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Nutrition Breakout Group 

Left-right clockwise, Andre Dumas (ICZRI), Le François, Nathalie 
(UQ), Betty House (ACFFA), Kurt Simmons (UNB), Gregor Reid 
(CIMTAN), Tom Taylor (Cooke), Alan Donkin (Cooke) 

• Effects of extreme stressors important for nutritional considerations 
• If increasing frequency of extreme events (also low temp extremes), improved 

documentation (e.g. winterkill) and better stress indicators needed to guide response 
• Some feeding strategies (e.g. ration timing) can promote compensatory growth in several 

species; one possible method to ‘catch-up’ from stress mediated growth reduction  
• Nutritional knowledge must be contextualized in light of changing genetics 
• Challenge for aquafeed production is matching dietary requirements of animal with 

nutrients from available raw material supplies under conditions of pending climate 
stressors 

• Bioeconomic assessment of feed sourcing 

• Alterative ingredient sources (e.g. insects) 
may become more appealing as global 
population increases and climate change 
increases costs of human food  

• Enabling regulations needed such as 
approval time of CFIA regulations for 
ingredients and maximum antioxidants. 
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Shellfish Breakout Group 

Left-right by row: Kumiko Azetsu-Scott (DFO), Susan Waddy (DFO), 
Thomas Guyondet (DFO), Jeff Clements (UNB), Terry Ennis (Can. Cove), 
Vicky Merritt-Carr (DFO), Sam Rastrick (IMR), Marie-Josee Abgrall (UNB), 
Peter Warris (APEI) 

• Industry tends to focus on day to day issues, and will address them they impact them. 
Awareness of climate change issues increasing? 

• West coast impacts now being seen and possibly in east coast. East coast can learn from 
west coast issues? 

• Better data collection and monitoring must begin immediately (water quality diseases, 
invasive species  

• Standardized approach to data collection across region 
• Hard to rank threats. In the East, likely temperatures, ocean acidification, storm surges 
 

 
• Knowledge gaps: Winter kill, 

larva, spat collection, plankton, 
extremes 

• Commercially important species 
get more attention, however 
every species is important to the 
health of the ecosystem 

• Adaptation strategies: genetics, 
site selection, alternative species 
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• Maintain enhanced diagnostic and pathogen surveillance programs for existing and emerging 
pathogens 

• Surveillance would benefit from in situ microbe/pathogen monitoring using DNA extraction 
• How will immune systems will response to climate change stressors with variability in extremes? 

What ranges of stressors can be accommodated before immune systems are compromised? 
• Markers could assist in identification of immune response and disease tolerance 

• Priorities for shellfish health include the role of acidification, temperature, and dissolved oxygen; 
and how these may affect shellfish health and viability if manifested as multiple stressors  
 

Fish and shellfish health breakout group 

Left-right clockwise: Julie Laroche (Dal), Peter Sykes (AANS), Mark 
Kesselring (Northern Harvest), Nikki Lepage (U Guelph), Richard Moccia (U 
Guelph), Jon Grant (Dal), Kurt Gramperl (MUN), Cyr Couturier 

• Effects of ocean acidification on 
phytoplankton, influencing shellfish 
diet and consequent health 
effects? 

• Response focused largely on improved 
knowledge mobilization to industry 

• Account for projected 
environmental conditions for risk 
assessment, site selection, 
predicting disease outbreaks and 
effects to therapeutant efficacy 
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Engineering solutions breakout group 

Left-right clockwise: Don Jardine (UPEI), Hamid Khoda 
Bakhsh(UNB). Paul Lyon (DFO), Tim Jackson (NRC), Bev Bacon 

Need more information 
• Need to downscale continental predictions for application at regional and local levels 
• Increasing temp means greater fouling  - better management of nets 
• Looking more analytically at system stresses, need data for better informed design 
• Intense storms means lower energy sites need high energy systems 
• Lack of real-time environmental monitoring in the east 
• Small Craft Harbours have installed weather stations – could they be coupled with 

instrumentation to collect oceanographic & atmospheric monitoring in real time? 
 

