facilities.”” The BEP factor was adopted from this set of guidelines. A mote thorough

description of specific criteria Is given in section 3.3.

3.2.2. The Gillespie Inquiry (1986)

A moratorium 611 the issuance of leases and licenses was imposed in 1986 as a result of the
abovementioned FEs, INDs and FB, which included public concerns associated with health
risks. A provincial inquiry was thén ‘conducted, which lasted less than three months. There
was an outcome of 52 recommendations covering several-aspects of the industry. The siting
- question was only addresséd from the perspective of resource user conflicts and no
\parricular guidelines wete suggested. The inquiry’s overall conclusions placed emphasis on
stronger regulation and more stringent environmental standards for the expansion of the

industry. The moratorium was lifted soon after the release of this inquiry. '

81 Gary Caine. MAFF. Courtenay, B.C. April 2003. Personal communication.
82 Gary Caine. Ibid.
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A stream of complaints from a coaliion of critics (comprised mainly by fishers and
community organizations) constituted the main source of FB. These advocacy groups
strongly opposed the introduction of Atlantic salmon and dreaded the impacts of fish
farming on the benthic environment. Cleatly, this FB scenario along with its associated

INDs was the reflection of a ‘social crisis’ that needed immediate attention.

Besides FE, the evolution of B.C.’s siting policy at this point was partially influenced by
OJLs. A guideline that dealt with an optimal separation distance between fish farms (800m)
was taken by the provincial government from Norwegian standards and used from the early
1980s until the Gillespie inquily concluded.** The Norwegilan criterion had its foundation on
a rural planning exetcise to promote socio-economic development by keeping communities
close to each other® Tt is‘ clear that in Norway the fish farming industry was being
established under a socio-economic development scheme whete little science was being used
to determine siting policy. However, in B.C., the standard was addpted for the purpose of
environmental protection. As a result of the Gillespie "Inquiry and the social and
environmental scenarios in the province, a 3000-m separation distance was later adopted.

This was an almost four-fold increase from the previous 800-m buffer.

The use of OJLs in policy setting prior to this inquity brought about a high concentration of
farms on the Sunshine Coast, creating unfamiliar risks that resulted in the aforementioned

disasters and crises because the area’s cartying capacity was considerably surpassed.

3.2.3. MAFF Biophysical Siting Criteria (1987)

A series of biophysical factors that are necessary for fish farm sites were scientifically

determined by MAFF in 1987 (Caine, 1987). This document basically addressed ‘good” areas

83 This criterion states that “Net pens shall not be located within 125m from inter-tidal fish beds and 125m
from all other wild shellfish beds where there are, or is the potential for recreational, native food fish or
commercial fisheries.”

8 Gary Caine. Ibid.

8 Gary Caine. Ibid.’
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to site salmon farms based on optimal biophysical factors for grow-out operations. It was

aimed at environmental protection as well as biophysical suitability.*

These criteria meant the provincial government’s reaction to the surrounding controversy at
the time. However, most importantly, criteria marked the birth of a planning process. While
not adopted as strict regulations, criteria became a reference framework to locate sites in
Campbell River and the Broughton Archipelago, after the industry left the Sunshine Coast.
Similarly, this document became the foundation upon which biophysical éuitability studies
(BSS) were carried out two years later. This way, a combination of policy initiatives began to

shape the facility siting process.

The development of SE was the main factor that triggered the development of MAFF’s
biophysical siting criteria. Until the release of these criteria, siting policy had merely focused
on preventing impacts on fish and, more importantly, on avoiding user conflicts. The
primary emphasis of siting policy was therefore socially driven. With MAFF’s criteria, a
planning and a scientific approach were used together for-the first ime. This was also‘a_ first

- ) . . ’
example Of precautlonary action. !

The need for scientific research was urgent due to environmental impacts combined with
numerous environmental uncertainties. The recognition of an environmental problem by
policy-makers was activated by the series of FEs, INDs and FB that essentially led DFO to
develop their guidelines and Gillespie to undertake the inquiry. In this case, it was the

provincial government’s turn to take action.

86 P’riority factors (those affecting fish health and growth) include water temperature, dissolved oxygen levels,
salinity, and absence of phytoplankton. Secondary factors (influencing long-term viability of a site) consist of
pollution, currents, depth, site physiography and hydrology. Other factors such as predators, marine plants and

* fouling organisms, wind and waves, snowfall and freezing, are also considered for the operational feasibility of
fish farms. '
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3.2.4. DFO Aquaculture Report / Memorandum of Understanding /
Ombudsman Report (1988)

Several aquaculture policy events took place in Canada in 1988 that were relevant to the
salmon farm siting 1ssue. DFO released a report called “Agwacilture Canada: Report of the
Standing Commitiee on _ins‘lwc'/z'c.'.r and Oceans”. The report suggested the establishment of fair site
selection procedures that, in addition to DFO and MAFF representatives, would include
members of Indian and Foreign Affairs and Indian Bands with coastal claims. The siting
perspective of this federal report was mainly stakeholder-oriented to address resource user
conflicts. At the provincial level, this proposition was addressed within the land tenure

application process.

Furthermore, the federal report also recommeﬁded a resolution of the outstanding 1ssues
between federal and provincial governments in aquaculture-intensive provinces. In B.C., this
recommendation originated a “Memorandum of Understanding on Aquaculture Development”
between the ‘govemment of Canada and the B.C. government.87 The Memorandum of
understanding (MOU) clatified the delineation of responsibilities between the two levels of
goverﬁment.‘ The provincial government was given full responsibility to determine where
and how aquaculture was to be carried out, while DFO retained the accountability for
navigation, hab‘imt'protection and fish health.”® This response was mainly reactive to
conflicts regarding aquaculture policy between both levels of government and made clear

their positions with respect to aquaculture industrial development.

Soon after the MOU was released, the B.C. Ombudsman®” published a report titled
“Aguaculture and the administration of coastal resonrces in British Columbia™ in response to public
complaints on the lack of administrative fairness when granting tenures for foreshore leases

(Office of the Ombudsman, 1988). This teport was a product of FB with respect to

8 The Government of Canada and The Government of B.C. “Canada-B.C. Memorandum of Understanding on
Agquaculture Development.” September 6, 1988. i
8 Environmental Assessment Office. 1997. Salmon Aquaculture Review. Volume 3. Discussion Paper: “Siting of
Salpon Farms.” Some of the topics addressed by the MOU include research and development, education and
training, provincial licensing and regulation, federal regulation, co-ordination between parties, dispute
resolution, compliance and inspection, and feed egg supply, among others.
8 One who investigates complaints and mediates fair settlements.
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environmental, socio-ecoﬁomic and political events, and offered siting recomlﬁendations
from a stgkeholder conflict resolution perspective. The outcome of thié effort stressed the
need for sound planning by creating an integrated coastal resource management framework
that highlighted community planning and control as well as prioritizing public participation

at all stages of the planning process (Office of the Ombudsman, 1988). -

The B.C. Ombudsman report addressed both DFO’s resource user conflict resolution
approach and MAFF’s biophysical siting criteria. The outcome of both the Gillespie Inquiry
and the B.C. Ombudsman report influenced the creation of BSS and CRIS dufing the

following years.

3.2.5. MAFF Biophysical Suitability Studies (1989)

These comprehensive stﬁdies were carried out and published by the provincial government
to assist_ the industry in locating good sites by evaluating the biophysical capabulity of large
coastal areas. BSS addressed the siting question in response to the Gillespie Inquiry
recommendation regarding a Coastal Resource Interest Studies (CRIS) program. Provincial |
waterways for the net-cage rearing of salmon species.\vere assessed in this Study by weighing

P . . . C
the natural adversities and attributes of the environment for smng.) !

The AS mechanism per se coupled‘with SE on biophysical criteria importantly influenced the
design and implementation of BSS. Although not directly reflected in a final policy outcome,
BSS are largely a product of progressive incremental growth (IM), because they are based on
previous polic;y outcomes. The FEs that occurred in preﬁous years included the Gillespie
Inquiry recommendation regarding the need for planning attention on the Sunshine Coast

and Johnstone Strait areas.”’ BSS became relevant to land use planning and allocation during

% Province of British Columbia. Ministry of Agriculture and Fisheries. 1989. “Biophysical suitability of the Sunshine

Coast and Johustone Strait/ Desolation Sound areas for Salmonid Farming in Net Cages”. Aquaculture and Commercial

Fisheries Branch. ,

91 BSS were carried out for these two areas at first, and thereafter for numerous sounds and inlets located on

the west of Vancouver Island. Sites were rated for biophysical capability based on MAFF’s biophysical criteria.
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subsequent years. Overall, the studies were the outcome of a combination of ptevious

initiatives that evolved in less than half a decade.”

3.2.6. Coastal Resource Interest Studies (1992)

CRIS were started in response to the Gillespie Inquiry soon after the release of this
document and wete published n 1992. Prior to the release of CRIS, farm sites were being
determined on a one-by-one basis under the BSS outcome.” }\t first, CRIS studies were not
conducted 1n a planning context and therefore neither contemplated the. comparative
capability of the coast for various uses nor regarded the relative ecological or economic
values associated with each use of an area (Minister’s .Aquaéulture Industry Advisory
Council, 1993). The main outcome of these studies was in the form of maps, which indieatea
the suitable areas to site farms ﬁ'Qm the perspective of preventing conflicts with other
resource users. While not the most optimal solution to address a multiple-objective problem,

the studies provided a valuable source of information on coastal interests at the time.

CRIS have been updatéd and evolved mto comprehensive coastal plans that address
aquaculture capability from multiple perspectives. The studies are based on the idea of
pursuing an asymptotic (open-ended) process that is constantly refined. From a policy
evolution perspective, CRIS were the outcome of the IM mechanism per se (without
particular reference to any of its factors), as they are based on previous policies and

recommendations.

3.2.7. The Salmon Aquaculture Review (]997 )

The Salmon Aquaculture Review (SAR) was an exceptionally comprehensive study carried

out by the Environmental Assessment Office (HAO) on behalf of the provincial government

92 The Aquaculture regulation under the Provincial Fisheries Act was published in 1989 as a response to a
recommendation from the B.C. Ombudsman report. Interestingly, this enactment made no reference to the
siting question whatsoever and has remained unaltered on this respect. '
% In the eatly 1990s, MAFF was receiving almost one tenure application per week, most of which were
approved (Gary Came. MAFF. Courtenay, B.C. Apzil 2003. Personal communication.)
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(MAFF and the former Ministry of Environmental Lands and Parks) as a reaction to FEs
that generated important FB in the form of envitonmental and socio-economic concerns.
The review was also a response to a second moratorium on the issuance of new farm

licenses imposed 1n 1995.

The siting issue and four other environmental concerns™ were exhaustively addressed in the
report. Fifteen siting criteria were established (EAO, 1997a). The criteria contained
separation distances (buffers) between external (environmental and social) settings and fish

farms, which became a topic of attention in light of their constraining and ambiguous nature.

For the first time in the history of salmon aquaculture in B.C., available sites for farms neat
the provincial coastline became very limited. The fifteen siting criteria were published under
the title of “recommended salmon farm siting criteria”, which aimed at “(1) locﬁting salmon
/farms at sites with intrinsic biophysical capability and socio-cultural suitability (to prevent or -
reduce negative impacts and conflicts), and (1) promoting successful production' of healthy
farmed salmon” (EAO, 1997). Several siting criteria were adapted from the first set of
recommendations submitted by DFO in 1986. Moreover, socio-economic proximity criteria
(mamnly aimed at avoiding conflicts with First Nations reserves, recreation and toutism,
fisheries, private residences and cultural and heritage sites) were explicitly incorporated to
the list. Such aspects had never been formally stated in the form of policy. Since then, these
criterta have been adopted and interpreted differently by DFO, MAFF, the industry and an
array of stakeholders. This situation generated a great deal of controversy. Moteover, the -
SAR also alluded to the biophyéical criteria developed by MAFF 1 1987, adopting them as
“site selection considerations.” These fall more into the ‘guideline category’ than compuléory,

criteria to be followed by the industry.

The FEs that originated this review wete in ‘essence very similar to those that generated the
Gillespie Inquiry, except their magnitude was greater due to the multiplication of fish farm
sites. All policy evolution factors (except BEP) influenced the development of this review.

The IM mechanism per se produced the addition of all socto-economic criteria. SE influenced
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one criterion. OJLs did not influence the siting criteria outcome, but were addressed in a

technical paper as a means of comparison with B.C. criteria (EAO, 1997d).”

3.2.8. MAFF Commercial Finfish Aquaculture Maﬁagement Plan (2000)

To a great extent, MAFI’s criteria resemble those developed by the SAR in 1997. Despite
the fact that proximity buffers remained unaltered, the wording of several criteria was
modified to decrease ambiguity.% This set of criteria is curtently applied to evaluate

applications.

