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Monday, May 29th  

 

ROOM 200D 

 
IMTA/ LANDBASED AQUACULTURE   

 
11:00-11:20 

 

DRIVING INTEGRATED MULTI-TROPHIC AQUACULTURE (IMTA) INTO THE 

FUTURE: WHERE ARE WE GOING AND HOW DO WE GET THERE? 

 

S.M.C. Robinson1, T. Chopin2, P.J. Cranford3, I. Forster4, M.E.D. Graham5, W.E. Hogans6, G.K. 

Reid1,  

 
1 Fisheries and Oceans Canada, Biological Station, St. Andrews, NB, E5B 2L9, Canada 
2 Department of Biological Sciences, University of New Brunswick, Saint John, N.B., E2L 4L5, 

Canada 
3 Fisheries and Oceans Canada, Bedford Institute of Oceanography, Dartmouth, NS, B2Y 4A2, 

Canada 
4  Fisheries and Oceans Canada, West Vancouver Lab, West Vancouver, BC, V7V 1N6, Canada 
5 Wave Energy Research Centre, College of the North Atlantic, Burin Bay Arm NL, A0E 1G0 

Canada 
6 New Brunswick Department of Agriculture Aquaculture and Fisheries, St George, NB, E5C 

3K5, Canada 

 

Integrated multi-trophic aquaculture (IMTA) has been actively developing in Canada since 2000 

through various research networks, aquaculture development programs and self-funded industry 

initiatives.  Generally, the concept of nutrient recycling has been demonstrated to be possible, 

but the research has also shown that there are limitations to the extractive efficiency in the way it 

is currently being practised, particularly in open water systems.  Results have shown that the 

bulk of the organic material settles rapidly near fish cages and is converted by microbes and 

other organisms.  Dilution of suspended nutrients rapidly drops to background levels, typically 

within 100 meters.  All of this suggests more sophisticated systems will be needed to better 

capture and recycle nutrients from all trophic levels.  The systems level development of IMTA is 

at a stage where research teams need to be involved, due to the expertise required.  The existing 

research networks for IMTA have finished, but there are some informal IMTA groups now being 

organized nationally.  There is also an opportunity to loosely organize under the Galway 

Initiative which is a joint venture among Canada, the United States and the European Union.  

Continued energy and focus will be required to address the challenges of technological 
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development, regulations, economic demonstration and the increase in social licence for IMTA 

practices. 

 

11:20-11:40 

TO ENABLE INTEGRATED MULTI-TROPHIC AQUACULTURE (IMTA) AND THE 

SEAWEED SECTOR TO DEVELOP IN CANADA, REGULATORY ISSUES WILL 

NEED TO BE SERIOUSLY ADDRESSED 
 

T. Chopin 

 

Canadian Integrated Multi-Trophic Aquaculture Network (CIMTAN), Department of Biological 

Sciences, University of New Brunswick, 100 Tucker Park Rd., Saint John, N.B., E2L 4L5, 

Canada, tchopin@unbsj.ca 

 

A major rethinking is needed regarding the functioning of an “aquaculture farm”. It does not 

work within the limits of a few buoys on the water, but should be managed using an integrated 

coastal area management (ICAM) strategy, according to the movement of the different elements 

considered: 

- large particulate organic nutrients managed within the site; 

- small particulate organic nutrients managed within the site or its immediate vicinity; 

- dissolved inorganic nutrients managed on the ICAM scale. 

Different nutrients means different spatial and temporal recovery strategies. There is, 

consequently, a need for regulatory changes, instead of regulatory hurdles, to enable the 

development/implementation of innovative aquaculture practices, such as IMTA: 

- co-cultivated species infrastructures placed appropriately; 

- different species and different production cycles requiring multi-species/multi-year licences 

issued and crop rotation/fallowing schemes revisited; 

- interprovincial regulations harmonized; 

- harmonization and coordination between provincial and federal regulations and between 

departments/agencies; 

- status of transportation of algal spores between regions/provinces clarified; 

- process for water classification (protocol and delegation of authority) improved; 

- seaweed regulations proactively developed, so as to not delay upcoming commercialization; 

- Safe Food for Canadians Act amended and proposed Aquaculture Act skillfully prepared. 

 

 

 

 

 

 

 

 

 

 

mailto:tchopin@unbsj.ca


IMTA/LANDBASED AQUACULTURE SESSION 

Aquaculture Canada – Sea Farmers 2017 ABSTRACTS 4 

11:40– 12:00 

 

MULTI-SPECIES PRODUCTION (IMTA/AMTA) – INSIGHTS ON THE 

COMMERCIALIZATION PATH OF A NEW SEAFOOD PRODUCTION SECTOR 

 

S. Cross*1 

 

1 Centre for Applied Research Technology & Innovation, North Island College, Campbell River, 

British Columbia, Canada   V8L 1Y1 , Stephen.Cross@nic.bc.ca 

 

1 SEA Vision Group Inc., Campbell River, British Columbia, Canada   V9W 1R2, 

sfcross@SEAvisiongroup.ca 

 

Integrated Multi-Trophic Aquaculture (IMTA) was given this now globally recognized 

descriptor in 2004, although research on the functionality of a “designed” multi-species system 

began well before – in the mid to late 1990’s.  And while we approach the 20-year milestone of 

IMTA research in Canada, very little movement has been realized with respect to 

commercialization of IMTA in Canada – why?  Research has delimited the spatial extent of the 

wastes generated from fish farm operations, revealing that the settleable organic fraction has the 

most localized yet profound environmental effects and if intercepted would significantly reduce 

such effects not only to the benefit of the receiving environment but to the farm operation itself.   

Use of extractive species such as sea cucumber offer an opportunity to capitalize on these 

organic wastes and generate a substantial revenue stream given the high demand and market 

value of these animals.  Suspended organic and the inorganic fractions have a much broader 

spatial impact downstream of a fish farm, and these wastes represent a greater challenge in terms 

of interception and extraction.   This presentation describes Integrated-MTA as a new seafood 

production sector, the avenues of research and innovation required to commercialize this 

approach, and the opportunities available on how multi-species aquaculture could develop in 

concert with monoculture production systems, Adjacent-MTA. 

 

 

12:00-12:20 

OPTIMIZATION OF MAKE-UP WATER IN RECIRCULATING AQUACULTURE 

SYSTEMS 

A. Rosero*, M. F. Couturier 

Recirculating Aquaculture Research Group, University of New Brunswick, P.O. Box 4400, 

Fredericton, NB E3B 5A3 

The main objective of this project was to lower the consumption of freshwater used in salmon-

smolt hatcheries while conserving the water quality crucial for the well-being of the farmed 

species. Excessive use of make-up water increases effluent treatment, heating and make-up 

chemical costs. It is therefore economically desirable to operate the farm at the lowest make-up 

water flow that will allow meeting or exceeding all recommended water quality targets. A 
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mathematical model for temperature and concentrations of fine particles, ammonia, nitrate, 

carbon dioxide, phosphate, and salts in the recirculated water was developed and validated with 

experimental measurements collected at a salmon smolt hatchery. As expected, the model 

predicts that the optimum volume of make-up water to be added to the recirculation loop per unit 

weight of feed decreases as the efficiency of the water treatment equipment in the loop increases. 

Makeup water requirements for the hatchery studied were calculated based on recommended 

water quality concentrations and measured equipment efficiencies. The limiting water quality 

parameter was found to be a function of feed rate, pH, and time of the year. Water temperature 

control determined water consumption from May to August because operators preferred not to 

use a water chiller. At other times, fine solids buildup delimited makeup water usage for feed 

rates below 170 kg/day. At higher feeding loads, ammonia became the limiting parameter for pH 

values above 7.1. It will be shown how the model can be used to determine the optimum makeup 

water flowrate as a function of operating conditions. 

 

12:20-12:40 

OPTIMIZATION AND CONTROL OF OZONE USE WITHIN RECIRCULATING 

AQUACULTURE SYSTEMS 

M. A. Trueman * 1, M. F. Couturier 1, M. Sorensen 2 

1 Department of Chemical Engineering - University of New Brunswick, P.O. Box 4400, 

Fredericton, New Brunswick, E3B 5A3, o6o6n@unb.ca 

2 Sorensen Engineering, St. Andrews, New Brunswick 

Ozone treatment is a process which is commonly used within recirculating aquaculture systems 

(RAS) to improve water quality and kill pathogens. However, developing methods to transfer 

high amounts of ozone and ensuring an optimal ozone dosage can be difficult. This research is 

focused on optimizing the use of ozone to improve water quality. A new centralized approach to 

ozone treatment, which took advantage of an ozone side-loop framework, was implemented in 

two hatcheries. A pilot scale unit was also constructed to evaluate the effects of ozone on water 

quality and determine the reaction kinetics of ozone in the new ozone system. Experiments 

conducted in the pilot scale and full-scale systems, indicate that ozone decomposition in 

aquaculture water occurs via a two-step process involving a fast-initial rate followed by a slow 

first-order decay. A mathematical model which takes into account the generation of UV 

absorbing compounds and their destruction by ozone was created and used to confirm that the 

ozone demand in the system water under the conditions studied in the RAS is 21.9 ± 2.8 g O3/kg 

feed.  The findings were also used to develop a new automatic control strategy for continuous 

dosing of ozone in RAS. 
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12:40-13:00 

THE EFFECT OF SALINITY ON GROWTH, AEROBIC SCOPE AND HYPOXIA 

TOLERANCE OF ATLANTIC AND COHO SALMON REARED IN RECIRCULATION 

AQUACULTURE SYSTEMS (RAS) FROM SMOLT TO ADULT. 

Y. Fang*1, V. Chan1, K. T. Stiller1, J. Emerman1, C. J. Brauner1 and J. G. Richards1  

1Department of Zoology, University of British Columbia, 6270 University Blvd., Vancouver, BC 

V6T 1Z4 

Recirculation aquaculture systems (RAS) are increasingly used in fish culture to rear salmon 

from smolt to market size. However, there are few systematic studies to identify the truly optimal 

rearing environmental conditions (e.g., salinity) for growth and physiological performance in 

RAS. In this study, Atlantic and Coho salmon smolt were reared at one of five salinities (0, 5, 10, 

20 and 30 ppt) in 24 h light over 460 days. Fish were sampled every 3 months for growth (length 

and weight) and feed conversion. Towards the end of the growth trial, routine and maximum 

metabolic rates (RMR and MMR) were measured to calculate aerobic scope (AS), and time to 

loss of equilibrium (LOE) was measured at 10% air saturation as an indicator of hypoxia 

tolerance. A dramatic increase in growth was observed for Atlantic salmon at 5 ppt around Day 

400, whilst an enhanced growth of Coho salmon at 10 ppt was seen over the first 60 days, and 

fish in that treatment remained larger relative to other salinities throughout the duration of the 

growth trial. For both species, salinity did not significantly affect MR, AS or hypoxia tolerance 

despite the effects of salinity on growth. On-going studies are focusing on the combined effect of 

salinity and photoperiod on growth and physiological performance of Atlantic and Coho salmon 

in RAS to further explore optimal conditions for fish growth in RAS. 

 

13:00-13:20 

DETERMINATION OF THE OPTIMAL SALINITY FOR GROWTH AND SWIMMING 

PERFORMANCE OF ATLANTIC AND COHO SALMON RAISED IN 

RECIRCULATING AQUACULTURE SYSTEMS FROM SMOLT TO ADULT. 

V. Chan*1, Y. Fang1, K.T. Stiller1, J. Emerman1, J. G. Richards1and C. J. Brauner1 

1Department of Zoology, University of British Columbia, 6270 University Blvd., Vancouver, BC 

V6T 1Z4 

In this study, we investigated the effect of salinity on growth and swimming performance of 

Atlantic and Coho salmon reared from smolt (100g) to adult (2-4 kg) in recirculating aquaculture 

systems (RAS). We predicted the reduced osmoregulatory costs at isosmotic salinity may be 

diverted to growth. To investigate this, Atlantic and Coho were reared from smolt to adult at one 

of five salinities (0, 5, 10, 20, 30 ppt) in 24-hr light. Every three months, growth was measured 

(length and weight) over the 460-day rearing period. At days 350-400, a repeat maximum 

swimming speed test (Umax) was conducted in fish reared at one of 3 different salinities (0, 10, 30 

ppt). In both species, intermediate salinities resulted in enhanced growth; however, in the former, 

this was observed at day 400 at 5 ppt, while in Coho it was observed much earlier (day 60) at 10 



IMTA/LANDBASED AQUACULTURE SESSION 

Aquaculture Canada – Sea Farmers 2017 ABSTRACTS 7 

ppt. Thus, salinities close to isosmotic exhibited higher growth rates relative to those in 

freshwater and seawater, but occurred at different life stages. Neither Umax nor blood ion 

concentrations measured at exhaustion showed significant differences at any salinity. These 

results confirm reduced osmoregulatory costs during rearing may be allocated towards growth 

with no negative effects on swimming performance. On-going studies are investigating the 

interaction between salinity and photoperiod on growth to further define optimal conditions for 

salmon growth in RAS 
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INDIGENOUS AQUACULTURE DEVELOPMENT 

 

14:55-15:15 

SUSTAINABLE AQUACULTURE AND FIRST NATIONS COMMUNITIES 

A. McIsaac1  

 
1 Eskasoni Fish & Wildlife Commission, 4115 Shore Road, Eskasoni, NS, B1W 1C2. 

allison@efwc.ca  

As world fish populations decline, aquaculture has the potential to become a major protein 

producer worldwide.  Rural areas of Nova Scotia can benefit by engaging in fish and shellfish 

farming activities.  The Mi’kmaq communities around the Bras d’Or Lakes, Cape Breton, have 

been involved with shellfish farming activities since the 1970s, but have engaged in other 

activities that could be considered ranching or enhancement for hundreds of years.  Knowledge 

of species biology and ecology along with a spiritual connection to the ecosystem place 

indigenous communities in an ideal position to implement sustainable aquaculture practices.  

Eskasoni First Nation has been involved in a number of projects throughout the years ranging 

from oyster grow out operations to oyster hatchery research and building capacity in sampling 

for the NS Environmental Monitoring Program.  Capacity building in husbandry techniques and 

farm management with a focus on indigenous perspectives are needed within the communities as 

interest in aquaculture increases. 

 

15:15 – 15:35 

LENNOX ISLAND FIRST NATION SHELLFISH HATCHERY 

R. Angus* and M. Randall 

 

Mi'kmaq Confederacy of PEI, Polyclinic, Suite 501, 199 Grafton Street, Charlottetown, PE, C1A 

1L2 

Prince Edward Island’s oyster industry is currently experiencing astounding growth fueled by 

ever-increasing demand. PEI’s cultured oysters have earned an internationally-renowned 

reputation for its supreme taste and quality, and have thus found its way into fine-dining 

restaurants and oyster bars around the world. 

However, over the past two seasons, wild spat collection on the island has displayed 

inconsistency. Reasons for this inconsistency are unknown. Inconsistent or diminishing seed 

supply is likely the greatest risk to the continued growth and success of the industry on PEI. 

This inconsistent wild spat fall has led to industry wide discussions regarding the value of a local 

hatchery seed supply. It was through these discussions that Lennox Island First Nation (LIFN) 

mailto:allison@efwc.ca
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saw an opportunity to refurbish the existing Bideford River Marine Station to offer hatchery 

produced seed as a supplement to wild collection. 

In fall of 2016, LIFN began the process of retrofitting the Station to produce approximately 5 - 

10 million seed immediately, with a goal of producing 30 million seed within 5 years. 

This presentation will summarize Lennox Island’s progress to date and provide the industry with 

an update regarding its anticipated production schedule for FY2017. 