Compile and apply existing information to aquaculture 
• UPEI climate group work could be applied to site selection 
• NRCan – Climate Change Adaptation group, have developed a tool for risk and vulnerability 

assessment of infrastructure 
• DFO Aquatic Climate Change Adaptations Services Program 
Involvement of aquaculture industry 
• Better linkages to climate change research 
• Involvement in wharf retrofits and breakwaters 
• Group needed to connect aquaculture relevant 

climate research, coordinate data 
collection/projects, ID knowledge gaps, align with 
other sector experts, committees, groups 
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Genetics and biotechnology breakout group 

Left-right clockwise: Tillmann Benfey (UNB), Aaron Craig 
(Cooke), Amber Garber (HMSC) 
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• Broodstock programs have the potential to select for resistance against stressors 
predicated by ocean acidification and warmer waters 

• Explore response of the organism by individual and family in challenges 
• Investigate susceptibility and resistance to specific pathogens 
• Gene Expression – Gene Regulation – What genes are having an effect? 
• Alter a broodstock program to create different ‘strains’ within – fast growth, fillet 

quality, etc. strains and a pathogen/parasite resistant strain – these can then be 
hybridized to potentially create a organism that is better all around 

• Change weighting of traits in breeding index (total merit index) – with greater 
emphasis on fish health, temperature resistance, pH traits, etc. 

• Maintain genetic diversity  
• In the breeding nucleus 
• by cryopreservation as a back-up in 

case families are removed 
• Re-assess or assess wild strains to see 

if present strain used is less fit than 
another strain that may even be in a 
similar geographic area 



Management and governance breakout group 

Clockwise from left front: Taryn Minch (UNB), Fernando Salazar (Ulnooweg 
Development Group), Snorkel the seal (HMSC), Samantha Thurlow (UNB), 
Lara Cooper (DFO), Roger Wysocki (DFO), Dounia Hammoutene (DFO), 
Thierry Chopin (UNB), Bob Sweeny (SIMCORP), Christy Bourque (Mitchell 
McConnell Insurance), Pam Parker (ACFFA), Anne Blondlot (Ouranos) 

• Need for initiatives to compile and collect water quality data at the regional and local levels 
• ‘Data mining’ and compiling this information should be one priority 
• There is existing water quality and benthic data routinely collected at farm sites 
• There needs to be a system for standardization of data 
• Ongoing data collection initiatives will not only require initial funding, but also ongoing 

funding to ensure existence of longer term data sets  

• Greater effort needed identifying and 
quantifying climate related stressors to 
guide management and governance 
response 

• Governance has an important role to play 
coordinating multi-stakeholder research 
initiatives 

• Regulatory flexibility, enabling legislation 
and ensuring access to pertinent 
information and expertise, is another crucial 
role for governance  needed to help the 
aquaculture industry manage effectively 
under a changing climate 

The NSERC partnership workshop, climate change and aquaculture in Canada: Atlantic workshop summary 



Final discussion 
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• A lot of information,  difficult to nail down priorities without a full 
understanding of problem scale 

• We seem to be still in the dark with data 
• Many small piece-meal data bases that could be 

connected 
• Need for more small scale monitoring 
• Datasets will need quality control, management, focus, and 
• Data collected altruistically, will need long-term investment 

• Regulatory process is restrictive – slows down solutions to 
problems  

• For industry, regulatory flexibility would be extremely helpful if 
based on good information - should be able to try things at a 
reversible scale   

• Canada needs 1 organization responsible for guiding 
information 

• It will be interesting to see what the West comes up with 
 



Questions? 
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Pacific Workshop in Campbell River June 24-25 
Workshop Leaders: Helen Gurney-Smith (VIU) & Joanne Liutkus (BCSF) 
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Introduction 

• A two day NSERC Partnership Workshop was hosted by the University 
of New Brunswick (UNB) and the Atlantic Canada Fish Farmers 
Association (ACFFA) in collaboration with the Huntsman Marine Science 
Centre (HMSC), this past April at HMSC in St. Andrews, NB 

  
• The goal of this workshop was to connect the aquaculture industry with 

researchers and managers to understand how the impacts of climate 
change may affect their industry, and strategize research approaches to 
ensure the viability of Canadian aquaculture through the effects of climate 
change  

