
 

 - 1 -

 

 
 

State-of-Knowledge Presentation 
for the 
Special Committee on Sustainable Aquaculture          
of the British Columbia Legislature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
1:30pm-5:00pm  
Thursday, November 30, 2006  
Galiano Room, Sheraton Wall Centre Hotel  
1088 Burrard Street, Vancouver 



 

 - 2 -

 

 
 
Table of Contents 
 

1.0 Executive Summary  
 
2.0 Introduction and Scope of this Presentation 

2.1 The Standards of Science 
2.2 How Science Informs Management Actions 

 
3.0 Research related to sustainable aquaculture in British Columbia 

3.1  State-of-Knowledge Reports  
3.2  Fish health research  
3.3  Near-field interactions and DEPOMOD  
3.4  Far-field and ecosystem interactions  
3.5  Salmon farms, Sea lice, and wild Pacific Salmon 

3.5.1  Biology of pink salmon  
3.5.2 Biology of sea lice  
3.5.3  Environmental conditions  
3.5.4  Salmon farms, sea lice and wild salmon  
3.5.5  Managing risk and sustaining wild Pacific salmon 

populations 
  

4.0 Aquaculture Management 
4.1  How science informs DFO’s management of aquaculture 
4.2  Closed containment 
4.3  Adaptive management approach 

 
5.0 Closing remarks 
 
6.0 Appendices 

I    Curriculum Vitaes   
II   Sustainable Aquaculture Research (June 5, 2006)  
III  State-of-Knowledge Reports 

  IV  Recent publications related to fish health and salmon aquaculture 
     (2003-2006) 

 



 

 - 3 -

 

 
1.0 Executive Summary 
 
Fisheries and Oceans Canada (DFO) has 
prepared this report on scientific research 
related to the environmental interactions 
between finfish aquaculture and aquatic 
ecosystems for the Special Committee on 
Sustainable Aquaculture of the British Columbia 
Legislature.   
 
DFO is the lead federal agency for aquaculture 
in Canada, and is committed to well-informed 
and scientifically-based decisions pertaining to 
the aquaculture industry.   
 
The public may rightly be confused when they 
hear or read of ‘warring science’.  However, 
differences in scientific perspectives are 
certainly not unusual during the development of 
new knowledge.  It can be expected and is 
healthy for the development of sound scientific 
knowledge.   Sound scientific research requires 
sound design and implementation, verified 
through peer review.  DFO will continue to 
evaluate all sources of information in 
formulating its scientific advice. 
 
Over the past 30 years, DFO has been involved 
in a wide range of aquaculture-related research 
programs across the country, including three 
laboratories in British Columbia.  DFO scientists 
have been recognized for their advances in 
many areas of finfish and shellfish aquaculture 

research and development.  Much of this work 
is done collaboratively with academia, other 
levels of government, industry and scientists 
from other countries.  
 
A major focus of DFO research has been to 
determine factors that pose a risk to the health 
of aquatic ecosystems.  To conserve and 
protect wild salmon, DFO looks at questions 
that impact the ecosystem as a whole, 
including: living resources, the aquatic 
environment, interaction between species, the 
impact of human activities and many other 
factors.   
 
DFO has recently published nine State-of-
Knowledge Reports that examine the potential 
environmental effects of aquaculture. Three 
additional reports are about to be published.   
 
This presentation focuses on areas of primary 
interest to the Special Committee.  Summary 
reports prepared by DFO scientists working in 
the Pacific Region are provided on selected 
research topics including fish health, nearfield 
interactions and DEPOMOD, farfield and 
ecosystem interactions, and five components of 
research on sea lice and interactions with wild 
salmon.   
 
Key points are summarized below:  

 
Fish Health Research  

• The introduction of intensive finfish mariculture in Canada raised concerns of detrimental 
disease interactions with wild fish. 

• Mechanisms are in place to prevent introduction or transfer of fish pathogens. 
• No exotic diseases have been introduced to B.C.’s finfish populations. 
• There is no evidence that fish farming has contributed to adverse changes in wild fish 

populations. 
 
Nearfield Interactions and DEPOMOD  

• Impacts on the benthic faunal community in the immediate vicinity of net pens have been 
studied.  

• The degree of impact is linked to many factors besides waste loads. 
• Models such as DEPOMOD can be useful tools for the management and study of impacts. 
• DFO, B.C. Ministry of Agriculture and Lands (MAL) and the industry use DEPOMOD to assist in 

farm siting and configuration decisions. 
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Farfield and Ecosystem Interactions 

• Farfield effects of fish farming involve broad-scale changes associated with sedimentation, 
eutrophication and ecosystem interactions.   

• Empirical studies and modelling serve as research and monitoring tools related to 
sedimentation.  

• Studies in B.C. demonstrate correlations between physical, chemical and biological 
characteristics along seafloor gradients at distances of 1 to 5 km from farm sites. 

• DFO has established a working group to focus on ecosystem-based research related to 
aquaculture.  

 
Biology of Pink salmon 

• Pink salmon have greater variability in adult returns due to their fixed two-year life history and 
naturally high juvenile mortality. 

• Early research (1961-63) estimated mortality of pink juveniles of 59-77% during the first 40 days 
in the sea; and total mortality to adults of 89.8% to 98.9% (i.e., survival of 1.1% to 10.2%).  

• During the past five years, we have observed both exceptionally poor (2002) and good (2004) 
returns to the Broughton Archipelago.(BA) 

• We need, however, to be aware of returns to specific rivers as well as total returns to the BA.   
 
Biology of Sea Lice 

• It is essential to recognize that two species of sea lice (Lepeophtheirus salmonis & Caligus 
clemensi) are common on salmonids and other fishes in B.C. 

• Free-living planktonic larvae of L. salmonis are infective to fish for approximately one week but 
their survival and infectivity depends highly on temperature and salinity. 

• Planktonic larvae have several adaptations to locate suitable hosts. These adaptations are 
critical as larvae are non-feeding and use only stored energy. 

• Although L. salmonis is commonly called the “salmon louse” it is now known to infect non-
salmonids, including marine sticklebacks in the Broughton. However, L. salmonis only seems to 
develop to the pre-adult stage on sticklebacks. 

 
Environmental Conditions in the Broughton Archipelago (BA) 

• Currents in the BA region are driven by tides, river discharges, and winds. 
• Notable circulation features of the BA include surface “estuarine flows” (seaward flow of low-

salinity surface water) and deeper return flows of marine waters. Surfaces flows are determined 
seasonally by river flow (snow and rain based) and glacial runoff. 

• DFO has developed a numerical model describing tidal and surface circulation, but the model is 
limited by sparse wind observations (being addressed).   

• The numerical model has been used to simulate the transport of passive particles released at 
several salmon farm locations.  These simulations generally show seaward transport within 
several days.  

• The consistency of sea lice observations in proximity to farm locations (shown by Krkosek 
papers) is inconsistent with the DFO model; these differences remain to be resolved through 
research that was initiated in 2006. 

 
 
 
 
 
 



 

 - 5 -

 

 
Salmon farms, Sea Lice and Wild Salmon 

• In areas of coastal B.C. outside of the BA, the prevalence of L. salmonis is generally less than 
5% with low infection intensity. Infection tends to increase offshore as salinity and size of the 
hosts increases (no information for lower Johnstone Strait and upper Strait of Georgia included). 

• The origin of sea lice in the BA is presently inferred from sampling programs and analyses by 
Krkosek et al. These researchers report a “striking consistent” pattern of increased infection 
near the location of salmon farms, in 2003 to 2005.  

• This consistency of pattern reported by these authors is not, however, evident from extensive 
independent DFO surveys conducted in the same time and area. 

• Research concerning the impact of sea lice infection on individual juvenile salmon differs 
presently between studies conducted within the BA and those at the Pacific Biological Station. 
Differences between field and laboratory studies are not uncommon, but this issue remains to 
be resolved. 

• While DFO has increased monitoring of pink and chum salmon returns, the results currently do 
not confirm or support a direct association between sea lice infection levels on juveniles and 
subsequent adult returns. 

 
Managing Risk and Sustaining wild Pacific Salmon Populations 

• Concern about salmon farms, sea lice, and juvenile salmon in the BA is ultimately about 
sustainability of wild salmon populations and their ecosystems. DFO’s Strategic Plan and the 
Wild Salmon Policy (2005) are strong commitments to these conservation values. 

• Sustainability of returns in the BA requires that all sources of impact on salmon production be 
managed, including local impacts of logging or enhancement, fishing impacts, climate-based 
variation, and salmon farms. 

• To-date, management steps taken include the 2003 action plan (fallowing along a prescribed 
“migration corridor”), and Provincial sea lice management plans since 2004.  DFO does not 
support migration corridors as sufficient actions.  

• Chemical treatment with Slice® seems effective for feeding salmon and protects hosts for 
months depending on temperature.  Ecological concerns with treatment, and in particular, for 
species of interest in B.C. require further research and monitoring. 

• DFO also notes the use of regional management plans in other farming jurisdictions (Scotland, 
Ireland, and Norway). 

 
In Conclusion 
Advancement in biological sciences seldom 
proceeds without opposing perspectives, 
observations, and hypotheses that are 
compared and tested before they are resolved.  
 
The knowledge that is gained by explaining 
these differences can lead to development of 
new management practices or policies.  DFO is 
involved in extensive research to provide the 
scientific basis for sustainable management of 
salmon aquaculture in B.C.    
 
Contact:  
Donna Martin - Pacific Region Communications 
604.666.7120 

 
 
Presenters: 
Mr. Ted Perry - Director, Marine Ecosystems and 
Aquaculture Division 
Dr. Brian Riddell - Division Manager, Salmon and 
Freshwater Ecosystems 
Dr. Brent Hargreaves - Research Scientist, 
Salmon and Freshwater Ecosystems 
Dr. Simon Jones - Research Scientist, Marine 
Ecosystems and Aquaculture Division 
Mr. Dario Stucchi - Physical 
Oceanographer, Ocean Sciences Division  
Dr. Terri Sutherland - Research Scientist, Marine 
Ecosystems and Aquaculture Division 
Mr. Andrew Thomson - A/Director Aquaculture 
Management Division 
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2.0 Introduction and Scope of this Presentation 
Fisheries and Oceans Canada (DFO) is pleased 
to support the work of the Special Committee on 
Sustainable Aquaculture as it seeks to understand 
the questions of science at the heart of its 
deliberations.  
 
As the lead federal agency for aquaculture, DFO 
is committed to well-informed and scientifically-
based decisions pertaining to the aquaculture 
industry.  The deliberations and recommendations 
of the Special Committee will have a significant 
bearing on the future of the aquaculture industry 
in British Columbia. 
 
Aquaculture is growing rapidly worldwide and now 
accounts for about half of the global consumption 
of fish according to the Food and Agriculture 
Organization of the United Nations. 
 
The Government of Canada is committed to 
ensuring the responsible and sustainable 
development of the aquaculture industry in 
Canada.  
 
The objective of the Program for Sustainable 
Aquaculture (PSA), is to support the sustainable 
development of the aquaculture sector.  Ensuring 
the sector operates in an environmentally 
responsible manner is a key federal role. 
 
DFO’s aquaculture-related research programs are 
broad in scope.  This presentation focuses on 
research related to the environmental interactions 
between finfish mariculture and aquatic 
ecosystems, in consideration of the Special 
Committee’s primary interests.  There is 
discussion of the scientific approach, and the 
process and importance of evaluation of the 
results of research.  
 
Over the past 30 years, DFO has been involved in 
a wide range of aquaculture-related research 
programs.  This research provides a sound 
science and technology base for the department’s 
management of aquatic resources and for 
innovations within the industry.      
DFO aquaculture research is conducted at 
facilities across the country, including three 
laboratories in British Columbia – the Pacific 

Biological Station in Nanaimo, the Centre for 
Aquaculture and Environmental Research in West 
Vancouver, and the Institute of Ocean Sciences in 
Sidney.  
 
DFO scientists have pioneered many areas of 
finfish and shellfish aquaculture research and 
development, and have been recognized for 
significant findings in the areas of fish husbandry, 
fish health, biotechnology, genetics and marine 
ecosystems interactions.  Much of this work is 
done collaboratively with academia, other levels 
of government, industry, and scientists from other 
countries.  
 
A major focus of DFO research has been to 
determine factors that pose a risk to the health of 
aquatic ecosystems.  In order to conserve and 
protect wild salmon, DFO looks at questions that 
impact the ecosystem as a whole, including: living 
resources, the aquatic environment, interaction 
between species, the impact of human activities 
and many other factors.   
 
DFO will provide an overview of the national 
State-of-Knowledge review that examines the 
potential environmental effects of aquaculture, 
and of research related to the environmental 
interactions of finfish mariculture in B.C.  The 
work in B.C. will be presented by lead scientists in 
order to provide the Special Committee with 
access to the best available scientific information.   
 
Topics include fish health, nearfield interactions 
and DEPOMOD, farfield and ecosystem 
interactions, and five components of research on 
sea lice and interactions with wild salmon.   
 
In addition, the department will describe how 
research informs resource management 
decisions. 
 
For the information and convenience of the 
Special Committee, attachments include material 
provided during their visit to the Pacific Biological 
Station in June, and curriculum vitae for the 
scientific staff who are presenting before the 
Special Committee.  
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2.1 The Standards of Science  
 
The public may rightly be confused when they 
hear or read of ‘warring science’.  There may 
certainly be scientists with opposing views, but 
ironically the fundamental basis of modern 
science (the scientific method) was developed 
to provide the greatest possible credibility in 
science and avoid such confusion.   
 

“The scientific method is the process 
by which scientists, collectively and 
over time, endeavour to construct an 
accurate (i.e., reliable, consistent, and 
non-arbitrary) representation of the 
world.”1  

 
The scientific method consists of four essential 
steps: 
 

1) Observation and description 
2) Formulation of an hypothesis to explain 

the observations.  
3) Prediction, use of the hypothesis to 

create testable statements or 
quantitative predictions 

4) Conduct of experimental tests of the 
predictions (preferably by several 
independent groups).  If experiments do 
not support the hypothesis, then it must 
be rejected or modified and re-tested. 

 
Usually a fifth step is included so that 
experiments are fully documented and 
outcomes reported … i.e., peer reviewed 
publication.                                                              
 
This step is critical to continued testing and 
validation of outcomes, and provides an 
historical record. 
 
Unfortunately there are some common 
misunderstandings in discussion of science.   
 

                                                 
1 
http://teacher.pas.rochester.edu/phy_labs/Appendix
E/AppendixE.html  (one typical definition) 

The most fundamental error is to mistake the 
hypothesis for an explanation of the 
observations, without performing experimental 
tests.  Sometimes common sense or logic may 
suggest that the tests are not necessary, but 
the scientific process is essential to minimize 
the risk of such bias.   
 
Personal and cultural beliefs influence both our 
perceptions and our interpretations of what we 
observe.  The scientific method attempts to 
minimize the influence of bias and prejudice in 
the experimenter when forming hypotheses and 
conducting experiments, and describes an 
established standard for the credible science 
and the development of new knowledge.   
 
In the development of new research, it is 
completely possible for multiple investigators to 
approach an issue from different perspectives 
and initially observe different outcomes.  So 
long as the methods are sound and procedures 
documented, communication amongst the 
scientific community (verbally or written) should 
allow the community to develop a consensus 
understanding over time.   
 
Frequent examples of reasons for differences 
include incomplete definition of systematic 
errors, differing sampling methods or sampling 
designs, analytical methods, and natural 
variability.  These latter points touch on the 
importance of describing hypotheses and data 
in mathematical models … such models require 
an explicit description and provide for 
replication of studies.  In biological research in 
natural environments, however, true replication 
is seldom possible.  In these cases, 
documentation, prediction, and independent 
validation become increasing important. 
 
Prediction, replication, and consistency of 
results are the basis for sound scientific 
understanding and trust in the acceptance of 
new knowledge.  
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2.2 How Science Informs Management Actions  
 
DFO relies on sound scientific knowledge to 
make management decisions and regulations. 
Hasty decisions or actions based on 
inconsistent results place natural resources at 
risk and/or incorrectly impact people’s lives.  
 
In the biological sciences, the development of 
new scientific knowledge is seldom straight 
forward or fast.   There are many unknowns, 
interactions, and natural environmental 
variations that contribute to differing findings 
between research projects.  
 
Given alternative research outcomes, it is 
imperative that more research and scientific 
analysis be undertaken to help us fully 
understand the ecological effects.  Only through 
replication of studies, prediction and verification 
of outcomes, and observation can we build 
confidence in new results and knowledge.  
 
Research concerning salmon farms, sea lice, 
and wild salmon is an example of this dilemma 
in natural science.   
 
The wide ranging estimates of juvenile salmon 
mortality that were recently published (i.e., 
"Farm-origin sea lice induced 9-95% mortality in 
several sympatric wild juvenile pink and chum 
salmon populations.") are of limited use in the 
development of effective policy and 
management plans.   

 
Even if everyone agreed that sea lice account 
for some juvenile mortality, is the mortality 
incremental to other natural sources, and does 
it result directly in equal losses of spawning 
adults?  
 
The latter can not be assumed as there are 
many factors during later life phases that will 
influence the final number of adult salmon that 
return to spawn.  
 
Differences in scientific perspectives may be 
confusing to the public but are certainly not 
unusual during the development of new 
knowledge.  It can be expected and is healthy 
for the development of a sound scientific 
knowledge.  
 
DFO will continue to evaluate all sources of 
information in this issue to ensure healthy wild 
salmon populations while developing a 
management plan for a sustainable aquaculture 
industry.  However, when uncertainty of 
information is large and there is a possibility of 
irreversible harm or extremely costly damage, 
then a precautionary approach may be taken. 
 
Ultimately, it is the number of adult wild salmon 
reproducing that must be sustained. 
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3.0 Research Related to Sustainable Aquaculture in British Columbia 
 
3.1 State-of-Knowledge Reports 
 
As the lead federal agency for aquaculture, DFO 
is committed to well-informed and scientifically-
based decisions pertaining to the aquaculture 
industry.  
 
DFO has an ongoing program of scientific 
research to improve its knowledge regarding the 
environmental effects of aquaculture.   
 

The department is also engaged with 
stakeholders, provinces and the industry in 
coordinating research and fostering 
partnerships.  
 
As a contribution to the Federal government’s 
Program for Sustainable Aquaculture, DFO is 
conducting a scientific review of the potential 
environmental effects of aquaculture in marine 
and freshwater ecosystems. 

 
 
 
Goal and Scope 
Known as the State-of-Knowledge (SOK) 
Initiative, this scientific review provides the 
current status of scientific knowledge and 
recommends future research studies. The 
review covers marine finfish and shellfish, and 
freshwater finfish aquaculture.  
 
The review focuses primarily on scientific 
knowledge relevant to Canada. Scientific 
knowledge on potential environmental effects is 
addressed under three main themes: 
 
• impacts of wastes (including nutrient and 

organic matter);  
• chemicals used by the industry (including 

pesticides, drugs and antifoulants); and  
• interactions between farmed fish and wild 

species (including disease transfer, and 
genetic and ecological interactions). 

 
This review presents potential environmental 
effects of aquaculture as reported in the 
scientific literature.  
 
The environmental effects of aquaculture 
activities are site-specific and are influenced by 
environmental conditions and production 
characteristics at each farm site. 
 
While the review summarizes available scientific 
knowledge, it does not constitute a site-specific 
assessment of aquaculture operations.  

In addition, the review does not cover the effects 
of the environment on aquaculture production. 
 
The papers target a scientific and well-informed 
audience, particularly individuals and 
organizations involved in the management of 
research on the environmental interactions 
of aquaculture.  They are aimed at supporting 
decision-making on research priorities, 
information sharing, and interacting with various 
organizations on research priorities and possible 
research partnerships. 
 
Each paper was written by, or under the 
direction of DFO scientists, and was peer-
reviewed by three experts.  
 
The peer reviewers and DFO scientists help 
ensure that the papers are up-to-date at the time 
of publication. Recommendations on cost-
effective, targeted research areas will be 
developed after publication of the full series of 
SOK review papers. 
 
The SOK series will consist of 12 review papers.  
Nine have been published and executive 
summaries are provided in Appendix III.  The 
final three papers are completed and are soon to 
be published.  
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3.2 Fish Health Research 
 
Background 
Intensive mariculture of fish is a recent industry 
in Canada relative to farming of land animals. 
This newness raises a unique set of questions.  
 