 

15:35-15:55 

ABEGWEIT FIRST NATION CONSERVATION AND ENHANCEMENT 

AQUACULTURE FACILITY 
 

S.Taylor 

 

Abegweit Biodivsersity Enhancement Hatchery 

 

Prince Edward Island was provided salmonids (brook trout and Atlantic salmon) for 

enhancement purposes for over 63 years by the Federal Fisheries hatchery in Cardigan, PEI. 

From 2002-2012 fish were provided by a private corporation that had taken over the hatchery 

under contract to the Province. That contract was terminated by the Province and put out to 

tender. Abegweit First Nation was selected as the new contractor and began construction of the 

facility in the spring of 2013, and was producing fish by the fall of 2013. 

The design of the hatchery, the numbers of fish produced, the partnerships with local watershed 

groups, the research work undertaken, future plans and the re-establishment of the Fish Friends 

program in PEI will be discussed. The creation of the Abegweit Conservation Society will also 

be discussed. 

 

 

15:55-16:15 

 

OPPORTUNITIES AND CHALLENGES IN AQUACULTURE DEVELOPMENT FOR 

ATLANTIC FIRST NATIONS 

A. Desbarats1 

1Aquaculture Business Development Advisor, Ulnooweg Development Group, Truro, NS, B2N 

6N8 

Aquaculture affords a tremendous economic opportunity for Canada.  Canada has the world’s 

longest marine coastline with direct access to cold, pristine seawater, vast freshwater reserves, 

existing support infrastructure and capacity (e.g. feed production, boat building, seafood 

transport, seafood processing, seafood marketing, etc.), a rigorous regulatory regime and world-

class aquaculture and fisheries related research capacity. 
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Aquaculture across Canada accounts for a total of $1.8 billion in economic output with First 

Nations accounting for $102 million or 5.7% of this total national output. 

Nationally, aquaculture production is estimated to grow at a pace of approximately 5% per 

annum over the next five years and 10% per annum over the following five years. First Nations 

aquaculture is anticipated to outpace this national average at a projected growth rate of 16% per 

year over the next decade. 

However, this growth rate will not materialize if key impediments are not overcome. 

This presentation will discuss the opportunities for aquaculture growth with First Nation 

communities and will discuss the challenges and potential solutions to overcome these 

challenges. 

 

16:15-16:35 

SALAWEG: ADDING VALUE TO FARMED KELP 

 

S. Autef, M-H. Rondeau1*, and C.L. Koizumi1 

 

1 Mi’gmaq Maliseet Aboriginal Fisheries Management Association (MMAFMA), 10, Perron 

boulevard, Gesgapegiag (Québec), G0C 1Y1. mariehelene.rondeau@aghamm.ca 

 

MMAFMA is a non-profit Aboriginal organization serving three communities: the Mi'gmaqs of 

Gespeg, the Mi'gmaqs of Gesgapegiag, and the Maliseets of Viger. Our mission is to promote the 

sustainable management and conservation of aquatic and oceanic ecosystems on the territories of 

our communities while promoting their interests and participation in co-management. 

MMAFMA has initiated the SALAWEG project (meaning “it’s salty” in Mi’gmaq language), to 

add value to locally farmed kelp by developing a range of seaweed-based products destined for 

human consumption (sea relish, tartar mix, spices for fish and meat). Due to the novelty of these 

products, we have focused our efforts on product development and marketing, rather than the 

aquaculture component itself; although we are currently working with partners to optimize the 

yields of farmed sugar kelp Saccharina latissima in the Chaleur Bay (Québec). Within the next 

years, MMAFMA aims the acquisition and profitable operation of an aquaculture site, the 

development of skills as well as job creation among the members of our communities, and the 

generation of revenues for MMAFMA to reinvest into our mission. 
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16:35-16:55 

 
FIRST NATION INVOLVEMENT WITH AQUACULTURE PAST, PRESENT, & 

FUTURE 

 

R. Stuart 

 

 R. Stuart has been involved with commercial aquaculture since 1973 and has an extensive work 

experience with First Nations involvement with aquaculture as a teacher, a manager, and a 

researcher.  He worked closely with those involved with Crane Cove Oyster Farm, which was 

the first off bottom commercial aquaculture venture in North America. The talk will entail some 

of the historical information learned including photos. 

   

The talk will touch on other First Nations Aquaculture ventures in Nova Scotia such as Golden 

Eagle Fisheries, Eskasoni Fisheries, Bras d’Or Fisheries, and several other companies that 

involved First Nation involvement such as Scotia Rainbow, Loch Bras d’Or Salmon Farms, & 

Atoqwa’su Farm .  It will bring you to the recent Waycobah Trout Farm, Paqtnkek Oyster Farm 

and to future opportunities in all aspects of aquaculture including environmental Impact. 

   

The intention is to provide a quick history lesson and to make suggestions how to avoid the 

mistakes made and provide suggested opportunities for First Nations in the development of 

aquaculture from now on. 

   

There is no question that they will be significant players in the future expansion of farming the 

sea in Nova Scotia and Canada.  

 

 

16:55-17:15 

 
GROWING OYSTERS SUCCESSFULLY IN A POSITIVE MSX ENVIRONMENT 

                                       

J.Googoo* & R. Stuart 

 

In 2002 the Bras d’Or Lakes became contaminated with the MSX parasite. This had tremendous 

implications to commercial fishery, the food fishery, and the oyster culture activities of all the 

First Nation communities. Eskasoni had successfully collected commercial levels of oyster seed 

for sale to farmers including Potlotek who had obtained leases to accommodate this seed. 

Unfortunately all oyster activity including fishing and farming stopped after the MSX 

identification. There has been very little oyster activity since the first outbreak. Initially no oyster 

producers were permitted to sell their stock in the market place. Steps like this resulted in the 

demise of the oyster industry because farmers were not capable of moving seed stock to their 

leases due to containment regulations. Farmers, buyers, and fishermen were forced out of 

business. No efforts or $ were made available in oyster research to find a solution to living with 

MSX until recently. In this 15 year time frame oyster skill sets have disappeared as many 

farmers and fishermen did not carry on activity. Proposals were submitted that had great merit 

but were not funded for various reasons, one of which was DFO felt they were the only experts 
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on the subject. Long term solution to surviving MSX is the development of resistant stocks. This 

has contributed to success in the USA. The industry was not paralyzed as it was here after the 

outbreak and today they are living comfortably with MSX. Short term solutions involve using 

environmental parameters that enable the oyster to either outlast dying from MSX or live in 

environments which are not suitable for the parasite to survive but allow the oyster to survive.  

Eight years ago this is the direction that Waycobah First Nation took under the guidance of Joe 

Googoo. Joe is an oyster farmer/fishermen for 40+ years. A spat collecting permit was obtained 

to collect oyster seed in MacDonald’s Pond. The hope was to collect oyster sets in the barrachois 

and monitor survival in an MSX positive zone.  His collection was successful using vexar 

collectors and this just improved over time where he operates an experiment that proves with 8 

successful year classes of oysters. His mortality over a two year period using floating bags is 

<5% as conducted by CBU. 

  Unfortunately MacDonald’s Pond has not been classified. This bottle neck prevents Joe from 

moving stock to leases to decontaminate or to sell directly. A proposal was submitted to 

Environment Canada, and DFO to have the pond surveyed by Eskasoni Fish & Wildlife under 

the guidance of EC over a 15 week period. Waycobah agreed to cover the costs. The proposal 

was scrutinized locally by DFO & EC and met with approval. It was sent to Ottawa 10 months 

ago and has been sitting on the DG’s desk with no response to Waycobah.  

  It is inexcusable that no answer is provided after this time when this case represents the only 

successful oyster farmer in an MSX zone in Cape Breton. This could be just one of the solutions 

to the success of any future industry in this area. 

  If the same approach was taken many years ago after the Malpeque disease destroyed the 

oysters in PEI then we would not have an industry in the Gulf today. The movement of resistant 

stocks and the construction of the Ellerslie Research Station were key reasons why the industry 

did not die as it has in Cape Breton. It is like putting salt in a wound after the total lack of 

assistance since MSX arrived. 
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ROOM 200C1 
 

FISH NUTRITION AND FEEDS 

 
 

11:00-11:20 

 

PURSUING SUSTAINABLE AQUACULTURE: A RESOURCE INVENTORY OF THE 

GLOBAL AQUACULTURE SECTOR 

 

A. Moores*1 and P. Tyedmers2 

 
1 Angela Moores, School for Resource and Environmental Studies, Dalhousie University, P.O. 

Box 15000, Halifax, NS B3H 4R2, Email: angela.moores@dal.ca. 
2 Dr. Peter Tyedmers, School for Resource and Environmental Studies, Dalhousie University, 

P.O. Box 15000, Halifax, NS B3H 4R2. 

 

The sustainability of aquaculture production has been scrutinized in part, due to seeming 

inefficiencies in feeding practices of intensively cultured species and their associated 

environmental impacts. A powerful and novel way to assess the efficacy of feeding strategies is 

through an analysis of the total amount of photosynthetic or primary production (PP) 

appropriated by the sector. Hence, this study will generate a resource inventory for the global 

aquaculture sector based on the total amount of PP appropriated by the industry from 1970 to 

2013 on national, continental, and global scales. Resource inventories attempt to provide 

baseline data to facilitate long-term environmentally conscious decision-making. The inventory 

generated will be representative of the global aquaculture sector as it will apply an innovative 

model to account for feeding practices of all cultured species. The pursuit of sustainable 

aquaculture practice is paramount to its future viability, as it must balance growing production 

demands with the need for resource conservation in ecosystems that are approaching regional 

and global biological thresholds. This study will be the first to quantify resource demands of the 

aquaculture sector at such a large temporal and spatially significant scale. 

 

 

11:20-11:40 

 

THE EFFECT OF FUNCTIONAL FOOD INGREDIENTS ON ATLANTIC SALMON 

MACROPHAGES 

 

N.C. Smith*1, S.L. Christian1, R.G. Taylor2 and M.L. Rise1 

 
1 Department of Ocean Sciences, Memorial University, St. John’s, NL, A1C 5S7 
2 Cargill Innovation, 4335 Dirdal, Norway. *Presenter (nicole.c.smith@mun.ca) 

 

Aquaculture production of finfish, such as the Atlantic salmon (Salmo salar), has increased 

substantially over the past decade.  As production increases, however, so does the incidence of 

mailto:nicole.c.smith@mun.ca
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inflammation-inducing diseases. Inflammation is a normal biological process whereby immune 

cells, such as macrophages, respond to, and eliminate, damage from injury and disease through 

phagocytosis and the subsequent release of cytokines and reactive oxygen species (ROS). 

Chronic or sustained inflammation, however, can be detrimental to fish health and growth. 

Immune modulating functional food ingredients (FFIs), supplemented as feed additives, may be 

safe and natural approaches to controlling inflammation and disease.  This project employed an 

in vitro cell model to assess the effect of two FFIs, 6-gingerol and resveratrol, on Atlantic salmon 

macrophages. To determine if these FFIs can modify Atlantic salmon macrophage function, 

primary macrophages were isolated from the head kidney, cultured and pre-treated with the 

compound for 24 h.  The cells were then challenged with a bacterial pathogen-associated 

molecular pattern (PAMP), lipopolysaccharide (LPS). To determine if the FFI pre-treatment 

modifies macrophage response to LPS stimulation, antibacterial and cytokine gene expression 

was analyzed by real-time quantitative polymerase chain reaction (qPCR). In addition, the effect 

of FFI pre-treatment on macrophage ROS production and phagocytic responses were analyzed 

via flow cytometry. We found that both 6-gingerol and resveratrol modify macrophage function, 

with 6-gingerol having a greater effect, suggesting that these FFIs may be good candidates as 

feed additives and should be investigated further. 

 

 

 

11:40-12:00 

 

DEVELOPMENT OF A FUNCTIONAL FEED TO MITIGATE SEA LICE 

(Lepeophtheirus salmonis) INFESTATION OF ATLANTIC SALMON (Salmo salar) 

 

J. Mullins1, R. Heavyside1, L. Jensen1, T. Berger Eriksen1, T. Dahl1, C. McGurk1 and G. Shaw*2 

 

1Skretting Aquaculture Research Centre, Stavanger, Norway 
2Skretting North America Vancouver BC, Canada 

 

Gavin.Shaw@skretting.com  

 

Sea lice (Lepeophtheirus salmonis) infestation represents a major health challenge in most 

salmonid producing countries with severe impacts on fish welfare and productivity. Over the last 

few years, several of the chemical and pharmaceutical treatments have shown decreased effect 

due to resistance in lice leading to increased reliance on alternative measures including 

mechanical treatments and cleaner fish. While reduced reliance on chemotherapeutants is 

welcome, it could result in increased handling stress. As no existing lice treatment on the market 

is 100% effective, it is well documented that a holistic strategy to combat lice is required. As a 

contribution to such a strategy, a research programme was conducted to gauge the potential 

impact of clinical nutrition on sea lice challenges. The development process incorporated several 

steps from in vitro testing of functional ingredients to in vivo trials with controlled challenge of 

salmon with sea lice. These trials culminated in the development of the commercial diet 

SHIELD™ which has been shown to enhance salmon’s defense mechanisms towards lice, and 

resultantly reduce lice burdens. SHIELD™ has been successfully implemented in farms as part 

of an integrated pest management in northern Europe. 

mailto:Gavin.Shaw@skretting.com
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12:00-12:20 

 

INFLUENCE OF DIETARY LONG-CHAIN POLYUNSATURATED FATTY ACIDS 

(LC-PUFA) ON ATLANTIC SALMON GROWTH AND HEPATIC TRANSCRIPTOME 

X. Xue*1, J. R. Hall1,2, A. Caballero-Solares1, K. Eslamloo1, R. G. Taylor3, C. C. Parrish1, and M. 

L. Rise1 

1Department of Ocean Sciences, Memorial University of Newfoundland, St. John’s, NL, A1C 

5S7, Canada. 2Aquatic Research Cluster, CREAIT Network, Ocean Sciences Centre, Memorial 

University of Newfoundland, St. John’s, NL, A1C 5S7, Canada. 3Cargill Innovation Center, 

4335 Dirdal, Norway. *Presenter (xi.xue@mun.ca) 

Dietary LC-PUFA, including DHA and EPA, are crucial to maintaining various biological 

processes including metabolism, immunity, and reproduction in fish. We examined the impact of 

graded levels of DHA + EPA (0, 1 and 1.4% of the diet as formulated) on salmon performance. 

After a 14-week feeding trial, Atlantic salmon fed diet ω3LC0 (i.e. 0% of DHA + EPA) showed 

significantly lower final weight and weight gain compared to those fed ω3LC1 and ω3LC1.4 

diets. A 44K microarray experiment was conducted to investigate the liver transcriptome 

response of fish fed these three dietary groups. Rank Products analysis (PFP<10%) showed that 

55 and 77 differentially expressed microarray features were identified in salmon fed diets 

ω3LC1.4 and ω3LC1 compared with those fed diet ω3LC0, respectively. The comparison 

between ω3LC1.4 and ω3LC1 revealed 134 differentially expressed features. Twenty-one 

microarray-identified genes were subjected to qPCR validation. Seven of these transcripts (33%), 

namely fadsd5, fas2, mgst1, glrx1, pdk2, lect-2a and lysc2, were shown by qPCR to be 

significantly affected by dietary DHA and EPA; eleven of the remaining transcripts studied by 

qPCR agreed with the microarray results in direction of change (i.e. up- or down-regulation). 

This research has provided new insights into the influence of dietary DHA and EPA on salmon 

growth, metabolism and health. 