It can be argued that these criteria were a product of IM itself. The wording of certain
criteria was only adjusted (e.g., by adding the phrase “in consultation with DFO and the
province,” at the end of sentences). There were two important reasons for the enactment of
these criferia. First, the ambiguity of former guidelines had generated misunderstandings
amongst the two levels of govemnﬁent and industry. Second, the forecasted lifting of the

1995 motatorium on farm leases, which did not occur untl September 2002.

3.2.9. MSRM Aquaculture Opportunity Studies (2002)

The provincial Ministry of Sustainable Resource Management (MSRM) introduced a
mapping approach in 2002 to support new siting and relocation of fish farms. The
Aquaculture Opportunity Studies (AOS) are based on previous provincial policy, namely
MAFF’s biophysical criteria (1987) and the Commercial Finfish Aquaculture Management

Plan (2000). From a policy evolution standpoint, AOS are a result of progressive incremental

2 Impacts of escaped farmed salmon on wild stocks, discase in wild and farmed fish, environmental impacts of
waste discharged from farms, and impacts of farms on coastal marine mammals.

% Siting criteria comparisons were made with Maine, New Brunswick, Ireland, Washington, Norway, Scotland
and Iceland regarding boundaties (low tide), minimum depths, distances between farms, critical fish and
ecologically seasitive areas, oceanographic considerations, performance of Environmental Impact Statements
and zoning criteria. However, this comparative study did not have any impact on siting criteria.

96 Kirk Stinchcombe and Claire Townsend. MAFF. Victoria, B.C. February 2003. Personal communication.
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growth. At the same time, the overall mapping outcome attempted to incorporate

stakeholder (industry, First Nations, local governments) interests and values.”

The AOS regional maps identify priority areas to site salmon aquaculture facilities. The so-
called “Opportunity Areas” (OA) are divided into OA1 and OA2, which show “good” and
“limited” biophysical rankings based on MAFF ’s biophysical and current siting criteria.”® A
sound advantage of these maps is that they explicitly recognise caveats and limitations. For
- instance, the AOS carried out for B.C.’s North. Coast acknowledges the “poor levels of
resource inventory and unréliable salmon capability information.”” Moreover, these studies
point out that companies: still need to carry out site-specific studies to meet all siting

requirements.

3.2.10. DFO screenings under the Canadian Environmental Assessment Act
(2002)

This guide comprises DFO’s most recent marine finfish aquaculture requirements. The

Canadian Environmental Assessment Act (CEAA) screenings'™ are fully site-specific and

divided into environment, production, resource information and management plans (DFO,

2002)."Siting criteria appear to be consistent with MAFI’s Commercial Finfish Aquaculture
g PP q

Management Plan although ambiguity remains regarding their interpretation.”"

CEAA screenings are the federal response to the lifting of the seven-year moratorium on

aquaculture licenses that occurred in September 2002. Besides complying with stting criteria,

97 Memorandum to john Willow (Business Programs LWBC) from John Bones (Coast and Marine Planning
Branch MSRM). March 2002.

% Examples of this maps can be retrieved from MAFF’s website:

hitp://www.agl.gov.be.ca/fisheties/siting reloc/aos.htm

2 Memorandum to John Willow. Ibid.

10 CEAA screenings resemble an environmental assessment requiting consideration of the following factors:

environmental cffects (and cumulative effects) of the project (malfunctions or accidents), comments from the
public received in accordance with CEAA, measures that are technically or economically feasible that would
mitigate any significant adverse environmental cffects, and any other matter relevant to the screening,
comprehensive study, mediation or assessment by a review panel.

101 2) Claire Townsend. MAFF. Victoria, B.C. April 2003. Personal communication. b) Jennifer Nener, Wayne
Knapp and Allison Webb. DFO. Vancouver, B.C. March 2003 Personal communication. As the wording of
criteria continues to be ambiguous and both levels of government have different mandates, the interpretation is
subject to variation.

57



http://www.agf.gov.bc.ca/fisheries/siting

Factors affecting the evolution of salmon aquaculture siting policy in B.C.

1

Chapter 3

these screenings demonstrate extreme precaution as further stringent tequirements are

demanded during the license application process (e.g., stream and watershed surveys, benthic

habitat surveys, water quality and circulation pattern studies, and so forth). As of late 2003,

no new licenses have been granted to aquaculture developers given the demanding nature of

2

. : 1
these federal screenings. (

3.2.11. Summary Table: Factors that have influenced the evolution of salmon
aquaculture siting policy in B.C.

Regulatory Event
a) DFO Guidelines (1986)

b) Gillespie Inquiry (19806)

¢) MAFF biophysical siting
criteria (1987)

d) Ombudsman report (1988)

e) DFO aquaculture report
(1998)

£y MOU (1988)

g) Aquaculture regulation (1989)
h) Biophysical suitability studies
(1989) '

1) Coastal resource interest

studies (1992)

i) Salmon Aquaculture Review

(1997)

k) Provincial Aquaculture
Management Plan (2000)

1) Aquaculture Opportunity
Studies (2002)

m) Federal CEAA Screenings
(2002) ’

Siting Objectives
Prevent impacts on fish

Avoid resource user conflicts

Avoid resource user conflicts

Environmental suitability

Mediate resource user conﬂicts'

Address resource user conflicts

Define positions between levels of government
Did not consider siting issues

Attributes and natural adversities of the

environment for siting facilities
Produce maps to show the areas suitable to site

farms from the perspective of preventing conflicts ’

with other resource users

Locate salmon farms at sites with intrinsic
biophysical capability and socio-cultural suitability
to prevent or reduce negative impacts and
conflicts

Promote successful production of healthy farmed
salmon '

Same as SAR. Only applies to the siting of new
tenures :

Support new siting and relocation of fish farms by
identifying feasible “opportunity areas”

Provide new precautionary measures for fish farm
license approval

Reactive to

FEs, INDs, FB, BEP

" FEs, INDs, FB,

(O]Ls)

SE, (FEs, INDs, FB)
FB

FB

FB

AS

AS, IM
M
AS, IM

FEs, INDs, B, SE,
(OJLs)

M
FB, IM

IM

Table 3-1. Evolution of siting policy: Summary Table. Acronyms: [AS: Agenda Setting; IM:
Incrementalism; FEs: Focusing Events; INDs: Indicators; FB: Feedback; SE: Scientific
Evidence; OJLs: Other Jurisdictions’ Leads; BEP: Borrowing Existing Policy|. The
parenthesis () indicates ‘indirect influence’.

192 Gary Caine. Thid.
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3.3. Origin, evolution, purpose and rationale behind siting criteria

)

Siting criteria ultimately determine the location in which new fish farms are established or re-
located in the coastal waters of B.C. This section explores the origin and evolution of
relevant sil:'mg‘cr»iteria, what they seek to accomplish and the rationale supporting their
constitution. ,Typical siting criteria are comprised by buffers (proximity or separation
distances) and atfributes (1.c., environmental ot socio-economic settings). An important aim of
t.his section 1s to describe the foundation of these concepts aé applied to the salmon
aquaculture case so that judgements regarding implicit disadvantagcs and trade-offs can be

made and assessed.

a) Criterion #1: “No salmon farms within 1-km radius from the mouth of salmon-
bearing streams.”

The original criterion stated that “a finfish pen farm will not be located within 1-km radius
from the mouth of a stream populated by anadromous fish, to minimise disease transmission
concerns and protect highly sensitive estuarian fish habitat.” Both the federal and provincial
governments initially supported it (DFO 1998). The buffer is unsupported by scientific
analysis and was determined as a “level of convenience to have cultured stock at a reasonable
distance away from wild stocks” (DFO, 1998)."" The purpose of the criterion was to reduce
tisk of disease transference from caged salmonids to wild stocks and wze versa. The criterion
had an overarching impact on the industry’s expansion as it is nearly impossible to find a

. . . 104
place on these coastal areas where water is not flowing into the ocean.

Furthermore, controversy exists because “the mouth of a stream holding anadromons fish” 1s a
rather subjective attribute since the width of a stream varies considerably according to
seasonal patterns. DFO regards streams as watercourses with the potential to have fish

habitat, whereas MAFF defines them as watercourses carrying a considerable population of

103 Wayne Knapp. DFO. Vancouver, B.C. March 2003. Personal communication. The workshop was held at
the Pacific Biological Station and attended by personnel from DFO’s science branch and other federal agencies.
Tts objective was to determine the adequacy and purpose of siting guidelines as well as the scientific ratonale, 1f
any, behind them.
14 Gary Caine. Ibid. . ;
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salmonids.”” In addition, there is no formal classification of salmonid productivity in
regional streams and rivers, and science continues to be unsure about the degree to which

the environmental conditions of a site may imprint on cultured salmon (DFO, 1998).

Consensus has not yet been achieved between MAFF and DFO. New salmon aquaculture
licenses thus continue to be on hold. The agencies also disagree on where to start measuring
the 1-km buffer zone. MAFF regards the edge of a net pen as the starting point to measure a
1-km distance to a salmonid-bearing stream while DFO regatrds the edge of a tenure as the

starting point.‘“(’

Another factor that underscores the importance of this criterion is that DFO now asks
proponents to undertake salmon strean surveys to obtain a more thorough description of on-
site impacts."” However, the temporal scale by which such surveys should be carried out is
not specified in the most recent CEAA screenings, a fact that may have implications with
respect to the surveys’ reliability. An implicit trade-off that emerges from this requirement is

that fewer local firms can afford such surveys due to their high costs.™

b) Criterion #2: “Net pens. should not be located within 1 km of herring spawning
areas designated as ‘vital’, ‘major’, ot ‘important’.”

This criterion emerged in the SAR as a response to well-documented changes overtime in
the health of herring spawn (in part due to low dissolved oxygen concentrations) in relation

- to their proximity to salmon farms (DFO, 1998).

The 'purpose of the criterion sought to reduce the direct impact of farms on herring spawn.
The 1-km buffer is based on a best guess by policy-makers and 1s unsupported by scientific
evidence (DFO, 1998). Moreover, it has been previously acknowledged that an

“appropriate” buffer distance between a fish farm and herring spawning areas varies

15 Gary Caine. Ibid. Caine argues that refugee streams and resident streams need to be differentiated and
defined. He mentioned that “refugee streams relate to those in which fish happen to pass by accident whereas
resident streams have a history of consistently returning fish population.”

106 1irk Stinchcombe and Claire Townsend. Thid.

W7 Jeniffer Nener. DFO. Vancouver, B.C. March 2003. Personal communication.

108 Gary Caine. Ibid.
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depending on physical variables (DFFO, 1998). Controversy regarding the adeqﬁacy of this
criterion remained until the late 1990s as hetring spawn classification was updated after the
SAR was cofnpleted. It has been previously recommended that “the guideline be reworded
to reflect DFO’s revised system of classifying herring spawn” (DFO, 1998). The latest
version of this criterion now appears under the “sensitive fish habitat” section included in

the CEAA screenings. The provincial guidelines have remained unchanged.

¢) Criterion #3: “Net pens shall not be located within 300 m of inter-tidal fish beds
and 125 m from all other wild shellfish beds where there are, or is the potential for
recreational, native food fish or commertcial fisheries.”

The original guideline put forward a 125-m buffer to separate fish farms from both intertidal
fish beds and all other wild shellfish beds. Its putpose was to reduce the concentration of
suspended solids and chemucals 1n waters used by shellfish and to safeguard hulﬁan health
(DFO, 1986). Both buffers were originaﬂy borrowed from the Canadian Food Inspection’s
Agency (CFIA) Sanitary Shellfish Regﬁlations in relation to wharves, marinas, and other
nearshore-based facilities (DFO, 1998) and wete not derived from scientific analysis.w Such
distances were sclected as buffers as they “scemed reasonable and conservative” (DFO,
1998), most probably under the logic that a salmon aquaculture farm could be regarded as

another “nearshore based facility” with respect to shellfish beds.

The SAR recommended a 300-m minimum distance between a farm’s perimeter and
intertidal shellfish beds. This buffer was derived from scientific analysis cartied out at the
University of British Columbia (DFO, 1998). The other 125-m buffer from other wild

shellfish beds remained unchang_ed.

19 Cross, S. Aquametrix Research. Courtenay, B.C. April 2003. Personal communication. Cross indicated that
this buffer was derived from a best guess in the 1980s. He added, however, that his group has carried out
scientific research based on tdal currents, oceanographic measurements, bioaccumulation of contaminants
from farms, and impact on shellfish themselves, which (still in the form of grey literature) have proven that
impacts on shellfish beds occur at a maximum distance of 30 to 50m from the edge of a salmon net pen.