Some alteration to the natural environment is 
inevitable. In reference to fish health, concerns 
about the risk of detrimental effects to the 
environment and to wild fish populations 
through the inadvertent introduction or 
amplification of infectious disease associated 
with aquaculture needed to be addressed.  
 
There has been a considerable increase in 
research on fish diseases which has focused 
largely on the interest in health management in 
the developing aquaculture industry (Snieszko 
1974, Stewart 1998, Woo and Bruno 1999, OIE 
2006). Consequently there is an accompanying 
extensive body of published data in the form of 
original research papers and specialist 
textbooks on farmed fish diseases. However, 
there is relatively little comparable information  
on diseases in wild populations, largely 
 

 
 
because of the difficulty in collecting samples 
and to the more limited scope for the practical 
application of data in terms of fish health 
management. This imbalance can lead to a 
disproportionate and misleading impression of 
the concerns and level of disease in farmed fish 
stocks. 
 
Nevertheless, over the last 15 years, several 
reviews comprehensively assessed the 
available scientific literature on the potential for 
disease interchange between wild and farmed 
fish (Hastein and Lindstad 1991, McVicar 1997, 
Hedrick 1998, Amos et al. 2000, Amos and 
Thomas 2002, Olivier 2002, McVicar et al 
2006).  
 
Notably, none of these reviews has found 
evidence that fish farming has contributed to 
detectable adverse changes in wild fish 
populations. However, reports have indicated 
that a variety of pathogens are present in wild 
marine fish species, which may then act as 
reservoirs for pathogens of farmed fish (Kent et 
al. 1998). 

 
 
Significance 
The introduction of new infectious agents into an 
area previously free of the organism can lead to 
serious outbreaks of disease (Kent 1994, 
Noakes et al 2000). Trade of live fish or eggs 
between areas carries risk of disease transfers 
as do other human activities such as fish 
processing plants where substantial 
concentrations of viable pathogens may be 
present and possibly from distant locations.  
 
Other human activities with the potential of 
transferring fish pathogens include bait fish, 
aquarium hobbyist and ballast water used in the 
shipping industry. Because the movement of 
aquatic animals used in aquaculture can be 
controlled and because this is a major avenue of 
disease spread with immediate impact on an 
industry that relies on the health of aquatic 
animals, there has been considerable effort  
 

 
 
 
in the development of guidelines, recom-
mendations and regulations to at least reduce 
and hopefully stop this avenue of disease spread 
(Scarfe et al. 2006).  
 
In Canada, control is attempted by mandatory 
government approval of virtually all introductions 
and transfers of aquatic animals to the country, 
provinces or smaller areas (Scarratt and 
Drinnan, 1992).  
 
Canada has developed a National Code on 
Introductions and Transfers of Aquatic 
Organisms and recently funded a National 
Aquatic Animal Health Program (Olivier 2004). 
Both are directed towards protecting aquatic 
animals from infectious diseases. 
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In addition to the identification of procedures that 
can be employed to reduce the risk of 
accidentally importing pathogens along with 
transplanted animals, tools have been 
developed to assess the risks involved when 
adjudicating on proposals to move aquatic 
animals (Arthur et al 2004). Also, procedures for 
acquiring information on pathogens of aquatic 
animals that may occur in an area have been 
developed (Cameron 2002, Subasinghe et al. 
2004).  

 
The aquaculture industry will likely continue and 
expand because its economic benefits will often 
outweigh the known risks. Additional research is 
required to address the many unanswered 
questions pertaining to aquatic animal health.   
 
Therefore to reduce the inherent risks, a 
cautious science-based approach towards the 
management of aquatic animal health during 
aquaculture development is in practice. 
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3.3 Nearfield Interactions and DEPOMOD  
 
Background 
The environmental impacts resulting from the 
culture of salmon in open net cages in the 
marine environment occur over a range of 
space and time scales, and include alterations 
to ecosystems caused by the enhanced release 
of nutrients and carbon, discharge of 
contaminants, theraputants and cross-
transmission of pathogens and parasites 
(Pearson and Black 2001).   
 
One of the most conspicuous and often studied 
impacts of open net cage fish farms is on the 
benthic faunal community underneath and in 
the immediate vicinity (~ 200m) of net cages—  
the nearfield environment—caused by the 
enhanced sedimentation of organic-rich solid 
wastes from the farm (DFO 2004).   

Wastes in the nearfield area of deposition, or 
the ‘footprint of the farm’, result from quickly 
settling solid wastes primarily composed of 
faecal material and uneaten food pellets or 
waste feed.   
 
The very fine and slowly settling portion of the 
solid waste is transported and dispersed much 
further away from the farm site—the farfield— 
and may accumulate in depositional zones.  
The fate and the proportion of solid wastes 
transported to the farfield are largely unknown. 
 
The effects of organic enrichment on sediment 
chemistry and the benthic community have 
been well documented by many researchers.   

 

 

 
Significance 
In natural or unperturbed coastal sediments, the 
oxygenated sediment – water interface is a 
habitat that contains a variety of aerobic  
organisms (i.e. animals that require oxygen).   
 
Enhanced deposition of organic matter will 
result in an increased oxygen demand by these 
aerobic organisms and may lead to hypoxic 
(low oxygen) or anoxic (no oxygen) conditions 
at the sediment-water interface (DFO 2004).   
 
In the absence of dissolved oxygen, most 
aerobic organisms occupying the thin sediment-
water interface will die, and methane and free 
sulphides will accumulate in the sediments as 
organic matter is decomposed by anaerobic 
organisms.   
 
The degree of impact to the benthic community 
and habitat depends upon a combination of 
factors, such as the rate of the organic waste 
input, bathymetry, circulation and substrate 
characteristics. 
 

Mathematical or numerical models describing 
the distribution and impact of solid wastes from 
marine salmon farms can be useful tools for the 
management, monitoring and study of the 
aquaculture industry and its impacts.   
 
Many models of the nearfield distribution of 
organic wastes and their ecological effects have 
been developed and continue to be developed.  
Most recently, the Scottish authorities have 
developed and commercialized a 
comprehensive aquaculture waste modelling 
suite called DEPOMOD (Cromey et al 2002a).  
 
It was designed to be used by industry, 
consultants and the regulatory agencies as an 
objective aid or tool to assist in assessing the 
potential impact of aquaculture operations on 
the nearfield benthic environment.   
 
DEPOMOD is notable in that several of the 
modules have been validated to some extent 
with field observations (Cromey et al 2002a, 
2002b, Chamberlain et al 2005).   
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The overall modelling approach consists of a 
sequence or progression of sub-models or 
modules each addressing the important 
processes and components of the problem.  
The starting point for all models is the fish 
production/waste module. 
 
This initial module uses information about the 
farm configuration (cage dimensions and 
layout) and fish production (feed input, 
biomass, size), and then transforms the feed 
input to a solid waste output from the net pens.  
The next modelling step in the sequence is the 
hydrodynamic and waste settling model, or 
particle tracking model, which distributes the 
wastes onto the ocean bottom using the sinking 
rate characteristics for the wastes, together with 
information about the ocean currents.   
 
The sedimentation rate is a key determinant of 
benthic impact.  Once wastes settle onto the 
bottom, the currents, if sufficiently strong, may 
resuspend and redistribute wastes.  The final 
component in this progression of models is the 
benthic module.  In this module, measures of 
benthic impact such as free sulphide 
concentration in the sediments or indices of 
benthic diversity are compared to model-
derived sedimentation rates in order to 
establish semi-empirical relationships.   
 
If significant relationships can be demonstrated, 
then the model predictions of sedimentation 
rates may be used to predict the degree and 
spatial extent of benthic impact at other 
locations having similar substrates and 
oceanographic conditions.  
 
Since 2004, DFO has been working with the 
industry and provincial agencies to test and 
validate DEPOMOD for use with British 
Columbia finfish farms.   
 
Using an extensive set of field observations 
collected by Brooks (2001) at several B.C. 
finfish farms (The Focus Study), and detailed 
production and configuration information 
Chamberlain et al (2005) applied and tested 
DEPOMOD at one of the farm sites of the 
Focus Study.   

Initial results of the application of DEPOMOD 
demonstrated significant relationships between 
predicted sedimentation rates (carbon flux) and  
several measures of benthic impact, namely 
sediment sulphide concentration, species  
diversity, infaunal trophic index (ITI) and faunal 
abundance.  The sediment chemistry and 
biology showed a clear effect from the 
deposition of wastes from the finfish farm.  
 
While the initial results of the study were 
encouraging a clear understanding and 
examination of the model limitations and 
uncertainty are fundamental for its evaluation 
and application.  Inherent in the model are the 
inaccuracies that result from the simplification 
of the key processes that the model attempts to 
simulate (e.g. hydrodynamics, particle 
deposition, etc.).  
 
In addition, there is uncertainty regarding a 
number of key parameters settings and the 
consequent effect these have on the model 
outputs.  Finally, errors in the input data 
(current measurements, feeding rates, etc.) will 
also lead to inaccuracies in the model outputs. 
 
The study of Chamberlain et al (2005) explored 
the effects of uncertainty in several parameter 
settings used in the model and identified 
limitations of the model and made 
recommendations for further research and 
testing of the model.  One of the key parameter 
settings in the model is the proportion of feed 
that is uneaten or wasted.   
 
There is some debate about the setting of this 
value as the industry believes the feed wastage 
rate to be <5% while Strain and Hargrave 
(2005) report that the rate is closer to 15%.   
 
At present, DFO in collaboration with B.C. 
Ministry of Agriculture and Lands (MAL) and the 
BC Salmon Farmers Association is conducting 
a study to determine feed wastage rate in order 
to better constrain the large range of 
uncertainty in model outputs produced by this 
parameter setting. 
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Another aspect that warrants further research is 
the resuspension processes within the model.   
 
Testing of DEPOMOD continues at several B.C. 
finfish farm sites having a range of 
environmental conditions.  Data collected are 
part of the B.C. government’s compliance 
monitoring program and observation collected 
by the industry as required under the province’s 
Finfish Aquaculture Waste Control Regulation. 
 
DEPOMOD is currently used by DFO, B.C. 
MAL and by the industry. A Methods and 
Setting document has been written (Stucchi and 
Chamberlain 2005) and adopted for the 
application of DEPOMOD for B.C. finfish farms.   
 
DEPOMOD simulations produced by the 
industry or MAL and quality controlled by DFO 
scientists are used for farm siting and farm 
configuration.   
 

In DFO, DEPOMOD is used as tool within a risk 
based management framework for the finfish 
industry in B.C. (DFO 1998).  DFO uses the 
DEPOMOD predicted footprint in conjunction 
with the results from the physical and biological 
assessments to assist the industry and/or DFO 
to site farms away from sensitive habitats.   
 
In those cases where the predicted waste 
deposition rate exceeds a regulatory threshold 
(5 g C/m2/day) a Fisheries Act Sec 35(2) 
Authorization to harmfully alter, disrupt or 
destroy fish habitat (HADD) is issued. 
Compensatory habitat is a requirement of the 
Authorization and is based on the predicted 
footprint.  
 
This is to ensure that DFO's Policy for the 
Management of Fish Habitat guiding principle of 
‘No Net Loss’ of productive capacity of habitats 
is achieved. (DFO 1986). 
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3.4 Farfield and Ecosystem Interactions 

 

 
Background  
Waste material from finfish aquaculture 
originate as uneaten feed, fish feces, and net-
pen wastes, which are then dispersed by tidal 
and wind/wave transport.                        
 

Potential environmental impacts may be 
categorized into three types of broad-scale 
changes distant from farm sites: sedimentation, 
eutrophication (excessive nutrient 
concentrations) and effects on the food web. 
(DFO, 2003).  

 
 
Sedimentation and Resuspension
Observations made within the vicinity of finfish 
net-pens (nearfield) are typically associated 
with the deposition of solid-waste particles 
characterized by large and or dense particles.  
 
The dispersal of solid waste under these 
circumstances is quantified using empirical 
hydrodynamic models which produce nearfield 
footprints of the deposition shadow below a 
farm system (Cromey et al. 2002; Stucchi et al. 
2005). The widespread movement and 
distribution of fine particulates in the farfield 
environment is driven by both transport and 
dispersion processes.  
 
Transport provides large-scale movement of 
water parcels linked to prevailing currents, while 
dispersion involves the blending and dilution of 
water parcels within close proximity of each 
other (DFO, 2004). Particle behaviour is also an 
important consideration for farfield transport 
models as passive transport or deviations from 
current directions will influence the distance 
traveled by waste material.  
 
Coastal circulation and mixing models that 
provide temporal and spatial predictions of 
currents have been developed to aid in the 
prediction of farfield transport (Hargrave, 2002, 
Foreman et al. 2006). 
 
Benthic resuspension and widespread lateral 
transport of waste material depends on tidal 
flow, wind and wave energy, patterns of 
turbulence, waste-particle aggregation, and 
seafloor morphology. Benthic transport models 

require a range of components including 
hydrodynamic transport and mixing processes, 
descriptions of deposition and resuspension 
criteria, multiple size classes of a variety of 
particle types, and variations in seafloor 
properties (DFO, 2004).  
 
The critical thresholds for the settling and 
resuspension of both feed pellets and faecal 
matter are considered important inputs for 
benthic transport models. 
 
Erosion and transport characteristics of a wide 
size-range of feed pellets have been examined 
in water-flow flumes and experiments regarding 
fecal transport are currently being designed 
(Sutherland et al. 2006). Flume-based research 
will also consider solubility or degradation 
factors of a variety of feed and faecal material 
based on different diet compositions and fish 
conversion rates under various tidal and storm 
simulations.  
 
The use of laboratory and on-site submersible 
flume experiments can overcome the 
challenges faced with collecting spontaneous 
erosion measurements and fast-moving 
transport processes from near-seabed 
environments. 
 
In summary, circulation and benthic transport 
models can aid in site selection and serve as 
both research and monitoring tools to increase 
our knowledge regarding the processes that 
lead to nearfield and farfield effects. 
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Tracking particles of aquaculture waste material 
in both the near- and farfield environment 
requires the identification of chemical tracers.  
 
Specific indicators, such as the stable carbon 
isotope signature in feed pellets, have been 
picked up in a nearfield water column during a 
routine feeding event (Sutherland et al. 2001).  
 
In addition, Sara et al. (2004) have shown that 
both farm-derived carbon and nitrogen sources 
can be isotopically detected through water 
column and sediment sampling within the  
vicinity of a net-pen system, suggesting their 
usefulness in a farfield setting if large 
differences between pen-derived and natural 
stable isotope signatures exist.  
 
 
 

 
Zinc, an essential element in fish diets added to 
prevent cataract formation in juvenile fish  
(Richardson et al. 1986), is considered a 
chemical tracer of feed pellets. However, 
interactions between hydrography, particle 
aggregation properties, seafloor bathymetry, 
and post-depositional processes will influence 
the different patterns of dispersion of different 
pen-derived chemical markers.  
 
As a result it is important to standardize 
background concentrations of various elements 
using sediment trace-metal ratios (zinc : lithium) 
before identifying zones of potential impact 
(Yeats et al. 2005). In addition, the ratio of 
copper and lithium in sediments have been 
shown to indicate a nearfield influence from 
copper-based antifoulings used on net-pen 
systems. 

 
Eutrophication/Organic Enrichment  
The term eutrophication is generally used to 
describe a multi-faceted alteration to the 
physical, chemical and biological environment 
associated with nutrient loadings and typically 
results in increases in biological oxygen 
demand (BOD) or low-oxygen conditions.  
 
Eutrophication of coastal estuarine waters from 
finfish aquaculture occurs through direct inputs 
of waste material (feed and faecal matter) or 
through increased loadings of inorganic 
nutrients (e.g. nitrogen, phophorus).  
 
Although the prediction and observation of far-
field effects of inorganic nutrient inputs within 
coastal marine environments is very 
challenging (e.g. Broughton Archipelago), 
mass-balance nutrient budgets on an inlet-wide 
spatial scale have been carried out in the 
Southwest New Brunswick region (Strain and 
Hargrave, 2005). 
 
Benthic organic enrichment has been examined 
along nearfield – farfield gradients extending 
along the seafloor as far as 1 to 5 km from 
netpen systems in the Pacific Region.  

Correlations between sediment texture, 
inorganic nutrients (carbon, nitrogen, 
phosphorus), trace-element ratios (zinc : 
lithium), low-oxygen conditions (sulfide 
indicators), and faunal communities were 
observed. On one occasion the distribution of 
these benthic variables was linked to a 
depositional footprint of a farm site delineated 
from an acoustic survey of the seafloor.  
 
Such technology produces pictures of the 
seafloor which outline changes in seabed 
topography and sediment characteristics. 
Acoustically-derived seafloor maps will help 
identify farfield depositional zones and steer 
sampling programs designed for farfield 
initiatives.  
 
Data collected to date suggest that high-
resolution pictures of the seafloor ground-
truthed with measurements of sediment 
properties may provide insight regarding the  
relative importance of ongoing and widespread 
benthic transport processes versus episodic 
and focused transport which likely occurs 
during storm events. 
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Ecosystem interactions  
 
The concept of ecosystem level interaction 
involves a large food web structure made up of 
plankton, fish, benthic and macroalgal 
communities existing in a broad-scale 
environment including subtidal and intertidal 
regimes.  
 
The response of benthic organisms to organic 
enrichment and low-oxygen conditions has been 
observed mainly in the nearfield environment. 
Long-term monitoring research programs are 
required along a nearfield - farfield gradient to 

detect potential changes in species community 
composition at farfield distances. In conjunction 
with chemical tracers and organic enrichment 
indicators, chronological changes in community 
structure will be an important variable in the 
assessment of nearfield – farfield effects 
resulting from finfish aquaculture.  
 
A DFO working group has been established to 
focus on ecosystem-based research and 
develop environmental research priorities related 
to aquaculture science. 
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3.5 Salmon farms, Sea lice, and wild Pacific Salmon 
 
The following section looks at salmon farming, 
sea lice, and wild Pacific salmon.  It follows a 
logical sequence from the natural biology to the 
management issues surrounding the perceived 
risk associated with sea lice. The five topics 
are; 1) natural mortality and biology of pink 

salmon, 2) biology and development of sea lice, 
3) the natural environment within the Broughton 
Archipelago, 4) the interaction between salmon 
farms, sea lice, and wild salmon, and finally, 5) 
how to manage risks and sustain wild Pacific 
salmon populations.  

 
3.5.1 Biology of pink and chum salmon 
 
While pink salmon can be the most abundant 
species of Pacific salmon, their simple life 
history results in the species being prone to 
significant sudden changes in abundance.   
 
Pink salmon have a fixed two-year life cycle (all 
spawning adults are two-years old) and 
juveniles emigrate to estuaries very shortly after 
emergence from stream gravels.  Pink salmon 
enter the coastal marine waters as very small 
juveniles (28 to 35 mm, and up to 260 mg).  
 
Production of pink salmon is highly dependent 
on environmental conditions during one 
spawning year and the subsequent conditions 
in the ocean the following year.  Unlike other 
Pacific salmon, pink salmon lack the resilience 
provided by multiple age classes that buffer 
(protect) a population from conditions in one 
year.   
 
For example, pink and chum salmon have 
similar juvenile behaviours but chum salmon 
return as mature adults at ages 3 to 5 but never 
at age 2.   
 

Consequently, chum salmon returns observed 
in any calendar year consist of fish that enter 
the sea in three different years. 
 
The production dynamics and natural mortality 
of pink salmon were studied by Parker3,4 for 
populations in central B.C..  These early studies 
established the high natural mortality for pinks 
during early sea entry (first 40 days) and a 
lower mortality rate during “ocean” rearing and 
until return as mature adults after a 410 day 
period.   
 
Figure A (next page) depicts the range of 
natural mortality rates estimated by Parker over 
three brood years of pink salmon from the Bella 
Coola and Atnarko rivers (1961-1963, returns in 
1963-1965). Overall survival from juveniles to 
returning adults ranged from only 1.1% to 
10.2% (the same range observed today for 
Fraser River pink salmon).   
 
However, within the first 40 days, the losses 
amounted to 59 to 77% of the initial number of 
juveniles that entered the sea (survival rates of 
41% to 23%).