 

 

12:20-12:40 

 

THE DEPENDENCY ON DOCOSAHEXAENOIC ACID AS A NUTRITIONAL 

RESOURCE FOR FARMED FISH: LIMITATIONS ON ITS AVAILABILITY AND 

FUTURE USE 

 

S. M. Colombo* and M. T. Arts 

 

Ryerson University, Department of Chemistry and Biology, 350 Victoria Street, Toronto, 

Ontario, Canada 

 

Docosahexaenoic acid (DHA) is a critical compound that must be supplied in diets for farmed 

fish, as their ability to synthesize it is limited. DHA is produced by algae in aquatic ecosystems 

and is consumed and retained up higher trophic levels; thus, the main source of DHA for 

aquafeeds is from fish meal/oil. Terrestrial plants do not produce DHA, therefore we often rely 

mailto:xi.xue@mun.ca
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on fish as a source of DHA. However, climate change is predicted to negatively impact the 

global availability of DHA in the coming years. We estimated the potential losses in the future 

global production of DHA, based on predicted climate change models. DHA production by algae 

may decrease by up to 28% globally as a direct result of warming waters alone. This equates to a 

loss of ~45,000 tonnes of DHA from fish available for harvest, both for human consumption and 

fish meal/oil production. Future production of DHA may include genetically engineered crops; 

however, more research is needed to understand the implications of novel terrestrial production 

of DHA. The aquafeed industry must continue to formulate diets that rely on alternative sources 

of fish meal/oil, but should also anticipate novel solutions to the production of DHA.  

 

 

12:40-13:00 

 

EFFECTS OF PRE-WINTER DIETARY FATTY ACIDS ON OVERWINTER 

SURVIVAL OF POND-REARED UNDERYEARLING STRIPED BASS (Morone saxatilis) 

 
K. Tonning*1; P. Tyedmers1; J. Duston2; S. Budge3 

 
1School for Resource and Environmental Studies, Dalhousie University, Kenneth C. Rowe 

Management Building, 6100 University Ave, P.O. Box 15000, Halifax, Nova Scotia, B3H 4R2 

 
2Department of Animal Science and Aquaculture, Faculty of Agriculture, Dalhousie Agricultural 

Campus, P.O. Box 550, Truro, Nova Scotia, B2N 5E3 

 
3Process Engineering and Applied Science, Dalhousie University, P.O. Box 15000, Halifax, 

Nova Scotia, B3H 4R2 

 

To develop land-based commercial striped bass aquaculture in Nova Scotia, the obstacle of high 

overwinter mortality among cultured young-of-year fish needs to be overcome. Mortality is 

restricted to underyearlings (<100g) transferred to cages in freshwater ponds in the late fall. To 

test the hypothesis of increased unsaturated dietary fat composition improving survival, three 

diets were formulated and fed to 20gram bass from September 20th, 2016 to mid October. 

Rearing temperature was 18-20⁰C, until thermal acclimation began on October 27th, gradually 

decreasing to 7⁰C in early-November. On Nov 11th, fish were transported to a commercial farm 

site 20km from Truro and divided into 18 cages (each 1m3) between two ponds. Each cage was 

stocked with 30 bass (50g av. weight) of a specific diet treatment, then suspended at 1m depth. 

Fish had no appetite with decreasing temperatures and were not offered food overwinter. 

Survival was assessed by periodically cutting through thick ice and hauling up two cages (one 

from each pond) for each dietary treatment. Samples of liver, white muscle, and gills were taken 

for future proximate and fatty acid analysis. Survival in February 2017 was 100%; March and 

April mortalities, as well as water quality will be reported at AAC. 
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13:00-13:20 

 

THE EFFECTS OF DIETARY BUTYRIC ACID ON EARLY JUVENILE STRIPED 

BASS (MORONE SAXATILIS) FATTY ACID PROFILES AND ESSENTIAL FATTY 

ACID CONTENT. 

 

L.A. Gillard*1, J. Duston1, B.M. Koven2, and A. Bitan2.  

 
1 Department of Animal Science and Aquaculture, Dalhousie Faculty of Agriculture, Truro, 

Nova Scotia, B2N 5E3 
2 Israeli Oceanographic and Limnological Research, National Centre for Mariculture, Eilat, 

Israel, POB 1212, Eilat 88112 

 

Essential fatty acids (EFAs) are paramount to the growth and development of marine finfish 

embryos and larvae. Deficiencies in EFAs results in developmental deformities in organs such as 

the brain and eyes, leading to high mortality and poor growth. BA is a short-chain fatty acid 

linked to significant improvements in growth factors of marine finfish, as well as increasing 

EFAs in colon cells. In this experiment, early juvenile bass were weaned at 39 days post hatch 

onto an extruded pellet (0.6 mm) containing either 0.0, 0.5, or 1.0% butyric acid (BA), and fed 

for 10 days. Whole body docosahexaenoic acid (DHA) (mg/g) in early juveniles consuming 

either 0.5% or 1.0% BA were significantly (70%) greater after 10 days compared to the control 

(0.0%), as was the critical DHA/EPA ratio, but not the eicosapentaenoic acid (EPA) content 

(p=0.0028, and 0.000, respectively). BA treatments also significantly improved the growth of 

early juvenile bass; mean body weight increased three-fold after 10 days compared to the control 

(p=0.016). Dietary butyric acid has positive implications for the aquaculture industry, such as a 

complete fatty acid profile, increased EFAs and their ratios, and enhanced growth during crucial 

developmental life stages of economically viable marine finfish. 

 

 

14:55-15:15 

 

SKRETTING GILL HEALTH RESEARCH: DEVELOPMENT OF A FUNCTIONAL 

FEED AGASINST AMOEBIC GILL DISEASE (AGD) 

 

J. Mullins1, R. Heavyside1, L. Jensen1, T. Berger Eriksen1, T. Dahl1, C. McGurk1 and 

M.Liutkus*2 

 
1Skretting Aquaculture Research Centre, Stavanger, Norway 
2Skretting North America Vancouver BC, Canada 

 

Matthew.Liutkus@skretting.com 

 

Skretting is a proud leader in aquafeed research and strives to match the rapid growth of the 

aquaculture farming industry with research to support the progress. Amoebic gill disease (AGD) 

is one of the most significant challenges facing the global marine salmonid industry and has been 

estimated to account for up to 20 % of total production costs in terms of treatments, decreased 
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fish growth and fish mortality. AGD is caused by Paramoeba perurans (previously 

Neoparamoeba perurans), a free living and opportunistically parasitic amoeba, which left 

untreated has resulted in mass mortality. Outbreaks generally occur at water temperatures above 

10 °C, however, more recently it has begun to be of concern year round. The ability to manage 

AGD with medicines, vaccines or other treatment methods (freshwater or hydrogen peroxide) is 

limited or requiring huge capital investments. Skretting ARC has tested numerous experimental 

diets to assess the effect of functional feeds upon the survival of Atlantic salmon (Salmo salar) 

challenged with amoebic gill parasite Paramoeba peruran. We will discuss the protective results 

of feeding ProtecTM Gill to Atlantic salmon for 4 weeks and then challenging them with 500 cells 

per litre of the amoebic gill parasite compared to numerous control diets.  
 

 

15:15 – 15:35 

 

THE EFFECT OF PLANT-BASED DIETS WITH DIFFERENT RATIOS OF ω6 TO ω3 

FATTY ACIDS ON GROWTH, TISSUE COMPOSITION AND HEPATIC GENE 

EXPRESSION IN ATLANTIC SALMON (SALMO SALAR) 

T. Katan*1, A. Caballero-Solares1, X. Xue1, J. Wells2, R.G. Taylor3, C. C. Parrish1 and M. L. 

Rise1. 

1Department of Ocean Sciences, Memorial University of Newfoundland, 1 Marine Lab Road, St. 

John's, NL A1C 5S7, Canada. 2Aquatic Research Cluster, CREAIT Network, Memorial 

University of Newfoundland, 1 Marine Lab Road, St. John's, NL A1C 5S7, Canada. 3Cargill 

Innovation Centre - Dirdal, 4335 Dirdal, Norway. *Presenter (tk2643@mun.ca). 

A major challenge the aquaculture industry now faces is to provide fish with nutritious and high-

quality feed ingredients while decreasing the dependence on limited marine resources such as 

fish meal and fish oil. This has led to the development of diets that replace fish meal and fish oils 

with terrestrial sources of proteins and lipids such as plant meals and vegetable oils. To date, the 

inclusion of vegetable oils in aquafeeds has had little influence on fish performance. However, 

most vegetable oils provide inadequate ratios of omega-6 to omega-3 (ω6:ω3) fatty acids. This 

ratio plays an important role in fish immune and inflammatory responses. Thus, further research 

is needed to establish the optimal dietary ω6:ω3 for farmed salmon physiology and health. The 

current study aims to examine the impact of plant-based diets (12 weeks’ exposure) with varying 

ω6:ω3 fatty acids (0.35-2.7) on the growth, lipid tissue composition (i.e. in muscle and liver) and 

the hepatic transcriptome of Atlantic salmon (using Agilent 4X44K salmon oligonucleotide 

microarrays). Preliminary results show that livers from fish fed the lowest ω6:ω3 diet had lower 

linoleic acid (18:2 n-6, LA) levels (7.2%), higher alpha-linolenic acid (18:3 n-3, ALA) levels 

(9.2%) and lower ratio of ω6:ω3 (0.3) as compared to the fish fed the highest ω6:ω3 diet (14.8%, 

1% and 0.8, respectively) (p < 0.05).  
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15:35-15:55 

 

COTTONSEED (Gossypium Hirsutum) PROTEIN PROVIDES AN OPPORTUNITY TO 

IMPROVE AQUACULTURE SUSTAINABILITY BY SUBSTITUTING FOR FISH 

MEAL – A REVIEW OF RECENT RESEARCH 

 

T. Wedegaertner*1 

 
1Cotton Incorporated, 6399 Weston Parkway, Cary, North Carolina, USA, 27513, 

twedegaertner@cottoninc.com 

 

Many plants have evolved a chemical defense mechanism that deters predation. The cotton plant 

contains the naturally occurring toxin “gossypol”. Gossypol is a cumulative toxin that is toxic to 

most animals. This has drastically reduced the utilization of this massive protein source. Each 

year the U.S. cotton crop produces about 1 million tons of protein, but it is fed to inefficient 

ruminant animals, because they are more tolerant of gossypol. A recent biotechnology 

breakthrough offers promise that gossypol will soon be eliminated as a concern. This will allow 

for the widespread use of this plant-based protein in aquaculture feeds. A non-transgenic version 

of this technology is providing significant quantities of products for research and demonstration 

projects. Cottonseed protein flour has been evaluated in diets fed to shrimp, pompano, black sea 

bass, hybrid striped bass, flounder, and trout. Without exception cottonseed protein (plus 

additional Lysine) has effectively replaced fish meal in those diets. As a bonus, cottonseed 

protein appears to contain an unidentified feeding stimulant, whereas other plant-based proteins 

have palatability issues in aquaculture feeds. A review of the recent research on the use of this 

new cottonseed protein in aquaculture feeds will be presented. This technology will help improve 

the sustainability of aquaculture.  

 

 

15:55-16:15 

 

MAKING THE RIGHT FEED CHOICES: APPLYING NUTRITIONAL THEORIES TO 

IMPROVE PROFITABILITY 

 

K. Ruohonen and A. El-Mowafi 

 

Cargill Innovation Center- Dirdal, N-4335, Dirdal,Norway 

 

Recent research revealed that growth in salmon is influenced by the macronutrient balance in the 

feed to a greater extent than have been previously understood. By modelling and understanding 

the nutrient needs of fish according to environmental conditions, season and geography, we can 

now develop feed for any production scenario, anywhere in the world, based on the local 

environment and conditions, the market value of salmon, and the cost of feed materials. The 

result is a set of optimisation models, which offer salmon farmers the best value for money 

grower feed for varying conditions. An example of a seasonally adapted, high performance 

grower feed based on such optimisation is presented and it offers salmon farmers a number of 
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benefits, including shorter production times, increased weight gain compared with other feed, 

lower feed conversion ratios, improved profitability and less environmental impact. 

 

 

 

16:15-16:35 

 

USE OF KRILL IN SALMON AQUACULTURE 

 

I. Bouchard 
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ROOM 200C2 
 

GENOMICS IN AQUACULTURE 

 
11:00-13:20 – AQUACULTURE GENOMICS – STATUS AND OPPORTUNITIES 

  

 Andy Stone (Genome Atlantic): Introduction 

 

 Bruce Hancock (DFA): Overview of NS Aquaculture Industry, Regulatory Program, 

Challenges & Opportunities 

 

 Leah Lewis-McRae (SIMCorp): Current Benthic Monitoring – Challenges & 

Opportunities 

 

 Ben Forward (RPC): Genomic approaches to traceability 

 

 Marc Skinner (Stantec): Applications of eDNA for environmental monitoring in 

aquaculture 

 

 Scott Pavey (UNB): TBD 

 

 Jon Grant (Dalhousie): Incorporating genomics into oceanographic modelling 

 

 Q&A – open floor 

 

 

14:55-15:15 

 

INTEGRATION OF GENOMICS INTO A COMMERCIAL ATLANTIC SALMON 

BREEDING PROGRAM 

M. Herlin, J. Elliott, K. P. Ang, F. Powell, E. Boulding 

Since 1998, Cooke Aquaculture Inc. (CAI) has operated a family based breeding program for 

Saint John River strain Atlantic salmon at its Oak Bay, NB land-based facility. Until recently, 

CAI’s program exclusively focused on growth improvement at sea. Estimated family breeding 

values (EBVs) for sea water growth were then computed and used to rank broodstock candidates 

ahead of the spawning season. Through this traditional method alone, the company already 

achieved significant growth improvement at sea (estimated 8%-10% weight gain per generation). 

In an effort to further develop its breeding program -by increasing the selection accuracy on 

growth and including new selection traits- CAI initiated a 3 year research project, in 

collaboration with the University of Guelph, to develop genomics tools (GAPP Salmon and 

Chips project). The project has been successful in developing a high density 50K SNP chip 
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“tailor made” for CAI strain which allowed for the identification of genetic markers associated 

with both seawater growth and lice resistance (Schaeffer L.R. et al, submitted; Tosh J.J. et al, 

submitted). Individual genomic breeding values (GEBVs) were calculated for broodstock 

candidates and genomic selection (GS) was used for the first time in 2016. The accuracy of 

selection for growth and sea lice resistance was significantly increased as we were able to pick 

the best individuals from the best families as candidate parents.  

 

 

15:15 – 15:35 

 

PRELIMINARY GENOME WIDE ASSOCIATION ANALYSIS FOR RESISTANCE TO 

THE CAUSAL AGENT OF BACTERIAL KIDNEY DISEASE IN A NORTH 

AMERICAN COMMERCIAL ATLANTIC SALMON 

 

M. K. Holborn*1, K. P. Ang2, J. A. K. Elliott2, F. Powell2, and E. G. Boulding1 

 
1Department of Integrative Biology, University of Guelph, 50 Stone Road East, Guelph, ON, 

N1G 2W1 
2Cooke Aquaculture Inc., 255 Metcalf Street, Saint John, NB, E2K 1K7 

 

Bacterial kidney disease (BKD), caused by the pathogen Renibacterium salmoninarum, is 

economically costly to the Atlantic salmon farming industry. BKD mortality of infected fish may 

not occur for one to two years after infection, after a substantial monetary and time investment. 