 
• The workshop aimed to consolidate existing multi-discipline information 

into succinct findings, identify research gaps, ensure industry concerns 
were understood and develop appropriate action plans 

Workshop format:  
• Literature review presentation 
• Presentation and discussion panel sessions 
• Breakout groups (six) 
• Workshop wide discussion  



Introduction continued 
Four workshop themes were used to partition discussion and initiatives: 

Hypoxia, CO2, 
biotic 

stressors 

Multi-decadal: 
Potential 
evolutionary 
adaptation to 
warming 

Fitness measures: 
Growth, behavior, 
health, reproduction 
(after acclimation) 
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1) Ocean acidification 2) Fish Health 

3) Storms and rising waters 4) Warming waters 
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Literature review: Highly simplified summary of ocean physical effects 
• The oceans have become a sink for 93% of the earths additional energy budget 
• Means sea-level has increased almost 20 cm from 1901 -2010, with the 1993-2010 rate three 

times faster than 1901 to 1993 
• Increases in precipitation in temperate regions such as Northern Europe and North America  
• Increase in wind intensity at the higher latitudes (e.g. high wave heights in North Atlantic since 

1950s) 
• These effects combine to increase flood potential 
 

Image from NOAA, CBC 

The future? 

• Ocean pH decreased 26% since pre-industrial times due to atmospheric CO2 increases 
• Coastal waters off Canada’s east and west coasts, are projected to increase an average of 1°C over the 

next 20-30 years (More uncertainty, near-shore and at regional scales) 
• Increase in short term extreme events (temperature change, floods, etc.) 
• Feral species are expected to extend their ranges pole ward 

The NSERC partnership workshop, climate change and aquaculture in Canada: Atlantic workshop summary 



Literature Review 

• Multiple stressors will occur simultaneously 
and have the potential for positive or negative 
interaction 

• Response to climate change stressors 
between related species, and even between 
populations of the same species is not 
universal 

• Evidence to date, suggests different adaptive 
responses (short-term) are a function of 
‘plasticity’ or epigenetic expression 

• In many species successful adaptation is a 
function of parental or early life-stage 
exposure to stressors 

• Magnitude of threat a function of region, 
culture method and species 

 
 

Trends? Mitigation categories 

• Monitoring, early warning and 
prediction of deleterious effects 

 
• Nutrition  

 
• Management and engineering solutions 

 
• Genetics and biotechnology 

 
• Species diversification 

 
• Governance 
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Ocean acidification presentation highlights 

Dr. Kumiko  
Azetsu-Scott 

• Dr. Kumiko Azetsu-Scott presented ‘Ocean Acidification in Canadian Waters’  

Ocean Acidification Discussion Panel, left to right: Jamey 
Smith (Huntsman facilitator), Kumiko Azestsu-Scott (DFO), 
Samuel Rastrick (IMR, Norway), Julie Laroche 
(Dalhousie), Helmuth Thomas (Dalhousie)  

Canadian Acid Highway and regional amplification drivers 

Pacific 

Canada Basin and 
Beaufort Sea 

Canadian Arctic Archipelago 

Atlantic 

Hudson Bay 

GSL 

Seasonal upwelling 
of Sub-surface 
corrosive water 

sea ice 
meltwater 

Outflow of  
corrosive Arctic Water 

CO2 rich Pacific 
Water 

Fluvial input 

Hypoxia 

The Labrador Sea 
Anthropogenic CO2 

 uptake by deep 
convection 

• Pteropod (sea butterfly) is ubiquitous in northern waters and a food source 
for fish such as herring, salmon and cod 

Fabry, 2012 
• With trials of projected 2100 pH in the Southern Ocean, pteropod shells 

begin to dissolve 
• This flow is acidic, N-Pacific has high carbon with low alkalinity resulted in higher 

acidity than the Atlantic, confounding influences along the way 
 

• Can’t simplify OA to one stressor 
• Don’t understand acute vs chronic 

effects on animals 
• Limited literature on finfish, influence on 

salmon unknown, of value to look at 
80s acid rain literature 
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Discussion panel: selected topics 



Level  
(m) 