 
 
Two important features of Pink salmon population dynamics need to be understood:  
 

(i) life-span mortality is naturally large and 
variable, and 

(ii) total adult return is the outcome of three 
life phases (freshwater incubation and 
emergence, early in-shore coastal 
rearing, and growth and survival in the 
open ocean and return migration).   

 

Within each phase, survival rates may 
exacerbate or compensate for production in 
other phases.  
  
Within the Broughton Archipelago, both 
exceptionally poor adult pink salmon returns2 
and exceptionally good returns1 have been 
documented in recent years. Returns to specific 
rivers within the BA may also vary from year to 
year. 
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3.5.2 Biology of sea lice 

 

 
The sea lice species Lepeophtheirus salmonis and 
Caligus clemensi are common parasites of 
salmonids and other fishes in coastal British 
Columbia.  Free-living planktonic and parasitic 
stages occur during the development of both 
species16.   
 
The distribution, developmental rate and survival 
of the free-living planktonic larvae are influenced 
by the movement, temperature and salinity of the 
seawater in which they are found1,2,14.  Time to 
hatching and development of L. salmonis eggs 
and larvae is increased in colder water.   
 
This means that at a temperature of 10ºC, larval L. 
salmonis are infective to fish between 4 and 10 
days from the time of hatching19,21.  The 
development of L. salmonis to sexual maturity 
following attachment to the fish host also depends 
on temperature and the generation time, from egg 
to mature adult, ranges from 32 days at 14-15ºC to 
106 days at 7.5ºC4,20.   
 
There is evidence that L. salmonis matures more 
slowly on coho salmon than on Atlantic salmon or 
rainbow trout6, indicating that the host environment 
also influences parasite development. 
 
The survival, planktonic development, settlement 
on the host and development on the host fish are 
adversely affected by low salinity.  Low salinities 
appear to have a greater impact on the planktonic 
than on the parasitic stages16.  Newly hatched 
larvae do not survive below 15 parts per thousand 
(‰) and only negligible development to the 
infective copepodid occurs between 20 and 25‰ 
(salinity of the open oceans varies from 33 to 
38‰).   
 
A recent study showed the survival of free-
swimming copepodids was “severely 
compromised” by salinities below 29‰3.  The 
adverse effects of low salinities on planktonic  

 
stages probably explain the consistently low 
abundances of L. salmonis and C. clemensi on 
naturally infected salmon and sticklebacks 
collected from low salinity areas within the 
Broughton Archipelago11,12.   
 
Most of the research exploring the effects of low 
salinity on L. salmonis was conducted in 
Europe3,7,17.  Some recent studies have begun to 
study this aspect of sea lice ecology on British 
Columbia, but more data are required4,12.  
   
The behaviour of planktonic sea lice larvae 
includes active mobility and several adaptations to 
enhance host finding and attachment.  The 
infective copepodid responds to light, chemical 
gradients, and mechanical stimuli (pressure 
waves)5,7,8,9.   
 
Copepodids of L. salmonis display diurnal (daily) 
patterns of vertical motility in the water column that 
may increase the opportunity for interaction with 
hosts (attracted to surface during day light)16.  The 
importance of effective host-finding mechanisms 
reflects the limited survival of the non-feeding 
planktonic larvae, whose energy is provided by 
stored lipid1. 
 
Lepeophtheirus salmonis, although commonly 
referred to as the salmon louse, is known to infest 
several non-salmonid species, including saithe 
(Pollachius virens), and  sea bass (Dicentrarchus 
labrax) in Scotland and three spine sticklebacks in 
British Columbia11,13,15.  Gravid females have been 
reported from the sea bass and saithe, whereas 
the parasite develops only to the preadult stage on 
the stickleback11.   
 
While more research is required to understand the 
significance of L. salmonis infections on non-
salmonid hosts, an earlier study confirmed the 
ability of motile L. salmonis stages to move 
between hosts17 
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Currents in the Broughton Archipelago and adjoining 
straits and inlets are primarily driven by tides, wind 
and river discharge. These waters are strongly 
layered (stratified) with lighter freshwater at the 
surface and denser saltwater at depth.  
 
Tidal currents are strong in the constricted passages 
and straits of the Broughton region, but the primary 
transport mechanisms are the estuarine flows (the 
seaward flow of low-salinity surface water over a 
deeper higher -salinity waters) resulting from river 
flows (rain and snow) and glacial runoff, and the 
near surface currents that arise from strong winds.  
 
Recently, several long-term current meter 
measurements in key passages of the Archipelago 
and numerous temperature and salinity profiles 
throughout the region have allowed a much better 
understanding of the circulation and water property 
variations. However, wind observations remain 
sparse and the installation of weather stations is 
essential to further improve our understanding. 
 
A preliminary numerical model describing the tidal 
and estuarine circulation the region has been 
developed3 and reproduces average spring (April – 
June) currents with reasonable accuracy.  

Notable circulation features include surface 
estuarine flows of up to 15 cm/s2 that generally 
move seaward from the heads of Knight and 
Kingcome Inlets and bottom return or landward 
flows of up to 12 cm/s that primarily enter through 
Fife Sound.  

The seaward surface currents split at the junction of 
Knight Inlet and Tribune Channel, and where 
Kingcome Inlet separates into Sutlej Channel and 
Penphrase Passage.  The proportion of flow into 
each channel at these separation points will vary 
with the winds and the volume of the main river 
discharges.   

Observations suggest that the depth of the interface 
between the seaward and landward flows can vary 
from a few meters in Knight Inlet, and from 20 to 
50m in Fife and Tribune Channels. 
                                                 
2 a 10 cm/sec flow is equivalent to 0.36 Km/hr and 8.64 
km/day 

 

The three major rivers in the region are the 
Klinaklini, Kingcome and Wakeman Rivers.  The 
Klinaklini River, the largest river in the region, is the 
only major river in the region that had been gauged 
for more than one year. 

In 2006, the Kingcome and Wakeman Rivers were 
gauged but the data will not be available until early 
2007.  

The Klinaklini discharge typically peaks in July and 
is the main source of freshwater responsible for the 
low salinity surface waters of Knight Inlet and upper 
Tribune Channel.   

Based on the relative size of their watersheds, the 
Kingcome and Wakeman discharges should be 
approximately 25% and 20% of the Klinaklini, but 
significant glacial input may alter these estimates. 

Near surface salinities and temperatures in the 
region exhibit spatial and temporal variations that 
are correlated with the river discharges, atmospheric 
heating, and mixing from wind and tides.   

In the spring, average surface salinities generally 
increase and average surface temperatures 
decrease when moving seaward from the heads of 
inlets. Surface salinities greater than 30 ‰ (parts 
per thousand) are generally not found until Queen 
Charlotte and Johnstone Straits.   

However, in the Broughton Archipelago and outer 
reaches of Knight Inlet higher salinity water of 30 ‰ 
is found deeper (5 to 15m) in the water column. 
Average spring surface temperatures range from 12 
°C near the heads of inlets to less than 9 °C in 
Queen Charlotte Strait and become cooler with 
depth.  

Tidal and mean estuarine currents from the 
numerical model have been used to simulate the 
transport of passive particles emanating from 
several fish farm locations1, 2. They generally show 
movement into Queen Charlotte Strait within several 
days (4 to 10 days). 
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However, there are several caveats that limit the 
reality of these simulations, particularly if the 
particles are intended to represent sea lice:  

i) the absence of wind-forced currents 
(expected to have large temporal 
variations and magnitudes as large as for 
the tides and estuarine flows);  

ii) a steady rather than variable estuarine 
flow;  

iii) inaccuracies in the model numerics and 
resolution;  

iv) the absence of behaviour (e.g., horizontal 
and vertical swimming) for the particles.  

Krkosek et al.4, 5 assumed a simple advection-
diffusion circulation model for interpreting his sea 
lice observation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The diffusion was meant to represent tidal motions 
while the advection was either specified uniformly 
(assumed), or indirectly estimated from lice 
observations. Most of his advection speeds were 
less than those measured with current meters.  

Though this model is clearly an over-simplification of 
the regional dynamics, the sensitivity of the paper’s 
conclusions to these simplifications was not 
assessed.  

 

However the consistency of the lice observations 
(i.e., the data not the model) in proximity to a salmon 
farm in the Krkosek research is inconsistent with the 
DFO model expectations and remains to be 
explained. 
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3.5.4  Salmon farms, sea lice and wild salmon 
 

 
 

Since the first reported incidence of the sea lice 
Lepeophtheirus salmonis on juvenile pink salmon 
in June 20018 and their association of this infection 
with proximity to salmon farms, this debate has 
involved four issues: 

1) The prevalence and intensity of sea lice on 
juvenile pink and chum salmon in areas 
with salmon farming versus areas without. 

2) The source of sea lice within the Broughton 
Archipelago (BA). 

3) The impact of sea lice on individual juvenile 
pink and chum salmon. 

4) The causes of variation in adult population 
size for pink and chum salmon within the 
Broughton region, and the contribution of 
sea lice infections to this variation. 
 

(Sea lice in these discussions refer to two species 
L. salmonis and Caligus clemensi.  Differences in 
host specificity and impacts on juvenile salmon 
make accounting for these species important.  
Further, while the focus has been on juvenile pink 
and chum due to their small size at sea entry, sea 
lice infect all six species of Pacific salmon). 
 
Before observing extensive sea lice infection on 
juvenile pink salmon in the Broughton region, 
documentation of sea lice on juvenile salmon was 
very limited and when noted the infections 
commonly involved Caligus clemensi.   
 
Anecdotally, biologists that have worked 
extensively with juvenile pink and chum salmon 
described the occurrence as rare.  Since 2001, 
three publications support the limited occurrence 
of L. salmonis on juvenile pink and chum salmon 
along the B.C. coast but outside of the BA..   
 
In summary, the studies report prevalence of L. 
salmonis less than 5% with low infection intensity9, 

11, 12. (Prevalence is the % of fish sampled that 
carried at least one sea louse.  Intensity is the 
number of lice an infected fish carried.) 
 
Two of these studies involve extensive sampling in 
near-shore seawaters and offshore; and report 

increased infections offshore as salinity and size 
of the hosts increase. Two additional sampling 
programs along the west coast of Vancouver 
Island also report low infection of chum salmon 
(<10%), but involve inlets that include salmon 
farms (Clayoquot and Nootka Sounds).   
 
While some of these programs may be limited in 
duration and area, the combined evidence 
indicates low incidence and infection levels of L. 
salmonis outside of the Broughton Archipelago, in 
areas with and without salmon farming. DFO is 
aware of monitoring in southern Johnstone Strait 
but have not been provided results of that work. 
 
A method to determine the origin of sea lice (i.e., 
did the sea lice originate from a salmon farm or a 
natural host?) has not yet been developed.  
Methods to directly determine the origin have 
examined chemical composition of the lice or 
genetic differences between sources of lice. While 
differences between samples have been detected, 
no method is available yet that can be directly 
applied in the BA.    
 
At this time, the origin of lice is being inferred from 
sampling programs conducted within the BA.  The 
prominent papers in this discussion are Krkosek et 
al.5, 6. 7.  
 
These authors report results from intensive 
sampling surveys of juvenile wild salmon and sea 
lice conducted in the BA during 2003–2005.  
Based on the patterns of sea lice infections that 
the authors describe as  “striking consistent”, they 
develop mathematical models that lead them to 
conclude that “farm-origin lice induced 9-95% 
mortality in several sympatric wild juvenile pink 
and chum salmon populations” in the BA7.    
 
The compelling consistency in the patterns of lice 
infection reported by the authors, that is the 
foundation for their analysis, is not evident 
however in data obtained independently from 
extensive surveys conducted by DFO in the same 
areas and during the same time periods.  
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For example, in Krkosek et al.6, the patterns of sea 
lice infection for 2003 are indeed remarkably 
consistent for each development stage of lice and 
in each of the four data sets.  The data obtained 
by DFO in the same time period and area (May 
11-24, Knight Inlet) show a similar but not as 
pronounced pattern of infection.   
 
However, the DFO data collected in many other 
weeks in the same area show much greater 
variability.  The “strikingly consistent” patterns 
reported in Krkosek et al.6, 7 were not consistently  
observed in the more extensive DFO data (2003- 
2005, see highlighted text below).   

 
 
At broader spatial levels though, there is strong 
agreement between researchers.   
 
The average prevalence (proportion of fish 
infected) and intensity (number of lice per infected 
fish), and the species composition of sea lice 
observed on juvenile wild salmon are all similar for 
each year from 2003-2006 (A. Morton, personal 
communications), despite many differences in the 
dates and locations sampled, and the sampling 
methods. 
 

 
Note:  In March 2003 Fisheries and Oceans 
Canada (DFO) initiated extensive new scientific 
research to investigate the potential interactions of 
salmon farms, sea lice, and wild salmon to obtain 
sufficient independent information to support 
government policy decisions.   
 
From 2003-2006 DFO conducted an extensive 
marine monitoring program to determine sea lice 
infections of wild juvenile salmon in the Broughton. 
Sampling was conducted at  100 -150 locations, 
using both beach seine and purse seine fishing 
gear, at weekly (2003), bi-weekly (2004), or 
monthly intervals (2005 and 2006) during the 
period from March to July (Table in presentation).   
 
Samples of juvenile pink and chum salmon, and 
other species of fish (particularly sticklebacks) 
caught along with the juvenile salmon, were 
immediately frozen in individual bags and 
subsequently examined for sea lice and fish health 

at the DFO laboratory at the Pacific Biological 
Station in Nanaimo, B.C.  The 2003 results have 
been reported in Jones and Nemec2.  
 
DFO results for 2003-2006 show that levels of sea 
lice infection, and the lice species involved, are 
highly variable between locations within a year 
and between years.   
 
Results also show that each year the abundance 
of lice on salmon decreased as the fish grew, but 
the decline coincided with increased proportions of 
maturing lice. There was also a strong positive 
relationship each year between sea lice infection 
and water salinity.   
 
We have also documented infection of three spine 
stickleback (Gasterosteus aculeatus) with L. 
salmonis each year3 at levels significantly higher 
than on juvenile salmon in the same locations in 
the BA.

 
The impact of sea lice on individual Pacific salmon 
was initially inferred from research conducted in 
Europe.  However, recent research conducted 
within the Broughton7, 10 and at the Pacific 
Biological Station4 (S. Jones, unpublished data) 
have now assessed pink and chum salmon 
mortality and infection levels.   
 
Morton and Routledge10 reported declining health 
and high mortality rates of wild juvenile pink 
salmon that were infected with sea lice in the wild 
and held in marine enclosures in the Broughton.  

However, similar experiments conducted by DFO 
in the laboratory in 2005 and 2006 showed no 
decline in health of juvenile salmon and no 
mortality of juvenile pink and chum4.   
 
Differences between field and laboratory studies 
are not uncommon in biological sciences.  The 
background conditions for fish sampled in the wild 
are obviously less controlled than in a laboratory, 
but which assessment of impact due to sea lice is 
the more realistic?  These differences are a 
significant issue that remains to be resolved. 
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Assessing a potential impact on pink and chum 
populations is a demanding challenge. As 
described in Section 3.5.1, the challenge is to 
attribute a change in adult returns to a specific 
source of mortality when we know that natural 
mortality is extensive and inherently variable.   
 
Since 2003 DFO has increased the monitoring of 
adult pink and chum salmon that returned to the 
main rivers and streams to more accurately 
assess changes in abundance.   
 
DFO has also implemented one program to 
monitor pink fry emigrating from the Glendale 
River in an attempt to estimate the rate of marine 
survival (juvenile to adult return).   

 
The results currently do not confirm or support a 
direct association between sea lice infection levels 
and subsequent adult returns.   
 
Returns of pink salmon since 2000 have shown 
extreme variation and the only scientific 
publication on this topic reports exceptional marine 
survival of pink salmon that returned in 20041.   
 
DFO and the Pacific Salmon Forum are presently 
examining how to improve monitoring of pink and 
chum in the BA and the timing of changes in 
marine survival rates. 
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3.5.5 Managing Risk and Sustaining Wild Pacific Salmon Populations 
 
Concern about sea lice and juvenile Pacific 
salmon in the BA is ultimately related to the 
sustainability of wild salmon populations and their 
ecosystems.   
 
The DFO Strategic Plan for 2006-2010 (released 
Oct. 31, 2006)3 and the Wild Salmon Policy4 are 
strong commitments to the conservation of these 
values.  The Strategic Plan also sets an objective 
to “undertake comprehensive action to ensure the 
safety and sustainability of the aquaculture 
industry, and respond to public interest in this 
area.”  
 
Within this context, risks associated with the 
salmon farming will be treated equally to other 
users or impacts on wild Pacific salmon.   
 
For example, given the uncertainties and difficulty 
of attributing causes to changes in salmon returns; 
a risk adverse approach to managing concerns 
about sea lice and salmon farms would be to 
minimize the potential source from farms during 
periods of juvenile salmon emigration in an area.  
This strategy may be the only action possible to 
directly address the perceived risk associated with 
open-net pen salmon aquaculture in areas of wild 
Pacific salmon production.  While we must ensure 
that real, as opposed to perceived, causes are 
identified; this approach could be extremely useful 
in isolating and explaining causes. 
 
The scientific components of this strategy would 
be to determine the most efficient and effective 
means to minimize sea lice production in the 
farms, assess the effectiveness of actions and 
determine safe levels of lice production, and 
evaluate ecosystem effects of associated 
treatments.  
 
As background, it should be noted that salmon 
farming developed in the BA in 1987 but the 
observations that triggered the sea lice concern 
did not occur until June 2001.   

                                                 
3  http://www.dfo-mpo.gc.ca/dfo-mpo/plan_e.htm 
4  http://www-comm.pac.dfo-
mpo.gc.ca/publications/wsp/default_e.htm  

 
The patterns of variation in pink salmon production 
(by even and odd-year lines) from the Area 12 
Mainland Inlet rivers and streams are presented in 
Figure B.  These data include DFO estimates of  
catch from BA streams and the aggregate 
estimate of spawning adults returning annually.   
 
Poorer returns since 2002 are certainly evident but 
in considering the annual changes before 2002, 
there are several factors that could have 
contributed, including: the development of artificial 
spawning channels in the Glendale and 
Kakweiken Rivers (1988 and 1989 respectively), 
logging impacts in the watersheds, climate 
variation and effects on stream flows, variation in 
fishing pressure, etc.   
 
To-date, management steps taken in the BA have 
involved fallowing along a prescribed “migration 
corridor” for juvenile salmon in 2003, and 
Provincial sea lice management plans5.  DFO has 
also more intensively surveyed pink and chum 
returns since implementation of the Sea Lice 
Action Plan in 20036. 
 
Assessment of the 2003 fallowing and migration 
corridor continues to be debated.   
 
The prevalence of sea lice declined in 2003 
relative to 2002 and 2001 and the adult return in 
2004 improved substantially relative to the 
spawning population size in 2002.  Morton et al.4 
argue that the 2003 action was therefore effective, 
but Beamish et al.1 report that fallowing in 2003 
did not reduce the production volume on BA 
salmon farms.  The Provincial website (footnote C) 
supports the production values stated in Beamish 
et al. 
 
 
Beamish et al. suggest that the significant 

                                                 
5  
http://www.agf.gov.bc.ca/ahc/fish_health/sealice_MS.ht
m  
6  http://www-sci.pac.dfo-
mpo.gc.ca/aquaculture/sealice/default_e.htm  
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Increase in pink returns to the BA in 2004 was the 
result of exceptional survival during their marine 
rearing. 
 
Also, the utility of specific migration corridors to 
protect juvenile salmon is not generally supported 
by DFO or Provincial staff.   Corridors must, 
however, be of some value to specific populations 
since they can only access off-shore areas via 
certain channels or inlets.   
 
The present treatment method to control sea lice 
uses emamectin benzoate or Slice® (Schering-
Plough Animal Health Corp).  This product may be 
used in Canada when requested by a veterinarian 
under an “Emergency Drug Use” basis for 
controlling sea lice at coastal finfish aquaculture 
operations.  Slice® is applied in feed and causes 
paralysis and death in parasites on the hosts.   
 
Treatment is effective for feeding salmon and 
protection of the salmon may last a few months 
depending on temperatures5, 6, 7 (see Technical 
Monographs, Schering-Plough7).  However, the 
ecological effect of Slice® on the environment 
near a treated farm remains to be further 
investigated.   
 