Our goal was to identify associations between single nucleotide polymorphisms (SNPs) and 

resistance to BKD in the Saint John River strain of Atlantic salmon that could be used to select 

for resistant fish. 652 fish from 63 families were experimentally infected with R. salmoninarum 

by intraperitoneal injection. Fish were held in controlled tanks and daily mortalities were 

recorded. After 102 days, all surviving fish were euthanized. 576 fish were selectively genotyped 

on a custom 50K SNP chip designed for North American Atlantic salmon. All fish and 41846 

SNPs passed quality control. Genome wide association analysis was performed using the 

GenABEL package. A mixed model approach using a polygenic model was used to account for 

familial relatedness and population structure. A single marker was significant at the 

chromosome-wide level, located on Ssa08. The top 3 SNPs explained a small percentage of the 

phenotypic variance and were located on different chromosomes, 3%, 2.5%, and 2.5% 

respectively, indicating a polygenic trait.   
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15:35-15:55 

 

TRANSGENIC ZEBRAFISH IN AQUACULTURE: NON-LETHAL IDENTIFICATION 

OF POLYPLOID EMBRYOS AND THEIR POTENTIAL FOR RESEARCH ON 

TRIPLOIDS 

 

C. Small*, J. Davis, B. Crawford, and T. Benfey. 

 

University of New Brunswick - Fredericton 

 

Triploidy is currently the only strategy for reliably producing sterile fish and thereby prevent 

gene flow between wild fish and farm escapees. Industry has rarely adopted this strategy due to 

poor survivorship when conditions become sub-optimal; understanding this susceptibility will 

help optimize triploid rearing strategies. Preliminary data from our lab suggest that triploids have 

higher standard metabolic rates, conceivably contributing to reduced aerobic scope compared to 

diploids. Triploids have larger cells, accommodating the extra set of chromosomes, and reduced 

cell numbers so body size in unchanged. These observations have led to the hypothesis that 

higher standard metabolic rate is due to having fewer stem cells and slower rates of tissue 

turnover, thereby increasing the number of senescent cells in any given tissue. The zebrafish is 

the ideal system for testing this hypothesis due to the availability of transgenics expressing 

tissue-specific fluorescent proteins. Transgenic zebrafish with fluorescent histones make it 

possible to visualize and measure nuclear volume non-lethally to identify triploids at 24 hours 

post-fertilization. Crossing this strain with another transgenic expressing fluorescent proteins 

specifically in hematopoietic stem cells, we demonstrate that triploids have fewer stem cells 

supporting the idea of slower tissue turnover and increased senescence.  

 

 

15:55-16:15 

 

TRANSCRIPTIONAL RESPONSES OF COMMERCIAL SHELLFISH SPECIES TO IN 

SITU SEASONAL AND CORROSIVE VARIATIONS IN CARBONATE CHEMISTRY 

 

H. Gurney-Smith1,2*, K. Mohns1, C. Smith1, T. Russell1,3 and W. Evans4 

 

1 Centre for Shellfish Research, Vancouver Island University, 900 Fifth Street, Nanaimo, BC 

V9R 5S5   
2 St. Andrews Biological Station, Fisheries and Oceans Canada, 531 Brandy Cove Road, St. 

Andrews, NB E5B 2L9 
3 Microthalassia Inc., 3174 Rock City Road, Nanaimo, BC  V9T 1T4  
4 Hakai Institute, PO Box 309, Heriot Bay, Quadra Island, BC  V0P 1H0   

* email: helen.gurney-smith@dfo-mpo.gc.ca   

 

Coastal margins are under increasing human-induced pressures including eutrophication and 

ocean acidification, which interact with natural environmental fluctuations and can exacerbate 
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calcium carbonate (CaCO3) mineral corrosivity. Ocean acidification negatively impacts a range 

of species, especially those dependent on calcium availability for shell formation, such as 

commercially important marine shellfish species. The long-term capacity for marine populations 

to adapt to these changes is unknown, and the loss of dominant coastal and estuarine organisms 

such as shellfish may significantly alter marine ecosystem structure and function, as well as 

threaten food security. This research combines lower trophic level monitoring (plankton 

analysis), physiological responses (functional genomics of multiple species of shellfish) and high 

speed near real-time oceanographic monitoring at a field site in the northern Salish Sea in British 

Columbia (BC), Canada. Immune-focused seasonal transcriptional studies (qRT-PCR) found 

similar temporal patterns of gene expression overall, but gene expression related to reproduction 

differed significantly between individuals. Larger scale stress microarray studies found 

significant differences in gene expression between optimal and corrosive field conditions. 

Implications of population vs individual responses will be discussed with a view to determining 

the impact of ocean acidification on the long-term health and productivity of coastal ecosystems 

in BC.     

 

 

16:15-16:35 

 

AUTOPHAGY RELATED GENE EXPRESSION DURING FEED RESTRICTION IN 

RAINBOW TROUT (Oncorhynchus mykiss) 

J. Balmori-Cedeño*, , B. Lillie and J. Lumsden 

Fish Pathobiology Laboratory, Department of Pathobiology, Ontario Veterinary College, 

University of Guelph, ON N1G 2W5 

Autophagy is a highly conserved pathway that exists in organisms as diverse as yeast to 

mammals. It is primarily an adaptive response to provide nutrients and energy following 

exposure to stress and starvation and can regulate muscle mass. Although autophagy has been 

extensively researched in yeast and humans, there are fewer studies in fish species. The project 

focuses on detecting gene expression of a number of autophagy related genes (Atg) in rainbow 

trout throughout the autophagosome formation cycle. Atg from Atlantic salmon were aligned to 

the reference genome of rainbow trout. The sequences obtained were compared to human, yeast 

and rainbow trout with Clustal Omega to obtain similarities between genes. To induce autophagy 

a range of tissue samples were collected at days 1, 3 and 6 from fish under feed restriction. 

Samples were also be taken from rainbow trout gill cell and rainbow trout liver cell cultures 

subjected to nutrient restriction (2% FBS). Quantitative polymerase chain reaction (qPCR) was 

used to detect Atg gene expression. Understanding autophagy will reveal basic information about 

infectious disease and growth of fish. 
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16:35-16:55 

 

GENOME-WIDE ASSSOCIATION STUDY OF SOYBEAN MEAL TOLERANCE IN 

ATLANTIC SALMON 

T. Hori*, A.Dumas, J. Stannard, D. Plouffe and J.Buchanan 

The Center for Aquaculture Technologies Canada, 20 Hope Street, Souris (PE) C0A 2B0, 

Canada, thori@aquatechcenter.com 

The utilization of Fish Meal (FM) as a protein source in the Aquaculture industry has been 

shown to be unsustainable. Soybean meal (SBM) stands as viable replacement for fishmeal in 

aquaculture because of the relatively high protein content, amino acid profile and digestibility, as 

well as its global availability and low-cost. However, SBM inclusion in salmon feed is hindered 

by poor performance and negative physiological impacts (e.g. enteritis). Marker assisted 

selection (MAS), using genetic markers such as single nucleotide polymorphisms (SNPs) 

associated with traits of interest, can be used to compliment traditional breeding and reduce the 

time required to achieve genetic gains. Using a genome-wide association study, seven SNPs (in 

five different chromosomes) were identified as being significantly associated with TGC after 

FWER correction. These markers had an average R-squared of 0.09 and explain roughly 9% of 

the estimated heritability of TGC of Atlantic salmon when fed diets containing high levels of 

soybean meal. The markers, if validated, can be added to breeding programs and facilitate higher 

inclusions of soybean meal in commercial diets for Atlantic salmon. 

 

 

16:55-17:15 

 

OVERVIEW OF TWO YEARS OF GENOMIC DETECTION OF HYBRIDIZATION 

BETWEEN WILD AND FARMED SALMON FOLLOWING A SINGLE ESCAPE 

EVENT 

 

B.F. Wringe*1, N.W. Jeffery1, R.R.E. Stanley2, E.A. Anderson3, C. Grant1, S. Duffy1, and I.R. 

Bradbury1  

 
1. Salmonids Section, Fisheries and Oceans Canada, St. John’s, Newfoundland and Labrador, 

Canada, A1C5X1 
2. Coastal Ecosystem Science Division, Fisheries and Oceans Canada, Bedford Institute of 

Oceanography, Dartmouth, Nova Scotia, Canada, B2Y4A2 
3. Fisheries Ecology Division, National Oceanic and Atmospheric Administration Southwest 

Fisheries Science Center, Santa Cruz, California, United States of America, 95060 

 

Hybridization between escapees from aquaculture and their wild conspecifics can erode local 

adaptation and reduce the fitness of the wild populations endangering their persistence. However 

quantification of the extent and magnitude of the impact of single escape events on wild 

populations has been largely intractable. Here using novel genomic techniques we accurately 

quantify levels of hybridization in juvenile Atlantic salmon collected in southern Newfoundland 

following a large escape event in 2013. Juvenile salmon were collected in 2014 (young-of-the-

mailto:thori@aquatechcenter.com
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year) and 2015 (young-of-the-year, and 1 year old). We used a high-density single nucleotide 

polymorphism (SNP) array to develop a collectively diagnostic panel of 95 loci for rapid and 

accurate (> 95%) hybrid identification. Hybrid individuals were broadly present in 18 of 19 

rivers in 2014 and 15 of 16 rivers in 2015. In 2014 ~35% of all individuals were classified as 

hybrids and preliminary analysis of 1+ juveniles from 2015 indicates similar proportions are 

hybrid in origin, indicative of good hybrid survivorship in freshwater. This work is the first time 

the effects of a single escape event have been detected over multiple years and it represents a 

first step towards the assessment of the impacts of aquaculture-wild interactions in Atlantic 

Canada. 

 

 

 

17:15-17:35 

 

GENOME WIDE ASSOCIATION STUDIES FOR HYPOXIA TOLERANCE IN 

ATLANTIC SALMON (Salmo salar) 

X. Lin*1, T.M. Healy1, A.P. Farrell2 Y.E. Sheehan3 and P.M. Schulte1 

1Department of Zoology, 6270 University Boulevard, University of British Columbia, 

Vancouver, BC, V6T 1Z4, 2Faculty of Land and Food Systems, 2357 Main Mall, University of 

British Columbia, Vancouver, BC, V6T 1Z4, 3Marine Harvest Canada, 124-1334 Island 

Highway, Campbell River, BC, V9W 8C9 

Episodes of hypoxia are becoming more common along the British Columbia coast especially in 

the late summer. Hypoxia can be lethal to fish, resulting in economic losses to salmon farmers. A 

genome-wide association study (GWAS) was conducted to identify markers that could be used to 

accelerate selective breeding for the improvement of hypoxia tolerance in Atlantic salmon. We 

show that there are significant differences in hypoxia tolerance within and between the strains of 

Atlantic salmon used by Marine Harvest Canada in British Columbia (measured as time to loss 

of equilibrium at 20% air saturation; LOE). There was significant variation in tolerance between 

strains, with the McConnell strain exhibiting a mean LOE of 29.4 minutes and the Mowi strain 

having a mean LOE of 19.3 minutes. Genotyping by sequencing (GBS) was used to identify 

single nucleotide polymorphism (SNP) markers. GWAS revealed that 3 markers were 

significantly associated with hypoxia tolerance in Atlantic salmon smolts in freshwater. 

Similarly, we identified several promising SNPs potentially associated with hypoxia tolerance in 

seawater. Two SNPs were significantly associated with hypoxia tolerance at the chromosome-

wide level in both data sets. These findings provide promising SNP markers for follow-up work. 

[funded by Genome BC UPP018].
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Tuesday, May 30th  

 

ROOM 200D 
 

INTEGRATED PEST MANAGEMENT 

 

 
9:35-9:55 

LUFENURON FOR THE PREVENTION AND CONTROL OF Lepeoptheirus salmonis 

AND Caligus spp. INFESTING FARMED ATLANTIC SALMON – EFFICACY AND 

SAFETY FROM CANADIAN FIELD STUDIES  

B. Hosking1, S. Bienhoff2, L. Hawkins3, H. Ruzicka4, R. Endris5, T. Real1, L. Luempert6, 

E.Tranchard1, B. Dabin1, J.McHenery1*, C. Faune1*, D. Karadzovska1 

 
1Elanco Animal Health; 2AlcheraBio LLC, USA; 3Kelly Cove Salmon Limited, Canada; 4Midwest 

Veterinary Services, USA; 5Endris Consulting Inc., USA; 6ATS Limited Inc., USA 

  

Within salmonid aquaculture, sea lice are currently recognized as the main health challenge with 

resistance to multiple classes of medicinal compounds reported in most major farming regions.  

Two field studies were conducted across three Canadian marine farming sites to assess the safety 

and efficacy against louse infestations of the benzoylphenyl-urea, lufenuron formulated as a 10% 

pre-mix ‘AH-2178’. Administration was to smolts in fresh water via medicated feed at a dose 

rate of 5 mg/kg/day for 7 days. Approximately 625,000 Atlantic salmon smolt were administered 

either un-medicated feed; (A; n = 108,000) or AH-2178 medicated feed (B; n = 517,000). Post-

treatment fish were transferred to sea where fish were naturally challenged with sea lice. While 

study design varied, efficacy was determined by comparing arithmetic mean louse counts on 

treated and untreated fish at regular intervals. In summary, oral administration of AH-2178 to 

Atlantic salmon pre-transfer to the three marine sites provided effective protection (greater than 

90%; P ≤ 0.05) against infestations of L. salmonis for  41, 37 and 36 weeks (approximately 8-9 

months) and against Caligus elongatus for 32, 29 and 26 weeks (up to 7 months). No drug 

related adverse events were reported. These results are complimented by a multi-site pivotal 

Norwegian field study conducted in over 3.8 million treated fish, to facilitate interpretation while 

Canadian studies remain ongoing.  
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9:55-10:15 

HIGH LEVEL EFFICACY OF LUFENURON AGAINST SEA LICE (Lepeoptheirus 

salmonis) AND ITS IMPACT ON MOULTING PROCESSES 

J. D. Poley1, L. M. Braden1, A. M. Messmer2, O.O. Igboeli1, S. K. Whyte1, A.M Macdonald3, 

J.F. Rodriguez3, M.D. Gameiro3, L. Rufener4, J. Bouvier4, D. W. Wadowska1, B. F. Koop2, B. 