>

“Thus, by including a safety factor, the original buffer could be very close to reality.’
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d) Crlterlon #4: “Net pens should be located at an appropriate distance from areas of
sensitive fish habitat.” ‘

The orniginal guideline stated that “wes pens shall not be located over or near areas of sensitive fish
habita?” (DFO, 1986), which refers to spawning, rearing, food supply and migration areas

upon which fish and shellfish depend directly or indirectly to carry out life processes.

The SAR modified the wording of the cﬁterion, replacing the terms ‘over or near’ with
‘appropriate distance’. The need for a more explicit definition concerning the ‘ensitive fish habitat’
attribute was “later acknowledged given fnultiple mnterpretations from stakeholders and
decision-makers (DFO, 1998). Moreover, a 50-m buffer between the farm’s perimeter and
sensitive habitat was determined Avia sci¢ntiﬁc analysis. Flowever, it was later recognized that
even a 200-m buffer would prove inadequate under certain physical conditons (DFO, 1998).
Consensus has_not yet been reached and neither buffer has ever been incorporated into

siﬁng guidelines.

Current criteria state that information needs to be provided regarding the location of
sensitive fish habitat areas (kelp beds, eelgrass, herring spawn areas, migratory routes, and so
forth) that are within 1 km of the farm tenure, as well as the habitat’s size or area, depth,

110

seasonality and frequency of use (DFO, 2002)."" This arbitrary buffer leaves the criterion

open to judgment and evaluation.

e) Criterion #5: “Net pens should not be located within 1 km dlstance in all
directions from a First Nations reserve.’ :

The criterion amms to reduce potential conflicts with residents of First Nations reserves and
prevent potential infringement of aborginal 'rights or conflict with areas of aboriginal
interest (EAQO, 1997b). First Nations requested that this criterion be increased to a minimum

distance of 10 km (EAO, 1997b). The ctiterion has remained unchanged until now.

0 Tinked to this criterion, a minimum depth of 10m was first suggested in order to minimize impacts on
sensitive fish habitat (DFO, 1986). Thereafter, a greater depth of 30m was recommended (EAQO, 1997). Finally,
the adequacy of a distance greater than 35m was also argued (DFO, 1998), since impacts would be site-
dependent according to physical and chemical parameters. There appears to be no scientific evidence related to
this specific buffer.
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f) Criterion #6: “Net pen facilities must have a minimum of 3 km distance between
them.” '

An unpublished 800-m buffer between net-pen facilities that had been adopted from
Norwegian standards at the beginning of thé 1980s was the origin of this criterion.'" It was
used by the province until the Gillespie Iﬁquiry_ was undertaken. A suggested 5-km minimum
distance between net pens was then prof_)osed (DFO, 1986). The aim was to minimize risk of
disease transfer and prevent cumulative water quality ilnpacts arising from nutrient loading. '
The ‘buffer was increased after phytoplankton blooms occurred and threat from parasitic

: . : : : 12
sea-lice was imminent in the mid-1980s.

Thereafter, the buffer was finally changed to 3 km
(EAO, 1997a). It can be assumed that the original suggested buffer of 5 km may have been

considered overly conservative, as there is no scientific support for this distance.

The following table shows a summary of relevant criteria including the year each was
established, how each was disseminated, their purposes, rationales, and, finally, how each has

evolved.

1 Gary Caine. Ihid.
12 Gary Caine. Ibid.
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3.4. Disadvantages and trade-offs implicit in curtent siting criteria

Disadvantages refer to implicit inconveniences, conflicts or costs that may arise from the
constitution and use of siting criteria. Trade-offs refer to the need to balance objectives
when they cannot be attained all at once. They indicate ways to express one objéctive in
terms of another. Trade-offs ultimately depend on the consequences associated with initial
objectives and can be“cognitively difficult in that they require comparison between a wide

array of dimensions and qualities (Gregory, 2002).

This section addresses the implicit disadvantages and trade-offs behind the constitution and
use of siting criteria. The reasoning behind the analysis makes use of the following set of

objectives.

3.4.1. Objectives for the salmon aquaculture industry

The following set of objectives associated with the salmon aquaculture industry can help
clarify the fundamental goals sought by the sector (McDaniels, 2002). Implicit disadvantages
and trade-offs can be deduced throlugh assessing the level of achievement of these

objectives.

Fostering the health of the marine environment, refers to minimizing impacts on species (salmon,
other fish species, mamrﬁals, birds and shellfish) and the marine ecosystem, as well as
minimizing adverse environmental impacts on marine habitat both at and near fish farm
sites. .

Fostering economic benefits, refers to, maximizing employment (of residents in small coastal B.C.
communities, other B.C. communities and elsewhere in Canada) and income (related to the
above-mentioned individuals, organizations and governments).

Fostering social benefits, refers to minimizing adverse impacts on traditional cultural patterns (ovf-
resource use and diverse work activities), aesfhetics (noise, visual impacts and odours), and
other marine uses (tecreation and‘navigation), while fostering community cooperation and

cohesion and respecting aboriginal tights.
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Fostering adaptive management, refers to a process of learning about minimizing negative
environmental consequences, processes (cooperative ventures and regulatory), minimizing
costs and maximizing benefits (social, economic and environmental), and state-of-the-art
technologies.

Fostering good governance, refers to coordinating aquaculture with the objectives of provincial
Land Use and Coastal Zone Management Plans (LUPs & CZMPs), broader community

economic development plans, and building social agreement about local siting decisions.

3.4.2. Disadvantages of using current siting criteria

a) Exclusion of potentially suitable sites within a selected region

Eight siting criteria (out of a total of fifteen) utilize buffers and af/‘fr/'/mfey as means of
separating fish farms from various other settings (MAFF, 2000).'” In this context, a buffer
divides a given region into acceptable and unacceptable areas. Buffers can therefore be both
inclusive and exclusive, implying that some areas are ‘illapproprigte’ to site a facility. They

have the potential to exclude potentially suitable sites within a region of interest.

The buffer (1km) in the following criterion illustrates this disadvantage: “A salmon aguaculture
sute should not be localed within a 1-km distance of a salmonid-bearing stream.” Consider a hypothetical
salmon aquaculture case in which site X adequately meets the remaining 14 criteria but fails
to meet this buffer by 20 metres (i.c., site X is 980m away from a salmonid-bearing stream).
In another hypothetical case, sipe Y meets this and several other criteria but by very small
margins of, say, 5 metres (e.g., site Y is 1005m away from a salmonid-beating stream). The
outcome of this scenario is that site X is automatically eliminated whereas site Y is regatded
as ‘potential’. Considering that all 15 criteria are equally important, the outcome associated

with site Y 1s clearly unfavourable. A “better” site is eliminated while a “less-desirable” one is

13 These eight criteria state that fish farms should be sited at least: §) Tkm in all directions from First Nations
reserve; 1) tkm from salmonid-bearing streams determined as “significant by DFO and the province”; iif) 1km
from herring spawning areas designated as vital, major or important by DFO and the province; iv) 300m from -
intertidal shellfish beds...; v) 125m from all other wild shellfish beds; vi} 1Tkm from existing or approved
proposals for ecological reserves < 1000 ha; vi) 1Tkm in all directions from existing or approved federal,
provincial and regional parks and protected areas; viii) 3km from other farm sites in accordance with local area
plan or CZMP (MAFF, 2000).
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taken into consideration. A major 1mplication associated with this scenario is that the less-

desirable site (initially regarded as potential) is less likely to meet the multiple objectives
: , :

sought by stakeholders and policy makers, and more likely to generate adverse impacts in the

long run.

Attributes ave similarly fraught with disadvantages. The main reason is their ambiguity. The
attribute in the above scenario [salmonid-bearing streams] may be subject to multiple
mterpretations. Attributes are ﬁsually interpreted according to policy-maker mandates or
stakeholder interests and values. In the first case, DFO (having a fish protection maﬁdate)
considers any single stream or waterway regardless of its dimensions and fish population to
be “salmon-bearing.” That is, any stream bearirig salmon or having the potential of bearing
salmon is taken into account even if there exists no evidence of salmon habitat.'"* In
contrast, MAFF (having an aquaculture development mandate) would consider only major
streams that bear a determined number of fish. At the same ﬁlne, other stakeholders directly
impacted by fish farms such as First Nations or the tourism industry would be likely to
support DFO’s approach while trans—natibnal corporations would be likely to only regard

streams of large dimensions to be ‘salmon-bearing’.

b) Exclusion of potentially suitable sites outside a selected region

Selecting a region of interest is usually the first step in choosing a site for facilities. There 1s
possibi]ity- of excluding: potential sites (with better environmental or socio-economic
conditions) outside such regions with the application of siting criteria. This case is typical of
salmon aquaculture in B.C. as the industry concentrates to a large extent mn two specific
regions (the Broughton Archipelago and the Johnstone Strait), which together comprise over |

fifty percent of the total salmon net cage tenures in the province (Living Oceans Society,

2003). '

14 Jeniffer Nener & Allison Webb. DFO. Vancouver, B.C. March 2003. Personal communication.

115 The poor biophysical setting under which former aquaculture practices were conducted on the Sunshine
Coast caused the industry to collapse and move north to these regions, aiming at better environmental
conditions such as uniform year-round temperatures and dissolved oxygen levels, sufficient depth, adequate
current speed, and so forth. .
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¢) Multiplication of adverse impacts within a selected region

Adverse social and environmental impacts have continuously arisen since the number of
sites multiplied within both regions. The optimal biophysical conditions to grow fish in the
Broughton Archipelago and the Johnstone Strait drove the industry to develop intensive
aquaculture practices in multiple sites at a time when criteria were not appropriately defined
or implemented. Additional implicit disadvantages emerge from using siting criteria including
environmental impacts on marine ecosystems and habitats (as their carrying capacity is
exceeded), socio-economic impacts (e.g., on First Nations and their traditional cultural
patterns, other industries such as tourism, and other marine users), and complicating the co-

ordination of the industry with local and regional LUPs and CZMPs.

Broughton Archipelago

Johnstone Strait |/
‘he Marrows

Jervis &

MNorthwest Coast Sechelt

Vancouver Island

Comoxy,

Courtr:::gy&

Clayoguot & Barkley Sounds

Figure 3-4. British Columbia fish farm tenures (Source: Living Oceans Society, September
2003)
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d) Site-specific criteria disregard (biophysical and socio-economic) cumulative
impacts and hinder the integration of salmon aquaculture with region-smart plans

<

Siting criteria are site-specific in the sense that they implicitly identify particular “spots”
within a selected region where farms can operate while “minimizing” environmental impacts
and resource user conflicts. However, the outcome of such criteria treats sites as
independent components within vast systems, distegarding their dynamic interactions and
emergent p’ropert‘ies.”(’ Following this logic, selected sites may simply be used to pursue
economic goals and be seen only as biophysical locations with the appropriate conditions to

rear fish.

- Furthermore, site-specific criteria cannot be conceived as part of an integrated 'regional
planning approach. In B.C,, the regions where the largest concentration of farms exists have
been physically divided into ‘blocks’. The reason behind the “block approach” is that
transnational corporations seek “ease of access and cost savings in serving the tenures with

manpower and materials” (Ellis, 1996). '’

This approach translates into economic savings
and a more suitable fish farm management scheme because travel distances between fish

farms and to processing and distribution centres are minimized.

Nevertheless, blocks with a higher concentration of fish farms have a greater risk of adverse
environmental impacts (e.g., on marine ecosystems %md habitats) and social conflicts (e.g.,
with First Nations and other resource users). In addition, the use of blocks makes
coordination with broader community economic development plans that seek to mntegrate
the industry 1nto the region more complex. Cooperation and cohesion amongst industries

are made difficult if one industry dominates an area.

16 Emergent propetties refer to those that arise only when specific components of systems get engaged.
17 Over two-thirds of the salmon aquaculture industry ate currently foreign-owned by four major corporations:
- Stolt Sea Farm, Pan Fish, EWOS and Nutreco (LWBC, 2002).
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3.4.3. Tradeoffs implicit in current siting criteria

a) Larger buffers leave less area available for salmon farming, but mean ‘greater
environmental and social safety

The main trade-off that arises from the use of siting criteria is that larger buffers leave less
area available for the salmon aquaculture industry (given the type of existing technology).
Buffers act as’a constraint on the overall scale and economic potential of the industry, and
limit its expanston. A limited number of sites can be projected in cach region so economic

benefits are constrained to that defined scale.

At the same time, however, larger buffers would mean more safety. Adverse environmental
and social impacts are, in principle, decreased with, larger buffers. Impacts on marine
ecosystems and habitats ate obviously decreased because there would be less area for salmon
farming. Social impacts on traditional cultural patterns (i.e., their resource uses and diverse
wortk activities), other marine uses (recreation and navigation) and aesthetics (noise, visual
impacts and odoutrs) are similarly decreased. ‘ |

In summary, larger buffers constrain economic potential but lessen environmental and social

impacts.

