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Executive Summary

The concerns related to farmed salmon diseases and their potential effects on wild fish
and ecosystems are complex and contentious. Our report identifies critical gaps in the scientific
understanding of the dynamics of health in wild fish populations and how that dynamic is
shaped by interactions with salmon farming, all of which are shaped by ecological, management
and regulatory factors. Different disease agents involving different host species in different
environments interact with other natural (including human) factors in a complex network of
disease interactions. These interactions are constantly changing and have only rarely been
studied in sufficient depth or breadth to result in science-based risk assessment and
management. We conclude that it is not currently possible to resolve the debate about diseases
from aquaculture affecting marine ecosystems due to important gaps in understanding of key
ecological, epidemiological and pathological features of salmon diseases. A generic risk
statement cannot encompass the diversity of diseases and species associated with salmon farm
ecosystems. However, at the local level, seeking to reduce disease on salmon farms provides the
dual benefit of increased farm productivity and minimizing potential impacts on wild fish

populations.

The purpose of this report is to present information relevant to the identification of
environmental and social performance indicators leading to reduction or elimination of disease
impacts on wild salmon populations by salmon farming, with the eventual goal of formulating
standards of practice. We provide background information in chapter one to give readers a
shared understanding of fundamental principles of disease impacts, disease transmission and
the relationships between health and disease. In chapters two to five, we examine the evidence
or experience available with which to identify best management practices to consider when
developing on-farm standards. These chapters emphasize steps that might be taken to reduce
the risk of disease transmission between farms and between farmed and wild fish. Using
examples based on specific disease agents, these sections address generic methods that could
be applied to reduce risk, even in the absence of disease specific risk assessments. Chapter 6
summarizes key uncertainties regarding wild-farmed fish interactions, presents strengths and
weaknesses in areas of risk management and provides recommendations for addressing

knowledge gaps.



This report emphasizes the marine portion of the salmon production cycle due to the
fact that most of the concerns about disease transfer to wild fish are focused on the ocean
rearing of salmon in farms. The report is focused on infectious and parasitic diseases because
they have been the greatest source of scrutiny and concern. However, there are many non-
pathogen factors influencing the health of farmed and wild fish such as environmental quality,
genetics, and nutrition, and at least some of the non-infectious disease hazards, such as those
linked to the use of antibiotics, are directly or indirectly considered in other reports of the

Salmon Aquaculture Dialogue.

The fundamental way to reduce risk arising from infectious and parasitic diseases
transferring to wild fish from salmon farms is to reduce exposure of wild fish to disease-causing
agents. However, identification of how important exposure to pathogens from farm sources,
relative to natural exposure to pathogens from wild sources, is rarely conclusive. There are
many policies and procedures at regional and local levels aimed at creating or enhancing
barriers to the transfer of pathogens between farmed salmon and wild fish, including farm siting
and stocking regulations that separate populations by location and age, and biosecurity
measures blocking inadvertent movement of pathogens. However, none of these methods
provide complete barriers. Disease control practices, such as vaccination, nutritional
management and optimal husbandry, were largely developed to enhance the productivity of
farmed fish. Actions that reduce the probability of farmed fish contracting an infection, or
experiencing clinical manifestations (i.e. disease) due to that infection, will reduce the
prevalence of diseases on farms and the spread of disease between farms which in turn

decreases the probability of transmission to wild fish.

In some jurisdictions, farm siting regulations incorporate goals of reducing or preventing
farmed-to-wild fish exchange of disease agents by enhancing physical distance between salmon
farms and ecologically sensitive areas (e.g. large smolt populations out-migrating from rivers).
As disease is a natural occurrence in both farm and wild populations, a major challenge in
identifying best practices is quantifying the minimum distance between a farm and a sensitive
wild species (or lifestage) that reduces the probability of disease transmission below the
probability of the wild population contracting the disease from another natural source. In

general, information on the movements of fish pathogens in the marine environment, the
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transmission ecology affecting wild and farmed fish, and the viability of pathogens shed in the
marine environment is usually sparse or lacking. This makes selecting a single standard for siting,
applicable over multiple jurisdictions, problematic. However, effort to investigate these factors
and refine the standards for farm site selection within different regions is important for policy

decisions protecting wild populations.