Hosking5, M.D. Fast1§* 

 
1Hoplite Lab, Department of Pathology & Microbiology, Atlantic Veterinary College, University 

of Prince Edward Island, 550 University Ave, Charlottetown PE, C1A 4P3, Canada; 2Centre for 

Biomedical Research, Department of Biology, University of Victoria, Victoria BC, V8W 3N5, 

Canada; 3Elanco Canada Limited, 150 Research Lane, Guelph, Ontario N1G 4T2, Canada; 
4Novartis Animal Health (Division of Elanco Animal Health), Schwarzwaldallee 215, 4058 

Basel, Switzerland; 5Elanco Australasia Pty. Limited, 245 Western Rd, Kemps Creek, NSW 2178, 

Australia  

 

Drug resistance in the salmon louse Lepeophtheirus salmonis is a global issue for Atlantic 

salmon aquaculture. Multi-drug resistance has been described across most available compound 

classes with the exception of the benzoylureas.  In order to target this gap in effective 

management for L. salmonis and other species of sea lice (e.g. Caligus spp.), Elanco Animal 

Health is developing an in-feed treatment containing lufenuron (a benzoylurea) to be 

administered prior to seawater transfer of salmon smolts and to provide long-term protection of 

salmon against lice infestations.  Benzoylureas disrupt chitin synthesis, formation, and deposition 

during all moulting events.  However, the mechanism(s) of action are not yet fully understood 

and most research completed to date has focused on insects.  Exposure of the first parasitic stage 

of L. salmonis by immersion for 3 hours or through in vivo administration studies on the host, 

both showed >90% reduction by the chalimus I stage (a single moult). Transcriptome responses 

of lice exposed to lufenuron included genes related to moulting, epithelial differentiation, solute 

transport, and general developmental processes.  Global metabolite profiles also suggest that 

membrane stability and fluidity is impacted in treated lice.  These molecular signals are likely the 

underpinnings of an abnormal moulting process and cuticle formation observed ultrastructurally 

using transmission electron microscopy.  Treated nauplii-staged lice had abnormal electron-

dense inclusions in the procuticle, suggesting that the coordinated assembly of the epi- and 

procuticle is impaired.  We describe multiple experiments to characterize the efficacy of 

lufenuron on eggs, larvae, and parasitic stages of L. salmonis, where in all cases, treatment with 

lufenuron had rapid impacts on L. salmonis development.   
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10:15-10:35 

SUSCEPTIBILITY OF FARMED AND TWO ORIGINS OF WILD ATLANTIC 

SALMON  (Salmo salar) TO EXPERIMENTAL INFECTIONS WITH SEA LICE 

(Lepeophtheirus salmonis) 

L. Lush*1, K. Marshall1, A. Eaves2, D.Hamoutene1, H.Murray1, F. Salvo1 J. Bungay3 

1 Fisheries and Oceans Canada, 80 East White Hills Road St John’s NL Canada A1C 5X1 

2 AMEC Foster Wheeler Environment and Infrastructure 133 Crosbie Road St John’s NL Canada 

A1B 3Y8 

3 Cooke Aquaculture St Albans, NL A0H 2E0, Canada 

Presenting Author:  Lynn Lush (email: lynn.lush@dfo-mpo.gc.ca) 

Sea lice (Lepeophtheirus salmonis) have economic consequences for the salmon industry, both 

as direct costs for their prevention and treatment, but also indirectly through negative public 

opinion. Sea lice are naturally occurring parasites of salmon in seawater. Salmonid species have 

shown to have different susceptibility to sea lice infection and this genetic variation raises the 

question of potential differences in sea lice susceptibility between wild and farmed salmon 

within the Newfoundland (NL) context.  All farmed salmon in NL originate from the Saint John 

River strain (New Brunswick) and are genetically distinct from wild salmon populations of NL 

rivers.  Furthermore, Atlantic salmon genetic structure varies within the province of NL and 

therefore it is pertinent to determine variations in sea lice susceptibility within wild salmon 

populations adjacent to farming practices along the south coast of the province.  In this study, 

controlled sea lice infestations were completed on three populations of Atlantic salmon 

consisting of farmed salmon and two populations of wild salmon (Garnish River and Conne 

River). We will present data as to differences in lice infestation levels and growth among these 

groups. 

 

10:35-10:55 

TWO-YEAR OUTCOMES FROM THE BIOMARKER PLATFORM FOR 

COMMERCIAL AQUACULTURE FEED DEVELOPMENT PROJECT, PART 1: 

MOLECULAR BIOMARKERS FOR THE DEVELOPMENT OF SUPERIOR FEEDS 

FOR ATLANTIC SALMON. 

 

A. Caballero-Solares1*, M.L. Rise1, X. Xue1, J.R. Hall2, K. Eslamloo1, N.C. Smith1, S.M. 

Inkpen1, T. Katan1, C.C. Parrish1, J. Santander1, and R.G. Taylor3 
 

1Department of Ocean Sciences, Memorial University of Newfoundland, St. John's, NL, Canada. 
2Aquatic Research Cluster, CREAIT Network, Memorial University of Newfoundland, St. 

John's, NL, Canada. 3Cargill Innovation Center, Dirdal, Norway. *Presenter 

(acaballeroso@mun.ca) 
 

mailto:lynn.lush@dfo-mpo.gc.ca
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The collaboration of our research teams at Memorial University of Newfoundland (MUN) and 

Cargill Innovation in the Biomarker Platform for Commercial Aquaculture Feed Development 

project has resulted in new findings around the effects of the dietary replacement of fish meal/oil 

by terrestrial alternatives on the nutrition of Atlantic salmon. Among these results, we highlight 

the discovery of gene biomarkers related to fish growth performance and lipid metabolism. Diet 

responsive genes were identified through microarray analysis of the liver transcriptome of 

salmon fed feeds formulated with different raw materials (e.g. fish meal, fish oil, soy protein 

concentrate, rapeseed oil, animal by-product meals).  Using discriminant analysis, we evaluated 

the strength of these genes as predictive biomarkers for desired phenotypes such as optimal 

growth performance or high muscle content of the essential omega-3 fatty acids EPA and DHA. 

Our microarray studies also evidenced dietary modulation of the constitutive levels of key 

immune transcripts in the liver. Optimized feed formulation can serve as a cost-effective disease 

prevention strategy. The possible applications of our findings to the Integrated Pathogen 

Management of Co-infection in Atlantic salmon (IPMC) project will be discussed. We anticipate 

that our research will improve our understanding of the nutrition-health status interaction in 

farmed Atlantic salmon. 

 

11:30-11:50 

TWO-YEAR OUTCOMES FROM THE BIOMARKER PLATFORM FOR 

COMMERCIAL AQUACULTURE FEED DEVELOPMENT PROJECT, PART 2: 

MOLECULAR IMMUNE BIOMARKERS FOR THE DEVELOPMENT OF HEALTH-

PROMOTING FEEDS FOR ATLANTIC SALMON 

 

M.L. Rise1*, A. Caballero-Solares1, X. Xue1, J.R. Hall2, K. Eslamloo1, N.C. Smith1, S.M. 

Inkpen1, C.C. Parrish1, J. Santander1, and R.G. Taylor3 
 

1Department of Ocean Sciences, Memorial University of Newfoundland, St. John's, NL, Canada. 
2Aquatic Research Cluster, CREAIT Network, Memorial University of Newfoundland, St. 

John's, NL, Canada. 3Cargill Innovation Center, Dirdal, Norway. *Presenter (mrise@mun.ca) 

 

Immune-relevant components of the project “Biomarker Platform for Commercial Aquaculture 

Feed Development”, a Genome Canada funded partnership between Memorial University and 

Cargill Innovation, will be discussed. This project involves close collaboration between groups 

in Memorial’s Department of Ocean Sciences and Cargill Innovation researchers, with the goal 

of using functional genomics tools and techniques and lipid biochemistry to identify and validate 

biomarkers to accelerate the development of novel grower and clinical diets for farmed salmon. 

Commercially relevant recipes for candidate therapeutic diets are designed and formulated by 

Cargill, and feeding trials are run in Memorial and Cargill facilities.  In addition, in vitro 

methods have been developed to study the impact of candidate functional feed ingredients (FFIs) 

on macrophage function.  44K microarrays are used to identify genes that respond to diet (e.g. 

varying levels of the fatty acids DHA and EPA) and/or immune stimulation [e.g. infection with 

ISAV, or exposure (in vivo or in vitro) to pathogen-associated molecular patterns (PAMPs)].  

Microarray-identified genes with health-relevant functions (e.g. inflammation; response to virus) 
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are validated using singleplex quantitative polymerase chain reaction (qPCR). Examples of 

microarray-based identification and qPCR validation of health biomarker genes (including 

paralogues) will be presented. The most informative biomarkers arising from functional 

genomics studies contribute to the development of multiplex qPCR platforms (e.g. anti-viral), 

and these multiplex assays will be applied in evaluating the impact of novel diet formulations 

and FFIs on salmon health. 

 

 

11:50-12:10 

DEVELOPING COMMERCIAL FEEDS FOR INTEGRATED PATHOGEN 

MANAGEMENT 

 

R.G. Taylor1*, R. Heggebø1, S, Skugor1, S. Wadsworth2 
 

1Cargill Innovation Center, Dirdal, Norway. 2Cargill Innovation Center, Colaco, Chile. 

*Presenter (richard_taylor@cargill.com) 

 

The aquaculture feed industry is challenged with producing cost effective, sustainable feeds for 

maximum performance. One of the major challenges is to treat infectious diseases using products 

which are effective, comply with global registration requirements, and when possible avoid 

medicines and antibiotics. The approach at Cargill Innovation is to use integrated pathogen 

management, to treat both primary and secondary infections. Feed development targets salmon, 

and as broadly applied across other species. Three feed categories are addressed as Support 

(smoltification, stress, lice attachment, immunity), Clinical (inflammation, pathology, recovery), 

and Synergy (improved delivery of therapeutics). The development phase often includes 

collaborative research which relies initial screening of candidate treatments by in vitro 

techniques, fish challenge trials, and biomarkers for precise mode-of action. As an example, our 

lice treatment, marketed as Robust, relies on combining nucleotides, peptidoglycans, and 

compounds designed to reduce lice attachment. Development of this feed took six years, and 

more than twenty internal reports or peer reviewed publications. Cargill Innovation Center is 

now engaged in a large collaborative research project jointly funded by Genome Canada, RDC, 

MITACS, Cargill, and Innovation PEI to develop commercial feeds to treat co-infection of 

salmon with parasite – virus – bacteria.  
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12:10-12:30 

AGENT BASED MODELLING AS A TOOL FOR INVESTIGATING THE EVOLUTION 

OF RESISTANCE TO CHEMOTHERAPEUTANTS IN SEA LICE (Lepeophtheirus 

salmonis) 

 

G. F. McEwan*1, M.L. Groner2, D.L. Burnett1, M.D. Fast1, C.W. Revie1 
 

1University of Prince Edward Island (UPEI), Charlottetown, PE, Canada 
2Virginia Institute of Marine Science, Gloucester Point, VA, U. S. A. 

 

A growing problem for salmon farms is resistance to chemical treatments in sea lice. Historically 

the problem of resistance was less well understood and farmers often used a single 

chemotherapeutant until it lost its efficacy before switching to another. As awareness of 

resistance issues has increased, other strategies such as such as product rotation have become 

common. However, there has been little investigation of treatment strategies and their impact on 

the evolution of resistance in sea lice. Informed management of resistance is vital to maintaining 

chemotherapeutant efficacy. To address this problem, we built an agent-based model (ABM) to 

investigate treatment strategies. ABMs model simple individuals (agents) and processes, from 

which complex behaviours emerge. They are easily extended with new agents and processes. We 

model salmon and sea louse agents, and temperature, salinity, and treatment processes. We 

compared four archetypical strategies adapted from agricultural: (1) responsive uses a new 

chemotherapeutant when the current one loses efficacy; (2) periodic alternates 

chemotherapeutants, (3) mosaic treats farm cages independently; and (4) combination combines 

chemotherapeutants. Our results suggest that combination treatments are most effective of these 

options. We are extending our ABM with cleaner fish agents and other treatment processes for 

further strategy studies. 

 

12:30-12:50 

DRASTIC CHANGES IN NORWEGIAN SALMON LICE MANAGEMENT IN 2016 

K.Helgesen*1, P. Jansen1 

1 Section of Epidemiology, Norwegian Veterinary Institute, Pb 750 Sentrum, N-0106 Oslo, 

Norway  

Salmon lice, Lepeophtheirus salmonis, are a health threat towards salmonids in Norwegian fish 

farms and towards wild salmonids. The fish farmers are therefore obligated keep the number of 

salmon lice per fish below a maximum limit. Difficulties in controlling salmon lice are one of the 

reasons behind the limited growth of Norwegian salmon farming the latest years. However, in 

2017 Norwegian authorities plan to allow some areas to increase their production. This decision 

will be based on salmon lice of farm origin and their effect on the area’s wild salmon 

populations. The fish farmers have many incentives to control their salmon lice level. 

Traditionally this has been accomplished using medicinal delousing. Resistance in salmon lice 
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towards these medicines has drastically reduced their efficacy. The fish farmers have therefore 

explored many other methods of salmon lice control. 

The objective of this study was to gain insight into the salmon lice situation in Norway in 2016. 

Data on the number of lice and the number of non-medicinal treatments were collected from 

weekly mandatory salmon lice reports from all Norwegian fish farms. The number of 

prescriptions for salmon lice treatments and the amounts of medicines used were also collected. 

Data on resistance were obtained through the national surveillance program for resistance.  In 

addition a questionnaire was sent to fish health personnel asking about their experiences with the 

different types of salmon lice treatments.  

The results show that the overall salmon lice numbers were approximately at the same level as in 

2015, although with some regional changes. There was however a drastic change in the methods 

applied for salmon lice control. The number of prescriptions for medicinal salmon lice treatments 

was reduced by 41 percent, while the number of weeks where a farm reported of non-medicinal 

treatments was increased by more than six-fold, compared to 2015. The resistance situation was 

still severe all along the Norwegian coast and probably explains much of the transition to non-

medicinal treatments.  Fish health personnel had experienced fish injuries and mortality 

associated both with medicinal and non-medicinal salmon lice treatments. However, they had 

seen more severe problems following non-medicinal treatments.  
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BEST AQUACULTURE PRACTICES/ CERTIFICATIONS 

 

15:20-15:40 

BARRIERS AND BENEFITS OF ECOLABELS BEYOND CONSUMERS: A MULTI-

STAKEHOLDER PERSPECTIVE AND IMPLICATIONS FOR POTENTIAL USE IN 

AQUACULTURE 

 

J. Weitzman* and M. Bailey 

 

Marine Affairs Program, Dalhousie University, Halifax, Nova Scotia, B3H 4R2 

 

Ecolabelling is a tool increasingly used to support sustainable aquaculture management across 

the world. Exploring how ecolabels are valued and perceived is important to evaluate their 

potential acceptance, uptake, and benefits. However, most perception studies explore consumer 

demand; few target a broader range of stakeholders. The objective of this research was to explore 

the challenges and opportunities for ecolabelling using a multi-stakeholder approach. This study 

used Q-methodology to explore perceptions of aquaculture-related groups towards ecolabelling 

of finfish farming in Nova Scotia, Canada. This study found that stakeholders’ views on 

ecolabels varied considerably from strongly positive to negative. Most individuals agreed on 

likely market benefits, but also recognized issues of credibility and confusion. Conflicting views 

on how ecolabels address environmental and socio-economic concerns suggest that the messages 

ecolabels communicate is not consistent. Using additional results from a media analysis, this 

research argues that the complex interconnection of public concerns questions the potential of 

ecolabelling to influence social acceptance and act as a communication tool. This research argues 

that while ecolabels could bring benefits to diverse stakeholders, several barriers must be first be 

overcome. These findings provide useful information about the implications of ecolabelling in 

the dialogue on aquaculture sustainability and social acceptance.   

 

15:40-16:00 

APPLICATION OF THE AQUACULTURE STEWARDSHIP COUNCIL STANDARD 

AT BRITISH COLUMBIA SALMON FARMS 

 

K. Dolmage 

 

Marine Harvest Canada, 124-1334 Island Hwy, Campbell River, B.C. V9W 8C9 

 

Marine Harvest Canada audited the first Canadian salmon farms against the ASC standard in 

June, 2014. Since then, seven sites have been certified, with certification at three additional sites 

pending. Successfully certifying sites has been incumbent on the approval of a number of 

variances vital to B.C. production, namely the sea lice limits set in 3.1.7. Major changes to 

production, including improved mammal mitigation measures and elimination of copper 

treatments on nets, have been made. A number of valuable research projects are underway to aid 
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in meeting the standard requirements, including the monitoring of wild out-migrating salmon in 

all production areas. This research is providing data which will inform lice management on 

farms, and may lead to further environmental improvements. Requirements for stakeholder 

engagement have created bottlenecks, but also prove the value environmental groups see in the 

ASC standard.  Difficulties remain in meeting standard requirements, and additional indicators 

set to begin in 2017 will create further complications. With a commitment to certify all sites by 

2020, MHC is dedicated to production changes, and proactive consultation with standard 

holders, certification bodies and stakeholders to ensure that meaningful certification is achieved.  