3.5. Characterizing views regarding the current state of siting policy

Policy-maker and stakeholder interviews were carried out to clarify the rationale, purpose
and implicit disadvantages associated with salmon aquaculture siting policy in B.C. The

exercise assumes the need for more comprehensive siting policy, 1.e., one that incorporates

scientific evidence as well as values and interests related to conflicting stakeholder objectives.

Multiple objectives are sought by a wide range of stakeholders with different backgrounds,
beliefs, assumptions and values. Therefore, to become aware of different perspectives

regarding siting critetia is crucial to developing more a comprehensive policy process.
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' 3.5.1.  DFO perspectives

DFO’s legal mandate concerning salmon aquaculture in Canada specifies the need Yo prevent
mmpacts Lo /i.\‘/} and fish habitats and to avoid conflicts between aguacullure and fishery activities” (DFO,
1986). A strong viewpoint prevails amongst the federal department staff interviewed in
B.C."" Siting criteria are regardred'as stringent standards amongst several other requisites for
salmon farm siting decisions. Proponents must then strictly comply with the so-called buffers.
In addition, they believe developmen.t of “good” science 1s the only justification that exists

to modify such buffers.'"’

Despite the fact that several siting buffers are unsupported by science, DFO regards all
criteria with the same degree of significance and rigorousness. For instance, a 1-km buffer
from salmonid bearing streams and a 300-m buffer from shellfish beds are equally
considered and applied. However, DFO now acknowlgdges that some buffers oﬁght to be

20

challengedl

and that the first step toward a good siting process 1s to achieve consensus

- . . P . . 121
regarding the rationale and science of siting criteria.

3.5.2. MAFF perspectives

The province is mandated to develop and manage the salmon aquaculture industry in B.C.
Economic growth is situated as a prority objective and thus the provincial ministries |

(MAFF, LWBC and MSRM) are more flexible and open to relax and modify siting criteria.

118 E.g., “The precautionary principle takes the most conservative view from our perspective and we shall
continue to follow it.” Allison Webb. DFO. Vancouver, B.C. March 2003. Personal communication.

- 119 “Scientifically-defensible reasons must back up any possible modifications in current criteria since DFO has
to stand to the public.” Allison Webb. Tbid. Moreover, the mysterious disappearance of pink salmon runs (that
led to empty some salmon farms in the Broughton Archipelago due to pressures from interest groups and
further lawsuits from First Nations groups) may have contributed to the more stringent application of CEAA
screenings. A

120 B o “Shellfish buffers are planned to be looked upon with more flexibility given that there happen to be
shellfish beds everywhere around.” Allison Webb. Ibid. )

12t Wayne Knapp. DFO. Vancouver, B.C. March 2003. Personal communication. DFO is also working on wild
salmon policy and documentation with regard to policy principles and guidelines for general aquaculture, based
on extensive public consultation under an ecosystem-based management approach..
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For instance, if a particular firm has good fish health management practices, then MAFF

35122

would consider to relax the proximity of their net pens to a sah‘non bearing stream.

The recommendations put forward by the SAR (soon after modified by MAFF in 2000) are
perceived as guidelines rather than stringent criteria. As a consequence, MAFF policy makers
have indicated that the possibility of a fully-harmonized document (in collaboration with
DFO) regarding siting criteria has been scaled back.'®’ Siting buffers are mostly perceived as
arbitrary values based on common sense and conservation principlc—:s.]24 Overall, the first
. . . . . . 125 g .

siting criterton 1s the most important for the province. ™ There is a large degree of

willingness to modify existing buffers as the limit possible salmon farm sites.'

The provincial government is cutrently in the process of developing improved siting criteria
for finfish farms. However, neither siting buffers nor attributes are likely to change.”
Moreover, there 15 an ongoing discussion with DFO to reach agreement on when each
buffer should be applied. The intention is not to relax any buffers, but to describe how
proposed farm sites will be evaluated using them." This fact may suggest a site-specific

scenario, which implies a greater degree of objectivity.

3.5.3. Research organizations’ perspectives
! g persp

The interests and values associated with research organizations ultimately determine their

perspectives on salmon aquaculture siting policy. On the one hand, there is the belief that

122 Kirk Stinchcombe, MAFF. Victoria, B.C. February 2003. Personal communication. “We would even allow
firms to site on top of a shellfish bed if enhancement work is done on a different area.”

123 Claire Townsend. MAFF. Victoria, B.C. June 2003. Personal communication.

124 Kirk Stinchcombe. MAFF. Victoria, B.C. February 2003. Personal communication.

125 “The 1-km separation distance from salmonid-bearing streams should only be treated as a guideline, not
under a thou-shall-not basis.” MAFF regards this buffer only in the case of resident streams as opposed to also
refugee streams or watercourses of any other sort (Caine, G. Ibid.).

126 Gary Caine. MAFF. Courtenay, B.C. April 2003. Personal communication. A good example of openness is a
case where MAFF would consider a temporal scale scenario for farm operations, meaning that sites are shut
down whenever fish are migrating and re-opened whenever there is no migration.

127 According to MAFF’s website (http://www.agf.oov.be.ca/fisheries/siting reloc/govt man.him, September
2003), these criteria will reflect the requirements of relevant provincial and federal legislation (CEAA & DFO’s
Policy for the management of fish habitat will be taken into consideration) and will incorporate new knowledge
of physical and biological interactions in the marine environment.
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criteria should never be established.in the absence of data.™ This perception implies that

siting criteria should only be set on the basis of scientific evidence."

Other research entities,
‘on the other hand, have opposite views. Successful siting criteria are petceived to be those
that fully maintain the health of the environment and ensure negligible social and biophysical

: 131
lﬂlpﬂCtS.

3.6. Conclusion

This chapter explored the way that siting policy has been shaped throughout the relatively
short existence of the salmon aquaculture industry in B.C. The chapter proposed a
conceptual framework cbmprised by two political science mechanisms (AS and IM) and six
policy evolution factors (FEs, INDs, B, SE, OJLs and BEP) that explain how policy
develops and changes over time. It was suggested that policy in general may evolve via
outcomes that combine expansion, adjustment and replacement of policy. This andlysis
showed that the siting policy case associated with salmon aquaculture in B.C. has evolved via

the first two [expansion and adjustment].

The policy evolution factors have played different” roles during different periods of
regulatory action. The AS mechanism and its associated factors (FEs, INDs and FB)
influenced the origin and initial evolution of siting policy at a time when social and
environmental impacts needed urgent attention (DFO, 1986). SE played an active role in
determining optimal biophysical suitability for fish grow-out purposes (MAI?F, 1987). I'B
caused the development of siting documents that aimed at mediating resoutce user conflicts
(DFO, 1988; Office of the Ombudsman, 1988). Finally, the IM mechanism per se via
expansion and adjustment influenced the moulding of newer policy that largely evolved from

mutial policies (EAO, 1997; MAFF, 2000; DFO, 2002).

128 For example, this may mean a farm could be allowed closer than 1 km to a federal, provincial or regional
patk, provided it does not interfere with activitics of the patk’s plan (Claire Townsend, pers. comm. May 2003).

129 Stephen Cross, Aquametrix Research. March 2003. Courtenay, BC. Personal communication

130 Criteria are therefore developed once factors such as oceanographic measurements, current dlrecnons from.
fish farms, sensitive species found in shallower areas, and so forth, have been reliably determined and
consensus has been achieved. Social criteria would then follow this initial process.

B! Jeff Ardron. Living Oceans Society. Sointula, BC. November, 2002. Personal communication.
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‘Typical siting criteria are constituted by buffers (i.e., proximity or separation distances) and
attribufes (1.e., environmental or socio-economic settings delimited by buffers themselves).
Implicit disadvantages and trade-offs amongst conflicting objectives arise during a siting
process that uses site-specific criteria. In addition, despite the fact that regulating agencies
make use of the same buffers and attributes, the implementation of siting criterta remains
subjective. Criteria may be either looked upon as guidelines (recommendations) or as

stringent standards developed via precautionary common sense.

Buffers are largely based on risk management principles given the lack of definitive science
that supports them. Hence they are imposed in order to manage risks by providing a
measure of protection. However, in the end, establishing criteria in the absence of scientific

data has led to controversy anﬁongst stakeholders and policy makers.
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4. Additional concepts for siting facilities

This chapter outlines and discusses three potential processes associated with facility siting.
The first process yields siting decisions using public negotiation based on a procedure
developed to site nuclear power plants and hazardous waste facilities in the United States
(Kunreuther, 1993). The second process takes an analytical perspective on siting by making
use of a decision-making tool that aims to find “best” sites while following a sound siting
process. This method has been used by the energy sector in the U.S. (Keeney, 1980). Finally,
the third process mntroduces a petspective where sites are regarded as components or sub-
systems that co-exist within more broader and complex systems and are subject to
cumulative effects, emergent préperties and dynamic interactions. The chapter concludes
with lessons learned fro1n these lines of reasoning as applied to siting salmon ‘aquaculture

facilities 1n B.C.

These three processes are, in essence, suggestions for future methods of evolution for the
siting process of salmon aquaculture facilities in B.C. A typical approach to locate a fish farm
in coastal waters only considers how to find suitable sites that meet siting criteria under
optimal biophysical conditions. In addition, as described eatlier, the siting process places
emphasis on criteria that evolve reactively, constraining the total number of “optimal” sites.
Several other disadvantages have been identified with respect to the current approach. The
purpose of this chapter is therefore to build on the previous one by suggesting other
processes when considgring the dcvclopmcht of more comprehensive siting process and

outcome schemes.

4.1. Siting as a public process of negotiation

The nature of facility siting typically involves different stakeholders and their 1ssoci1ted.

values, interests, preferences and plOpOSCd outcomes. Lack of trust and dJsagreement about

values and goals may sometimes bc seen as major obstacles ﬁom a public petspective. These
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facts unquestionably generate conflicts and disputes. Negotiation tools and procedures are

important to overcome disputes and search for mutual gains.

4.1.1.  Facility Siting Credo

The Facility Siting Credo (FSC), a procedure developed for siting purposes per se, has proven
beneficial in addressing stakeholder conflicts (Kunreuther, 1993). In addﬂién, tools such as
the method of principled negotiation may also be simultancously employed (Fisher, 1980).
While not intended as a panacea for dealing with siting matters, the appropriate combination
and implementation of siting negotiation procedures and techniques could possibly help

assist the marine-based facility siting process from a stakeholder negotiation perspective.

Siting noxious facilities such as landfills, incinerétors and hazardous waste sites has been a
" topic of controversy since the 19705. The lack of rational, impartial and workable siting
procedures easily generated conflicts between stakeholders, decision makers and facility
proponents. Research then identified that trust between developers and host communities,
public perceptions of appropriate facility design, and public participation were crucial for
sound siting negotiation processes and long-term positive outcomes (Kunreuther, 1993). The
FSC was then purposely developed to assist facility siting negotiation and to address the

main sources of conflict.

The FSC involves six procedural steps: instituting a broad-based participatory process,
secking consensus, working to develop' trust, secking acceptable sites through volunteer
processes, setting realistic timetables, and keeping options open at all times. There ate also
seven desired outcome stages: achieving agreement that the status quo is unacceptable,
.choosing the solution that best addresses the problem, guaranteeing stringent safety
standards will be met, fully addressing all negative aspects of the facility, making the host
community better off, using contingent agreements, and working for geographic fairness.
The possible relevance of the FSC for siting marine-based facilities such as salrn(j)n

aquaculture sites 1s discussed below.

76




Additional concepts for siting facilities
Chapter 4

4.1.2. Discussion: Procedural steps

The first three procedural steps ate crucial to any negotiation. [nstituting a broad-based
participatory process calls for stakeholder involvement and extensive public outreach, stressing
the need for involving affected parties in the siting process while giving them the necessary
resources to attain effective participation. Parties can then interact with one another via
me¢tings, wotkshops or citizen advisory committees. Seeking consensus may require
considerable time and, in some instances, may not even be possible. In light of this, working
lo develop Irust focuses on the necessify for equity considerations associated with stakeholder
values, concerns and needs so as to ultimately try to rea.ch for consensus. Principled
negotiation may be crucial in attaining consensus while working to develop trust by
separating the people involved from the problem, prioritizin;g interests rather than positions,

inventing options for mutual gain and using objective criteria (Fisher, 1980).

The last rhreé procedural steps offer. recommendations to the siting process. Seeking siles
through voluntecr processes may be an innovative way to encourage local communities to
volunteer in siting a facility near their region. The public process of negotiation largely
benefits from this action since conflict minimization and early community involvement
toward common goals are expected. Setting realistic ﬁmela/)/e.f places emphasis on efficient
warnings to give sufficient time to address all possible details associated with facility siting.
Finally, keeping options open at all times takes into consideration the fact that values may change

over time since communities are not meant to have irreversible commitments.