The information available on the environmental 
fate and effects of Slice® was recently reviewed 
for Environment Canada by Bright and Dionne2.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
7  http://www.schering-
plough.com/schering_plough/pc/animal_health.jsp  

The review notes a limited knowledge base for 
assessment of the environmental effects, 
particularly for sub-lethal effects and for species of  
interest in British Columbia (only one poster cited, 
Dungeness crab and Spot prawns).   
 
Clearly, more research is required to address 
ecological toxicity issues in the B.C. environment. 
However, a recent publication on the effect of 
Slice® on zooplankton communities indicates no 
adverse effect of treatment on this important part 
of the marine food chain8. 
 
In addition to treatment of single farms, other 
jurisdictions (Norway, Scotland, and Ireland) have 
proceeded to develop regional management plans 
for the management of sea lice on multiple farms 
within a geographic area.  
 
These regional plans may involve use of single 
age-class stocking of salmon farms and 
coordinated treatments amongst farms to minimize 
the risk of between farm transfers.  Heuch at al.3 

recently reviewed the Norwegian Action Plan 
implemented in 1997.  The Norwegian Action Plan 
was a consensus tool developed by their Animal 
Health Authority and the salmon farming industry. 
 
Related to treatment of multiple farms, however,   
Bright and Dionne2 note a concern for the 
expanded use of Slice® under regional 
management plans, since previous environmental 
assessments have involved one-time applications 
as opposed to multiple, simultaneous treatments. 
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Figure B. Historical returns of Pink salmon to Area 12 Mainland Inlet streams, 1953-2006 

Source: DFO records, Stock Assessment Program, Science Branch. (2006 data is preliminary)  
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4.0 Aquaculture Management 
 
Canada, aquaculture is a relatively new industry 
that has expanded rapidly over the last two 
decades. It is one of the fastest growing food 
production activities in the world. The Government 
of Canada recognizes the significant benefits to 
society associated with aquaculture and has made 
aquaculture development a key priority. 
 
DFO is the lead federal department for the 
sustainable management of fisheries and 
aquaculture. Responsibility for aquaculture 
management and development (governance) is 

shared between the federal, provincial and 
territorial governments. We work together, with 
many other partners, to ensure that the legislative 
and regulatory framework for aquaculture is 
responsive to the public’s and industry’s needs. 
 
A key feature of DFO’s regulatory responsibilities 
is an adaptive management system.  It allows the 
department to change and evolve its regulatory 
system as new scientific information and new 
technologies become available.  

 
 
 
 
4.1 How science informs DFO’s management of aquaculture 
 
Science underpins the management decisions that 
DFO uses to regulate the aquaculture industry.  
 
There are three primary regulatory authorities that 
DFO uses in reviewing and permitting aquaculture 
facilities: Habitat reviews under section 35 of the 
Fisheries Act, Canadian Environmental 
Assessment Act screenings where triggered by  

Sec 35 (2) authorizations, and FGR Sec. 56 fish 
transfer licensing.  
 
In each of these actions the Department relies on 
the expert advice of its scientists and their review of 
the current state of knowledge.  
 
 
 

 
 
 
 
Examples of this process include:  
  

• DEPOMOD models predict the area of 
deposition to allow better siting of farms and 
serve as predicators of areas for 
authorization.  

• Fish Health Management Plans for each 
site were reviewed by DFO science staff to 
ensure proper fish husbandry and thereby 
reduce the risk of disease transfer to wild 
stocks. 

• Advice on siting guidelines for SARA listed 
species such as abalone that are 
incorporated into the review process.  

 

 
 
 
For new situations request for science advice an be 
made both habitat practitioner through Science 
Aquaculture Referral working Group which will 
assign the question to the appropriate department 
scientist for a response.  
 
In situations where the knowledge is incomplete or 
lacking a more precautionary level of advice is 
normally given to the habitat practitioners. Through 
experimentation that knowledge may get refined as 
the knowledge increases.  
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4.2 Closed containment 
 
DFO encourages the research of innovative 
technologies that could assist the salmon farming 
industry.  
 
Critics of ocean salmon farming insist that land-
based closed containment systems represent an 
environmentally sustainable way to farm salmon.   
 
They believe land-based closed containment would 
eliminate escapes, potential transfer of disease and 
lice between farmed and wild fish and benthic 
impacts to the sea bed under the farms. 
 
DFO has carried out its own studies with closed 
containment systems, as has the B.C. government 
and  industry.  These trials have indicated that 
closed containment, with current technology,  is not 
a practical alternative to the existing ocean farm 
design for salmon.   
 
 
 

 
Concerns include:  

• Affordability of commercial closed systems 
• Farming salmon on land, requires that large 

amounts of sea water be pumped into the 
pens.  Lack of hydroelectric power in remote 
locations, suggests this would require the 
use of diesel-electric generators, using large 
amounts of fossil fuel and generating green 
house gas emissions.   

• Questions remain about how to deal with 
the waste resulting from a closed system in 
a remote location. 

Given the disparity of views, it is apparent that 
additional research would be beneficial.  DFO is 
taking a leadership role in this regard and is 
proposing a process to conduct a study of closed 
containment salmon farming.  
The results of the study will inform future research 
and discussion on closed containment salmon 
aquaculture.  

 
4.3 Adaptive management approach 
 
DFO has chosen an adaptive management 
approach because it allows the department to make 
significant changes to our review processes to 
improve and standardize our decision making, 
based on the best available science advice.  This 
management approach incorporates explicit risk 
management principles which have contributed 
B.C.’s standing as among the best regulated and 
most environmentally aware aquaculture 
jurisdictions in the world. 
 
 
DFO upholds its responsibilities to protect wild 
salmon and B.C.’s great ocean resources through 
the regulatory reviews it undertakes prior to the 
installation of an aquaculture site.  The 
department’s regulatory actions are about ensuring 
that the farm site installation is in the best possible 
site from an ecosystem-wide evaluation and 
thereby reduce the impact on the environment and 
afford the greatest protection for wild stocks. 

As the committee heard on during testimony on 
June 1, 2006, DFO’s regulatory regime has greatly 
evolved since the Canadian Environmental 
Assessment Act was promulgated in 1997, before 
which time there was no comprehensive 
environmental assessment required for siting of 
aquaculture sites.  
 
Today, standards are different.  Due to advances in 
our scientific knowledge and understanding of 
ecosystems interactions, DFO applies considerable 
safeguards to assess and monitor potential impacts 
well before projects are approved for any marine 
environment. All marine habitat is important and 
must be protected. 
In summary, the federal government plays a 
complex and robust regulatory role in managing 
aquaculture in the province of British Columbia. 
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5.0 Closing Remarks 
 
The Fisheries and Ocean Canada (DFO) has a long 
history of research in support of conservation, 
fisheries management, and the biology of aquatic 
resources in British Columbia.   
 
In 2008, the Pacific Biological Station will celebrate 
100 years of discovery and service to Canadians.  
Our research in support of aquaculture development 
has been conducted in fish physiology, feeding and 
nutrition, fish disease diagnostics and treatment, 
strain evaluations, waste management and benthic 
impacts, circulation modelling, siting and escape 
monitoring, etc.   
 
Since 2002, staff have also become involved in 
research and monitoring related to salmon farms, sea 
lice, and wild Pacific salmon.   
 
Until spring 2001, the issue of sea lice and salmon 
farms, and then their interaction with salmon 
populations had not been identified as a concern by 
the industry, user groups, or government (including 
the 1997 Provincial Review of Aquaculture).   
 
The rhetoric associated with salmon farming issues, 
in particular sea lice in the Broughton Archipelago 
(BA), has frequently confused legitimate differences 
in observations with opposing science.   

 
It is essential to understand that observations 
contribute to the development of new knowledge 
through a scientific process, but are not science by 
themselves.  Also, advancement in biological 
sciences seldom proceeds without opposing 
perspectives, observations, and hypotheses that are 
compared and tested before they are resolved.  It is 
the understanding achieved by explaining differences 
that frequently leads to the development of new 
knowledge and provides the basis for new 
management practices or policies.   
 
With respect to fish health, waste deposition and 
nearfield effects, DFO research has made significant 
contributions to the development of sustainable 
aquaculture in B.C.  
 
For example, in:  
 
• Fish health diagnostics and treatment of cultured 

fish, and the prevention of introductions and 
transfers of pathogens 

• The ability to predict interactions between finfish 
and the environment have resulted in improved 
farm siting and configuration decisions. 

 
 
 
 
 
 
DFO has noted the need for more research in the 
diseases of natural populations and in the 
assessment of farfield effects and ecosystem 
interactions.  Research in both topics is currently 
being developed in collaboration and funding from 
the Pacific Salmon Forum. 
 
In the issue of sea lice, DFO requires a sound 
scientific basis upon which to implement effective 
conservation policies and responsible management 
actions.  Sometimes, this knowledge does not 
develop as fast as expected or desired but the 
scientific process may take time.   

 
 
For example, in the past four years of intensive 
DFO sampling in the BA, each year has provided 
different results in terms of lice species, prevalence 
and intensity of infection, practices on the farms, 
and abundance of pink and chum salmon.    
 
But in a dynamic ecosystem like the BA, and with 
open-net pen salmon farms inter-connected with 
that environment, maybe this variation should have 
been expected and other expectations were 
unrealistic.  How would any one know until the 
studies were conducted? 
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DFO Science staff believe that significant new 
information has been gained in recent years and 
that the understanding of interactions within the BA 
is increasing.   
 
Recent improved collaboration between 
participating researchers, co-operation of the 
industry, and involvement of First Nations and 
environmental organizations should aid future 
development of this understanding and agreement.   
 
Amongst the polarized views frequently expressed 
about sea lice in the BA, we should remember that 
the industry has complied with Provincial 
regulations8 and that the prevalence of sea lice on 
juvenile pink and chum salmon during 2005 and 
2006 has declined substantially since 2004 (DFO 
results in 2006 indicated the lowest prevalence 
since sampling began in 2002).   
 
Returns of adult Pink salmon in 2006 were poor but 
the decline is part of a large geographic scale event 
that occurred from southern B.C. through 
Southeast Alaska.   
 
While there is clearly more to learn, DFO Science 
Branch believes sustainable wild salmon 
populations and a salmon aquaculture industry can 
coexist along the B.C. coast.   
 
We know that: 
• Canada’s Policy for the Conservation of Wild 

Pacific Salmon’ identifies the conservation of 
wild salmon populations as the first priority of 
resource management;   

• many factors have affected the production of 
wild Pacific salmon and that the essential 
management task is to ensure that sustainable 
spawning populations are maintained … 
possibly through habitat restoration, 
enhancement, or reduced harvests;  

• the production of larval sea lice on salmon 
farms is controllable and can be closely 
monitored; and, 

• DFO research and monitoring does not 
support a close association between salmon 
farms and changes to the abundance of wild 
salmon populations. 

                                                 
8 Fish Health Program 2003-2005 report, B.C. Ministry 
Agriculture and Lands. 2006. 

The establishment of broader ecosystem-based 
objectives within DFO will further integrate resource 
assessments; as opposed to past practices 
involving single species, specific user groups, or 
one industry type.  Ecosystem-based management 
also implies greater community involvement and 
local input to decision making. 
 
 
 
How Science will Continue to Lead the Way 
Forward 
 
• Under DFO Science’s draft five-year research 

plan (2007-2012), continued focus on: 
1. Understanding and describing aquatic 
ecosystems,   
2. Assessing and mitigating impacts of 
human activities, including: aquatic invasive 
species, aquatic animal health, & sustainable 
aquaculture, and  
3. Complete implementation of the Wild 
Salmon Policy. 

 
• Establishment of multidisciplinary teams 

(veterinarians, fisheries biologists, analysts, and 
oceanographers) for priority research tasks.  

 
• Increased monitoring and availability of data 

both from natural surveys and salmon farms 
(while data management agreements need to 
be established, this has been an impediment in 
past years). 

 
• Implementation of the Joint Federal / Provincial 

Science Task group.  Purpose is to advance 
understanding, transparency and coordination 
of science and sustainable management of the 
aquaculture industry. 

 
 

Fisheries and Oceans Canada 
November 30, 2006 
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Appendix I -  Curriculum Vitaes 
 
Name:      Dr. Brent Hargreaves 
Position:  Research Scientist, Salmon and Freshwater Ecosystems 
Organization:   Pacific Biological Station, DFO 
Academic Background 
Ph.D.   Biological Oceanography Dalhousie University 1982 
B.Sc.    Biology (Honors)   Dalhousie University 1978 
 
Employment History: 
2005- Present: Research Scientist, Fisheries and Oceans Canada, Science Branch, Salmon and Freshwater 
Division,  Pacific Biological Station, Nanaimo, B.C.  
 
2001– 2005: Research Scientist, Fisheries and Oceans Canada, Science Branch, Salmon Section, Stock 
Assessment Division, Salmon Section, Pacific Biological Station, Nanaimo, B.C.  
 
1999-2000: Chief, Salmon Operations (Regional Salmon Coordinator), Pacific and Yukon Region, Fisheries and 
Oceans Canada, Fisheries Management Branch, Vancouver, B.C. 
 
1998-1999:  Chair, Coho Response Team, Pacific Region, Fisheries and Oceans Canada (One-year full-time 
secondment).  
 
1996-1997: Head, Chinook and Coho Salmon Section, Pacific Region, Fisheries and Oceans Canada, Science 
Branch, Pacific Biological Station, Nanaimo, B.C.  
 
1995-1996:  Pacific Region Coordinator, Fraser River Sockeye Public Review Board Response, Fisheries and 
Oceans Canada. (Two year full-time secondment).  
 
1995:  Research Scientist, and Head of West Coast of Vancouver Island Chinook Salmon Unit, South Coast B.C. 
Section, Stock Assessment Division, Fisheries and Oceans Canada, Nanaimo, B.C.    
 
1982-1994: Research Scientist and Head, Ocean Salmon Program, Department of Fisheries and Oceans, 
Biological Sciences Branch, Salmon Section, Pacific Biological Station, Nanaimo, B.C.  
 
1979-1981. Natural Science and Engineering Council (NSERC) and Killiam Memorial Post-Doctorate Fellow, 
University of British Columbia, Oceanography Department, Vancouver, B.C. 
 
Publications: 
 
Jones, S.R.M., G. Prosperi-Porta, E. Kim, P. Callow and N.B. Hargreaves. The occurrence of Lepeophtheirus 
salmonis and Caligus clemensi (Copepoda: Caligidae) on threespine stickleback Gasterosteus aculeatus in 
coastal British Columbia. J. Parasitol. 92: 473-480. 
 
Hargreaves, N.B., D. Herriott and V. Palermo (in review). Pink salmon action plan: Abundance and distribution of 
juvenile salmon and other fishes caught in the Broughton Archipelago and Knight, B.C. in 2003. PSARC Working 
Paper. 84p. (For copy contact author). 
 
Hargreaves, N. B. and C. Tovey. 2001. Mortality rates of coho salmon caught by commercial salmon gillnets and 
the effectiveness of revival tanks and reduced soak time for decreasing coho mortality rates. Canadian Science 
Advisory Secretariat. Research Document 2001/154.  56 p.  ISSN 1480-4883. 
 
Chen, D.G., N. B. Hargreaves, D. M. Ware, and Y. Liu. 2000.  A fuzzy logic model with genetic algorithm for analyzing 
fish stock-recruitment relationships. Can. J. Fish. Aquat. Sci. 57: 1878-1887.   
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Logerwell, E. A. and N. B. Hargreaves. 1996. The distribution of seabirds relative to their fish prey off Vancouver 
Island: opposing results at large and small scales. Fish. Oceanogr. 5:3/4, 163-175.  
 
Perry, R. I., N. B. Hargreaves, B. J. Waddell, and D. L. Mackas. 1996. Spatial variations in feeding and condition of 
juvenile pink and chum salmon off Vancouver Island, British Columbia. Fish. Oceanogr. 5:2, 73-88. 
 
Hargreaves, N. B., D. M. Ware, and G. A. McFarlane. 1994. Return of sardine (Sardinops sagax) to the British 
Columbia coast in 1992. Can. J. Fish. Aquat. Sci. 51(2): 460-463.  
 
Ware, D. M. and N. B. Hargreaves.  1994. Occurrence of Pacific (Chub) mackerel off the B.C. coast: 1993. PICES 
Press 2(1): 12-13. 
 
Wood, C. C., N. B. Hargreaves, D. T. Rutherford, and B. T. Emmet.  1993. Downstream and early marine migratory 
behavior of sockeye salmon (Oncorhynchus nerka) smolts entering Barkley Sound, Vancouver Island.  Can. J. Fish. 
Aquat. Sci. 50(6): 1329-1337. 
 
Hargreaves, N. B. 1992. An electronic hot-branding device for marking fish.  Prog. Fish-Cult. 54(2): 99-10. 
 
Hargreaves, N. B.  1988. A field method for determining prey preference of predators.  Fish. Bulletin. 86:763-771. 
 
Hargreaves, N. B. and R. J. LeBrasseur. 1986.  Size Selectivity of coho salmon (Oncorhynchus kitsutch) preying 
on juvenile chum salmon (O. keta). Can. J. Fish. Aquat. Sci. 43: 581-586.  
 
Hargreaves, N. B. and R. J. LeBrasseur. 1985.  Species selective predation on juvenile pink salmon 
(Oncorhnynchus gorbuscha) and chum salmon (O. keta) by coho salmon (O. kisutch). Can. J. Fish. Aquat. Sci. 
42: 659-668.
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Appendix I -  Curriculum Vitaes 
 
Name:      Dr. Simon Jones 
Position:  Research Scientist, Marine Ecosystems and Aquaculture Division 
Organization:  Pacific Biological Station, DFO 
Academic Background 
PhD   Zoology  University of Guelph 1990 
MSc.   Zoology  University of Guelph 1986 
BSc     Marine Biology University of Guelph 1982 
 
 

Professional Appointments 
2000 to present Research Scientist, Pacific Biological Station 
2003 to present Adjunct Assistant Professor, Department of Biology, University of Victoria 
1994 to 2000 Senior Research Scientist, Aqua Health Ltd., Charlottetown, PEI 
1994 to present Adjunct Graduate Faculty, Department of Pathology and Microbiology, Atlantic 

Veterinary College, University of Prince Edward Island 
1992 to 1994 NSERC Industrial Research Fellow, Aqua Health Ltd., Charlottetown, PEI 
1992 to 1994 Adjunct Professor, Department of Zoology, University of Guelph 
1991 to 1992 NSERC Postdoctoral Research Fellow, Department of Microbiology, University of 

Guelph 
1990 to 1991 NSERC Postdoctoral Research Fellow, Department of Experimental Animal Morphology 

and Cell Biology, Wageningen University, The Netherlands  
1983 to 1990 Laboratory instructor and teaching assistant, Department of Zoology, University of 

Guelph 
 
Fields of research and interests 
1. Host-parasite interactions: fish defence mechanisms against parasites 
2. Systematics of fish parasites 
3. Diagnostic tools for the detection of fish parasites 

Publications (2003 to 2006) 
Dr. Jones has authored or co-authored over 50 papers in peer-reviewed scientific journals in addition to 8 reports 
for various governmental (DFO) and non-governmental (ICES) publications and a book chapter.  He has 
presented over 60 seminars at scientific meetings, workshops and in academic fora.  
 
Fast, M.D., Johnson, S.C. & S.R.M. Jones. 2006. Differential expression of the proinflammatory cytokines IL-1β-
1, TNFα-1 and IL-8 in vaccinated pink (Ocorhynchus gorbuscha) and chum (Oncorhynchus keta) salmon 
juveniles. Fish and Shellfish Immunology (in press). 

McVicar AH, Olivier G, Traxler GS, Jones S, Kieser D, MacKinnon A-M. 2006. Cultured and wild fish disease 
interactions in the Canadian marine environment. In, A Scientific Review of the Potential Environmental Effects of 
Aquaculture in Aquatic Ecosystems. Volume IV Fisheries and Oceans Canada. Pg 59-103. 

Beamish, R.J., Jones, S., Neville, C., Sweeting, R., Karreman, G., Saksida, S. & Gordon, E. 2006. Exceptional 
production of pink salmon in 2003/2004 indicates that farmed salmon and wild Pacific salmon can coexist 
successfully in a marine ecosystem on the Pacific coast of Canada. ICES Journal of Marine Science 63: 1326-
1337. 