 

16:00-16:20 

WHAT CAN THE AQUACULTURE SECTOR LEARN FROM EMERGING ISSUES OF 

PRIVATE GOVERNANCE IN GLOBAL WILD CAPTURE FISHERIES? 

 

M. Bailey 

 

Marine Affairs Program, Dalhousie University, Halifax, NS, B3H 4R2 Canada 

 

There is consensus that state governance has failed to conserve fisheries resources and promote 

sustainable seafood, and that the overfishing crisis should in fact be articulated as a crisis in 

overconsumption. Solving this crisis then becomes increasingly charged to private actors such as 

seafood buyers and retailers. These actors govern fisheries consumption and production through 

corporate social responsibility (CSR) mandates and through market-based measures such as 

seafood eco-labels and certifications. But this role is not without its critics, and many questions 

remain unanswered in terms of the role of private versus public actors in fisheries and 

sustainable seafood governance.  In this presentation, examples of CSR initiatives are reviewed, 

including fisheries improvement projects (FIPs), seafood traceability, and certifications. The 

focus of this presentation is on the capture fisheries sector, with an emphasis on what lessons 

learned may be applicable to the aquaculture sector. Four major areas of contention will be 

discussed: 1) the business case for traceability, 2) the reconciliation of different standards and 

definitions of sustainability; 3) the accessibility of CSR approaches to developing world 

producers; and 4) the evolving role of the state in all of this.  
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16:20-16:40 

 

VISUAL INDICATORS OF SEDIMENT CONDITION AND THEIR APPLICATION TO 

ECOCERTIFICATION 

 

J. Grant*1 and C. Brownstein2 

 
1Department of Oceanography, Dalhousie University, Halifax, NS B3H4R2 
2Whole Foods Market, Brooklyn, NY 

 

Whole Foods Market utilizes in-house standards for certification of its aquaculture products 

(http://www.wholefoodsmarket.com/farm-raised-seafood). Specific environmental standards for 

bivalve aquaculture were developed in a collaborative effort. A concern in bivalve aquaculture is 

eutrophication of local sediments due to biodeposition, causing hypoxic sediments and 

production of hydrogen sulfide. The change in sediment colour due to gray or black iron sulfides 

is diagnostic for these conditions along with depauperate macrofauna. Because farmers 

conducted sampling, several criteria for measurements were established: (1) Low cost and easy 

to execute; (2) Collation via email; (3) Geolocated; (4) Indicative of organic loading (5) 

Verifiable by third party auditor. We utilized two sediment criteria including depth of the visual 

redox potential discontinuity and presence of macrofauna in a simple scoring system. 

Georeferenced photographs obtained with smartphones were used at both farm and reference 

sites. The standards were rolled out to multiple bivalve farms and the program has been running 

for several years. We present the details of the standard, issues with site selection and training, 

and thresholds used for compliance.  

 

16:40-17:00 

THE GOOD, THE BAD AND THE ONGOING – A PRODUCER'S PERSPECTIVE 

 

J. Wiper 

 

Cooke Aquaculture Inc., 669 Main Street, Blacks Harbour, New Brunswick, E5H 1K1 

 

Certification is no longer a voluntary process; it has become a pre-requisite for operating in the 

marketplace today.  There are real benefits to third-party certification but it can also cause 

confusion among distributors, retailers and consumers.  This talk will present an inside look from 

a producer’s perspective regarding the evolution of certification programs and some of the 

challenges we face in the marketplace.  The presentation will also discuss examples of confusion 

and redundancy created by the proliferation of various programs and retailer specific 

requirements.  With all the challenges of certification, in the end, is it worth it? 
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ROOM 200C1 

FOOD SAFETY IN SHELLFISH 

 

9:35-9:55 

HEALTH CANADA’S GUIDELINES FOR VIBRIO  
 

D. Leyte*1 

 
1 Regulatory Operations and Regions Branch, Health Canada, Halifax, NS 

B3J 3Y6 

 

This talk will discuss the current guidance from Health Canada in our efforts to reduce food 

borne illness from shellfish. We will also cover the response of Health Canada to recent illness 

outbreaks and strategies to ensure food safety for the industry. 
 

 

9:55-10:15 

DEVELOPMENT OF SMART TTI-LABELS INDICATING RISK OF VIBRIO 

GROWTH IN FRESH MOLLUSCAN SHELLFISH FOR HUMAN CONSUMPTION. 

 

J. Desrosiers*1 

 
1Vitsab International AB, Winslow, ME USA 04901  

 

During the years 1989 to 2002, the U.S. FDA recorded 341 cases of Vibriosis. The majority of 

these sicknesses were related to the consumption of raw oysters. 

 

The growth of Vibrio spp. in shellfish after harvest is a typical time-temperature relationship 

which can be used as a predictive model for growth of Vibrio species. With the predictive growth 

models of Vibrio parahaemolyticus and Vibrio vulnificus, supplied by U.S. FDA researcher John 

Bowers, Vitsab developed new TTI-formulations well adapted to Vibrio species growth.  

 

During the oyster harvest season in the summer of 2015 several new TTI-formulations were used 

in collaboration with Kristin Derosia-Banik, State of Connecticut, Department of Agriculture, 

Bureau of Aquaculture and Laboratory services. In the present oyster harvest study the 

Shellstock TTI-labels, indicated if Vibrio spp. growth exceeded either one or three doublings 

proving that these Shellstock-TTIs are a useful and powerful tool in validating improved 

handling and cooling procedures. Applying the developed TTI-labels in the further transport of 

oysters to customers, locally as well as for longer national or international transports, is a perfect 

means to validate a proper chill chain for the full length of molluscan shellfish distribution. 
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10:15-10:35 

INVESTIGATING PEI OYSTER INDUSTRY BEST PRACTICES TO CONTROL 

VIBRIO PARAHAEMOLYTICUS   

P. Warris*1, J. Gunn McQuillan2 

1 Prince Edward Island Aquaculture Alliance, 101 Longworth Avenue, Charlottetown, PEI, C1A 

5A9 
2 Department of Agriculture and Fisheries, Government of Prince Edward Island, 548 Main 

Street, Montague, PEI, C0A 1R0 

A two year project to investigate practical “best practices” for oyster harvesters which could be 

implemented to reduce the temperature abuse of oysters during normal harvesting and storage 

activities, as well as the impact of current handling, storage practices and air drying biofouling 

control on Vibrio parahaemolyticus levels. 
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SHELLFISH AQUACULTURE 

 

 
11:30-11:50 

CLIMATE CHANGE AND SHELLFISH MARICULTURE: PERCEPTIONS AND 

PROJECTIONS 

 

L Steeves*1 R Filgueira1 

 
1 Marine Affairs, Dalhousie University, 1355 Oxford Street, B3H 4R2, Halifax 

 

Warming ocean temperatures are permitting the northward migration of some marine species, 

including shellfish. This could permit the development of new mariculture sites, as well as the 

closure of existing ones. This project will inform both adaptation and expansion of shellfish 

mariculture in Nova Scotia and Prince Edward Island. Determining site-selection of new farms, 

and the viability of established farms is a two-fold question of 1. Physiologically, where is the 

environment suitable for shellfish growth and 2. Socioeconomically, where stakeholders will 

embrace the development/adaptation of sites. Using a Dynamic Energy Budget model, mussel 

and oyster physiology will be coupled to sea surface temperature projections until 2050, in the 

coastal waters of NS and PEI to predict the future growth and distributions of these species. 

Additionally, Q-methodology will be used to understand how stakeholders view climate change 

as relating to farming shellfish, e.g., the potential need to switch to species that perform better in 

warmer waters as sea temperatures continue to warm. Stakeholders for this project include 

shellfish farmers, research scientists, and federal and provincial marine planners. Modelling 

techniques will be used to anticipate environmental changes, and stakeholder perceptions can be 

used by marine planners to adapt to those foreseen changes. 

 

11:50-12:10 

INVESTIGATING MICROPLASTIC MITIGATION STRATEGIES FOR SHELLFISH 

AQUACULTURE 

S.E. Dudas1, 2, G. Covernton1,2, C. Pearce3, H. Gurney-Smith*4, J. Dower2 

1 Centre for Shellfish Research, Vancouver Island University, Nanaimo, BC, V9R 5S5, 

sarah.dudas@viu.ca 

2 Department of Biology, University of Victoria, Victoria, BC, V8P 5C2 

3 Ecosystems Science Division, Pacific Biological Station, Fisheries and Oceans Canada, 

Nanaimo, BC, V9T 6N7 

4Ecosystems and Ocean Science, St. Andrews Biological Station, Fisheries and Oceans Canada, 

St. Andrews, NB, E5B 2L9 
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Microplastics (<5mm) are ubiquitous in the marine environment. Industrial and residential 

wastewaters are major sources of microplastics along with the degradation of macroplastics from 

recreational and commercial activities.  There is increasing concern about the impacts of 

microplastics on cultured organisms, and how the aquaculture industry might contribute to 

microplastic pollution. Filter-feeding organisms are particularly vulnerable to microplastics and 

may concentrate these particles. Due to this feeding strategy, and their commercial importance 

bivalves are model organisms to study this contaminant. We conducted two studies focusing on 

the Pacific oyster (Crassostrea gigas). The first investigated how culture method (i.e. deep water 

versus intertidal) influenced microplastic exposure. Oysters collected from rafts and beaches at 

three farm sites in BC were chemically digested, filtered, and analyzed visually under 

microscope to quantify microplastics. Preliminary results indicate that microplastic load in oyster 

tissue does not vary between culture methods.  The second study evaluated the efficacy of the 

practice of depuration for removing microplastics.  Oysters were depurated over 1, 3, 5, 10, 25 

and 50 days. Results suggest that a depuration period of 10 days is effective for removing 

microplastics from Pacific Oysters. However, the difficulty and cost of necessary water filtration 

may be prohibitive in industry settings. 

 

12:10-12:30 

AN EVALUATION OF THE FLOATING CAGE SYSTEM FOR EASTERN OYSTER 

Crassostrea virginica AQUACULTURE PRODUCTION IN THE NORTHERN GULF OF 

MEXICO 
 

C. Gamble1, W. Walton2, K. Dorgan3 

 

1Aquaculture Association of Nova Scotia, 2960 Oxford Street, Halifax, NS, B3L 2W4, Canada 
2Auburn University Shellfish Laboratory, 150 Agassiz Street, Dauphin Island, AL, 36528, USA 
3University of South Alabama, Dauphin Island Sea Lab, Dauphin Island, AL, 36528, USA 

 

In recent years, the strong demand and increased specialization of the half-shell oyster industry 

has given way to an increasingly competitive market. As farmers explore various grow out 

techniques to ensure product consistency and marketability, the need for applicable industry-

based research is in high-demand. Through a three-factor field analysis, this study investigates 

methods for improving productivity and efficiency for oysters grown in the OysterGroTM floating 

cage system (FCS). 

 

The three-factor analysis combines; 1) two ploidy (C. virginica diploid vs. triploid), 2) three 

stocking densities (125, 150, 175) and 3) two desiccation regimes (weekly and bi-weekly for a 

24-hour cycle). Over a three-month period (Aug - Nov 2015), the effects of these factors, and 

their interactions, are assessed through the response variables of survival, shell metrics, fouling, 

and condition index. Although the FCS has been demonstrated to be an economically viable 

means for producing oysters, this study provides current and future oyster farmers with effective 

management techniques for optimizing off-bottom production.  
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12:30-12:50 

SEASONAL TRENDS IN GSI (GONADOSOMATIC INDEX) AND GVF (GONAD 

VOLUME FRACTION) OF BLUE MUSSELS WITH REFERENCE TO CULTURE 

DEPTH AND ENVIRONMENTAL CONDITION. 

H. Murray*1 and T. Mills2 

1Aquaculture, Biotechnology & Aquatic Animal Health Section, Science Branch, Department of 

Fisheries and Oceans Canada, 80 East White Hills Road, PO Box 5667, St. John’s NL A1C 5X1 

2Norlantic Processors Ltd., PO Box 381, Botwood, NL, Canada, A0H 1E0 

Norlantic Processors Ltd. has managed mussel aquaculture sites in the Pleasantview area of 

Notre Dame Bay for over 20 years. Ongoing observations by industry have indicated that the 

pattern of spawning in traditional sites has changed over the past decade from one or two spawns 

in a given season to multiple spawning episodes. These changes are reported to have a direct 

effect on condition and meat yield in harvested animals from some sites. In order to address 

these questions, this project compared seasonal environmental conditions, GSI and GVF of 

mussels from three deep sites and three shallow sites from May 2016 to December 2017. Water 

temperatures were significantly different between deep and shallow sites from April to 

September. Deep sites had a significantly higher GSI and GVF then shallow sites from June to 

July. A significant decline in GSI and GVF was noted Between July and August for all sites, 

likely indicating a substantial spawning event possibly correlated to increasing water 

temperatures during the season. The GSI and GVF continued comparatively low for all sites for 

the remainder of the study. These observations will be discussed with reference to potential 

impact on observed meat yields for the period.  

 

15:20-15:40 

SERIAL KNOTS IN MUSSEL CULTURE ROPES INCREASE SPAT COLLECTION 

AND REDUCE DUCK-RELATED MORTALITY   

M. Fréchette*1, É. Bujold2 

1 R-D Mytis, 1200 du Sanatorium, Mont-Joli, QC, G5H 3V9 rdmytis@gmail.com 

2 La Ferme Maricole du Grand Large, 583 boul. Perron, Carleton-sur-mer, QC, G0C 1J0 

Predation by sea ducks is a threat to mussel culture in many sites. Mussel survivorship is usually 

enhanced in crevices. We mimicked the effect of crevices by using loosely knotted spat collector 

ropes. The knots used were the chain sinnet and variants thereof, which can be knotted easily for 

spat collection and socking, and undone easily at harvest. The knots were tested in Cascapédia 

Bay, Quebec. In the 2015 experiment, control ropes and knotted ropes collected about 2700 and 

4000 individual spat per 30.5 cm, respectively (October 2015; mussels smaller than 0.5 cm not 

included). Survivorship next spring was roughly 10-15% in knotted ropes but was less than 5% 

on control ropes. Survivors and spat smaller than 0.5 cm in spring provided a residual population 

mailto:rdmytis@gmail.com
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which grew during the summer and reached about 1500 individuals per 30.5 cm in Oct. 2016 

(versus roughly 400 on control ropes). In the 2016 experiment, control ropes, the chain sinnet 

and the variants collected about 1300, 2900 and 5900 individual spat per 30.5 cm, respectively, 

with slight differences between variants. This is a 2 to 4-fold increase as compared to controls. 

Adding serial knots in spat collector ropes increases mussel spat collection and survivorship.  

 

15:40-16:00 

ASSESSMENT OF COMMERCIAL PERFORMANCES OF MUSSEL (MYTILUS EDULIS) 

STOCKS FROM THE MAGDALEN ISLANDS, ACCORDING TO THEIR ORIGIN AND 

THE GROW-OUT SITES USED 
 

E. Guillou 1, *, N. Toupoint 2 and R. Tremblay1 

 

1. Institut des Sciences de la Mer (ISMER), Université du Québec à Rimouski (UQAR), 310 

Allée des Ursulines, CP 3300, Rimouski, Québec, G5L 3A1, Canada 

2. MERINOV, Centre d'Innovation de l'aquaculture et des pêches du Québec, 107-125 Chemin 

du Parc, Cap-aux-Meules, Québec, G4T 1B3, Canada 

 

* Author contact: efflam.guillou@uqar.ca 

 

Over the last 20 years, the Havre-Aubert basin (coastal lagoon, BHA) is the main spat collection 

site for mussel growers in Magdalen Islands. Several studies have shown a genetic particularity 

for mussel stock collected in BHA, which provides a better resistance to stress when compared to 

other local stocks. Considering two decades of transfers of BHA stock into the other sites and a 

potential connectivity between each lagoon of the Magdalen Islands, we assessed whether this 

differential advantage still persists between mussel stocks. The main objective was to identify 

alternative strategies for spat supply in order to sustain the mussel industry development in the 

archipelago. Several stocks, originating from lagoons and open sea, were transferred to various 

grow-out sites following the producers’ culture method (traditional sleeving). At the end of the 

production cycle, stock performances (commercial amount of mussel and commercial flesh 

yield) and cost production prices allowed us to estimate the net commercial incomes for each 

cultivated stock. Among them, BHA has proved to be still a very efficient and profitable stock. 