4.1.3. Discussion: Desired outcomes

Achieving agreement that the status quo is unacceptable does not apply to marine-based aquaculture
| sites. Sidgg this type of facilities is not as indispensable as siting landfills, mcinerators, energy
or hazardous waste facilities. However, this first desired outcome does apply to the case of
relocating existing marine-based sites that have a negative social or environmental record.
'C/moyz'ﬂg a solution that best addresses the pro/;/em depeﬁds on mutual agreemenfs between

stakeholders, decision-makers and developers, on the basis of the socio-economic and
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environmental considerations. Guaranteeing stringent safety standardy refers to meeting human

health standards from communities being affected by the facility.

Addressing all negative aspects of the facility refers to developing prevention and mitigation
measures to deal with social and environmental impacts. Making the host community better off
makes allusion not only to economic profits but also to social and environmental domains. A
sign of social distuption is indicative of failure in the siting process. Similarly, there is a
fatlure when communities receive economic benefits but the prdcess does not give adequate
consideration to their local environmental needs. The wuse of contingent agreements also requires
prevention and mitigation strétegies that refer to respoﬁse measures for environmental
disasters, ot cqnditions under which facilities -are to be shut down. Finally, working for
geographic fairness considers the ethical principle of equity between natural areas and
communittes as well as consideration of carrying capacity, risks and uncertainties where sites
are highly concentrated within a limited area. High levels of uncertainty about ecological
dynamics call for precautionary action to achieve an optimal geographical distribution of

sites.

4.14. Discussion: How can the salmon aquaculture facility siting process
benefit from the Facility Siting Credo? '

Involving the public in siting decision-making became a quesrjon of intense scrutiny in the
1980s (Kunreuther et al, 1990). Accounting for public values in the siting process was
expected to lead to improved decisions. Evidence has shown that both public participation
and the building of trust between developers and host communities help deal with
conflicting values, objectives, interests and preferences associated with stakeholders and

decision makers (Kunreuther ez a/, 1993).

From a public negotiation perspective, siting processes associated with marine-based
aquaculture facilities may benefit considerably from tools such as the FSC and its
implementation in other types of facilities. A negotiation process that is participatory and

active 1s likely to deliver enhanced results in the long run (Beierle, 2002).
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The core social factors of a fair and workable public negotiation process aimed at siting any
type of (controversial) facility should include public participation, positive public perception
and development of trust. Both process and outcome considerations are key ingredients for
long-term success, since siting decisions do not only affect a facility’s location but also its

32

1
future management.

bii Public participation in Trust between
(‘)U(‘)d, public Participatory > siting decistons and > facilicy
negottaton : : :

S process design considerations _ developer and
stting process Creates view that facility . cominunity

meets co 1’Il1ﬂllﬂit\f needs

Figure 4-1. Summary regarding siting as a public process of negotiation

(Arrow indicates ‘leads to”) -

4.2. Siting as an analytical process'”

The need for structured decision-making in siting requires strategies to find ‘best’ sites. As in
other types of controversial facilities, the salmon aquaculture siting process 1s characterized
by substantial structural complexity. Stakeholders and policy makers must address multiple
objectives, alternatives, trade-offs, risks and uncertainties, amongst other factors. Siting
process objectives therefore become crucial to guide decision-making. Strategies such as
decision analysis provide an analytical framework to s‘tructure the complexity of the siting
problem, taking into consideration both stakeholder values and technical information.
Decision analysis is a convenient risk management approach, because it helps to develop a

good siting process using more comprehensive siting criteria.

132 While public negotiation processes related to the planning and management of sites typically take place in
the form of meetings, workshops and citizen advisory committees, it is worthwhile to note that the form of
participation does not determine process and outcome success (Chess, 1999). Determining specific forms of
community participation still remains a challenge. However, more mtensive stakeholder-based processes.are
more likely to result in higher-quality decisions given the addition of new information, ideas and analysis
(Beierle, 2002). ‘ ‘
133 This section draws. heavily from Keeney, RL. (1982). Decision Analysis: An Overview. Operations
Research. Vol. 30(5): 803-838.
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The decision analysis (DA) framework as applied to siting organizes the problem into a
structure of possible courses of action, their outcomes, and likelihoods and consequences
(Keeney, e al, 1982). DA techniques were originally designed to aid éomplex decision-
making in the face of risk and uncertainty (Slovic, 1981). In the case of siting, DA intends to
provide a rationale on how to create and use criteria for siting facilities by focusing on
aspects that are fundamental to all decision problems such as determination of objectives,
selection of alternatives, the consequences associated with alternatives and the uncertainties

of such consequences (KKeeney, 1982).

4.2.1. Decision Analysis: Overall methodology

The overall DA methodology follows four major steps: structuring the decision problem,
assessing possible impacts of each alternative, determining values and evaluating and

comparing proposed alternatives.

Structuring the decision problemr requires determining objectives and performance measures
(PMs),"™ followed by generation of alternatives. lMultiple objectives are a typical outcome at
this stage, making it difficult to generate alternatives that meet the vast majority of objectives
with few trade-offs. A hierarchy of objectives based on external Icircumstances and

‘information is used to generate dynamic alternatives.

The impacts generated by each alternative are then assessed in a second stage. Consequences for
cach alternative and their "probability of occurrence are determined. Modeis such as
simulations, systems analysis, management science and so forth are typically used at this
smge; The ilhpacts are measured in terms of production, capital costs, competition, financial

impacts, quantitative assessment of professional judgement and probabilities.

The third stage comprises the determination of values and preferences. Value tradeoffs and risk

petceptions are important at this stage. A model of values to evaluate all alternatives is

34 Performance measures indicate the level of attainment of objectives.
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created by. the decision analyst and decision-makers to quantify value judgements about
consequences. In the end, information on value tradeoffs, equity concerns, and risk

perceptions are elicited. Value-focused thinking principles are important at this stage.'

© Finally, the evalnation and comparison of alternatives is carriéd out to determine the expected
utility. The higher the utility, the more desirable the alternative. The alternative with the
hi_ghesvt utility will be the onc that best meets the objectives that guide the decision.
Sensitivity analysts is typically performed at this stage to indicate the sensitivity of a decision

with respect to uncertainties of consequences and value structures.

~ Decision Analysis Methodology

1. Structure thell - 2. Assess impacts 3. Determine 4. Evaluate and
decision problem of alternatives preferences (values) compare
of decision-makers alternatives
Alternative Magnitude and
Generation - === ; likelihood of
alternatives

Society objectives Structuring and - i Alternative
and performance quantifying values | ____.. | evaluation /
measures of decision i sensitivity
& AN . makers  analysis
N J k J N J
v Y Y

® Multiple objectives
P ) ® Several decision makers

® Difficulty in identifying

o\
alternatives ® Value tradeoffs

® |ntangibles ® Risk attitudes
® Many impacted groups

® Sequential nature of
decisions

Figure 4-2. DA: Overall Methodology (Keeney, 1982).

135 Value-focused thinking (VFT) is a proactive philosophy that aims to solve decision problems and to
ultimately identify decision opportunities. It is based on a structured methodology that leads to better
understanding and articulation of values, which are the driving force in the-decision-making process. VET
addresses situations as decision opportunities rather than decision problems (Keeney, 1992).
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4.2.2. Decision Analysis: Siting methodology'”

DA as applied to siting decision-making begins with carefully identifying candidate sites.
General objectives and their PMs are then put forward. The possible impacts associated with

identified sites are detected, described and quantified. F'inaﬂy, the analysis evaluates the

impacts and compates sites to select the most suitable one in terms of stakeholder values

and best available information.

N ’ IMPAC
IDENTTEICATION DESCRIPITON
‘ ~Na
f ¢ SRS
SELECTION
(‘)B‘IIC( TPV & DA . L Slvlll:'{ INPACT /
FDENTTHHCATTON EVALUATION

Figure 4-3. Siting decision analysis (Keeney, 1980)

A region of interest 1s first chosen by narrowing down the location to a specific area. This
identifies numerous potential sites. Screening criteria are carefully set and applied under DA
screening models, which state and quantify value judgements and indicate the level of
attainment of the fundamental siting objectives. This step is intended to result in a series of

candidate areas that are homogeneous.

Appropriate candidate sites are identified by incorporating diverse opinions from several
experts in different fields (e.g. oceanographers, demographers, geologists, economists, and
so forth). Screening models are also applied at the local level. Professional judgements

become easier at this stage given the resulting homogeneity of candidate areas.

Siting DA formally specifies objectives and PMs to gauge the degree to which objecﬁves are
being attained. The facility siting dimensions discussed in chapter 2 could be an appropriate

foundation for establishing objectives. PMs are ascribed to more specific objectives (i.e., sub-

136 This section draws heavily from Keeney, R.L.. (1980). Siting Energy Facilities . Academuic Press.
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objectives), which in combimation indicate the levels of attainment of fundamental
objectives. The impacts associated with every alternative are identified and described based
on their consequences and probabilities of occurrence. Formal models can be developed and
applied to assess consequences and probabilities. The desirability of each possible
consequence 1s quantified to evaluate the previously described impacts. Value tradeoffs,
equity and risk attitudes are addressed, while value judgements are made explicit. Values are

elicited and clarified in order to assess the alternatives.

Up to this stage, the siting problem could be seen as structured and the magnitude of its
associated impacts explicitly determined. The suitability of DA assumptions can be verified

at this point. The site selection process is determined via expected ut:iljty.137

All the gathered
information 1s integrated to evaluate alternatives. Sensitivity analysis 13 then conducted with
respect to preferences and impact inputs, to determine the sensitivity of decisions regarding

uncertainties associated about the levels of impact. Fially, impacts are quantified,

uncettainttes are determined and the value structure is exphcitly developed.

4.2.3. Discussion: How can the siting process benefit from Decision
Analysis? '

As a risk man;qgement problem, salmon aquaculture involves technical aspects comprised by
exposure and effects, and social aspects comprised by risk perception and communication.
To responsibly understand salmon aquaculture as a tisk problem and develop sensible
criteria, its social context needs better understanding. There seems to be a disconnection
between public values and public policy. The former are believed to be crucial to determine

siting criteria.

The key to DA is the decomposition of a problem into smaller, more workable analytical-
questions and judgements, and the recomposition to examine the whole problem. A
characteristic feature of this type of framework is that subjective judgements are

incorporated into the analysis. In that sense, initial emphasis is placed on understanding

137 Mathematical computation comprising the probability distribution for each site and the utility function.
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central values and objecgtives. DA provides a functional tool for the salmon aquaculture
facility siting context because it has features that are innate to complex decision problems,
Le., multiple objectives, difficult identification of good alternatives, intangibles, long-term
horizons, risk and uncertainty, impacted groups, interdisciplinary natute, as well as several

decision makers, value trade-offs and risk perceptions (Keeney, 1980).

Screening and evaluation procedures serve as. tools geared toward reaching specific
objectives to address the concerns and multiple challenges of the facility siting problem.
Nevertheless, from a more inclusive viewpoint, DA aims at finding best available sites via a

logically sound, justifiable and pragmatic decision-making process.

v

4.3. Sites as components of larger systems

This section describes salmon aquaculture sites as components (or sub-systems) of larger
systems. The purpose is to contribute another perspective to the difficult task of developing
more comprehensive siting policy. First, the section Idescribes the undetlying industrial
paradigm that has guided salmon aquaculture in the province. The larger, interconnected and
complex systems in which salmon aquaculture sites are embedded and the impacts of
facilities on such systems are also explored.' Finally, the section argues the need for a
regulatory system that is geared toward regional planning of salmon aquaculture

management in the province."

4.3.1.  Industrial aquaculture

Modern societies are characterized by techno-industrial growth and development based on
science. The current techno-industrial paradigm is based on simple and linear laws. This
ruling paradigm seems td be embedded in a reductionist model that separates humans from
ecological systems. Yet, ecosystems, societies and economies ate characterized by complex

and non-linear factors and thresholds. This reductionist paradigm has become challenged m '
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recent years by alternative perspectives that approach both natural and social systems based

3> 138

on “Post-Normal Science”.

Industrial aquaculture at the global level clearly follows an economic model (i.e., neo-classical
economics) that, to a large extent, ovlerlooks ecological science. Profit maximization is
stressed in order to cofnpete in globdl markets. In this sense, priority is given to the amount
of fish that are grown and harvested rather than the way in which they are grown or their
impact on larger ecological, socio-economic or cultural-ethical systems in which grow-out
sites are embedded and dcpendént upon. This way, “industrial aquaculture concentrates on
technological and managerial enhancement, leaving critical system dynamics questions
unexplored” (Bavington, 2000). In Canada, this approach is illustrated by DFO’s
Aquaculture Development Strategy (1995), which focuses on economic competitiveness “to
gain stature i world aquaculture...” This approach can easily overlook local and regional-
level structures and disregard adverse impacts and consequences on other systems and sub-

systeﬁls on which the industry depends.