Cage culture remains the most common form of salmon containment for marine
farming. Current cage designs allow the release of fish excrement and the free movement of
water, small wild fish, and other marine organisms into and out of cages, providing potential
routes for pathogens to move beyond the physical limits of the enclosed population. Land-based
or closed containment rearing has been proposed as more complete barriers that would greatly
reduce or prevent waterborne movement of pathogens. Although this barrier may be a useful
method to reduce pathogen exchange in both directions, a review of the cost effectiveness,
impacts on farmed fish health and overall feasibility of this approach is beyond the scope of this

report.

Biosecurity remains a cornerstone of disease risk reduction. Many companies and
governments prescribe specific actions taken to prevent the movement of disease-causing
organisms due to the movement of fish, equipment, or personnel on or off fish farms. The
principles of sound biosecurity are adapted from health management of terrestrial farms and
usually do not require existing knowledge of specific diseases. International, national, regional,
and company biosecurity protocols and standards are commonplace, including equipment
disinfection practices, programs for disease prevention (e.g. vaccination, nutritional
management, avoidance of stressful handling events), early detection of diseases through
surveillance, ready access to disease investigation services, and response plans to treat or
manage emerging and endemic diseases. The sophistication of these programs rivals and
sometimes exceeds many terrestrial agriculture systems. However, these standards are only as
effective as the people implementing them. Breaches in biosecurity are particularly common
when there is no known disease threat. Some companies use third-party sources to evaluate
and audit their procedures while in other cases, government audits ensure comprehensive
health management principles and practices are applied. Unfortunately, little research has been

directed towards creating the data needed to construct evidence-based herd health programs,

11



making it challenging to specify and prioritize actions that are necessary and effective at
reducing risks to acceptable levels. Moreover, variations in local environments, definitions of
acceptable disease risk, the diversity of disease agents, and available farm infrastructure

prevent a “one-size fits all” approach to health management planning.

In addition to creating barriers limiting the spread of infection, the probability of
exposure of wild fish to pathogens from farmed fish may be reduced by minimizing clinical
disease in farmed fish. In the past, farmers often relied on treatments (e.g. antibiotics) and
minimizing disturbance of affected populations to reduce the magnitude or duration of a
disease outbreak. More recently, significant attention has been focused on the development of
management methods to prevent disease outbreaks and manage them more effectively through
interventions targeted at pre-clinical stages of disease. Through extensive use of vaccines,
particularly for bacterial diseases, disease prevention success has greatly reduced the need for
antibiotics in salmon farming over the past decade or more. There remain, however, some
important diseases of farmed salmon for which effective vaccines are not available. Even
effective vaccines depend on optimal rearing conditions, host condition, and environmental
quality to prevent being overwhelmed by greater loading of pathogens in the vicinity of healthy
animals or frequent contacts between infected and naive individuals. It is for this reason that
environmental management and husbandry are crucial components of sound salmon health
management practices and form part of the expectations of licensing bodies in some
jurisdictions. The use of rigorous clinical field trials to demonstrate the effectiveness of these
disease interventions is a relatively new phenomenon in salmon farming. Although tank-based
experiments were used historically to evaluate methods for disease control, these fail to reflect
the ‘real-world’ application of disease management methods. Clinical field trials are being
increasingly used, but typically restricted to the evaluation of antibiotics and vaccines and
concerned almost exclusively with the risks and benefits to the farmed fish only. Thus, their

beneficial effects for reducing risk to wild fish remain poorly evaluated.

Assessment of environmental impact pre-supposes knowledge about the current state.
This report highlights the significant deficiencies in our understanding of the epidemiology of
disease in wild fish in the absence of fish farms, about the frequency, magnitude and

significance of movement of pathogens between wild and farmed fish, and about the
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effectiveness of various interventions to prevent or mitigate disease risk to the environment.
Establishing the presence, or magnitude, of impacts of salmon diseases is seriously challenged
by our inability to disaggregate the impacts of pathogens and parasites on the ecology (or its
components) from the other stressors facing marine biota. This challenge is even greater given
the unknowns regarding the ecology of many marine species in general and more specifically on
the effects of natural levels of disease on the fithess, abundance and distribution of marine
wildlife. Evidence in the scientific literature about the additive effects on wild fish of diseases
originating from, or magnified by, salmon farms is contradictory and inconclusive. Even in the
absence of fish farms, we lack the knowledge to forecast the health of wild fish populations and
we have a poor understanding of the cyclical or random components of marine diseases that are
changing over time, especially with the potential influence of climate change. However, lack of

evidence must not be interpreted as evidence for the absence of risk.