Number of 
exceedances 

2.4 69 

0.1 X3.1 

2.3 217 

0.1 X2.7 

2.2 581 

Storms and rising waters presentation highlights 

• DFO work done on allowances: A structure (e.g. warf) allowance, is defined as the 
vertical distance that it needs to be raised under a rising sea level, so that the present 
likelihood of flooding does not increase 

• 0.1 metres increase in sea level results in a factor of 3 change in number of 
exceedances 

Drs. Blair Greenan and Will Perrie remotely presented ‘Sea Level Rise in Atlantic Canada’ 
and ‘Sea Level and the composite joint probability of distribution for tides, surges, waves’ 
  

Dr. Blair 
Greenan 

Dr. Will 
Perrie 

Hourly sea level rise in Halifax harbor 

• A web-based planning 
tool to estimate 
allowances for for 
extreme sea level 
associated with climate 
change, is soon to be 
online 

Storm surge projections 
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Storm and Rising Waters Discussion 
Panel :Blair Greenan (DFO), Will Perrie 
(DFO), Don Jardine (UPEI), Don Killlorn 
(ECW) 

Discussion panel: selected topics 
• Seeing more severe storms, 

more frequently 
• More uncertainty in wave 

projections, but sea-level rise 
and less ice-cover will make 
more space for waves 

• Cost-benefit analysis for 
adaptation using LiDAR to 
project lea-level rise 

• LiDAR identified areas at risk 
in PEI and NB, therefore and 
adequate funding is the issue 
now.   
 



Fish and shellfish health presentation highlights 
Dr Sophie St. Hilaire presented, ‘Effects of climate change on fish and shellfish health’ 
 

Dr. Sophie 
St. Hilaire 

• Rapid changes in temperature have been associated with outbreaks of endemic 
diseases 

• Increase temperature can facilitate pathogen growth, change wild fish host range,  
and alter metabolism of drugs used for treating pathogens  

• Northward extension of Dermo disease facilitated by long-
term warming winter temperatures (Cook et al 1998)  
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• Increases in storms and precipitation promote siltation, rapid 
salinity change, flooding, increased pathogen potential 

• Ocean acidification affects  shell formation and larval survival 
effects 

• Must consider additive and multiplicative climate change 
effects on hosts and pathogens 

Fish and Shellfish Health Discussion Panel, left 
to right: Sophie St. Hilaire (UPEI), Peter Sykes 
(AANS), Nikkie LePage (U Guelph) Julie 
Laroche (Dalhousie) 

• Possible positives with  temp?  
• Extremes are the greater problem 
• Ulcer disease now operating at 

warmer temp 
• Observe how other regions 

respond already at our projected 
temperatures (e.g. Tasmania) 

• Many infection records 
confidential 

Discussion panel: selected topics 
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Warming waters presentation highlights 
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Dr. Tillmann 
Benfey 

Dr. Tillmann Benfey presented, ‘Warming waters’ 

Pörtner & Farrell, 2008. Physiology and 
climate change. Science 322: 690-692. 

Good Bad 

Optimum generally much closer 
to upper limit than lower limit 

• Optimal temperature is a ‘moving target’ a function of 
developmental stage, biological process and acclimation 

• There will be ‘winners’ and ‘losers’ among 
aquatic species, to varying degree, including 
pathogen, parasite and pest species, most 
of which have shorter generation times 

Wide-ranging effects of 
temperature 

• Enzyme reactions 
• Metabolism 
• Oxygen demand 
• Cell division 
• Development  
• Growth 
• Reproduction, etc. 

 

Discussion panel: selected topics 

Warming Waters Discussion Panel, left to right: 
Tillmann Benfey (UNB), Kurt Gramperl (MUN), 
Nathalie Le François (UQ) 

• Mitigation, for the ‘losers’ likely to include site selection, 
engineering, nutrition, disease management, stock selection 
and breeding programs 

 

•  storms frequency  rapid 
temperature change 

• Knowledge needed on cage-site 
environmental changes to duplicate 
conditions in the lab, to catch 
confounding effects 

• Thermal tolerance is always highest 
when temperature change is the 
shortest; more concerned about 
short prolonged change in 
temperature, like a week 

• We are just at the 1st step in risk 
management  informing producers 
and regulatory agencies 
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