Furthermore, as is the case with several other production-based industries, modern industrial
- aquaculture focuses on producing maximum output while minimizing capital input. The way
inn which such economic targets are accomplished tends to overlook the complex
relationships that exist between the activities that occur in cach site and the larger systems in
which they ate embedded. Similatly, risks and uncertainty’ (e.g., potential for unpredictable

changes and social conflict) are not sufficiently taken into consideration.

4.3.2. Systems

1

In simple terms, a system may be defined as a network of functionally interacting and
interdependent elements that form a “whole” that is self-contained but yet reliant on mputs
from external sources, 1.e., other systems. Systems tend to vary considerably in terms of size

and complexity. Their activities and boundaries are critical with respect to both factors. In

138 Post-Normal Science is based on ecosystem processes, ecological economics, and participatory forms of
community-based politics in the context of space, time, energy and information. Several authors have
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reality, no system exists in complete isolation without the influence of others, albeit a system

can be more easily described if viewed in isolation and treated as a closed entity.

A ~system has connections and intefactions with respect to other. systems. Emergent
properties also arise when specific components of systems become connected or engaged.
These properties range from harqﬂess to detrimental, depending on spatial, temporal, energy
and information considerations. Salmon aquaculture sites can be viewed as components or
sub-systems of larger and more complex systems, namely the biophysical, socio-economic,
political, and cultural-ethical domains. An explanation of this argument is given in the

following paragraphs. The diagram below illustrates how fish farm sites interact with,

influence and get influenced by the broader systems in which they are embedded.

-~ RN
Cultural- *"Socio-economic
ethical ,

system /

Biophysical
system

——— -

Figure 4-4. Fish farms as elements embedded within broader systems (Bavington, 2000).

‘Marine-based sites have dynamic interconnectedness with ecosystems (i.e., the biophysical
system). An ecosystem refers to any spatial or organizational unit which includes living

organisms and non-living substances that interact to produce an exchange of materials

developed these concepts. A description of this can be found on Funtowicz and Ravetz, 1993.
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(Southwick, 1976)."” Ecosystems are comprised by processes that bind organisms together
and which influence ecosystem development, structure and function (Schneider & Kay,
1994). The incorporation of salmon aquaculture sub—sy‘sterr;s mto the structure of
ecosystems has the potential to disrupt the natural, self-contained cycles, and the interaction
and exchange of matter and energy within elements of ecosystems themselves. In addition,
emetgent properties introduce a great deal of uncertainty on both spatial and temporal
scales. While ecosyﬁems are dynamic, constantly changing and inherently complex, the
typical managerial approaches of industrial aquaculture assume a wotld of simple rules. This
results in siting criteria that considerably disregard ecological qucsrj/ons full of uncertainty
(Le., genetic effects and disease transfer, v‘vild fish 1rﬁgmtion patterns, wastes and water

quality, deleterious effects on marine mammals, cumulative impacts and so forth), and the

140

Fish farms are also immersed within' socio-economic and political structures. First,
‘intangibles’ such as the social identity of individuals and groups (e.g., fishers, local

communities and First Nations groups) at the local level are threatened. Significant conflicts

in coastal areas emerge (e.g., navigational safety issues, access to traditional fishing grounds,

aesthetic concerns, impatred access to coastlines, and so forth) and externalities (social and
ecological risks and costs) are also increased as aquaculture practices are privatized and
economic profits go almost entirely to trans-national corporations. These cumulative shifts

of larger socio—econorr}ic structures ‘must be regarded in the development of siting policy.

Finally, modern salmon aquaculture is ultimately governed by a set of assumptions and
intellectual models that constitute a complex cultural-ethical system. Its structure 1s mainly
comprised by neoclassical economics (based on growth and industrialization), social
democracy (based on individualism), anthropocentric ethics (based on utilitarianism) and a

scientific paradigm- geared toward reductionism (Bavington, 2000). All these complex and

-

139 An ecosystem may also be defined as a “neatly self-contained system, that is, the matter that flows into and
out of it being nearly small as compared to the quantities that are internally recycled in a continuous exchange
of the essentials of life” (Henry and Heinke, 1996).

10 The ecological footprint of a fish farm is complex when the feed system is considered. Feed pellets used in a

- typical farm in B.C. comprise wild fish, agricultural products and antibiotics that are transported over long

distances, which require massive energy expenditure in the form of fossil fuels. Tyedmers (2000) performed a
comprehensive ecological footprint analysis on this topic.
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multifaceted structures and their related functions are themselves subsystems within a vast
array of values and cultures that are significantly ignored in the development of siting

criteria.

In light of the multiple dynamics between systems, salmon aquaculture siting policy in B.C.
could consider the interrelatedness of the systems’ structures and functions. To look at
salmon aquaculture sites from a systems perspective requires a new vision for managing
operations. Most importantly, siting policy would need to, be re-structured to consider

uncertainties.

4.3.3. Need for regional planning

The salmon aquaculture industry in B.C. is regulated by several provincial and federal entities
that have historically created a complex regulatory framework that focuses on a site-by-site
approach. As such, current siting criteria have been specifically deéigned to select sites that,
based on expert judgements, minimize environmental and social impacts (while having the
appropriate biophysical set of conditions to carry out operations safely). This approach fails
to consider cumulative impacts of fish farms on other systems (i.c., environmental and
socio-economic) and does not support sound and sustainable régional planning (McDaniels,

ot. al., 2003).

There is considerable degree of uncertainty about the cumulative impacts that salmon farms
have on both the biophysical envitonment (e.g., wild salmon stocks, other marine 'species,
benthos, and so forth) and human health. Also, cumulative impacts with respect to
economic development and social well-being at various scales are uncertain (McDaniels, es

al., 2003). The application of siting criteria metely focuses on the local perspective, leaving
' the regional perspective nearly unconsidered. Regional effects are not regarded because each
site 1s viewed as an individual and isolated system that needs to be “protected” from the

hazards imposed by other external systems.
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A regional regulatory approach wherein site-by-site regulations are only considered in special
cases 1s important if regional objectives are to be met. Regional objectives could consider
cumulative impacts and other uncertainties. While a regional regulatory scheme may be
complex to define, a systems perspective in combination with public negotiation and
analytical (decision-making) processes, may importantly contribute to its varous phases of

development.

4.4. Conclusion: Toward more comprehensive siting policy

The FSC and DA are two well-established lines of reasoning that addréss the facility siting
question. They have been developed throughout the past couple of decades and been
implemented by other sectors. The former one looks at siting as a public process of
negotiation for ‘gaining agreement amongst stakeholdefs and decision-makers who are
involved in or affected by on-site operations. The latter one portrays siting as an analytical-
(decision-making) process to find “best” sites through a structured methodology. Both
courses of action and their associated procedures have been successfully implcmented in
hazardous waste and energy facility siting processes, respectively. As such,‘they céuld have

the potential to be incorporated in the salmon aquaculture facility siting process.

A third line of reasoning eﬁvisions sites as components of latger and more complex systems.
These systems ate biophysical, socio-economic, political and cultural-ethical domains that are
filled with highly pl\'ofound dynamics, multifaceted interactions, emergent properties and
uncertainties. The site-by-site approach that currently guides the salmon aquaculture process
may find the systems approach to be a complementary strategy. It could allow sites to be
adapted to broadér systems instead of tbe current management strategy of adapting systems

to sites.

A formal salmon aquaculture facility siting process where multiple stakeholders and policy-
makers determine outcome criteria has not yet been designed in B.C. So far, federal and
provincial government policy makers have developed criteria on a mostly reactive basis.

Siting criteria tend to perform only as standards since they only try to avoid further
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environmental damage and resource user conflicts. A strategic siting process based on
patticipatory forms of stakeholder invol.vement, analytical procedures and regional planning
under a systems perspective could contribute to creating more comprehensive siting policy.
Future criteria could then be founded on stakeholder values, scientific evidence and expert

judgements under a regional approach while pursuing the fundamental objectives ultimately

sought by the sector.
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5. Conclusions

This research project focused on providing insights and concepts to inform and examine the
~salmon aquaculture facility siting process in B.C. The work explored siting policy evolution,
looked at the rationale and. disadvantages behind the use of siting criteria and suggested
some lmes of reasoning to consider when determining the future evolution of the siting
process. The following sections briefly describe the‘ﬁndings and lessons learned from each

proposed research question.

5.1 Salmon aquaculture siting policy evolution in B.C.

The first research question of the project focused on understanding and clarifying how
salmon aquaculture siting policy has evolved in B.C. Based on the analysis of the various
siting policy outcomes and interviews with stakeholders and policy-makers, the study
showed that sevetél factors associated with two policy analysis mechanisms (agenda setting
and incrementalism) played an important role in shaping siting fegulation. The origin and
evolution of siting policy mainiy responded to focusing events, indicators, stakeholder
feedback and scientific evidence, and, to a lesser extent, to other jurisdictions’ leads and

borrowing existing policy.

Salmon aquaculture siting policy largely originated from two documents put forward By
DFO (1986) and MAFF (1987). Each addressed the siting question from different
perspeétives. The study showed that, in essence, the former policy outcome directly emerged
from focusing events, indicators and feedback while the latter was a product of scientific
évidence. In other words, DFO’s guidelines were directly reactivé to agenda setting while
MAFPF’s biophysical criteria resembled the birth of a planning process via scientific research. |
Each policy evolution factor plays a different role. DFO focused on how to avoid further
" environmental damage and resource user conflicts (thus being directly mnfluenced by
focusing events, indicators and feedback) while MAFF placed emphasis on biophysical
suitabﬂitﬁr to find ideal locations for fish farming grow-out sites (an outcome of scientific

evidence).
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The study also showed that several policies associated with salmon aquaculture in B.C. were
developed in 1988 to mediate resource user conflicts. Feedback played an important role in

the creation of these reports.

The next siting policy outcome (in the form of criteria) emerged in 1997 in the SAR. The
review, as a whole, was a reaction to agenda sctting per se. However, the siting criteria
included in the document emerged from incrementalism via adjustment and expansion.
Biophysical criteria were essentially adopted from the first document put forward by DFO
cleven years before. Only one particular criterion (L.e., distance from shellfish beds) evolved
in combination with scientific evidence. Socio-economic criteria were added to biophysical
criteria using the logic of avoiding resource user conflicts. Finally, the study showed that
current siting criterta (MAFF, 2000 and DFO, 2002) evolved directly from the SAR without
any ﬁmjot modification to their buffers and attributes: Both outcomes were a product of

incrementalism.

Furthermoré, the study identified that the evolution of siting policy has, for the most part,
been reactive and ultimately determined by a few government participants. Siting policy is
likely to continue evolving reactively via the same factors. Given the disadvantages
concerned with reactive policy, a further step based on proactive planning (where
environmental, socio-economic and governance goals ate equitably met) could possibly
contribute to developing more comprehensive policy. Proactive planning toward new siting
policy would place equal emphasis to both process and outcome considerations. Siting
criteria could then evolve from integrated and fair processes that consider stakeholder

values, scientific evidence, and expert judgments under a regional planning approach.

5.2 Siting criteria rationale and implicit disadvantages

The second research question of the project aimed at clarifying the rationale behind and
implicit disadvantages of current siting criteria. The study focused on six specific criteria

constituted by buffers and attributes. The purpose of each criterion was found to be clear
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and sensible, usually based on the perspective of avoiding environmental damage or resource
user conflicts. The rationale behind siting criteria was found to mainly rely on expert
judgements based on risk management. That is, the actual buffers that constitute criteria are
not ‘scientiﬁcally defensible according to DFO and MAFF policy makers. In general, current
buffers may imply “reas'onable starting points” or “levels of convenience” to regulate the
industry. Furthermore, several attributes could lead to ambiguous interpretation. For
instance, the study showed that stakeholders and policy makers could have different views

2 (&

on “refugee and resident salmon bearing streams,” “vital, major, or important herring

» o«

spawning areas,” “appropriate distances from sensitive fish habitat,” and so forth. Many

attributes could therefore be subjective in-the absence of a comprehensive definition.

Several other disadvantages were shown to emerge from the way that siting criteria have
been constituted and app]ied. For instance, the exclusion of poté11tially suitable sites within
and outside the regions of interest can occur. Buffers divide regions into “acceptable” and
“unacceptable” areas, but this may not reflect the true conditions. Some outcomes may thus
result in the selection of less-desirable sites that have more impact on biophysical and socio-
economic systems. Motreover, the use of buffers and attzibutes disregards cumulative
impacts. The site-by-site approach by which criteria were designed suggests that each site
exists in isolation from others and is independent from the external systems where it is
embedded. This fact has unquestionably brought up important environmental tisks and

resource user conflicts.