However, the spat collected in Havre-aux-Maisons lagoon (HAM) was also very promising and, 

globally, encouraging alternative spat supply and culture strategies were identified. 
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16:00-16:20 

VALIDATION OF TROPHIC AND ANTHROPIC UNDERWATER NOISE AS 

SETTLEMENT TRIGGER IN BLUE MUSSELS 

 

R. Tremblay1*, A. Jolivet2, F. Olivier3, C. Gervaise4, R. Sonier4, B. Genard1, L. Chauvaud2 

 

1 Institut des sciences de la mer, Université du Québec à Rimouski, 310 allée des Ursulines, 

Rimouski, Québec, Canada, G5L 3A1 
2 Institut Universitaire Européen de la Mer (UMR CNRS 6539), Université de Bretagne 

Occidentale, rue Dumont d’Urville, F-29280 Plouzané, France. 
3 Muséum national d’Histoire naturelle, (UMR BOREA 7208, CNRS/MNHN/UPMC/IRD), 61 

rue Buffon, CP53, 75231 Paris Cedex 05, France  
4 Chaire CHORUS, fondation Grenoble INP, GIPSA-LAB, Grenoble INP et CNRS, 11 rue des 

Mathématiques, Domaine Universitaire, BP 46 F-38402 Saint Martin d’Heres cedex 
5 Department of Fisheries and Oceans Canada, Gulf Fisheries Centre, Science Branch, P.O. Box 

5030, Moncton, Nouveau-Brunswick, Canada, E1C 9B6 

 

* Author contact : rejean_tremblay@uqar.ca 

 

Like the majority of benthic invertebrates, the blue mussel Mytilus edulis has a bentho-pelagic 

cycle and its larval settlement is a complex phenomenon involving numerous factors. Among 

them, both underwater noise and pelagic trophic conditions have been weakly studied in previous 

researches. Here, we tested in laboratory conditions the hypothesis that picoplankton assimilation 

by the pediveliger blue mussel larvae may act as a food cue interacting with anthropic 

underwater sound and stimulates settlement. We used 13C-labeling microalgae to validate the 

assimilation of different picoplankton species in the tissues of pediveliger larvae. Our results 

clearly confirm our hypothesis with a significant synergic effect of these two factors. However, 

only the picoeukaryotes strains assimilated by larvae stimulated the settlement whereas the non-

ingested picocyanobacteria did not. Similar positive responses were observed with underwater 

sound characterized by low frequency vessel noises. The combination of both factors (trophic 

and vessel noise) increased drastically the mussel settlement from a 4 order comparatively to the 

control (without picoplankton and noise) with settlement levels ranging from 16.5 to 67% in 67 

h. 

 

 

 

 

 

 



SHELLFISH AQUACULTURE SESSION 

Aquaculture Canada – Sea Farmers 2017 ABSTRACTS 44 

16:20-16:40 

THE FUTURE OF OYSTER CULTURE IN NOVA SCOTIA: MOVING BEYOND MSX 

 

S. Stewart-Clark & I. Sewell.  

 

Dalhousie University. Faculty of Agriculture, Department of Animal Science and Aquaculture. 

Truro, Nova Scotia, Canada. 

 

The presence of the MSX parasite, Haplosporidium nelsonii in the Bras d’Or Lake in Cape 

Breton Nova Scotia, has closed the oyster aquaculture and wild fishery in in that area since the 

initial outbreak in 2002. Current research is being conducted to induce resistance in the current 

oyster population by using marker selected breeding. In addition, the induction of triploid oysters 

has been a successful mitigation tool in the Eastern US when that industry was hit with MSX. 

Triploid oysters grow to market size faster and this fast growth rate reduces the time the oyster 

spends in the wild and are susceptible to MSX infections in the environment. The first objective 

of this research project is to develop the most efficient protocols for hydrostatic induction of 

triploidy for the aquaculture sector in NS. The second objective is to compare the growth and 

survival of triploid oyster larvae versus diploid oyster larvae on two oyster farms in NS. The 

third objective is to discover markers unique to oysters that survive the H. nelsonii infection 

versus those that do not. The fourth objective is to train and develop infrastructure in the industry 

to facilitate the integration of hatchery and nursery technology in the aquaculture sector in NS. 

The partnership with aquaculture industry, academic researchers, first nations and government 

stakeholders demonstrates what can be accomplished when all stakeholders in a sector work 

together. We look forward to adding more stakeholders to this project from the Atlantic regions 

so that the oyster sector moves forward into the future with mitigation steps in place should MSX 

spread beyond Cape Breton, Nova Scotia.  
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ROOM 200C2 

 

AQUACULTURE ENVIRONMENTAL MANAGEMENT 

 

9:35-9:55 

AQUACULTURE MONITORING AT HARD-BOTTOM FINFISH AQUACULTURE 

SITES IN NEWFOUNDLAND (CANADA): A DISCUSSION ON INDICATORS, 

CONSERVATION THRESHOLDS, AND REGULATORY FRAMEWORKS.  

 

D. Hamoutene1*, F. Salvo1, S. Donnet, S. C. Dufour2, S. Cross1  
 

1DFO-NWAFC, White Hills Road, St John’s, NL, A1C 5X1.  
2Department of Biology, Memorial University of Newfoundland, St. John's, NL, A1B 3X9. 

 

When finfish aquaculture activities are installed over hard and/or patchy substrates visual 

techniques are often the only tool used to document benthic changes. Video monitoring has 

allowed the identification of visual indicators of enrichment: bacterial mats, opportunistic 

polychaete complexes, and the existence of barren stations all used in the Aquaculture Activities 

Regulatory (AAR) monitoring and compliance processes. In this presentation, we will be 

discussing the following: 

- Indicators as studied in the NL context with limitations and associated thresholds 

- Baseline environmental video surveys collected from 2003 to 2011 and used to document 

composition of the seafloor in bays on the South Coast of Newfoundland. Observations highlight 

natural low taxa richness of NL communities and high level of substrate patchiness.   

- Richness shifts pre and post aquaculture production will be examined while considering 

potential conservation objectives and indicators thresholds.  

- Scale of impacts and importance of local conditions for prediction of dispersion patterns and 

ecosystem resilience, as well as the selection of appropriate survey protocols. 
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9:55-10:15 

IDENTIFYING BEGGIATOA FORMS IN HARD SUBSTRATE ENVIRONMENTAL 

MONITORING OF SALMON FARMS 

 

A.K. Brady1 

 

1North Island College, Department of Math and Science, 3699 Roger Street, Port Alberni, BC 

V9Y 8E3 

 

Environmental monitoring of hard substrates below finfish aquaculture sites in Pacific Canada 

partially relies on the visual presence of Beggiatoa bacteria as indicator taxa of impact. Two 

forms of Beggiatoa are known: non-vacuolated filaments that require low oxygen levels as the 

electron acceptor, and vacuolated filaments containing a large nitrate vacuole that can be used as 

the electron acceptor in anoxic conditions. Little is known about the types of Beggiatoa found in 

mats observed on hard substrates beneath salmon and other finfish sites. This work set out to 

determine if living bacterial communities and environmental conditions could be determined 

with visual mat estimates only. Correlational analyses were performed between various 

environmental factors, abundances and biomasses of vacuolated or non-vacuolated filaments, 

and percent coverage of mats. No strong correlations were found between visual percent 

coverage of Beggiatoa mats and its biomass or abundance within the sediment, regardless of 

Beggiatoa form. Bacterial amounts were also not correlated with environmental conditions. The 

findings demonstrate that while percent coverage of Beggiatoa may be linked to some 

environmental conditions, actual abundances and biomasses of this indicator taxa are not 

correlated to any measured environmental variables, and may be over- or under-estimated using 

percent coverage estimates only. 

 

 

10:15-10:35 

BENTHIC MICROBIAL RESPONSE TO SALMON AQUACULTURE PRODUCTION 

AND FALLOWING AT HARD-BOTTOM SITES IN NEWFOUNDLAND  

 

R. Knight*1, S. Dufour1, F. Salvo2, J. Verhoeven1 and D. Hamoutene2  

 
1Department of Biology, Memorial University of Newfoundland, St. John’s, NL A1B 3X9 
2Science Branch, Fisheries and Oceans Canada, PO Box 5667, St. John’s, NL A1C 5X1 

 

 Salmonid aquaculture is a profitable industry in Newfoundland (NL) that supports 

economic growth in rural areas, especially along the south coast of the island. Underneath 

salmon cages, organic matter consisting mainly of fish pellets and fish feces can accumulate and 

modify benthic habitats. In NL, drop-camera surveys are used to monitor the environmental 

impact of aquaculture: seafloor images are assessed for presence of visual markers of organic 

enrichment such as Beggiatoa-like bacterial mats and opportunistic polychaetes, but this method 

bears limitations. Since organic matter degradation is partially driven by microorganisms, 

identifying the main groups of microbes involved is fundamental to understanding the biological 
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processes of organic matter breakdown under aquaculture sites. In this study, we use high-

throughput 16S rRNA sequencing to characterize microbial communities in aquaculture sites in 

production, fallow as well as in reference areas with the goal of better understanding their role in 

organic matter degradation. The study is ongoing and preliminary results will be presented. 

 

 

10:35-11—10:55 

BENTHIC INDEX DEVELOPMENT AND REFLECTION FOR AQUACULTURE 

IMPACT ASSESMENT OVER HARD BOTTOM SITES IN NEWFOUNDLAND  

 

F. Salvo1, S.C. Dufour2, and D. Hamoutene1  

 
1Science Branch, Fisheries and Oceans Canada, PO Box 5667, St. John’s, NL A1C 5X1 
2Department of Biology, Memorial University of Newfoundland, St. John’s, NL A1B 3X9 

 

In Newfoundland (NL), finfish aquaculture is taking place over deep and hard substrate 

dominated benthic environments requiring video monitoring for benthic impact assessment of 

aquaculture wastes. Indicators of organic enrichment in this environment are well known and 

used in the regulatory framework: bacterial mats, presence of opportunistic annelids and total 

absence of epifauna (defined as bare stations). Organic matter enrichment can be defined in 

gradual categories from natural to highly impacted and is generally based on macrobenthic 

infaunal characterization; multiple indices have been developed to fit specific habitats such as 

BQI, M-AMBI, AMBI or ECO-Q, however those indices fail when used with hard bottom 

benthic communities (i.e. epifauna). Other indices were developed for hard bottom habitat in 

subtidal area or photic zones and usually primarily based on macroalgal diversity. Those latter 

indices are difficult to apply in NL due to 1) the low species richness, 2) the different 

methodology of assessment of epifaunal species and 3) the depth range where aquaculture 

occurs.  Using our existing knowledge of baseline data and how aquaculture may affect benthic 

habitats, we explore the potential of developing a simple metric index to assess various level of 

enrichment at NL aquaculture sites. 

 

11:30-11:50 

APPLICATION OF ENVIRONMENTAL DNA METABARCODING TO ASSESS 

BENTHIC IMPACT OF SALMON AQUACULTURE 

 

X. He1*, T. Sutherland2, K. Miller1, J. Pawlowski3, C. Abbott1 

 
1 Pacific Biological Station, Fisheries and Oceans Canada, 3190 Hammond Bay Road, Nanaimo 

BC, V9T 6N7 
2 Centre for Aquaculture and Environmental Research, Fisheries and Oceans Canada, 4160 

Marine Drive, West Vancouver BC, V7V 1N6 
3 Department of Genetics and Evolution, University of Geneva, 4, Boulevard d'Yvoy, 1205 

Geneva, Switzerland. 
* Xiaoping.He@dfo-mpo.gc.ca 
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The production of farmed salmon has been increasing rapidly in past decades and plays an 

important role in seafood supply for humans. The sustainable development of salmon 

aquaculture requires effective methods to monitor impacts on benthic environments. Current 

benthic monitoring methods are mainly based on physico-chemical measurement of sediments 

and benthic species diversity. However, traditional morpho-taxonomic identification assessing 

benthic biodiversity requires highly specialised experts and is time-consuming. Environmental 

DNA (eDNA) metabarcoding is a novel and reliable method of assessing biodiversity in 

sediments, and it is more cost-effective and rapid compared to morpho-taxonomic methods. In 

this study, we collected sediment samples with different distances from six farms in British 

Columbia. We will assess sediment quality by measuring physico-chemical parameters and 

analyzing benthic macrofaunal composition and diversity. We will then use an eDNA 

metabarcoding method to quantify composition and diversity of Foraminifera and metazoan 

species from 252 sediment samples. The aim is to identify potential eDNA bioindicators that can 

be used by industry and regulators in Canada to assess benthic impacts of fish farms. 

 

11:50-12:10 

PRESCRIPTIVE POLICY: A SERVICE PROVIDER’S PERSPECTIVE OF SEDIMENT 

COLLECTION FOR ENVIRONMENTAL MONITORING AT MARINE FINFISH 

FARMS  

 

J. Arsenault*¹ 

 

¹Sweeney International Marine Corporation, St. Stephen, NB, Canada E3L 1G3 

j_arsenault@simcorp.ca  

 

In Atlantic Canada, regulatory agencies have largely relied on the use of sulphides to monitor the 

environmental performance of marine finfish farms. Since the implementation of the 

Aquaculture Activities Regulations (AARs) by the Department of Fisheries and Oceans (DFO) in 

2015, harmonization efforts have been made to align provincial Environmental Monitoring 

Programs (EMPs) with the AARs to avoid duplication and standardize methodologies. Two (2) 

significant changes, as a result of the alignment process, to the EMPs included 1) the 

incorporation of a sample acceptability criteria to the soft bottom protocol and 2) the 

implementation of a hard bottom protocol which utilizes visual indicators (e.g., bacterial mats). 

Additionally in 2016, provincial EMP programs proposed a decision tree to select sediment 

sampling devices based on site-specific conditions (e.g., depth, currents, substrate type). Given 

the limited knowledge and practice in Atlantic Canada of the various samplers listed in the 

decision tree, marine farms may inadvertently be classified as hard bottom sites wherein research 

remains on-going for the establishment of equivalent thresholds of visual indicators with 

sediment sulphide concentrations. There is therefore emphasis to re-evaluate the inclusion of a 

decision tree where science advice is limited for site-specific conditions in Atlantic Canada.  

 

 

mailto:j_arsenault@simcorp.ca
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12:10-12:30 

ALTERNATIVE METHODS FOR MONITORING ORGANIC ENRICMENT EFFECTS 

ON BENTHIC COMMUNITIES  

P.J. Cranford*1, L. Brager1 and D. Wong2 

1Fisheries and Oceans Canada, Bedford Institute of Oceanography, 1 Challenger Dr., Dartmouth, 

NS B2Y 4A2  
2Fisheries and Oceans Canada, St. Andrews Biological Station, 531 Brandy Cove Rd., St. 

Andrews, NB E5B 2L9 

 

Increasing organic matter inputs to sediments have a known effect on benthic faunal 

communities due largely to the generation of oxygen depletion and toxic sulfide accumulation. 