Jones, S.R.M., Prosperi-Porta, G. & Dawe, S. 2006. A new parvicapsulid (Myxosporea) species in adult pink 
salmon, Oncorhynchus gorbuscha from the Quinsam River, British Columbia, Canada. Journal of Parasitology (in 
press). 

Jones, S.R.M., Kim, E. & Dawe, S. 2006. Experimental infections with Lepeophtheirus salmonis (Krøyer) on 
threespine sticklebacks, Gasterosteus aculeatus L. and juvenile Pacific salmon, Oncorhynchus spp. Journal of 
Fish Diseases 29:489-495.  
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Jones, S.R.M., G. prosperi-Porta, E. Kim, P. Callow & N.B. Hargreaves. 2006. The occurrence of Lepeophtheirus 
salmonis and Caligus clemensi (Copepoda: Caligidae) on threespine stickleback Gasterosteus aculeatus in 
coastal British Columbia. Journal of Parasitology 92: 473-480.  

Wagner, GN, S.G. Hinch, L. Kuchel, A. Lotto, S.R.M. Jones, D.A. Patterson, J.S. Macdonald, G. Van der Kraak, 
M. Shrimpton, K. English, S. Larsson, S.J. Cooke, M.C. Healey & A.P. Farrell. 2005. The effects of controlled 
Parvicapsula minibicornis infection on metabolic rates and swimming performance of adult Fraser River sockeye 
salmon (Oncorhynchus nerka Walbaum). Canadian Journal of Fisheries and Aquatic Sciences 62: 2124-2133. 

Taylor, K. & S.R.M. Jones. 2005. An enzyme-linked immunosorbent assay for the detection of Kudoa thyrsites in 
Atlantic salmon Salmo salar. Aquaculture 250: 8-15.  

Young, C.A. & S.R.M. Jones. 2005. Epitopes associated with mature spores not recognized on Kudoa thyrsites 
from recently infected Atlantic salmon smolts. Diseases of Aquatic Organisms 63: 267-271. 

Jones, S.R.M., & A. Nemec. 2004. Pink salmon action plan: sea lice on juvenile salmon and some non-salmonid 
species in the Broughton Archipelago in 2003. Canadian Science Advisory Secretariat Research Document 
2004/105. Fisheries and Oceans Canada. 87p. 

Barja J., Bower S., Bruno D., Figueras A., Ford S., Hjeltnes B., Jones S., Lang T., Mellergaard S., Renault T., 
Wiklund T. & Vigneulle M. 2004. Trends in important diseases affecting the culture of fish and mollusks in the 
ICES area 1998-2002. ICES Cooperative Research Report No. 265. 

Funk, V.A., S. Wu, C. Young, H. Kreiberg, K. Taylor & S.R.M. Jones. 2004. The effect of IP vaccination and SW 
entry on immunocompetence and susceptibility to Kudoa thrysites in Atlantic salmon (Salmo salar). Fish and 
Shellfish Immunology 17: 375-387. 

Rise, M.L., S.R.M. Jones, G.D. Brown, K.R. von Schalburg, W.S. Davidson, & B. F. Koop. 2004. Microarray 
analyses identify molecular biomarkers of Atlantic salmon macrophage and hematopoietic kidney response to 
Piscirickettsia salmonis infection.  Physiological Genomics 20: 21-35.  

Jones, S.R.M., G. Prosperi-Porta, S. Dawe, J. Blackbourn, K. Taylor, G. Lowe & A. Osborn. 2004. Proliferative 
renal myxosporidiosis in adult coho salmon (Oncorhynchus kisutch) in British Columbia and Washington. Folia 
Parasitologica 51: 221-227. 

Bower, S.M.,  R.B. Carnegie, B. Goh, S.R.M. Jones, G. Lowe & M. Mak. 2004. Preferential amplification of 
parasitic protistan small subunit rDNA from metazoan tissues. Journal of Eukaryotic Microbiology 51: 325-332. 

Jones, S.R.M., G. Prosperi-Porta, S. Dawe, K. Taylor, B. Goh. 2004. Parvicapsula minibicornis in anadromous 
sockeye (Oncorhynchus nerka) and coho (Oncorhynchus kisutch) salmon from tributaries of the Columbia River. 
Journal of Parasitology 90: 882-885.  

Rise, M.L., K. R. von Schalburg, G.D. Brown, M.A. Mawer, R.H. Devlin, N. Kuipers, M. Busby, M. Beetz-Sargent, 
R. Alberto, A.R. Gibbs, P. Hunt, R. Shukin, J.A. Zeznik, C. Nelson, S.R.M. Jones, D.E. Smailus, S. J. M. Jones, 
J.E. Schein, M.A. Marra, Y. S. N. Butterfield, J. M. Stott, S. Ng, W. S. Davidson & B.F. Koop. 2004. Development 
and application of a salmonid EST database and cDNA microarray: data mining and interspecific hybridization 
characteristics. Genome Research 14: 478-490. 

Cooke, S.J., S.G. Hinch, A.P. Farrell, M. Lapointe, S.R.M. Jones, S. Macdonald, D. Patterson, M.C. Healey, G. Van 
Der Kraak. 2004. Abnormal migration timing and high enroute mortality of sockeye salmon in the Fraser River, 
British Columbia. Fisheries 29: 22-33. 

Jones, S.R.M., B. Goh & G. Prosperi-Porta. 2003. Duration and method of fixation affects the sensitivity of a 
digoxygenin-labelled DNA probe in detecting Kudoa thyrsites in Atlantic salmon skeletal muscle.  Aquaculture 
220: 157-164. 

Jones, S.R.M., G. Prosperi-Porta, S.M. Dawe & D. Barnes. 2003. The distribution, prevalence and severity of 
Parvicapsula minibicornis infections among anadromous salmonids in the Fraser River, British Columbia, 
Canada.  Diseases of Aquatic Organisms 54: 49-54. 
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Appendix I -  Curriculum Vitaes 
 
Name:      Brian E Riddell, PhD, BSc 
Position:  Division Manager, Salmon and Freshwater Ecosystems 
Organization:  Pacific Biological Station, DFO 
Academic Background 
Ph.D.   Biology McGill University 1979 
Hons BSc    Biology University of Guelph 1974 
 
Employment History: 
April 2005 – Division Head, Salmon and Freshwater Ecosystems, Science Branch, Department of Fisheries and 

Oceans, Pacific Biological Station, Nanaimo, B.C.. 
April 2004 – Advisor on Pacific Salmonids, Office of the Director, Science Branch, Department of Fisheries and 

Oceans, Pacific Biological Station, Nanaimo, B.C.. 
Sept. 2001 – April 2004. Science Advisor, Pacific Fisheries Resource Conservation Council, Vancouver, B.C. 

(Hon. J. Fraser, Chair) 
1995  Program Head, Chinook and Coho Stock Assessment program, requested to develop a program focused 

on the assessment and management of Chinook and Coho salmon in B.C..  (same supervisory position 
until secondment to PFRCC) 

1994  Program Head, Stock Assessment and Forecasting (new organization structure implemented in Nov. ’94), 
managed Fraser River programs for Stock Assessment. 

1987  Head, Salmon Production Section, combined programs in stock assessment, salmon biology, and 
enhancement assessment including lake enrichment program.   

1985 Head, Salmon Stock Assessment program, initiated regional program for science-based stock  
assessment, first Chair-person, Pacific Stock Assessment Review Committee, Salmon Sub-committee. 
Chair of Salmon Sub-Committee until 1992, and member of PSARC Steering Committee until senior 
process changed in late 1990s. 

1982 Head, Salmon Populations Section, initiated the Salmon Genetics Program. Designed,with Mr. Bob 
Humphreys, and managed the Rosewall Creek Quantitative Genetics hatchery. 

1979  Research Scientist, International Salmon Program, DFO, Pacific Biological Station. 
1979  Lecturer, Population Biology, McGill University. 
 
Awards: 
2005 Deputy Minister’s Prix d’Excellence Award for contributions to the Department and the Public Service of 
Canada. (Wild Salmon Policy) 
2005 Public Service Distinction Award for development of ‘Canada’s Policy for Conservation of Wild Pacific 
Salmon’  
2000. Deputy Minister’s Prix d’Excellence Award for contributions to the Department and the Public Service of 
Canada (Pacific Salmon Treaty) 
2000. Assistant Deputy Minister’s Commendation Award for contributions to achieving the 1999 Chinook 
Agreement in the Pacific Salmon Treaty. 
1997 Public Service of Canada Award of Merit for establishment of Chinook conservation program in Canada, 
1996. (Team-based award) 
1996. Public Service of Canada Award of Merit for responding to the 1995 Alaskan chinook fisheries and 
representing Canada in the U.S. supreme court case. 
1994. Canada 125 Year Medal … for citizenship in the community and contributions to the conservation of Pacific 
salmon. 
1989. Public Service of Canada Award of Merit for establishment of the Chinook conservation program in the 
Strait of Georgia. 
 
Fields of Research and Interest: 
1. Population biology and genetics (quantitative and population) of Pacific salmonids.  
2. Population dynamics, life history, and fishing mortality estimates for Pacific salmon, in particular chinook 
salmon; and appropriate management policy for Pacific salmonids.   
3. Formulation of science-based policy for conservation and utilization of Pacific salmon. 
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Publications and Presentations: 
 
30+ primary publications to-date and over 75 papers in technical or stock assessment and advisory reports for the 
Department, the Pacific Stock Assessment Review Committee, and the Pacific Salmon Commission.  I have also 
contributed to 25 publications by the Independent Advisory Committees since 1996; plus chapters in 2 book.   
 
During 2002-04, as Science Advisor to the PFRCC, I authored or co-authored six technical reports covering their 
Annual Report 2001-2002 (Stock Assessment of Pacific salmon in Southern B.C.), the Broughton Archipelago 
Pink Salmon advisory, the PFRCC Aquaculture Advisory, the Stock Assessment for Central and Northern B.C., a 
technical review of over-escapement, and an Advisory on a proposed Aquaculture Forum for B.C..  (see 
www.fish.bc.ca ) 
 
Bottom, D., B.E. Riddell, and J.A. Lichatowich. 2006. The estuary, plume, and marine environments. Pg. 507-569.  
In  R.N. Williams (ed.). Return to the River: Restoring salmon to the Columbia River. Elsevier Acad. Press. 
 
DFO. July 2005. Canada’s Policy for Conservation of Wild Pacific Salmon. Fisheries and Oceans Canada, 401 
Burrard St, Vancouver, B.C. V6C 3S4.  
 
Riddell, B.E. and R.J. Beamish. 2003. Distribution and Monitoring of Pink Salmon (Oncorhynchus gorbuscha) in 
British Columbia, Canada. (NPAFC Doc. 707). 33p.  Science Branch, Pacific Region, Department of Fisheries 
and Oceans, Canada. 
 
DFO. 2003. Review of the 2002 Fraser River Sockeye Fishery.  Department of Fisheries and Oceans, Vancouver, 
B.C.  (member of External Steering Committee).  
 
Committee on Protection and Management of Pacific Northwest Anadromous Salmonids. 1996. Upstream: 
Salmon and Society in the Pacific Northwest.  National Academy Press. Washington, D.C. 1996. 452 p.  
 
Bower, S.M., R.E. Withler, and B.E. Riddell. 1995. Genetic Variation in Resistance to the Hemoflagellate 
Cryptobia salmositica in Coho and Sockeye Salmon. Journal of Aquatic Animal Health 7(3): 185–194. 
 
Riddell, B.E. 1993. Spatial Organization of Pacific salmon: what to conserve? Pp. 23-41.  In Genetic Conservation 
of Salmonid Fishes, Ed. J.G. Cloud and G.H. Thorgaard. Plenum Press. 
 
Recent Invited Conference presentations:  
August 2003, Keynote speaker at the Annual Meeting of the American Fisheries Society.  Title: Ecological 
Genetics of Fish Populations: an overview of fish, fisheries, and aquaculture. Conference symposium #37 Human 
Impacts on the Genetics and Ecology of Fishes. 
 
Feb. 2002. Keynote address at Second International Symposium on Stock Enhancement and Sea ranching.  
Salmon Genetics: managing speculation and salmon. Kobe, Japan. 

http://www.fish.bc.ca/
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Appendix I -  Curriculum Vitaes 
 
Name:      Edward A. (Ted) Perry 
Position:  Director, Marine Ecosystems and Aquaculture Division, Pacific Biological Station 
Organization:  Pacific Biological Station, DFO 
Academic Background 
MSc.   Zoology University of British Columbia, Vancouver 1974 
Hons BSc    Biology York University, Toronto 1971 

Positions - Fisheries and Oceans Canada, Pacific Region 
 

2005 to present  Director, Marine Ecosystems and Aquaculture Division, Science Branch 

2000 to 2005  Director, Stock Assessment Division, Science Branch 

1999 to 2000  Regional Director, Policy Branch 

1999    Special Advisor to the Regional Director General, Pacific  

1996 to 1999  Executive Director, Habitat and Enhancement Branch 

1995 to 1996  Acting Director, Salmonid Enhancement Program (SEP) 

1979 to 1995  Chief, Program Coordination and Assessment Division, SEP 

1985 to 1987  Acting Chief, Enhancement Operations, SEP 

1976 to 1979  Salmon Enhancement Biologist, SEP 

Other 
1974 to 1975  Lecturer, University of Aarhus, Denmark 

PUBLICATIONS 
Geiger, H.J.,  T. Perry, M. Fukuwaka, and V. Radchenko.  2002.  Status of salmon stocks and fisheries in the 

North Pacific.  NPAFC Technical Report No. 4. 
Perry, E.A. 1995.  Salmon stock restoration and enhancement:  strategies and experiences in British Columbia. 

American Fisheries Society Symposium 15: 152-160. 
Perry, E.A. 1995.  The future of salmonid enhancement in British Columbia.  Bull. Aquacul. Assoc. Canada.  95- 
 4: 10-12. 
Cross, C.L., L. Lapi, E.A. Perry. 1991.  Production of chinook and coho salmon from British Columbia hatcheries, 

1971 through 1989.  Can. Tech. Rep. Fish. Aquat. Sci. No. 1816: 48p. 
Fedorenko, A.Y. and E.A. Perry. 1991.  Migration timing of coho salmon to the Capilano River and 
implications for stock management.  Can. Manusc. Rep. Fish. Aquat. Sci. No. 2118: xi + 48 p. and 
Appendices. 

Perry, E.A., H.L. Blankenship and R.V. Palermo. 1990.  Comparison of two methods for replicating coded wire 
tag studies.  American Fisheries Society Symposium 7: 660-666. 

Cross, C.L. and E.A. Perry. 1985.  Fish releases in 1982 from British Columbia salmonid enhancement 
operations facilities. Can. Data Rep. Fish. Aquat. Sci. No. 528: 86p. 

Fedorenko, A.Y. and E.A. Perry. 1984.  Production of coho salmon reared in seapens in Indian Arm, 1978 and 
 1979 brood years.  Fish. and Marine Service MS Rep. No. 1768: 55p. 

Fraser, F.J., E.A. Perry and D.T. Lightly. 1983.  Big Qualicum River Salmon Development Project, Volume I: A 
Biological Assessment, 1959-1972.  Can. Tech. Rep. Fish. Aquat. Sci. No. 1189: 198 p. 

Fenchel, T., E. Perry and A. Thane. 1977.  Anaerobiosis and symbiosis with bacteria in freeliving ciliates.  Journal 
of Protozoology 24: 154-163. 

Boyer, M.G. and E. Perry. 1973.  Diversity in soil fungi as influenced by DDT.  Mycopathologia and Mycologia 
applicata 49: 255-262. 

List of additional papers presented at symposia or prepared for Pacific Scientific Advice Review Committee and 
international commissions available upon request. 
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Appendix I -  Curriculum Vitaes 
 
Name:      Terri-Ann Frances Sutherland 
Position:  Research Scientist  
Organization:  Institute of Ocean Sciences, DFO 
Academic Background 
Ph.D.  Oceanography Dalhousie University (NSERC PGS4) 1991 - 1996 
MSc.  Oceanography University of British Columbia 1988 - 1991 
BSc.   Marine Biology University of British Columbia 1983 - 1988 
 

RESEARCH EXPERIENCE 
 
Research Scientist, Department of Fisheries and Oceans, January, 1999 to present.  
Environmental Studies for Sustainable Aquaculture, DFO, 2000 - 2003. 
Benthic Impacts of Fishing Gear Studies, DFO, 2000 - 2003. 
Fraser River Estuarine Biodiversity Study, Joint UBC-Env Can PDF, 1997 - 1998. 
Dispersal of Fish-Pen Waste Study, Industrial NSERC PDF, 1996 - 1997. 
Aquaculture Rhodamine Dye Tracer Study, Joint Project, Env-Can & Martec Ltd., Oct, 1996. 
Sediment Transport Project, Joint Project, GSC & Martec Ltd., August, 1996. 
Microalgal and Sediment Resuspension Study, PhD Thesis, Dalhousie University, 1991 - 1996. 
Sediment Stability Project, Geological Survey of Canada, August, 1992. 
Toxic Phytoplankton Study (Paralytic Shellfish Poisoning), UBC, 1988 - 1991. 
Fraser River Estuarine Salmonid Project, Fisheries and Oceans, June - September, 1988. 

 

PUBLICATIONS 
 
Sutherland, T.F., C.L. Amos, C. Ridley, I.G. Droppo, and S.A. Petersen. 2006. The settling behaviour and benthic 

transport of fish feed pellets under steady flows. Estuaries and Coasts, 29 (5): 810 – 819. 
Sutherland, T.F., J. Galloway, R. Loschiavo, C.D. Levings, and R. Hare. Submitted. Calibration techniques and 

sampling resolution requirements for groundtruthing multibeam acoustic backscatter (EM3000) and 
QTCVIEW classification technology. Submitted to Estuarine, Coastal and Shelf Science March 17th, 2006.  

Sutherland, T.F., C.D. Levings, S.A. Petersen, P. Poon, and E. Piercey. Submitted. The use of meiofauna as an 
indicator of benthic organic enrichment associated with salmonid aquaculture. Submitted to Marine Pollution 
Bulletin, October 5th, 2006. 

Stucchi, D., T.F. Sutherland, C.D. Levings, and D. Higgs. 2005. Nearfield depositional model for salmon aquaculture 
waste. (Ed) B.T. Hargrave, In: Handbook of Environmental Chemistry: The Environmental Effects of Marine 
Finfish Aquaculture, 5 (M): 157 – 179. 

Yeats, P., T. Milligan, T.F. Sutherland, S. Robinson, J. Smith, P. Lawton, and C.D. Levings. 2005. Lithium-
normalized zinc and copper concentrations in sediments as measures of trace metal enrichment due to 
salmon aquaculture. (Ed.) B.T. Hargrave, In: Handbook of Environmental Chemistry: The Environmental 
Effects of Marine Finfish Aquaculture, 5 (M): 207 – 220.  

Sutherland, T.F. 2004. Framework for a Benthic Aquaculture Monitoring Program in the Pacific Region. Research 
Document 2004/056. pp. 19., www.dfo-mpo.gc.ca/csas. 

Sutherland, T.F., C.D. Levings, S. Petersen, and W.W. Hesse. 2003. Mortality of zooplankton and invertebrate larvae 
exposed to cyclonic pre-treatment and ultraviolet radiation. Marine Technical Society, 37 (2): 3-12. 

Troffe, P.M., S. Ong, C.D. Levings, and T.F. Sutherland. 2003. Anatomical damage to humpback shrimp, Panalus 
hypsinotus (Brandt 1851) caught by trawling and trapping. Journal of Shellfish Research, 22 (2): 561-568. 