The presence of uncertainty is not unique to disease interactions in salmon farming, but
it frequently plagues environmental impact assessments in general. We suggest that most
salmon farm disease issues do not have sufficient certainty about the probability or magnitude
of hazards to facilitate classic risk assessment or sensitivity analysis. Although uncertainty can be
partially addressed by employing wide safety margins for risk estimates, the lack of consensus
on the definition of acceptable levels of risk reduction achieved through disease control

methods complicates science-based selection of acceptably wide safety-margins.

While we conclude that the general sophistication and effectiveness of fish health
management has progressed significantly, the influence on reducing risk of disease transmission
to wild marine organisms is difficult, sometimes impossible, to quantify. Multiple strategies are
practiced by farms to control infection and these actions can reduce, but not eliminate, the
probability of exposure of wild fish to disease causing agents. Identification of precise indices
reflecting reliable and meaningful fish health outcomes across countries and companies will
need to be adaptable to the variability in marine ecosystems and community expectations. A
science-based approach will not, by itself, define what is acceptable with respect to disease
transmission probabilities. Exploring methods for uncertainty analysis, qualitative risk

assessment and multi-criteria risk analysis capable of combining quantitative data, uncertainty
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and social values may be a way forward to allow for more rigorous and objective assessments of

the impacts of fish diseases until critical scientific uncertainties are resolved.

Although evidence supporting new disease introductions by salmon farming or serious
consequences arising in wild populations from such events is rare, disease exchange between
farmed and wild salmon continues to be the subject of significant scientific and public debate. It
is reasonable to conclude that advocacy for a zero probability of transmission of disease
between farmed and wild is also advocacy for an end to any farming that exchanges untreated
water, as is the case with cage culture of salmon. Non-zero probability of disease transmission
does not imply that there exists any risk to wild fish greater than levels found in nature in the
absence of any farms. However, we believe that advocating for required comprehensive
infection control on farms is reasonable and can result in reducing risk for wild fish to levels
similar (or below) the background level of risk. Furthermore, we believe that selecting,
managing and enforcing infection control practices will require research to identify meaningful
and reliable indices of effectiveness as well as validating the effectiveness of health
management from an ecosystem perspective. Most challenging will be developing political and

social consensus on the targets for disease risk reduction given the prevailing uncertainties.
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Comments regarding the combined approach to General Disease and Sea Lice reports

The term “disease” captures a wide array of physical, physiological and population
abnormalities. An exhaustive review of the state of knowledge on fish disease would require an
evaluation of multiple disciplines, ranging from molecular biology to pathology to epidemiology
as well as the consideration of a range of relevant species. Once the issues of how disease might
affect conservation goals or ecosystem functions are added, additional information on ecology
and the means to manage disease impacts, including legislation, open up for review. The
breadth of such a suite of information is daunting. It is further complicated by the many
contradictory findings and important uncertainties that exist around the issue of diseases of
farmed salmon and their potential environmental impacts.

The General Disease Technical Working Group (TWG) consisted of 5 scientists from 5
different locations (Hammell from Eastern Canada, Stephen from Western Canada, Evensen
from Norway, Bricknell from Scotland then Maine, Bustos from Chile with further contributions
from Enriquez) and the Sea Lice TWG consisted of 4 more scientists (Revie from Scotland then
Eastern Canada, Dill from Western Canada, Finstad from Norway, Todd from Scotland). The two
groups initially met jointly to outline the breadth of the report and to further define the
approach to evaluating sea lice issues in depth. The decision to cover general disease broadly
and sea lice as the in-depth case study was the group’s attempt to address the seemingly
impossible task of adequately describing the state of knowledge and research gaps for an area
of research that spans many different disciplines and diseases across many areas of the world in
which salmon is farmed. The Sea Lice report adopted the same basic outline except for specific
headings that were irrelevant. The final chapter 6 (Addressing Unknowns in Disease Risk
Management) of the General Disease Report contains comments contributed by both groups.