5.3 Lines of reasoning associated with facility siting

Three lines of reasoning associated with facility siting were suggested in order to describe
possible future evolution of facility siting processes and outcomes that could lead to more '
comprehensive siting policy. The first line of reasoning approached facility siting as a public

process of negotiation, whereby a set of procedural steps guides the siting process through

~ public participation, consensus and trust toward desired outcomes that see most benefits

delivered to the local.level. Salmon aquaculture siting processes in B.C. could significantly
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benefit from this procedure as such a participatory form of stakeholder-oriented negotiation

has not yet been formally developed or implemented.

The second line of reaséning explored an analytical decision—makiﬁg approach to find “best”
sites, where the problem is first structured using objectives, performance measures and
alternatives, followed by the assessment of alternatives, value determination and, finally,
comparison of proposed alternatives. “Best” sites are then more justifiable on the basis of
stakeholder values, technical information regarding biophysical _suitabilityv and additional
criteria incorporated to the process. A regilonal 1nodel may largely benefit from this

structured process (Keeney, 1980).

A final line of reasoning suggests that sites be viewed as sub-systems that occur within
broader and more complex biophysical, socio-economic and . cultural-ethical systems
(Bavington, 2000). In the current era of globalization, industrial aquaculture has largely
concentrated on economic profits and managerial improvements. Critical system dynamuics
that involve cumulati\'fc‘ impacts and other questions of uncertainty have been largely
overlooked. Salmon aquaculture siting policy m B.C. could therefore benefit from an
alternative paradigm where the industry considers the-sttucture, function and dynamic
pattern of organization of the broad, interconnected and interdependent systems in which

sites are nested.

‘Thé first two lines of feasoning»and thetr associated procedures have been successfully
implemented by other sectors that require facility siting processes. Both are thought tb be
applicable to the salmon aquaculture case given the need for public negotiation and
structured decision-making in the facility siting process. While the third line of reasoning
does not include a specific design or procedure, it does offer the potential for proactive

regional planning.
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5.4 Future research steps

The implications of this study suggest future research steps. The development of siting
criteria could benefit from new approaches. If buffers and attributes continue to determine
future sites (despite their disadvantages and tmde—offs),' scientifically-defensible criteria
would be needed. Thi‘s would call for intensive research on numerous risks and uncertainties
related to wild salmon (Le., risks Qf colonizatibn, habitat impact, disease transfer, etc..),
shellfish (bioaccumulation, transport of contaminants, etc.), bottom effects on benthic
communities, and so forth. Scientifically-based buffers could then determine a number of
“best available sites” where fish farms generate the “lowest” environmental and spcio—
economic impacts. Moreover, attri,bﬁtes would also need fusther clarification via consensus-

based definitions.

However, thete seem to be alternatives to buffer-and-attribute based criteria. For instance,
the development of a framework that is objective-based rather than distance-based. This
approach could also entail the use of value judgements and therefore benefit from public
and analytical processes. For instance, in regions adjacent to wild salmon migratory routes,
objective-based reasoning would lead to a total forbiddance of sites. In addition to other
types of research, the identification and classification of residentlstreams with a history of
consistently returning populaﬁon of salmon would be needed.'. The same reasoning would
follow with regards to visual corridors or large parks where tourism activities or conservation
practices take place. Instead, sites could be located within areas of lower use and value (both
from environmental and socio-economic petspectives). Moreover, sites would also have to

be consistent with existent local management plans.

Furthermore, siting criteria disregard the temporal scale that exists in' the ‘biophysical
environment, ie., siting criteria only focus on a proximity scale. Research regarding the

temporal scale of migration patterns could also offer a new petspective to develop critetia.

1 For instance, one single stream accounts for almost half the returning population of pink salmon in the
Broughton Archipelago. Thus, in that case, sites would be totally forbidden, and stringent criteria would be
applied (Kirk Stinchcombe and Claire Townsend. MAFF. Vicroria, B.C. February 2003. Personal comm.).

Pl ; ry 2
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. . S . . .
This perspective could consider site closure whenever fish are migrating through the

aquaculture-intensive regions.

Another alternative approach would be to use site-specific impact assessments (SSIAs) to
ultimately determine site location. In this situation, critetia would be only means toward

142
ends."

The outcome of a SSIA considers actual (ecological) footprints associated with each
proposed site based on waste impact, risk assessment and safety margins. Significant
scientific research would be needed. In other words, SSIAs suggést the creation of critetia
that specify when to use siting criteria based on a footprint analysis. An izpact zone approach
could be researched and developed where oceanographic data determine the orientation of

sites and, ultimately, the footprint of every fish farm.'"

The design and development of new s_chemes that combine siting processes are impdrtant
actions to determine more comprehensive and sound siting policy processes and(outcomes.
Thus, each line of reasoning could be scrutinized and adapted 'speciﬁcally to the salmon
équacul‘_cure case. The idea of combining these three lines of re_ﬁsoning may call for
“multiple-stakeholder assessment groups.” These could benefit from integrated assessments,
simulations and qualitative and quantitative studies r(;gardiﬁg the integration of sites into

current plans.

Sustainable development principles such as precaution, integration, environmental impact
assessment, public participation, community-based managemént, indigenous rights and
integrated management planning are essential to modern aquaculture practices (DFO,
Aquaculture Law and Policy workshop, 2003). Precaution and integration are relevant to the
salmon aquaculture facility siting process per se. Precaution takes into account lessons learned
from former reactive policy and applies a systems perspective to siting policy processes.
Integration refers to enhancing co-operation between and among levels of government and
places emphasis on local stakeholder perceptions for siting decision-making purposes. Siting
process considerations and outcome criteria should incorporate both principles because a

. myriad of implications associated with systems dynamics and interactions is likely to remain

M2 Kirk Stinchcombe and Claire Townsend. February 2003. Ibid.
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uncertain. This way, an alternative foundation to develop criteria (fhat considers stakeholder
values and risks and uncertainties of cumulative impacts) could benefit from a more
integrated siting process that is public (to elicit stakeholder values), and follows an analytical
methodology (to determine the “best sites,” if any) while considering the broad

envitonmental and social system-level implications.

Finally, a significant solution (although more hypothetical) calls for a shift from intensive
aquaculture practices toward more moderate ones. Adverse social and environmental
ilﬁpacts typically emerge in aquaculture-intensive jurisdictions that have ambitious economic
goals. It must be acknowledged that great part of the social and environmental problems of
salmon aquaculture arise from stakeholder perceptions that there are few benefits compared
to considerable ecological risks. Thus, in conclusion, the facility siting process needs to
equally focus and balance environmental, social and economic objectives to achieve a more

sustainable salmon aquaculture industry in the province.

4 Aquametrix Research. Courtenay, B.C. April 2003. Personal communication.
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Appendiceé

Appendices

Appendix A. Levels of Government in B.C. and their tegulatory authority i salmon
aquaculture. ‘

Level of Aquaculture Regulatory

Government | Body Regulatory Authority for...

o Health of Fish
Federal Department of Fisheries * Foodand .pubhc health sa.fety £ wild fish
and Oceans (DFO) e Conservation a.nd protection of wild fis
» stocks and habitat

e Protection of navigable waters

¢ Development and management of the
Ministry of Agriculture Aquaculture industry: location, size,
Fisheries and Food (MAFF) development of farm sites, repotting
requirements and standards for design,

C construction and layout
Provincial :

Ministry of Sustainable .
Resource Management

(MSRM) e Waste discharge permits

e Siting

® Administer zoning bylaws and permits
Regipnal districts and prepared in conjunction with Official
municipalities Community Plans and Rural Land Use

Bylaws

Municipal

¢ Resource planning and management?

e First Nations in Clayoquot Sound and

First northern Vancouver Island have agreements
Nations ' _ with the province that provide for
consultation in decisions regarding
aquaculture
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Appendix B. Regulations that apply on key issues of the salmon aquaculture industry.

Issue Approach Regulation Brief Description
e  Fisheries Regulations
Federal e  Fish Health Protection
Regulations
Requires a permit to traffic
e Wildlife Act Regulations : in, possess ot transport
. live fish
Conditions attached to
aquaculture licenses:
*  Development of site
specific predator
Provincial management plans
Tesue #1: . Fishcrie.s Act (Aqua.culture . I?roh'ibiting releasigg
Regulation) fish into fresh or udal
Escaped Farm | )
Fish . { waters
e  Direct the licensee to
prevent escapes and to
report them
¢ [Federal guidelines on screening for hatchery effluents
Policier e TLand siting guidelines ’ .
e Introduction and transfer of finfish into and within BC
® Special conditions on aquaculture licenses to prevent escapes
e  MAFF/MSRM protocol agreements
Focused on the impacts of escaped farm fish (Atlantic, Chinook and
Programs Coho salmon) on wild fish (steelhead and cutthroat trout, and wild
salmon) and their spawning and rearing areas.
Directed at fish
movements (live fish and
fish eggs) into the country
Federal e Canadian Fish Health Regulations ?)Dd accllo_-s -S‘pjr&ozmu?l
. oundaries. cense must
be obtained from the
Federal/Provincial
’ Transplant Committee
Lsue #2: _ : Prohibits the transport of
Fish Health o Wildlife Act Regulations live.ﬁsh unless authorized
. by license or permit
Provincial : Requires the licensee to
e Animal Disease Control Act norify of aquatic an}mals
that appear to be diseased
(infectious or contagious)
Policies e Importation of Atlantic and Pacific Salmon into BC
Proorams e  Federal/Provincial Fish Transplant Committee
° e CASH (Cooperative Assessment of Salmonid Health) .
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Issue Approach Regulation Brief Description
Federal e Fisheries Act
Allow BC Environment to
administer the
management and disposal
. of wastes from net cage
s  \Waste Management Act fish farms operating in
(Aquaculture Waste Control marine waters. Fish farm
Regulation) operation using less than -
e 630 tonnes of dry feed per
Provincial
B year are exempted from
[ssue #3: o
requiring a Waste .
Waste M Permi
Discharoes anagement Permit.
lscharg MAFF reviews
. ) development plans and
¢ IFisheries Act (Aquaculture ph P .
lati sets maximum on-site
regulation . .
& ) biomass levels in the
aquaculture license
e  Special conditions to Aquaculture Licenses (Provincial Fisheries
Policies Act)
*  Eavironmental Management of Marine Fish Farms (1990)
. X ¢ Invironmental Monitoring Program for Marine Fish Farms
Programs
(MSRM)
- o [Fisheries Act
Federal e
e Wildlife Act
. e  Aquaculture regulation Define specific site
[ssue #4: N _,.] ) & P
. Provincial e Fisheries Act predator management
Marine _ :
' i ans
Mammals and * Land Act P
Other Species ¢ Special conditions to aquaculture license (Provincial Fisheries
.. Act
Policies ﬂ) . _ .
e  DFO/B.C. Ministry of Sustainable Resource Management siting
guidelines
Federal/ ocal e Local government bylaws and siting guidelines
Approval to LOCATE.
Requires a license or lease.
Attempts to prevent or
mitigate potential adverse
! ; . effects. General sitin
Tssue #5: e land Act . 8
S . o criteria are established
Fish Farm Slt_lllg Provincial

through the location of
the farm and the
management plan for the
site

o Fisheries Act

Approval to OPERATE.
Aquaculture license
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.Appendix C. DFO Siting Criteria regarding Marine Fish Rearing Facilities (1986)

1. A finfish pen farm will not be located within 1-km radius from the mouth of a stream
populated by anadromous fish, to minimize disease transmission concerns and protect highly
sensitive estuarian fish habitat.

1. A finfish net pen will not be located adjacent to a Small Craft harbour, DFO wharf or
dock in order to minimize possible deleterious effects to farmed salmonids from periodic
maintenance dredging operations which may be required. In addition, net pens must be
located so as to proﬁde a minimum of 30 metres clearance from the edge of the approach
channel to such facilities.