Sutherland, T.F., A.J. Martin, and C.D. Levings. 2001. Characterization of suspended particulate 
 matter surrounding a salmonid net-pen in the Broughton Archipelago, British Columbia. ICES  
 Journal of Marine Science, 58(2): 404-410. 
Sutherland, T.F., C.D. Levings, C.C. Elliott, W.W. Hesse. 2001. Effect of a ballast water treatment  
 system on survivorship of natural populations of marine plankton. Marine Ecology Progress  
 Series, 2010: 139-148. 
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Ernst, W., P. Jackman, K. Doe, F. Page, G. Julien, K. MacKay, and T.F. Sutherland. 2001. Dispersion  
 and Toxicity to non-target aquatic organisms of pesticides used to treat sea lice on salmon in net  
 pen enclosures, Marine Pollution Bulletin, 42 (6): 432-443. 
Sutherland, T.F., P.M. Lane, C.L. Amos, and J. Downing. 2000. The calibration of optical backscatter sensors for 

suspended sediments of varying darkness levels. Marine Geology,  
162 (2-4) 587-597. 

Amos, C.L, T.F. Sutherland, D. Cloutier, and S. Patterson. 2000. Corrasion of a remoulded cohesive  
 bed by saltating littorinid shells. Continental Shelf Research. 10: 1291-1315. 
Sutherland, T.F., P.C.F. Shepherd, R.W. Elner. 2000. Predation on meiofaunal and macrofaunal invertebrates by 

western sandpipers (Calidris mauri): evidence for dual foraging modes. Marine Biology, 137: 983-993. 
Sutherland, T.F., J. Grant, and C.L. Amos. 1998. The effect of growth and carbohydrate  
 production of the diatom, Nitzschia curvilineata, on the erodibility of sediment. 
 Limnology and Oceanography, 43(1): 65-72. 
Sutherland, T.F., C.L. Amos, and J. Grant. 1998. The effect of buoyant biofilms on the  
 erodibility of sublittoral sediments of a temperate microtidal estuary. Limnology and  
 Oceanography, 43 (1): 1-8. 
Sutherland, T.F., C.L. Amos, and J. Grant. 1998. The erosion threshold of sediments: A  
 comparison of methods. In: Black, K.S., Patterson, D.M. and Cramp, A. (Eds) Sedimentary 
 Processes in the Intertidal Zone. Geological Society, London, Special Publications, 139:  
 295-307. 
Amos, C.L., M. Li, and T.F. Sutherland. 1998. The contribution of ballistic momentum  
 flux to the erosion of cohesive beds by flowing water. Journal of Coastal Research, 14 (2): 
 564 - 569. 
Amos, C.L., T. Feeney, T.F. Sutherland, and J. Luternauer. 1996. The stability and  
 erodibility of fine-grained sediments from the Fraser River delta. Estuarine, Coastal and  
 Shelf Science, 45: 507 - 524. 
Amos, C.L., T.F. Sutherland, B. Radzijewski, and M. Doucette. 1996. A rapid technique to determine bulk density 

of fine-grained sediments from CATSCAN computed tomography.  
 Journal of Sedimentary Research, 66 (5): 1023 - 1039. 
Amos, C.L., T.F. Sutherland, and J. Zevenhuizen. 1996. The stability of sublittoral,   
 fine-grained sediments in a subarctic estuary. Sedimentology, 43: 1 - 19. 
Taylor, F.J.R., R. Haigh, and T.F. Sutherland. 1994. Phytoplankton ecology of Sechelt Inlet, a fjord system on the 

British Columbia coast. II. Potentially harmful species. Marine  
 Ecological Progress Series, 103: 151 - 164. 
Amos, C.L. and T.F. Sutherland. 1994. A rapid technique for the determination of dry  
 sediment mass from saturated marine sands. Journal of Sedimentary Research, A64 (3):  
 668 - 670. 
Sutherland, T.F., C. Leonard, and F.J.R. Taylor. 1992. A segmented pipe sampler for  
 integrated profiling of the upper water column. Journal of Plankton Research, 14 (7): 915  

- 923. 
Haigh, R., F.J.R. Taylor, and T.F. Sutherland. 1992. Phytoplankton ecology of Sechelt  
 Inlet, a fjord system on the British Columbia coast. I. General features of the nano- and   
 microplankton. Marine Ecological Progress Series, 89: 117 - 134. 
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Appendix I -  Curriculum Vitaes 
 
Name:      Mr. Dario Stucchi 
Position:  Physical Oceanographer 
Organization:  Institute of Ocean Sciences, DFO 
Academic Background 
Honour B.Sc.  Physics and Mathematics York University 1971 
M. Sc.    Physical Oceanography Dalhousie University1975 
 
Publications 

Foreman, M.G.G., D.J. Stucchi, Y. Zhang, and A.M. Baptista. 2006. Estuarine and Tidal Currents in the 
Broughton Archipelago.  Atmos.-Ocean 44(1), 47-63. 

Brooks, K. M. and D. J. Stucchi.  2006.  The Effects of Water Temperature, Salinity and Currents on the Survival 
and Distribution of the Infective Copepodid Stage of the Salmon Louse (Lepeophtheirus salmonis) 
Originating on Atlantic Salmon Farms in the Broughton Archipelago of British Columbia, Canada 
(Brooks, 2005) -  A response to the rebuttal of Krkosek et al. (2005a).  Reviews in Fisheries Science Vol. 
14, No. 1-2., pp. 13-23. 

Stucchi, D. J., R.F. Henry, and M.G.G. Foreman. 2006.    Modelling the transport and dispersion of IHN 
pathogens in the Broughton Archipelago, British Columbia.  Bulletin of the Aquaculture Association of 
Canada 105-1, 52-59. 

Stucchi, D.J., T. Sutherland, C. Levings and D. Higgs.  2005.  Nearfield Depositional Model for Salmon 
Aquaculture Waste. Hdb. Env. Chem. Vol. 5, Part M,  Springer-Verlag Berlin Heidelberg. 

Chamberlain, J., D. Stucchi, L. Lu and C. Levings. 2005. The suitability of DEPOMOD for use in the management 
of finfish aquaculture sites, with specific reference to Pacific Region. DFO Can. Sci. Advis. Sec. Res. 
Doc. 2005/035. 

Gargett, A. E., D. Stucchi and F. Whitney.  2003.  Physical processes associated with high primary production in 
Saanich Inlet, British Columbia.  Estuarine, Coastal and Shelf Science (56) 1141-1156. 

Levings C.D., J. M. Helfield, D.J. Stucchi and T. F. Sutherland. 2002.  A perspective on the use of Performance 
Based Standards to assist in fish habitat management on the seafloor near salmon net pen operations 
in British Columbia. DFO Canadian Science Advisory Secretariat Research Document 2002/075 

Stucchi, D. and R.E. Thomson  2000. Use GPS Drifters for Measurement of Near Surface Currents in a Wide 
Strait  Proceeding of Oceans 2000, Providence, R.I. 

Stucchi, D. J. and F. Whitney  1997.  Circulation and Nitrogen Transport in Saanich Inlet, British Columbia.  
CMOS Bulletin.  Vol. 25 No. 2. Pp 39-44. 

Stucchi, D. J. and T. Juhasz  1997.  The Dissolved Oxygen Cycle in Minette Bay, British Columbia.  Can. Tech. 
Rep. Hydrogr. Ocean Sci. 187: 73p 

Stucchi, D. J. and U. Orr 1993.  Circulation and Water Property Study of Prince Rupert Harbour, Summer 1992.  
Can. Tech. Rep. Hydrogr. Ocean Sci. 154: 46p 
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Appendix I -  Curriculum Vitaes 
 
 
Name:      Mr. Andrew Thomson 
Position:  A/Director Aquaculture Management Division 
Organization:  Fisheries and Oceans Canada 
Academic Background 
BSc.    Marine Biology University of British Columbia   1986 - 1991 
 
 
 
Work History 

 

July 2005 -  Present A/Director – Aquaculture Management Division  
Responsible for the delivery of aquaculture management programs in the Pacific Region.  
 
Feb 2003 – June 2005 A/Senior Aquaculture Officer - Habitat Enhancement Branch 
 
Oct 1999 – Feb 2003  Program Head - Atlantic Salmon Watch Program, a joint federal / provincial program to 
determine the distribution, abundance and biology of Atlantic salmon in B.C. waters.  
 
August 1991 - Oct 1999 Contract Biologist, contracts included: 

 
Atlantic Salmon Watch Program Head 
Groundfish data assessment for Bowie Seamount Marine Protected Area. 
Database of all-available Groundfish research data. 
Biological sampling and scale analysis of juvenile Atlantic salmon.  
Biological sampling of Pilchard in aid of fishery development. 
Biological sampling of Chub mackerel in aid of fishery development. 
Database of all available Alaskan salmon survival data. 
1998 Herring / Hake assessment survey aboard FRV W.E. Ricker. 
Biological sampling of Sockeye salmon for straying investigation. 
Fish-health diagnostic sampling of pen-reared Chinook salmon. 
Herring spawn Geographic Information System (GIS) for the B.C. coast. 
Prawn survey aboard FRV Caligus. 
Experiment of artificial bait attractants for prawns. 

 
AWARDS 
2005 Deputy Minister’s Prix d’Excellence Award for contributions to the Department and the Public Service of 
Canada.  
2005 Public Service Distinction Award for development of ‘Canada’s Policy for Conservation of Wild Pacific 
Salmon’  
2003 DFO Regional Award of Merit for management of the Atlantic Salmon Watch Program.  

 
PUBLICATIONS 
 
McKinnell, S. and A. J. Thomson, 1997. Recent events concerning Atlantic salmon escapees in the Pacific. - 
ICES Journal of Marine Science, 54: 1221-1225. 
 
McKinnell, S., A. J. Thomson, E. A. Black, B. L. Wing, C. M. Guthrie III, J.F. Koerner and J. H. Helle. 1997. 
Atlantic salmon in the North Pacific. Aquaculture Research, 28: 145-157.  
 
 
 
 



 

 - 48 -

 

 
SECONDARY PUBLICATIONS 
 
Thomson, A. J. and J. R. Candy. 1998.  Summary of reported Atlantic salmon (Salmo salar) catches and sightings 
in British Columbia and adjacent waters in 1997.  Can. Manuscr. Rep. Fish. Aquat. Sci. 2467: 39p. 
 
Thomson, A. J. and S. McKinnell. 1997.  Summary of reported Atlantic salmon (Salmo salar) catches and 
sightings in British Columbia and adjacent waters in 1996.  Can. Manuscr. Rep. Fish. Aquat. Sci. 2407: 37 p. 
 
Thomson, A. J. and S. McKinnell. 1996.  Summary of reported Atlantic salmon (Salmo salar) catches and 
sightings in British Columbia and adjacent waters in 1995.  Can. Manuscr. Rep. Fish. Aquat. Sci. 2357: 29 p. 
 
Thomson, A. J. and S. McKinnell. 1995.  Summary of reported Atlantic salmon (Salmo salar) catches and 
sightings in British Columbia and adjacent waters in 1994.  Can. Manuscr. Rep. Fish. Aquat. Sci. 2304: 35 p. 
 
Thomson, A. J. and S. McKinnell. 1994.  Summary of reported Atlantic salmon (Salmo salar) catches and 
sightings in British Columbia and adjacent waters in 1993.  Can. Manuscr. Rep. Fish. Aquat. Sci. 22246: 35 p. 
 
Thomson, A. J. and S. McKinnell. 1993.  Summary of reported Atlantic salmon (Salmo salar) catches and 
sightings in British Columbia in 1992.  Can. Manuscr. Rep. Fish. Aquat. Sci. 2215: 15 p. 
 
Burt D.W., C. Groot, E. Black, and A. J. Thomson. (1992) Presence of cultured Atlantic salmon in British 
Columbia rivers in 1990 and 1991.  Project Report, Ministry of Agriculture, Fisheries and Food, Aquaculture and 
Commercial Fisheries Branch, Victoria B.C., 40p 
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Donna Martin, Communications Branch, Vancouver 
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AQUATIC ANIMAL HEALTH SECTION 

 (Five program activities) 
 
1. Shellfish Health Program 
 
Current research: 
• Confirm resistance of Manila clams to infection with Mikrocytos mackini and assess ability to serve 

as a carrier (transport host).  
• Extend sequence of M. mackini SSU rDNA. Assess application of real-time PCR to detect pathogen 

DNA in archived paraffin embedded tissue samples.  
• Update the Synopsis of Infectious Diseases and Parasites of Commercially Exploited Shellfish 

installed on the DFO Web Site  (http://www.pac.dfo-mpo.gc.ca/sci/shelldis/ title_e.htm) 
 

Introductions & Transfers,  Shellfish health testing prior to transfers 
• 2-4 cases per year. 
 
Diagnostic services 
• Investigations of shellfish mortality and disease reports – about 15-20 cases per year. 
 
Aquaculture Collaborative Research and Development Program (ACRDP)  
• Controlled wet storage for shellfish – effects of micro-bubbling on bacterial contaminants of oysters 

(Centre for Shellfish Research, Malaspina University College & BC Shellfish Growers Association). 
 
PhD Student Committee Member 
• Diversity, species descriptions and phylogenetic analysis of heterotrophic fungal-like protists from 

marine invertebrate guts (Wyth Marshall, UBC).  
 
Recent Publications 
 
Bower, S.M. and S.E. McGladdery 2003. A scientific review of the potential environmental effects of 

aquaculture in aquatic ecosystems. Volume II. Disease interactions between wild and cultured 
shellfish Can. Tech. Rep. Fish. Aquat. Sci. 2450: viii + 33p.  

Bower, S.M. 2003. Update on emerging abalone diseases and techniques for health assessment. 
Journal of Shellfish Research 22: 805-810. 

Bower, S.M., R.B. Carnegie, B. Goh, S.R.M. Jones, G.J. Lowe and M.W.S. Mak. 2004. Preferential 
PCR amplification of parasitic protistan small subunit rDNA from metazoan tissues. The Journal of 
Eukaryotic Microbiology 51: 325-332. 

Bower, S.M., K. Bate and G.R. Meyer. 2005. Susceptibility of juvenile Crassostrea gigas and resistance 
of Panope abrupta to Mikrocytos mackini. Journal of Invertebrate Pathology 88: 95-99. 

Meyer, G.R., S.M. Bower and R.B. Carnegie. 2005. Sensitivity of a digoxigenin-labelled DNA probe in 
detecting Mikrocytos mackini, causitive agent of Denman Island disease (mikrocytosis) in oysters. 
Journal of Invertebrate Pathology 88: 89-94. 

Bower, S.M., B. Goh, G.R. Meyer, R.B. Carnegie and A. Gee. 2005. Epizootiology and detection of 
Nocardiosis in oysters. In: Walker, P.J., R.G. Lester and M.G. Bondad-Reantaso (eds.) Diseases in 
Asian Aquaculture V. Proceedings of the Fifth Symposium on Diseases in Asian Aquaculture 24-28 
November 2002 Queensland, Australia. Fish Health Section, Asian Fisheries Society, Quezon City. 
pp. 249-262. 
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2. Finfish Virology 
 
Current research: 
• Examination of samples from disease outbreaks in wild marine fish.  
• Genetic typing and epidemiology of Infectious Haematopoietic necrosis (IHN) virus within the Fraser 

and Skeena River systems (apply molecular tools to archived and new samples to determine IHN 
virus strain evolution and movement in river systems).  

• IHNV carrier state in sockeye salmon (use molecular tools to assay for IHNV in various sockeye life 
stages; in collaboration with other programs at PBS) 

• Canadian Biotechnology Strategy project in collaboration with the Gulf Fisheries Centre (DFO, 
Moncton).  A study comparing variations in the genetics and virulence of two viruses (VHS and 
(ISA) of importance to wild and farmed fish in Canada.  

 
Habitat and Enhancement  
• Determine prevalence and intensity of IHN virus in spawning sockeye salmon and emerging fry 

from DFO salmon spawning channels.  
• Compare the epizootiology (transmission, survival, host specificity and gene sequences) of different 

IHN virus strains in wild and farmed fish in B.C.. (in collaboration with the Western Fisheries 
Research Center in Seattle). 

 
Collaborative research with the Okanagan Nation Alliance 
• Assist with disease risk assessment for sockeye salmon as part of a plan to reintroduce sockeye 

above barriers into Skaha and Okanagan Lakes. 
• Conduct tests and provide fish health advice at egg take, incubation, during hatchery rearing and 

prior to release of sockeye salmon for the Okanagan Nation Alliance to minimize risk of disease. 
 
B.C. Aquaculture Research & Development Fund, projects: 
• Early detection methods for detecting IHN virus in farmed Atlantic salmon. 
• Determine the genetic basis of IHN resistance in species of Pacific salmon.  
• Investigation farmed/wild fish disease interactions by conducting laboratory studies to determined 

the susceptibility of Pacific salmon smolts to IHN virus. 
 
ACDRP Project 
• Efficacy and duration of protection of a licensed DNA vaccine in Atlantic salmon. 
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3. Fish Parasitology  
 
Current research:  Surveillance of Pacific salmon populations for parasitic infections (e.g. Parvicapsula 
in Quinsam R. pinks, and Fraser R sockeye; Ichthyophonus in Yukon R. chinook and in B.C. herring)  
 
ACRDP  Projects 
• The development of an ELISA as a diagnostic tool for the detection and quantification of Loma 

salmonae infection in chinook salmon. 
• A search for the alternative host of the marine Myxozoan parasite Kudoa thyrsites among 

commercial salmon farms and Departure Bay, Nanaimo  
• Effect of promiscuous T-cell epitopes in a recombinant subunit vaccine against K. thyrsites.  Do 

they affect onset and duration of immunity and result in increased efficacy?   
 
BC Innovation Council Fund 
• The susceptibility of juvenile Pacific salmon to the salmon louse, Lepeophtheirus salmonis and 

consequences of infection (collaboration with scientists at the National Research Council, industry 
and First Nations). 

 
Pacific Salmon Forum 
• Comparative susceptibility of juvenile Pacific and Atlantic salmon to the salmon louse 

Lepeophtheirus salmonis and associated mechanisms of resistance (collaboration with National 
Research Council of Canada, Industry and First Nations). 

• Marine Monitoring of juvenile pink and chum salmon and sea lice in the Broughton and Knight Inlet, 
B.C.  Identify sea lice to species and developmental stage (with supplemental DFO A-base support, 
Drs Simon Jones and Brent Hargreaves) 

 
PhD Student Committee Member  
• Comparison of the early innate and cell mediated immune response to IHNV among resistant and 

susceptible salmonid species (Sally Goldes, UVic).  
 
Recent Publications 
 
Jones, S.R.M., Kim, E. & Dawe, S. 2006. Experimental infections with Lepeophtheirus salmonis 

(Krøyer) on threespine sticklebacks, Gasterosteus aculeatus L. and juvenile Pacific salmon, 
Oncorhynchus spp. Journal of Fish Diseases (in press).  

Jones, S.R.M., G. prosperi-Porta, E. Kim, P. Callow & N.B. Hargreaves. 2006. The occurrence of 
Lepeophtheirus salmonis and Caligus clemensi (Copepoda: Caligidae) on threespine stickleback 
Gasterosteus aculeatus in coastal British Columbia. Journal of Parasitology (in press).  

Wagner, GN, S.G. Hinch, L. Kuchel, A. Lotto, S.R.M. Jones, D.A. Patterson, J.S. Macdonald, G. Van 
der Kraak, M. Shrimpton, K. English, S. Larsson, S.J. Cooke, M.C. Healey & A.P. Farrell. 2005. The 
effects of controlled Parvicapsula minibicornis infection on metabolic rates and swimming 
performance of adult Fraser River sockeye salmon (Oncorhynchus nerka Walbaum). Canadian 
Journal of Fisheries and Aquatic Sciences 62: 2124-2133. 

Taylor, K. & S.R.M. Jones. 2005. An enzyme-linked immunosorbent assay for the detection of Kudoa 
thyrsites in Atlantic salmon Salmo salar. Aquaculture 250: 8-15.  

Young, C.A. & S.R.M. Jones. 2005. Epitopes associated with mature spores not recognized on Kudoa 
thyrsites from recently infected Atlantic salmon smolts. Diseases of Aquatic Organisms 63: 267-271. 

Jones, S. R. M., and A. Nemec. 2004. Pink salmon action plan: sea lice on juvenile salmon and some 
non-salmonid species in the Broughton Archipelago in 2003. Canadian Science Advisory Secretariat 
Research Document 2004/105. Fisheries and Oceans Canada. 87p. 
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4. Fish Pathology  
 
Current research: 
• The program provides a diagnostic, advisory and consultative service on fish health matters 

including surveillance, investigation of wild stock fish kills, and health monitoring at DFO 
enhancement facilities, First Nations initiatives, SARA projects, and Science Branch research.  
Currently this program is evolving to address National Aquatic Animal Health Program requirements 
in addition to its existing priorities.  