Our approach was based on answering the questions of 1) what is the risk of disease
transfer from farmed to wild salmon (i.e. should we be concerned)? 2) can salmon farms avoid
disease in their fish? 3) assuming that farms cannot avoid disease, can salmon farms adequately
reduce the level of disease in their fish to a level that would reduce the risk of transfer to wild
salmon? And lastly, 4) what are the gaps in knowledge regarding the risk of disease in farmed
and wild fish when considered separately and when considered in each other’s presence? We
then decided that there were 2 important reasons to take sea lice as the one disease to consider
in greater detail using the same risk based approach: 1) sea lice issue has had a great deal of
attention in peer-reviewed literature paid to ecology and the risk of interactions between
farmed salmon and the environment, and 2) sea lice was identified by the Steering Committee
(Salmon Aquaculture Dialogue) as a particular issue for focus. Essentially, the reports were
generated as stand-alone reports but our combined approach provides breadth (general
disease) and depth (sea lice) on which establishment of measurable standards can be discussed
in the next stages of the process.
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Chapter 1: Core Concepts Related to Disease Risk

1.1 Introduction

The goal of modern salmon farming is healthy fish production. Ideally, this means the
fish remain healthy during the production cycle, they result in healthy and safe food products,
the farms economic productivity is viable and the supporting environment for the farm remains
sustainable. Such a goal becomes very dependent on what one means by “healthy.” The
measures of health for the fish are clearly not all the same as for the supporting environment.
From a fish perspective, health is hard to disentangle from the idea of welfare. Healthy fish have
access to the needs for daily living, can cope with external stressors and meet our expectations
for production. Animal welfare, as the term is typically used in food production systemes, is
concerned with the provision of the conditions and resources for an animal to fulfill these
criteria for health. The bulk of the work of aquaculture health managers is, therefore, aimed at
ensuring the welfare of the salmon under their care through proper husbandry. However, most
of the attention and debate around salmon health focuses on the treatment and prevention of
disease. This is for 3 main reasons. First, the history of salmon health research has emphasized
the study of infectious disease agents and pathology. Second, infectious diseases remain a
significant production limiting factor and economic cost to the industry. Third, there is acute
public concern that infectious diseases occurring on salmon farms can be transmitted to and
impact wild fish. For these reasons, much of this report will focus on diseases. However, the
authors wish to emphasize that there are many other factors that contribute to the health of
fish than the absence of disease and that future efforts to promote the sustainability of
aquaculture operation must be built on a firm foundation of health and welfare promotion and

protection and not simply on disease treatment and prevention.

Few issues associated with salmon farming are as a controversial or inspire as
passionate debate as disease. The majority of the debate is associated with the marine phase of
the production cycle where the farmed salmon are separated from wild marine life by a
permeable net cage that allows the potential movement of disease causing agents back and
forth between the farmed salmon and the sea around them. Salmon farm related diseases have
features that can result in a high public risk perception. Such features include (1) the cause of

the problem, called a hazard, is invisible to the naked eye (like a virus or bacteria); (2) the hazard
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is new, previously unknown or unfamiliar; (3) there is inequitable sharing of risk and benefits
wherein one group tends to benefit more, while others bear more of the impact of the hazards;
(4) there is the potential for severe impacts and (5) options for reducing or avoiding the risk are

out of the control of the individual concerned about the risk.

Prevailing uncertainties that limit our ability to predict local risks from diseases can also
contribute to the high risk perceptions of disease. Much of what we know about salmon
diseases is relatively new and there remain many gaps in what we know about how diseases
affect wild marine life. Until about 50 years ago, most work on fish diseases focused on
describing the parasite or bacterium found in a sick fish, with little attention to the fish itself. In
the 1960’s fish began being used as sentinels of pollution. Interest in the pathology of cancer or
other diseases emerged as we tried to understand the effects of marine pollution.