1. Net pens shall not be located within 125 metres of shellfish Beds where there may be
recreational, native food-fish or commercial harvests or within 125 metres of existing
shellfish culture operation

v. Net pen facilities must have a minimum of 5-km distance between them regardless of
ownership to minimize risk of disease transfer and prevent cumulative water quality impacts
ai'ising from nutrient loading. |

v. Net pens shall not be located over or near arcas of sensitive fish habitat as defined by
Section 31(5) of the Fisheries Act

Vi.ANet pens shall not be located or anchored in an area with a depth less than 10 metres at
zero tide to minimize impacts on sensitive, productive littoral fish habitats.

vil. Net pens ot fish rearing facilities will not be located in areas where they would intetfere

with commercial, recreational, or native food-fish fisheries.
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Appendix D. Siting and user conflicts recommendations in the Gillespic Inquiry (1986) HLe

1. Initiate Coastal Resource Interest Studies (CRIS) program
il.  Immediate inidation of CRIS for Campbell River, Johnstone Strait, Islands Trust
and Sechelt Inlet éreﬂs |
ut.  Discontinue issuing aquaculture tenures fronting park and recreation areas
iv.  Encourage local government to develop zoning bylaws for aquaculture
v. Establish a munimum distance between aquaculture sites in populated coastal areas
vi.  Aquaculture iﬁdustry should develop a program for pfoviding anchorage, access and -

emergency assistance to other coastal users

44 Review of Salmon Farming in British Columbia. (1993). Prepared on behalf of the Mimster’'s Aquaculture
Industry Advisory Council by ESSA Environmental and Social Systems Analysts Ltd.

" The provincial government authorised a total of fifty sites and considered additional seventy more at the
time of this Inquiry. In addition to DFO’s Guidelines in 1986, these events had considerable impact on the
industry’s regulatory process, including the siting of new facilities. The provincial government issued the first
moratorium on salmon aquaculture licenses and appointed an inquiry to the industry, led by David Gillespie.
The inquiry prepared a. final report on the impacts of salmon aquaculture and outlined a series of
recommendations on 10 different issues related to the industry. Various recommendations were included under
each of the following headings: government support, information and education, native involvement, fish
marketing and processing, marine environment, user conflicts and siting, referrals and advertising, production
plans and diligent use, land tenure and the provincial agency approval system. The six recommendations shown
hete are indicarive of a reactive regulatory process and that played a role on the evolution of siting guidelines.

The Gillespie Inquiry was prepared in only two months after the first moratorium had been imposed. It was
submitted to the Province in December 1986. The moratorium was lifted in March 1987 shortly after the
submission of the inquiry.
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Appendix E. Ombudsman recommendations regarding siting (1988)

1v.

V.

V1.

146

Siting consistent with principles of integrated resource management

Siting and operation requirements consistent with the maintenance of environmental

mntegrity. Simuilarly, aquaculturists should rely oh provisions aimed at protecting the
quality of their watér resoutce.

Appeal process must be available for all significantly affected parties prior to final grant
of tenure. ) ’ . |
Recognize authority of local/ regional governments to establish areas where aquaculture
activities may be limited.

Facility design criteria should be déveloped on a site-specific basis to minimize visual
impact.

Internal and external appeal processes for siting and operation should be available to all

affected parties.

M6 Review of Salmon Farming in British Columbia. (1993). Prepared on behalf of the Minister’s Aquaculture
Industry Advisory Council by ESSA Environmental and Social Systems Analysts Ltd.
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Appendix F. Salmon Aquaculture Review Recommeﬁded Salmon Farm Siting Criteria

(1997). . ‘

i. No salmon farms within the mouth of all anadromous fish streams.

1. No salmon farms within 1 km of herting spawning areas designated as "vital," "major" or
"important" (DFO classification), with DFO and local consultation required where salmon
farms are proposed within areas classified as "sometimes important” or "miﬁor" to
determine if standards apply.

1ii. No salmon farms within 300 meters of inter-tidal shellfish beds that are exposed to water
flow from a salmon farm and which have regular or traditional use for First Nations,
recreational, or commercial fisheries. No salmon farms within 125 meters of all other
shellfish beds, including commercial shellfish growing operations.

. Locate salmon farms an appropriate distance from areas of “sensitive fish habitat” as
defined by Section 34(1) of the federal Fisheries Act. (e.g., eel grass beds, kelp beds and
rocky reef habitats).

v. Locate salmon farms an appropriate distance from‘areas used extensi‘vely by wildlife foi'
breeding, foraging, and staging, and from traplines. No salmon farms in critical habitats
required by red-or blue-listed species. _

vi.‘As guidelines, locate salmon farms in areas that are natﬁrally Well—ﬂushed by tides and
currents and do not experience heavy natufal otganic deposition or natural oxygen depletion.
Ideally, currents should be predominantly offshore or parallel to shore, and average cutrent
speeds should be >10, >5, and >3 cm per second at the surface, midOdepth and bottom,
Lespectwcly Natural bottom conditions beneath net—cqges should not be more than 70%
fine silts and clays. Water depth should be >30 meters with bottom slopmg offshore; or >20
meters at locations where sediments will not accumulate due to high tidal flushing. overtime
incorporate detailed current data into computér site modélling. ‘

Vi, Comply with all req.uirements of the Navigable Waters Protection Act, as administered
by the Canadian Coast Guard. As a guideline, maintain opportunities for boater access to
shoreline, which is not part of the Land Act site tenure. No salmon farms at marine
anchorages designated on matrine charts or by the CBCYC as boat havens.

viii. No salmon farms within the line of sight up to 1 km in all directions from existing or

‘proposed’ (i.é., approved study areas) federal, provincizil ot regional parks and ecological
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reserves which are less than 1000 ha. Where a salmon farm is proposed at a location that is
out of sight from, but within 1 km of, an above-listed protected area that is less than 1000
ha, the acceptability of the proposed farm is to be determined through consultation and
reference to the protected area management plan. Where a salmon farm is proposed at a
location that 1s within 1 km of an above-listed protected area that is greater than 1000 ha, the
acc‘e'ptabi]jty of the proposed farm is to be determined through consultation and reference to
the protected area management plan (recognising that larger protected areas may alréady
provide a sufficient buffer to prevent or minimise adjacency conflicts).

1x. No salmon farms within 1 km in all ditections from a First Nations reserve, unless First
Nation's consent is obtained. Locate salmon farms to address possible infringements of First
Nations aboriginal rights in relation to spiritual and cultural areas, and resources that ate -
harvested for food, ceremonial and economic purposés. Distance of salmon farms from
these areas is to be determined in consultation with local First Nations.

x. No salmon farms within the line of sight up to 1 km from an existing residence(s) or
recreational property(ies), unless the proposed farm has the support of the residential /
recreational property owner(s).

xi. No salmon farms at sites that are "important” for recteation and tourism purposes, as
defined through reference to CRIS data, Tourism Resource Inventories, and consultation.
Locate salmon farms an appropriate distance from "other” recreation and tourism sites, as
determined through reference to CRIS data, Tourism Resource Inventories and consultation
(i.e., "other" sites ate those that have value and/or are used for recreation and tourism
pui‘poses, but which are not classified as "important".)

xii. No salmon farms in areas that would pre-empt important aboriginal, commercial, or
recreational fisheries (e.g., seine tie-up spits, gillnet drift areas, trap fishing areas, traditional
trawl sites, shrimp and ?rawﬁ areas). ‘

xiit. Locate salmon farms in conformance with the requirements of the Heritage
Conservation Act, based on consultation with MSBTC (Archaeology Branch).

xiv. Site salmon farms in full accordance with approved local government land use/zoning
bylaws.

xv. Locate salmon farms{ in accordance with approved coastal zone management plans and

local assessments of environmental carrying capacity.
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Appendix G. Salmon Aquaculture Review biophysical siting criteria (1997)

Factor

Temperature
» Min
Max
Optimum

Salinity

Dissolved Oxygen
Min

Current speeds
Average lowest
Highest Max

Depth
Min
No Maximum

Wind speed — Max

Waves — Max

pH '

>1C
<20C
17 C
10 — 36 ppl

> 5 mg/litre
5—7 cm/sec
140 cm/sec

20m

3m

Atlantic Salmon

>0C
<25C
0—34 ppl

> 4 mg/litre

5 cm/sec

140 cm/sec -

5m

100 knots
3m
6.5-8.2

147

Comments

Surface temperature

Concern with rapid
shifts 1n salinity .

Varies with time in

feeding cycle

Measured at 15m depth
Expenstve to anchor

Less for chinook if

oother factors optimum

Technology dependent
Freshwater portion of

life cycle

147 Based on information provided by the B.C. Salmon Farmers Association to the SAR.
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Appendix H. New Tenure Siting Criteria under Commercial Aquaculture Management Plan

(MAFF, 2000)
i. 1 km in all directions from a First Nations reserve;

ii. 1 km from the mouth of a salmonid-bearing stream determined as significant in
consultation with DFO and the province;

ii. 1 km from herring spawning areas designated as vital, major or important by DFO and
the province;

1v. 300 m from inter-tidal shellfish beds that are exposed to water flow from a salmon farm
and which have regular or traditional use from First Nations, recreational, or commercial
fisheries;

v. 125 m from all other wild shellfish beds and commetcial shellfish growing operations;

vi. Appropriate distance from areas of “sensitive fish habitat”, as defined by DFO and the
province;

vii. Appropriate distance from the areas used extensively by marine mammals as determined
by DIFFO and the province;

vili. 30 m from the ‘edge of the approach channel to a small craft harbor, federal wharf or
dock; - " :

ix. 1 km from existing -or approved proposals for ecological reserves <1000 ha.;

x. No salmon farms within the line of sight up to 1 km in all directions from existing ot
approved proposals for federal, provincial or regional parks, and Marine Protected Areas;

x1. Note to infringe on the riparian rights of an upland owner without consent for the term
of the tenure license;

xil. No salmon farms in areas that would pre-empt important Aboriginal, commercial or
recreational fisheries as determined by the province in consultation with First Nations, and

DFO; '

xiii. No salmon farms in arcas of cultural and heritage significant as determined in the
Heritage Conservation Act;

xiv. Land use planning and zoning to be consistent with approved local government land use
and zoning bylaws;

xv. Spacing between farm sites to be three kilometres or in accordance with a local area plan
or Coastal Zone Management Plan.
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Appendix 1. DFO siting criteria based on CEAA screenings (2002)

Stream/watershed survey
* Location of any streams of freshwater bodies within 1km radius and known anadromous’
streams in the area but beyond 1km

Resource information’®

Provision of a compmhcnswe map which illustrates the spatial lelannshlps of farm-site and
the siting criteria elements:

Additional detailed supporting information (including information sources) is required
regarding the siting criteria and the stated buffer-zones. More general information is required
for the wider area of the vicinity of a site (a minimum radius of 1 km around the site unless
otherwise stated, although a wider coverage of up to 5Skm would be preferred)

1) Location of other finfish aquaculture facilities (1) within 3km, (1) if possible, any finfish
farms in the general vicinity but > 3km (names of the operators & siles useful).
2) Location of harvested intertidal shellfish beds 1n vicinity (buffer 300m) (species,
location in relation to the site, identification of group(s) harvesting them)
3) Location of any other shellfish beds or commercial shellfish opemtlons in the vicinity
(buffer 125m) i
(species, location in relation lo the site, sige, frequency of harvest)
4) Location of “sensitive fish habitat' such as kelp beds, eelgrass, hetring spawn ateas,
migratory routes, etc., that are within 1km of the farm tenure. Information describing the
size or area of habitat, depth, seasonality / frequency of use, etc., should also be
provided.
5) Location of site relative to any existing or proposed Federal / Provincial / Regional
patks, ecological reserves, or approved study areas in vicinity (buffer 1km)
(details e.g. site name, study group). ‘
' 6) Location of significant wildlife areas near the site (distance, details of any breeding /
Joraging / staging habitats, and the pm‘em'e of any red | blue-listed species including
seasonality /[ frequency).
7) Location of ateas known to be frequented by marine mammal (within Skm)
(species, seasonality | frequency and type of nse e.g. haul-out | breeding area efc).
8) Location of any sites of cultural or heritage significance
(details e.9. location, its nature, site name ctc.).
9) Presence and location of any fisheries at / near the site (Commercial / Recreational /
Aboriginal).
(details e.9. type of fishery, seasonality, frequency).
10) Description of other present uses of the area surrounding the site (e.g. tourism,
recreational boaters, logging etc) (detatls, e.g. location, operators, frequency)

148 These criteria appear under the “Resource Information” section of the “Finfish Information Checklist:
Information Requirements for CEAA Screening,” emitted by DFQO’s Habitat and Enhancement Branch in
January, 2002. According to Allison Webb (pers. comm.), this is the document currently used by DFO to
evaluate site applications. ‘
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Appendix J. Typical Marine Net-cage Systems vs. Land-Based Systems .

Land-based systems'”  Net-Cage systems'™

Capital Investment (§) 21-27 million 1.5 million (2002)
Operating Costs ($/annum) 11-13 million 2-2.5 million (2002)

Stocking density (kg/m’) 30-50 15

A comparison between the capital investment and operating costs of land-based systems and
traditional marine net-cages shows that a significant margin between commercial viability

and actual costs remains, even if higher stocking densities are allowed in land-based systems.

9 Source: Simmons Environmental (cited in SAR, 1997d).
130 Source: Gary Robinson. Stolt Sea Farm. December, 2002. Personal communication.
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