 
• Fish Health Protection Regulations (FHPR) mandated testing. Private hatcheries wishing to ship 

live fish/eggs outside of B.C. must be certified to be free of listed diseases/disease agents.  Our 
laboratory carries out the testing. The Local Fish Health Officers (on staff) are mandated to issue 
import permits for salmonid stocks which meet the regulatory requirements. 

 
• Special projects, e.g. study to assess the health of rockfish. 
 
 
 
5. Introductions and Transfers Committee 
 
Current research: 
• To ensure that importations and transfers of live aquatic animals do not have negative impacts on 

indigenous wild stocks and on aquaculture animals, licences are issued (Fishery (General) 
Regulations Section 54-56) where the release or transfers of fish will not have adverse effects on 
the stock size of fish, the genetic characteristics of fish or fish stocks, the fish do not have any 
disease or disease agents that may be harmful to the protection  and conservation of fish and the 
activity is in keeping with proper management and control of fisheries.  

 
• To assess the risks and recommend licencing (including mitigative requirements) two members of 

the AAH Section staff are members of the federal-provincial Introduction and Transfer Committee. 
 
Recent Publications 
 
Kent, M. L., and D. Kieser.  2003.  Avoiding the introduction of exotic pathogens with Atlantic salmon 

Salmo salar reared in British Columbia.  In Lee, C.-S., and O’Bryen, P. J. [eds.].  P. 43-50.  
Biosecurity in Aquaculture Production Systems:  Exclusion of Pathogens and Other Undesirables.  
The World Aquaculture Society, Baton Rouge, Louisiana, United States.  293 p. 

St-Hilaire, S., M. Boichuk, D. Barnes, M. Higgins, R. Devlin, R. Withler, J. Khattra, S. Jones, and D. 
Kieser.  2002.  Epizootiology of Parvicapsula minibicornis in Fraser River sockeye salmon, 
Oncorhynchus nerka (Walbaum).  J. Fish Dis. 25: 107-120. 

Kieser, D.  2001.  Shipping live fish into British Columbia, Canada:  basic regulatory requirements.  
University of Alaska Sea Grant College Program, Report No. AK-SG-01-03: 171-176. 
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MARINE MONITORING OF JUVENILE SALMON AND SEA LICE                                                
IN THE BROUGHTON ARCHIPELAGO 

 
Research Scientists:  Dr. Brent Hargreaves and Dr. Simon Jones 
 
Purpose of Research: 
• Monitor spatial and temporal patterns of sea lice infections of wild juvenile pink and chum salmon   
• Assess potential impacts of sea lice infections on juvenile salmon (fish health evaluations).  
• Conduct lab experiments with live juvenile salmon to assess impacts of sea lice on fish health and 

survival  
 
Duration of Research: 
• 4 years (2003 to 2006) 
• DFO initiated “Pink Salmon Action Plan” in 2003 
• Weekly field sampling conducted from March – June in 2003 
• Bi-weekly field surveys conducted from May-July 2004 
• Field surveys conducted 8-10 days per month in 2005 
• Field surveys conducted 8-10 days per month in 2006 (currently ongoing)  
 
Location of research:  
• Mainly in Broughton Archipelago, including Knight Inlet 
• Some additional sea lice research also conducted in Muchalat Inlet, B.C. 
 
Additional Collaborative Research: 
Project 1: 
• Purpose:  Integrate and conduct joint sampling and analyses of sea lice infections of juvenile pink 

and chum salmon in central Broughton area. 
• Participants:  Brent Hargreaves and Simon Jones (DFO), and Alexandra Morton (Raincoast 

Research, Echo Bay).  
• Funded by: DFO and 2006 research grant (83 K) from Pacific Salmon Forum. 
    
Project 2:  
• Purpose: Integrate analyses of sea lice data from commercial salmon farms operating in the 

Broughton, and DFO data on sea lice infections of wild juvenile salmon captured in the Broughton.    
• Integrate and conduct joint sampling and analyses of sea lice infections of juvenile pink and chum 

salmon in central Broughton area. 
• Participants:  Brent Hargreaves and Simon Jones (DFO), Joanne Constantine (B.C. Province), 

Sonja Saksida (Centre for Aquatic Health Sciences); Claire Backman (Marine Harvest), Alistair 
Haughton (Mainstrean Canada).     

 
Highlights of results to date:  (see below)  
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Publications and Reports:  
  
Jones, S.R.M., G. Prosperi-Porta, E. Kim, P. Callow and N.B. Hargreaves. The occurrence of 
Lepeophtheirus salmonis and Caligus clemensi (Copepoda: Caligidae) on threespine stickleback 
Gasterosteus aculeatus in coastal British Columbia. Journal of Parasitology (in press).  
 
Jones, S. R. M., and A. Nemec. 2004. Pink salmon action plan: sea lice on juvenile salmon and some 
non-salmonid species in the Broughton Archipelago in 2003. Canadian Science Advisory Secretariat 
Research Document 2004/105. Fisheries and Oceans Canada. 87p. 
 
Hargreaves, N.B., D. Herriott and V. Palermo.  Pink salmon action plan: Abundance and distribution of 
juvenile salmon and other fishes caught in the Broughton Archipelago and Knight, B.C. in 2003. Advisory 
Secretariat Research Document. Fisheries and Oceans Canada. 84p. 
 

Summary statistics for DFO monitoring programs to-date: 
 
• Up to 150 sites sampled by DFO for wild juvenile salmon in Broughton  Archipelago and Knight 

Inlet, central B.C. (sites and sample times varied between years). 
 
• Summary of DFO sampling programs in 2003 through 2005, continuing in 2006.  
 
 

2003 2004 2005

Start Date March 2 May 10 March 28

End Date: June 14 July 26 July 27

Repeat
Interval:

Every week Biweekly (Broughton)
Monthly (Knight I.)

10 days per
month

Total
Duration:

14 weeks 11 weeks 18 weeks

# Sampling
periods:

14   6 (Broughton)
3 (Knight I.)

5

Total #
Net Sets:

1472 715 679
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• Summary of juvenile pink and chum salmon captured in DFO sampling program 
 

 
 
• Summary of sea lice infestation levels on juvenile salmon in the Broughton Archipelago for 2003-

2005.  
 

 
 
 

   
                     2003            2004          2005  
 
Total fish 
caught:     1.2 million  300,000    124,000* 
 
Pink:        104,844           17,693      39,577 
Chum:       89,108           12,529        5,395 
 
   Totals:  193,952           30,222      44,972 

0.60±.02 1.9±.05 
(1 – 21)

31.2 64.4±.414.4±.083,882 Pink 

0.97±.04 2.9±.10 
(1 – 31)

33.2 77.2±.678.5±.232,316 Chum 2005 

3.2±.14 4.8±.20 
(1 – 82) 

66.5 71.7±.344.5±.071,905 Pink 

8.7±.29 11.9±.38 
(1 – 384) 

73.0 74.4±.406.3±.123,182 Chum 2004 

0.4±.01 1.7±.02 
(1 – 12)

24.0 48.9±.201.7±.027,124 Pink 

0.6±.01 2.2±.03 
(1 – 25) 

27.3 51.6±.162.0±.0210,683 Chum 2003 

Mean Abundance Mean 
Intensity 
(Range) 

Prevale
nce 
 (%) 

Length (mm) Weight (g) No. Fish 
Examined 

Fish 

Species 

Year 
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RESEARCH RELATING TO WILD PACIFIC SALMON, SEA LICE AND SALMON FARMING 
 

Lead Research Scientist: Dr. R.J. Beamish in 2003 
 
Funding sources: DFO, B.C. Innovation Council, ACRDP, North Pacific Anadromous Fish Commission 
and the Pacific Salmon Forum.   
 
Collaboration for this research: Joanne Constantine of BCMAFF, independent veterinarians Dr. Grace 
Karreman and Dr. Sonja Saksida, the two primary salmon farms operating in the Broughton region; Mr. 
Dale Blackburn of Marine Harvest, Dr. Bill Pennell of Malaspina University College and other DFO 
scientists including Simon Jones (PBS), Dario Stucchi (IOS) and Michael Foreman (IOS). 

 
Key issues examined by this research team include: 

1. Understanding the natural production of sea lice on wild Pacific salmon. 
2. The impact of sea lice on the recruitment of pink salmon (is there size- related mortality from 

sea lice?) 
3. Identifying natural over-wintering hosts of sea lice in the near-shore waters. 
4. Monitoring the sea lice levels on farmed salmon in the Broughton region. 
5. Examining the linkages between sea lice produced on farmed salmon and sea lice produced on 

wild Pacific salmon. 
6. Identifying the impacts of the physical oceanography on all the above 
7. Identifying impacts of climate and climate change on all the above. 

 
Key findings or comments from this research include: 

1. Lepeophtheirus salmonis (the louse species most frequently associated with salmon infections) 
is common in coastal B.C. and on the high seas. 

2. Virtually all adult salmon returning to the central coast region of British Columbia in 2004 and 
2005 were infected with sea lice.  Most of the L. salmonis lice were mobile including gravid 
females. 

3. L. salmonis is not restricted to salmon species and can be found on stickleback.   The role and 
importance of stickleback in the life history of the sea lice has not yet been determined. 

4. The incidence of open wounds on juvenile salmon collected in the Broughton region during 
trawl surveys in the summer and fall 2003 to 2005 has been 0.   If mortality was occurring 
during this period due to sea lice infections, we would expect to see some fish doing poorly and 
some evidence of wounds or lesions. 

5. The factors regulating the marine survival of pink salmon, including sudden crashes or 
recoveries of specific stocks, is poorly understood and must be investigated further.   

6. The majority of the pink salmon in the Broughton region are from the Glendale River which is an 
enhanced system (spawning channels).  We do not know if there is an effect of this 
enhancement on fish from other systems. 
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List of publications: 

 
Beamish, R.J., Neville, C.M., and Sweeting, R.M.  2004.  Sea lice counts on Adult Pacific salmon 

caught in the Central Coast of British Columbia using trawl and troll gear.  (NPAFC Doc. 819), 
Fisheries & Oceans Canada, Science Branch – Pacific Region, Pacific Biological Station, 
Nanaimo, B.C., Canada, V9T 6N7. 

 
Beamish, R.J., Neville, C.M., Sweeting, R.M., and Ambers, N.J.  2005.  Sea lice on adult Pacific salmon 

in the coastal waters of Central British Columbia, Canada.  Fisheries Research 76:  198-208. 
 

Beamish, R.J., Neville, C.M., Sweeting, R.M., Ambers, N. and Gordon, E.K.  2005.  Adult Pacific 
Salmon are a Major Source of Sea lice in Coastal Ecosystems..  Extended abstract.  In Lessons 
from the Past to Optimize the Future.  Aquaculture Europe 2005, Trondheim, Norway, August 5-
9, 2005, pp. 127-128. (extended abstract) 

 
Beamish, R.J. Ambers, N., Hunter, K., and Neville, C.  2005.  A comparison of sea lice on individually 

caught adult Pacific salmon in the coastal waters of British Columbia in August of 2004 and 
2005.  October 2005.  NPAFC Doc. 874.  Fisheries & Oceans Canada, Science Branch – 
Pacific Region, Pacific Biological Station, Nanaimo, B.C.  V9T 6N7, Canada. 

 
Beamish, R.J., Ambers, N., and Hunter, K.  2005.  Sea lice counts on Pacific salmon caught in the 

Central North Pacific Ocean and Bering Sea aboard the R/V Wakatake maru using gillnets and 
long line gear in July 2005.  October 2005.  NPAFC Doc. 873.  Fisheries & Oceans Canada, 
Science Branch – Pacific Region, Pacific Biological Station, Nanaimo, B.C.  V9T 6N7, Canada 

 
Beamish, R.J., Jones, S., Neville, C., Sweeting, R., Kareman, G., Sakida, S., and Gordon, E.  2006.  

Exceptional marine survival of pink salmon that entered the marine environment in 2003 
suggests that farmed Atlantic salmon and Pacific salmon can coexist successfully in a marine 
ecosystem on the Pacific coast of Canada.  ICES Journal of Marine Science.  63:  xx-xx. 
Accepted April 2006. 

 
Saksida, S., Constantine, J., Karreman, G.A., Neville, C., Sweeting, R. , and Beamish, R.  2006.  

Evaluation of sea lice, Lepeophtheirus salmonis, abundance levels on farmed salmon in British 
Columbia, Canada.  (in preparation)  

 
Beamish, R.J., Neville, C.M, Sweeting, R.M., Jones, S.R.M., Ambers, N., Gordon, E.K., Hunter, K.L., 

McDonald, T.E., and Johnson, S.C.  2006.  A proposed life history strategy for the sea louse, 
Lepeophtheirus salmonis, in the subarctic Pacific.  (in preparation) 
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MOLECULAR GENETICS LABRORATORY 
 

Research Scientists:  Kristina Miller, Ruth Withler, Terry Beacham 
 
1).  Use of microsatellite DNA markers to distinguish domesticated strains of chinook salmon reared in 
B.C. aquaculture facilities from wild populations throughout the range from California to Alaska/Yukon 
and Russia. 
 
• Domesticated strains were developed from southern B.C. hatchery/wild populations starting in the 

1980s. 
• Domesticated strains maintain genetic ties with progenitor populations but have lost genetic 

diversity at microsatellite loci. 
• Individual domesticated fish can be identified with a high degree of accuracy; over 95% of 

domesticated fish are classified as domesticated and over 99.8% of wild fish are classified as wild.  
Eight fish captured in Bute Inlet and suspected of being domesticated fish based on appearance 
were confirmed by DNA testing as domesticated fish, likely escaped from a farm. 

 
2). Survey of Atlantic salmon strains in B.C. industry to determine whether levels of genetic diversity are 
sufficient to form a strong basis for further improvement by selective breeding. 
 
• B.C. domesticated strains based primarily on European imports (Norwegian and Scottish strains) 

during the 1980s; egg takes from limited numbers of parents 
• Survey showed that genetic diversity was typical of domesticated strains in most cases but some 

companies had broodstock groups based on few families 
• Industry-wide, B.C. domesticated strains contain sufficient diversity to support a selective breeding 

program. 
 
3).  Development of microsatellite genetic markers to identify individual organisms to family for 
improved breeding for domesticated strains (Atlantic salmon, chinook salmon, Pacific scallop, Signal 
crayfish).   
 
• The cost and environmental variability introduced by rearing individual families of aquatic organisms 

in separate tanks until they are large enough to tag for identification impede genetic improvement in 
both finfish and shellfish aquaculture. 

• We have developed and are developing cost-effective suites of markers for use in identifying 
communally-reared individuals to family for determining genetic merit in breeding programs and 
designing mating schemes to avoid inbreeding. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 - 60 -

 

 
 
4).  Species-specific host response to the IHN virus: Gene expression profiling of Atlantic and Pacific 
salmonid species challenged with the IHN virus 
 
• cDNA microarrays were used to simultaneously determine the expression of over 16,000 salmonid 

genes in a temporal response to the IHN virus 
• A gradient in susceptibility to the IHN virus exists among species.  The study showed that that 

species with lower susceptibility to the virus were not mounting a stronger response, but were 
altering the immune pathways utilized to fight the virus.  There were no signals in the expression 
data that would indicate that the virus ever enters the cells in coho salmon, a species that never 
shows clinical signs of the virus.   

• A number of candidate genes that were potentially co-opted by the virus to aid in infectivity and viral 
replication were resolved that will be followed up in future studies and could aid in the development 
of vaccine and therapeutics for the disease.  One of the markers uncovered functions to increase 
the density of the IHN viral cellular receptor (fibronectin) on the surface of cells, hence facilitating 
viral entry.  

 
5).  Development of genetic markers to quantify Kudoa thyrsites infection levels in Atlantic salmon and 
estimate levels of ensuing tissue damage. 
 
• Kudoa thyrsites infections result in the maliquification of muscle tissue and have cost the industry 

significantly in the reduction in product quality and loss of consumer confidence.  
• The gene of the protein produced by the parasite that is responsible for tissue damage, cathepsin L, 

was isolated and sequenced for the first time, and a quantitative PCR (QPCR) method was 
developed and tested as a marker to predict level of tissue damage.  This aspect of the study is still 
under analysis. 

• A DNA marker was also developed for QPCR as a potential marker for parasite abundance and 
tested for sensitivity against standard histology techniques.  This marker proved to be highly 
sensitive and detected even minute quantities of parasite.  

 
6).  Development of probiotics for use in marine hatcheries in the culture of larval shellfish and marine 
fish species. 
 
• A survey of bacterial species and strains was conducted in a marine hatchery producing shellfish 

and sablefish.  Over 300 strains/species of bacteria were isolated and identified genetically.  
• A number of potentially pathogenic species were isolated and described.  Competition experiments 

were conducted on non-pathogenic species to develop sets of probiotic strains that successfully 
outgrew or directly killed pathogens in fish and shellfish. 

• Methods of culture and inoculation of probiotics were developed, and a new company was formed 
by industry to utilize the technology developed in support of the aquaculture industry. 
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Related Publications 

 
Many of the highlighted projects are ongoing with manuscripts in preparation for submission.  Here is a 
list of the published/submitted manuscripts produced by the Molecular Genetics Laboratory that relate to 
Aquaculture. 

 
Pepper, V, C. Collier and RE Withler.  2003.  Newfoundland experience with salmonid broodstock for 
application to aquaculture industry needs.   AAC Spec. Publ. 6: 27-30. 

 
Withler, R.E., J.R. Candy, T.D. Beacham and K.M. Miller. 2004.  Forensic DNA analysis of Pacific 
salmonid samples for species and stock identification.  Environmental Biol. Fish. 69: 275-285.  

 
Kim, J.E., R.E. Withler, C. Ritland and K.M. Cheng. 2004.   Genetic variation within and between 
domesticated chinook salmon (Oncorhynchus tshawytscha) strains and their progenitor populations.  
Env. Biol. Fish. 69: 371-378. 
 
 
Withler, R.E., K.J. Supernault and K.M. Miller. 2005.  Genetic variation within and among domesticated 
Atlantic salmon broodstocks in British Columbia, Canada.  Animal Genetics 36: 43-50. 
 
Miller, K.M., K.J. Supernault, S. Li and R.E. Withler. 2006.  Population structure in two marine invertebrate 
species targeted for aquaculture and enhancement in British Columbia.  Journal of Shellfish Research. In 
Press. 
 
Tymchuk, W.E., C. Biagi, R.E. Withler and R.H. Devlin.  2006.  Growth and behavioral consequences of 
introgression of a domesticated aquaculture genotype into a native strain of coho salmon.  Trans. Amer. 
Fish. Soc.  135: 442-455.  
 
Schulze, A.D., A.O. Alabi, A.R. Tattersall-Sheldrake, and K.M. Miller.  2006.  Bacterial diversity in a 
marine hatchery: Balance between pathogenic and potentially probiotic bacterial strains.  Aquaculture 
56: 256: 5-73. 

 
Withler, R.E., K.J. Supernault and T.D. Beacham.  Submitted. Genetic identification of wild and 
domesticated strains of chinook salmon in southern British Columbia, Canada.  Aquaculture. 
 
Funk, V. M. Raap, K. Sojonky, S.R.M. Jones. J. Robinson, C. Falkenberg and K.M. Miller.  Submitted.  
Development of an RNA and DNA based quantitative PCR assay for detection and quantitation of 
Kudoa thyrsites in Atlantic salmon (Salmo salar L).   Dis. Aquat Org.   
 
Miller, K.M., G. Traxler, K. Kaukinen, and S. Li.  Submitted.  A cDNA microarray study of Atlantic 
salmon (Salmo salar) response to infectious hematopoietic necrosis (IHN) virus.  Aquaculture 
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OCEANOGRAPHIC RESEARCH, INSTITUTE OF OCEAN SCIENCES 
 
Project 1:  Oceanography and Modelling of the Circulation of the Broughton Archipelago (2002 to 
2006) 
 
Participants: D. Stucchi (DFO), M. Foreman (DFO), F. Henry (Triton) and Clare Backman (Marine 

Harvest)  
 ACRDP funded projects 

• Numerical models of tides and estuarine flow  
• Observations of circulation in key passages of the Broughton Archipelago 
• Investigation of seasonally low dissolved oxygen conditions  
• Transport and dispersion of sea lice larvae and IHN pathogens using model simulations, 

observed currents and GPS tracked surface drifters 
• Measurements of river flows of the Kingcome and Wakeman Rivers 
 

Project 2:   Sea lice distribution studies in the Broughton Archipelago (2006) 
 
Participants: D. Stucchi (DFO), M. Galbraith (DFO), R. Mercer (Mainstream), M. Krkosek(UVic) and  I. 

Novales Flamarique (SFU). 
• BC Pacific Salmon Forum funded project 
• Development of methodologies for sampling the distribution of planktonic larvae of sea lice 
• Sampled in April and May 2006 using plankton net tows 
• Testing and developing moored light traps near active salmon farm and in non-farm areas 
• Sampled environmental conditions water properties and winds 
 

Project 3:   Validation and Refinement of Aquaculture Waste Model DEPOMOD (2004 to 2006) 
 
Participants: D. Stucchi(DFO), J. Chamberlain(DFO), B. Carswell (B.C. MAL) and M. E. Walling 

(BCSFA) 
• ACRDP and B.C. MAL funded project 
• Benthic impact of solid wastes from Atlantic salmon farms 
• Validation of DEPOMOD waste model for Atlantic salmon farms  
• Investigation of model parameter settings such as waste feed component and cage 

movement 
• Review of use of DEPOMOD for shellfish aquaculture  

 
 
Project 4:   Approaches for modelling environmental impacts of shellfish aquaculture (2005 to 2006) 
 
Participants: J. Chamberlain(DFO), A. Weiss(DFO - Quebec), M. Dowd(Dalhousie) and J. Grant 

(Dalhousie) 
• DFO supported project  
• Advice on the application of mathematical models for assessing the potential environmental 

effects of shellfish aquaculture 
• Three modelling approaches used ranging from nearfield to ecosystem level impacts 
• Review of use of DEPOMOD for shellfish aquaculture wastes  
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Papers Published or Preparation and Reports: 
 
Brooks, K. M. and D. J. Stucchi.  2006.  The Effects of Water Temperature, Salinity and Currents on the 
Survival and Distribution of the Infective Copepodid Stage of the Salmon Louse (Lepeophtheirus 
salmonis) Originating on Atlantic Salmon Farms in the Broughton Archipelago of British Columbia, 
Canada (Brooks, 2005) -  A response to the rebuttal of Krkosek et al. (2005a).  Reviews in Fisheries 
Science Vol. 14, No. 1-2., pp. 13-23. 
Chamberlain, J., D. Stucchi, L. Lu and C. Levings. 2005. The suitability of DEPOMOD for use in the 
management of finfish aquaculture sites, with specific reference to Pacific Region. DFO Can. Sci. 
Advis. Sec. Res. Doc. 2005/035. 
Chamberlain, J., A.M. Weise, M. Dowd and  J. Grant  2006.  Modeling approaches to assess the 
potential effects of shellfish aquaculture on the marine environment  DFO Can. Sci. Advis. Sec. Res. 
Doc. 2006/032 
 
Chamberlain, J. and D.J. Stucchi.   An analysis of the importance of model parameterization in 
predicting the benthic effects of finfish farming.  (in preparation). 
 
Foreman, M.G.G., D.J. Stucchi, Y. Zhang, and A.M. Baptista. 2006. Estuarine and Tidal Currents in the 
Broughton Archipelago.  Atmos.-Ocean 44(1) 47-63. 

Galbraith, M.  2005.  Identification of larval stages of Caligus clemensi and Lepeotheirus salmonis from 
the Broughton Archipelago.  Can. Tech. Rep. Fish. Aquat. Sci. 2548: 21p. 

Stucchi, D.J.,  · T. Sutherland,  · C. Levings and  · D. Higgs.  2005.  Nearfield Depositional Model for 
Salmon Aquaculture Waste. Hdb. Env. Chem. Vol. 5, Part M,  Springer-Verlag Berlin Heidelberg. 

Stucchi, D. J., R.F. Henry, and M.G.G. Foreman.  2005.  Modelling the transport and dispersion of IHN 
pathogens in the Broughton Archipelago, British Columbia.Bull. Aquacul. Assoc. Canada 105-1, 52-59.  

Stucchi, D.J., and J. Chamberlain. 2005. DEPOMOD Canada Methods and Settings V2.0. Fisheries 
and Oceans Canada,  Pacific Region.   
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COASTAL ECOSYSTEM RESEARCH PROGRAM 

DFO-UBC Centre for Aquaculture and Environmental Research 

Near-field recovery of an abandoned fish farm site 
  
Principal Investigators: T. Sutherland, C. Levings, D. Stucchi 
Funding: DFO Environmental Strategic Science Research Fund (Regional project) 
Project details: Acoustic and grab surveys were carried out over a 4-year period at an 

abandoned fish farm site to determine the recovery of the benthic environment. 
 

Far-field environmental studies for sustainable aquaculture 
 
Principal Investigators: T. Sutherland, B. Hargrave, R. Anderson 
Funding: DFO Environmental Strategic Science Research Fund (National project) 
Project details: Water column and benthic measurements were collected in both the near-field  

and far-field environments to examine the distribution of solid waste material and the  
potential for benthic organic enrichment.   

 

Benthic transport of aquaculture waste material 
  
Principal Investigators: T. Sutherland, D. Higgs, C. Amos 
Funding: Aquaculture MC 
Project details: Flow-water flume studies are being carried out to determine the critical  

sedimentation, resuspension, and solubility thresholds of both fish feed pellets and faecal  
matter.  
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Sutherland, T.F., C.L. Amos, C. Ridley, I.G. Droppo, and S.A. Petersen. 2006. The settling behaviour and 

benthic transport of fish feed pellets under steady flows. Estuaries and Coasts, 29 (5): 810 – 819. 
Sutherland, T.F., J. Galloway, R. Loschiavo, C.D. Levings, and R. Hare. Submitted. Calibration techniques and 

sampling resolution requirements for groundtruthing multibeam acoustic backscatter (EM3000) and 
QTCVIEW classification technology. Submitted to Estuarine, Coastal and Shelf Science March 17th, 
2006.  

Sutherland, T.F., C.D. Levings, S.A. Petersen, P. Poon, and E. Piercey. Submitted. The use of meiofauna as an 
indicator of benthic organic enrichment associated with salmonid aquaculture. Submitted to Marine 
Pollution Bulletin, October 5th, 2006. 

Stucchi, D., T.F. Sutherland, C.D. Levings, and D. Higgs. 2005. Near-field depositional model for salmon 
aquaculture waste. (Ed) B.T. Hargrave, In: Handbook of Environmental Chemistry: The Environmental 
Effects of Marine Finfish Aquaculture, 5 (M): 157 – 179. 

Yeats, P., T. Milligan, T.F. Sutherland, S. Robinson, J. Smith, P. Lawton, and C.D. Levings. 2005. Lithium-
normalized zinc and copper concentrations in sediments as measures of trace metal enrichment due to 
salmon aquaculture. (Ed.) B.T. Hargrave, In: Handbook of Environmental Chemistry: The Environmental 
Effects of Marine Finfish Aquaculture, 5 (M): 207 – 220.  

Sutherland, T.F. 2004. Framework for a Benthic Aquaculture Monitoring Program in the Pacific Region. 
Research Document 2004/056. pp. 19., www.dfo-mpo.gc.ca/csas. 

Sutherland, T.F., A.J. Martin, and C.D. Levings. 2001. Characterization of suspended particulate matter 
surrounding a salmonid net-pen in the Broughton Archipelago, British Columbia. ICES Journal of Marine 
Science, 58(2): 404-410. 



 

 

Appendix III 

State of Knowledge Reviews 

 
 
 
 
 
 

 
 
 
 
 

Fisheries and Oceans Canada’s (DFO) State of 
Knowledge Initiative is a scientific review of the potential 
environmental effects of aquaculture, co-led by the 
Aquaculture Science and Environmental Science 
branches.  

Reviews cover aquaculture relating to marine finfish and 
shellfish and freshwater finfish. Potential environmental 
effects are addressed under three main themes:  

• Impacts of wastes; including nutrient and organic 
matter;  

• Impacts of chemicals used by the industry; including 
pesticides, drugs and antifoulants;  

• Interactions between farmed and wild species; 
including disease transfer and genetic & ecological 
effects  

The State of Knowledge review papers provide the current 
scientific information and identify knowledge gaps and 
research needs. DFO refers to this valuable information to 
help set its future research agenda for aquaculture-
environment interactions. 

Four volumes have been published under the State of 
Knowledge Initiative and are included here.  Volume five 
is about to be published and will be available on the 
national DFO website http://www.dfo-
mpo.gc.ca/science/environmental-
environnement/interactions_e.htm 

Volume Five topics are: 

• Behavioural Interactions Between Farm and Wild 
Salmon: Potential for Effects on Wild Populations 
(Laura K. Weir and Ian A. Fleming) 

 
• Overview of the Environmental Impacts of Canadian 

Freshwater Aquaculture  
(C.L. Podemski and P.J. Blanchfield) 
 

• A Scientific Review of Bivalve Aquaculture: 
Interaction Between Wild and Cultured Species (T. 
Landry, M. Skinner, A. LeBlanc, D. Bourque, C. 
McKindsey, R. Tremblay, P. Archambault, L. 
Comeau, S. Courtenay, F. Hartog, M. Ouellette and 
J.M Sevigny) 
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Appendix IV  
 

RECENT PUBLICATIONS RELATED TO FISH HEALTH 
AND SALMON AQUACULTURE 

2003-2006 
 
This list has been compiled for reference of the Special Committee on Sustainable Aquaculture in 
British Columbia.  A full list of all research pertaining to the Broughton Archipelago (sea lice, etc) is 
available from The Pacific Salmon Forum.  

   
Recent publications related to fish health and salmon aquaculture, 2003-2006 
 
Beamish, R.J., S. Jones, C. Neville, R. Sweeting, G. Karreman, S. Saksida, and E. Gordon. 2006. 

Exceptional marine survival of pink salmon that entered the marine environment in 2003 
suggests that farmed Atlantic salmon and Pacific salmon can coexist successfully in a marine 
ecosystem on the Pacific coast of Canada. ICES J. Mar. Sci. 63: 1326-1337.) 

 
Beamish, R.J., Neville, C.M., Sweeting, R.M., and Ambers, N.J.  2005.  Sea lice on adult Pacific salmon 

in the coastal waters of Central British Columbia, Canada.  Fisheries Research 76:  198-208. 
 
Beamish, R.J., Jones, S., Neville, C., Sweeting, R., Karreman, G., Saksida, S., Gordon, E.  2006.  

Exceptional marine survival of pink salmon that entered the marine environment in 2003 
suggests that farmed Atlantic salmon and Pacific salmon can coexist successfully in a marine 
ecosystem on the Pacific coast of Canada.  ICES Journal of Marine Science.  63: 1326-1337. 

 
Beamish, R.J., Neville, C.M, Sweeting, R.M., Jones, S.R.M., Ambers, N., Gordon, E.K., Hunter, K.L., 

McDonald, T.E., and Johnson, S.C.  2006.  A proposed life history strategy for the salmon 
louse, Lepeophtheirus salmonis, in the subarctic Pacific.  (submitted to Aquaculture Jun 2006) 

Beamish, R.J., Neville, C.M., and Sweeting, R.M.  2004.  Sea lice counts on Adult Pacific salmon 
caught in the Central Coast of British Columbia using trawl and troll gear.  (NPAFC Doc. 819), 
Fisheries & Oceans Canada, Science Branch – Pacific Region, Pacific Biological Station, 
Nanaimo, B.C., Canada, V9T 6N7. 

 
Beamish, R.J., Neville, C.M., Sweeting, R.M., Ambers, N. & Gordon, E.K.  2005.  Adult Pacific Salmon 

are a Major Source of Sea lice in Coastal Ecosystems.  Extended abstract.  In Lessons from the 
Past to Optimize the Future.  Aquaculture Europe 2005, Trondheim, Norway, August 5-9, 2005, 
pp. 127-128. (extended abstract) 

 
Beamish, R.J. Ambers, N., Hunter, K., Neville, C.  2005.  A comparison of sea lice on individually 

caught adult Pacific salmon in the coastal waters of British Columbia in August of 2004 and 
2005.  October 2005.  NPAFC Doc. 874.  Fisheries & Oceans Canada, Science Branch – 
Pacific Region, Pacific Biological Station, Nanaimo, B.C.  V9T 6N7, Canada. 

 
Beamish, R.J., Ambers, N., Hunter, K.  2005.  Sea lice counts on Pacific salmon caught in the Central 

North Pacific Ocean and Bering Sea aboard the R/V Waketake maru using gillnets and long line 
gear in July 2005.  October 2005.  NPAFC Doc. 873.  Fisheries & Oceans Canada, Science 
Branch – Pacific Region, Pacific Biological Station, Nanaimo, B.C.  V9T 6N7, Canada. 
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Brooks, K. M. and D. J. Stucchi.  (2006). The effects of water temperature, salinity and currents on the 
survival and distribution of the infective copepodid stage of sea lice (Lepeophtheirus salmonis) 
originating on Atlantic salmon farms in the Broughton Archipelago of British Columbia, Canada 
(Brooks, 2005) - A response to the rebuttal of Krkosek et al. (2005a). Rev. Fish. Sci. 14: 13-23. 

 
Chamberlain, J., D. Stucchi, L. Lu and C. Levings. 2005. The suitability of DEPOMOD for use in the 

management of finfish aquaculture sites, with specific reference to Pacific Region. DFO Can. 
Sci. Advis. Sec. Res. Doc. 2005/035. 

 
Foreman, M.G.G., D.J. Stucchi, Y. Zhang, and A.M. Baptista. 2006. Estuarine and tidal currents in the 

Broughton Archipelago. Atmosphere-Ocean, 44(1): 47-63. 
 
Funk, V, M. Raap, K. Sojonky, S. Jones, J. Robinson, C. Falkenberg, and K. Miller.  (In review) 

Development and validation of an RNA- and DNA-based quantitative PCR assay for the 
quantitative detection of Kudoa thyrsites (Gilchrist) in Atlantic salmon (Salmo salar).  Dis. 
Aquatic Org.  

 
IIkonomou, M.G., D.A Higgs, M. Gibbs, J. Oakes,  B. Skura, S. McKinley,  S.K. Balfry,  S. Jones, R. 

Withler and C. Dubetz.  2006.  Flesh quality of market-size farmed and wild British Columbia 
salmon.  Environmental Science & Technology: (in press). 

 
Jones, S., E. Kim, and S. Dawe. 2006b. Experimental infections with Lepeophtheirus salmonis (Kroyer) 

on threespine sticklebacks, Gasterosteus aculeatus L., and juvenile Pacific salmon, 
Oncorhynchus spp.  J. Fish Diseases 29: 489-495. 

 
Jones, S.R.M., G. Prosperi-Porta, E. Kim, P. Callow, and N.B. Hargreaves. 2006a. The occurrence of 

Lepeophtheirus salmonis and Caligus clemensi (Copepoda: Caligidae) on Three-spine 
Stickleback Gasterosteus aculeatus in coastal British Columbia.   J. Parasitol. 92: 473-480. 

 
Jones, S.R.M., Prosperi-Porta, G. & Dawe, S.  A new parvicapsulid (Myxosporea) species in adult pink 

salmon, Oncorhynchus gorbuscha from the Quinsam River, British Columbia, Canada. Journal 
of Parasitology (in press). 

 
Kim, J.E., R.E. Withler, C. Ritland and K.M. Cheng. 2004. Genetic variation within and between 

domesticated chinook salmon (Oncorhynchus tshawytscha) strains and their progenitor 
populations.  Environmental Biology of Fishes 69: 371-378. 

 
Marty, G.D., G.A. Karreman and S. Jones. (2006) Prevalence and seasonality of new pathogens in 

juvenile salmonids from inner coastal British Columbia, Canada.  47th Western Fish Disease 
Workshop, Victoria, B.C. (abstract). 

 
McVicar AH, Olivier G, Traxler GS, Jones S, Kieser D, MacKinnon A-M. 2006. Cultured and wild fish 

disease interactions in the Canadian marine environment. In, A Scientific Review of the 
Potential Environmental Effects of Aquaculture in Aquatic Ecosystems. Volume IV Fisheries and 
Oceans Canada. Pg 59-103. 

 
Miller, K. M., K. Kaukinen, S. Li, T. Farrell, and D. Patterson.  2006.  Expression profiling of late run 

sockeye salmon: Migration physiology uncovered using cDNA microarray technology.  American 
Fisheries Society Symposium 53: (in press). 

 



 

 

Miller, K.M, S. Li, T.J. Ming, K.H. Kaukinen, and A.D. Schulze.   2006.  The salmonid MHC class I: 
More ancient loci uncovered.  Immunogenetics 58: 571-589.  

 
Miller, K.M., G. Traxler, K.H. Kaukinen, S. Li, J. Richard and N. Ginther.  (In review)  A cDNA 

microarray study of Atlantic salmon (Salmo salar) response to Infectious Hematopoietic 
Necrosis (IHN) virus.  Aquaculture  

 
Miller, K.M., J.R. Winton, A. Schulze, M.K. Purcell, and T. Ming.  2004.  Major Histocompatibility Complex 

loci are associated with susceptibility of Atlantic salmon to infectious hematopoietic necrosis virus. 
Environmental Biology of Fishes 69: 307-316.  

 
Miller, K.M., K.J. Supernault, S. Li, and R.E.  Withler.  2006.  Population structure in two marine 

invertebrate species (Panopea abrupta and Stronylocentrotus franciscanus) targeted for 
aquaculture and enhancement in British Columbia.  Journal of Shellfish Research 25: 33-42. 

 
Rajakaruna, R.S., J.A. Brown, K.H. Kaukinen, and K.M. Miller.  2006.  Major histocompatibility complex 

and kin discrimination in Atlantic salmon and Brook trout.  Molecular Ecology 15: 4569-4575. 
 
Saksida, S., Constantine, J., Karreman, G.A., Neville, C. Sweeting, R. and Beamish, R. 2006. 

Evaluation of sea lice, Lepeophtheirus salmonis, abundance levels on farmed salmon in British 
Columbia, Canada. In. The Proceedings from the International Symposium on Veterinary 
Epidemiology and Economics XI, Cairns, Australia. 

 
Schulze, A.D., A. O. Alabi, A. R. Tattersall-Sheldrake, and K.M. Miller. 2006.  Bacterial diversity in a 

marine hatchery: Balance between pathogenic and potentially probiotic bacterial strains.  
Aquaculture 256: 50-73. 

 
Stucchi, D. J., R.F. Henry, and M.G.G. Foreman. 2006.    Modelling the transport and dispersion of IHN 

pathogens in the Broughton Archipelago, British Columbia.  Bulletin of the Aquaculture 
Association of Canada 105-1, 52-59 

 
Stucchi, D.J., T. Sutherland, C. Levings and D. Higgs.  2005.  Near-Field Depositional Model for 

Salmon Aquaculture Waste. Hdb. Env. Chem. Vol. 5, Part M,  Springer-Verlag Berlin 
Heidelberg. 

 
Tymchuk, W.E., C. Biagi, R. E. Withler, and R. H. Devlin. 2006.  Growth and behavioral consequences 

of introgression of a domesticated aquaculture genotype into a native strain of coho salmon.  
Transactions of the American Fisheries Society 135: 442-455. 

 
Withler, R.E., J.R. Candy, T.D. Beacham and K.M. Miller. 2004.  Forensic DNA analysis of Pacific 

salmonid samples for species and stock identification.  Environmental Biology of Fishes 69: 
275-285. 

Withler, R.E., K.J. Supernault and K.M. Miller. 2005.  Genetic variation within and among domesticated 
Atlantic salmon broodstocks in British Columbia, Canada.  Animal Genetics 36: 43-50. 

 
Withler, R.E., T. Rundle and T.D. Beacham. (In Review) Genetic identification of wild and domesticated 

strains of Chinook salmon in southern British Columbia, Canada.  Aquaculture. 
 
 

V
(http://www-  
DFO research findings are available online. 
isit the Pacific Region Pink Salmon Action Plan 
sci.pac.dfo-mpo.gc.ca/aquaculture/sealice/default_e.htm)
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