Total dissolved sulfide (free S-2 = H2S + HS- + S2-) concentrations in sediments are widely 

measured as a practical indicator of benthic organic enrichment effects. However, the accepted 

ion selective electrode (ISE) protocol for sediment analysis is known to be susceptible to 

contamination from non-toxic mineral sulfides. A rapid dual indicator approach (free S-2 and 

dissolved O2) was developed for field analysis of sediment samples that eliminates this solid-

phase interference. The protocol also prevents oxidation and volatilization of free S-2 in 

collected samples by eliminating sample contact with the atmosphere. Sediments collected near 

salmon aquaculture pens over cohesive and permeable substrates were analysed using the 

standard and revised protocols. The results confirms the presence of substantial artifacts with 

the standard ISE method, while the dual indicator approach more accurately describes the 

stages, spatial extent and magnitude of organic enrichment effects.  

 

12:30-12:50 

HOW TO ESCAPE THE SARGASSO SEA OF CANADIAN AQUACULTURE: MAKING 

A CASE FOR A NATIONAL EXPERIMENTAL AQUACULTURE FARM SYSTEM  

 

S.M.C. Robinson1 

 
1 Fisheries and Oceans Canada, Biological Station, St. Andrews, NB, E5B 2L9, Canada 

 

Aquaculture production in Canada stalled in 2002, while Chile and Norway continued to grow 

exponentially.  If Canada had continued with its pre-2002 growth rate, in 2014 it would have 

produced an additional 780,000 tons of aquaculture product worth approximately $3.3 billion 

annually.  Currently, Canada ranks a distant 30th in the world for aquaculture production, but 3rd 

in the world for potential area for offshore aquaculture and 9th in the world for suitable water 

depth and currents.  Aquaculture developmental research has been practised on commercial 

farms, but farms are businesses that expect predictable cash flows and therefore they are 

reluctant to do anything that increases the risk to their operation.  Science requires that systems 

be stressed in order to determine thresholds. The solution to this problem may be to adopt the 
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same approach agriculture used in the late 1800’s, the creation of a network of federally-funded 

experimental farms that reflect the geographic characteristics and needs of the country.  This 

approach would allow for controlled expansion and diversification of the current industry, 

increased employment and GDP in rural areas, create tighter linkages between the federal, 

provincial and academic organizations, and help to develop the social licence required for 

aquaculture in Canada. 

 

15:20-15:40 

IMPORTANCE OF HYDRODYNAMIC PROCESSES FOR DETERMINING 

CONNECTIVITY BETWEEN AQUACULTURE SITES: IMPLICATIONS FOR THE 

SPATIAL MANAGEMENT OF FISH HEALTH 

 

J Barrell*1, J Grant1, R Filgueira2, R Vanderstichel3 

 
1Department of Oceanography, Dalhousie University, Halifax, NS B3H 4R2 
2Marine Affairs Program, Dalhousie University, Halifax, NS B3H 4R2 
3Department of Health Management, Atlantic Veterinary College, Charlottetown, PE C1A 4P3 

 

The spread of pathogens and disease represents a serious threat to the global finfish aquaculture 

industry, negatively impacting the economic and environmental health of aquaculture areas. 

Ocean currents regulate connectivity and the spread of pathogens between marine aquaculture 

sites, an important consideration for marine spatial planning efforts to maximize economic and 

environmental sustainability. However, high-resolution 3D hydrodynamic circulation models are 

expensive and require expertise often unavailable to industry and government regulators. 

Alternatively, simplified estimates of water mixing time scales for an enclosed bay or estuary 

can be derived through calculations of the segmented tidal prism, defined as the volume of water 

exchanged for a particular water parcel between high and low tide. In this multidisciplinary 

research, the suitability of tidal prism metrics for use in modeling aquaculture connectivity will 

be evaluated through comparison with 2D circulation model output. The application of these 

models to aquaculture health management will be discussed, with implications for disease 

prevention, mitigation, and treatment as well as spatial planning for aquaculture development. 

 

 

 

 

 

 



AQUACULTURE ENVIRONMENTAL MANAGEMENT SESSION 

Aquaculture Canada – Sea Farmers 2017 ABSTRACTS 51 

15:40-16:00 

A NOVEL APPROACH TO MONITORING CONDITIONS AROUND FINFISH 

PRODUCTION SITES.  

B. Rodgers*1 

 
1Realtime Aquaculture, Bedford, NS B4B 0L9 

 

Farming the ocean can be very challenging with varying oceanographic conditions that can 

impact fish health.  It is well understood that better knowledge of water quality conditions at 

marine aquaculture sites can provide improved decision support and lead to better husbandry 

practices throughout the entire fish production cycle including site selection, feeding, growth 

rate, and cage cleaning.  Unfortunately, traditional instrumentation solutions have proven 

challenging to deploy at marine aquaculture sites.  This session will provide an update on 

innovative underwater wireless sensing technology being developed by Realtime Aquaculture, a 

subsidiary of Amirix Systems Inc.  This technology is being developed in collaboration with 

Canadian Salmon farmers and enables them to monitor conditions in realtime with sensors that 

communicate underwater. While wireless sensor systems are increasingly common in terrestrial 

applications this system is the first of its kind for underwater ecological monitoring. 

 

16:00-16:20 

MINI-ROVS IMPROVING AQUACULTURE OPERATIONS 

J.  Wintermeyer* 

 

Deep Trekker Inc., Kitchener, ON N2R 1K4, CAD jwintermeyer@deeptrekker.com 

The proposed presentation offers a case study analysis of the use of Deep Trekker mini-ROVs to 

perform daily inspection tasks at Canadian salmon aquaculture sites.  

Salmon farms require divers to perform tasks and inspections but associated costs can be high. 

Mini-ROVs are revolutionizing the way that managers go about their daily operations without 

hiring divers until there is a true need to have hands below the water.  

Canadian aquaculture companies; Marine Harvest and Aqua-Cage Fisheries to demonstrate ways 

that a ROV can improve operation efficiency and reduce costs. 

Findings suggest that the use of ROVs have significantly reduced farm managers’ needs to hire 

dive teams. With their ROVs, operators can perform daily inspections and ensure that there’s an 

issue before calling in divers.  

If infrastructure integrity is compromised, the faster a problem is identified the sooner it can be 

fixed, improving efficiency and reducing loss.  
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Dropped equipment is either ignored because costs associated with retrieving it are not worth it 

or divers are called and costs incurred. With ROVs, managers and employees have been able to 

retrieve equipment without the need to call help.  

 

16:20-16:40 

ENFORCING REGULATIONS UTILITIZING UNDERWATER DRONES (ROVs)  

A. Coulas  

Deep Trekker Inc., Kitchener, ON N2R 1K4, CAD acoulas@deeptrekker.com  

The proposed presentation offers a case study analysis of the use of Deep Trekker mini-ROVs to 

perform regulatory compliance inspections.  

Reason 

Illegal aquaculture sites pose a significant risk to both to the environment and the surrounding 

communities. Monitoring the areas of high risk is extremely difficult due to the time, risk and 

costs associated with using divers. Remotely operated vehicles or ‘underwater drones’ have 

become the new tool for enforcement officers to quickly inspect areas of interest.   

Cases 

An in depth look at how regulatory officers are currently using underwater drones in their daily 

practice, what sort of discoveries have been made, and ways to properly document the 

underwater environment to adhere to environmental regulations.  

Conclusions 

Findings suggest that the use of ROVs have significantly improved officer’s ability to accurately 

patrol regions of interest and document findings. With ROVs officers can quickly act to gather 

information underwater without bringing in divers.  

Regulations in the aquaculture industry are continuing to increase to properly monitor and 

minimize environmental impacts.  These case studies showcase how underwater drones can 

improve the accuracy of inspections and ensure detrimental practices, such as illegal aquaculture 

sites are quickly identified.  
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16:40-17:00 

PREDICTING THE IMPACTS OF ESCAPED FARMED ATLANTIC SALMON ON 

WILD POPULATIONS IN ATLANTIC CANADA  

F. Keyser*1, B. Wringe1&2, G. Chaput3, B. Dempson1, R. Jones3, A. Levy4, and I. Bradbury1 

 
1 Northwest Atlantic Fisheries Centre, Fisheries and Oceans Canada, St. John’s, NL A1C 5X1 
2 Memorial University of Newfoundland, St. John’s, NL A1C 5S7 
3 Gulf Fisheries Centre, Fisheries and Oceans Canada, Moncton, NB E1C 9B6 
4 Bedford Institute of Oceanography, Fisheries and Oceans Canada, Dartmouth, NS B2Y 4A2 

 

The escape of Atlantic Salmon (Salmo salar) from aquaculture facilities results in both genetic 

and ecological interactions which can threaten wild populations.  Quantifying and predicting 

these interactions and impacts remains both a priority and a challenge for aquaculture 

management and wild salmon conservation efforts.  Here we explore the ability of a 

spatiotemporal database of aquaculture facility locations, production estimates, and escape 

events to predict the distribution of escaped farmed salmon and the genetic impacts on wild 

populations in Atlantic Canada.  Industry production data, reported escape events, and in-river 

detections of escapees were collected from across Atlantic Canada (Newfoundland, Nova Scotia, 

and New Brunswick) for years 2005-2015.  Genetic estimates of impact were obtained using a 

database of single nucleotide polymorphism data (1874 loci) representing aquaculture and wild 

Atlantic salmon throughout the region (35 populations totaling 1115 individuals).  Our results 

suggest that the distribution of escapees and genetic impacts in Atlantic Canada are significantly 

correlated with cumulative aquaculture production variables scaled by proximity to wild rivers.  

These predictor variables may ultimately represent measures of risk to wild salmon populations, 

and are a first step towards predicting the impact of cage-based Atlantic Salmon aquaculture on 

wild salmon.  

 

17:00-17:20 

HAMP: A MADE-IN-BC APPROACH TO THE MANAGEMENT OF HARMFUL 

ALGAL BLOOMS FOR FINFISH AQUACULTURE 

N. Haigh*1 

1 Microthalassia Consultants Inc, Nanaimo, BC, V9T 1T4. Email: nicky@microthalassia.ca 

The Harmful Algae Monitoring Program (HAMP) has been working with the BC salmon 

aquaculture industry since 1999 on the management of risks from harmful algal blooms (HABs). 

The program has a triple mandate: to collect data on phytoplankton species prevalence and 

abundance; to support fish farming companies during HABs; and to train fish farm personnel in 

sampling and identification of phytoplankton. In the past 18 years we have analysed weekly 

samples from 12 – 28 sites annually, around Vancouver Island and BC’s Central Coast, and 

collected those data in an Excel database. We have also added to the roster of known HAB 

mailto:nicky@microthalassia.ca
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species in BC, and improved our knowledge of the lethal levels of these species to fish, while 

supporting the salmon famers during blooms. We have greatly increased the proficiency of farm 

personnel in the sampling, identification, and enumeration of phytoplankton, with an emphasis 

on species that are harmful to fish, by holding annual workshops with microscopic analysis of 

samples of known harmful species and, since 2014, online courses in the Microthalassia 

Learning Centre. Microthalassia has also worked with aquaculture companies in Panama, 

Tasmania, and Mexico to assist them in setting up HAB monitoring programs based on the 

HAMP model. 
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Wednesday, May 31st  

 

ROOM 200D 
 

PHYSIOLOGY 

 

9:35-9:55 

REFINING A TWO-STEP GATING MODEL FOR PREVENTING SEXUAL 

MATURATION IN ARCTIC CHARR (Salvelinus alpinus) 

 

Q. Liu* and J. Duston 

 

Department of Animal Science and Aquaculture, Dalhousie University, Agricultural Campus, 

Truro, NS B2N 5E3 Email: Qi.Liu@dal.ca 
 

To reduce early maturation among age 2 Arctic charr, we tested the combined effect of 

photoperiod, ration and temperature using sixteen treatments (70 PIT-tagged fish/trt, ca. 30g). 

Between Oct1, 2015 and Feb1, 2016, at 10°C, fish were subjected to one of three light regimes: 

natural daylength (LDN), 18h light: 6h dark (LD18:6) or 24h light (LL), in combination with 

four rations: daily feeding, or no food for either two months (Oct1-Dec1 or Dec1-Feb1), or four 

months (Oct1-Feb1). In Oct 2016, the maturity rate in the controls was 72% in females and 27% 

in males. Under LDN, food deprivation for four months reduced the maturity rate among females 

to 11%, whereas two months of no food resulted in 52% in Oct1-Dec1 group and 25% in Dec1-

Feb1 group. Food deprivation had no effect on males. Replacing LDN by either LD 18:6 or LL 

from Oct1 to Feb1 consistently reduced maturity rate to <10% in both sexes, independent of food 

deprivation and temperature (10 or 5°C). Full compensatory growth was achieved following two 

months of food deprivation, but not four months. Overall, the results support the concept of a 

two-step gating mechanism, with prevention of maturation controlled by both growth-dependent 

and growth-independent factors.  

 

9:55-10:15 

DEVELOPMENT OF POST-SETTLED JUVENILES OF THE COLD-WATER SEA 

CUCUMBER Cucumaria frondosa 

 

B. L. Gianasi1*, J.-F. Hamel2, A. Mercier1 

 
1Department of Ocean Sciences, Memorial University, St John's, A1C 5S7, NL, Canada 

(*brunolg@mun.ca). 
2Society for the Exploration & Valuing of the Environment (SEVE), St Philips, A1M 2B7, NL, 

Canada. 
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Post-settled and early juveniles of sea cucumbers have specific environmental requirements, 

which might change as individuals continuously grow and develop. The dendrochirotid sea 

cucumber Cucumaria frondosa has recently been proposed to have potential for aquaculture in 

Eastern Canada. In this study, morphometrics of C. frondosa juveniles were measured monthly 

for up to 21 months and behavioural experiments were performed to compare changes in 

response of 1, 6, 12, and 21-month-old juveniles to different conditions of light intensity, 

substrate type, background colour, and water flow regime. Juveniles continuously grew 

measuring 4.6 mm after 21 months under natural environmental conditions of water temperature 

and food availability. Individuals had developed all 10 oral tentacles after 16 months, but the size 

of the tentacles, the number of tentacle ramifications, and the number of ambulacral podia 

continued to increase. Sensitivity to light decreased and tolerance for high flow increased with 

age. There was a marked preference for substrates composed of coralline algae and rocks and for 

dark background in all age classes. A clear understanding of the requirements of juveniles 

provide essential background for developing aquaculture and stock enhancement programs of 

cold-water sea cucumber species. 

 

10:15-10:35 

SMOLTVISION-A NEW WELFARE INDICATOR 

  

M.Ness*1, S.Vike2, A. D.Løland2, E. Hjelle2, S. Nylund2 

 
1Pharmaq AS, Harbitzalléen 2A, N-0275 Oslo, Norway 
2Pharmaq Analytiq AS, Thormøhlensgate 55, N-5008 Bergen, Norway 

  

ATPase activity has long been used as an indicator of the smoltification process that takes place 

in juvenile salmonids.  Since 2001, the McCormick methodology has been widely accepted to be 

the “gold standard” globally within commercial salmon farming.  PHARMAQ Analytiq, a 

Bergen-based ISO-accredited fish diagnostics laboratory, has since performed this assay on 

several hundred thousand fish within Norway.  Despite this monitoring, however, the Norwegian 

salmon farming industry is still experiencing considerable post-salt water transfer mortality, 

some of which has been linked to suboptimal time of sea transfer.  Additionally, corresponding 

and significant losses in stock productivity have also been suspected.  These trends are reported 

in many other regions where commercial salmon farming is conducted.   Since 2009, distinct 

freshwater and seawater isoforms of ATPase have been identified and characterized.  Expression 

of these ATPase isoforms has been shown to change in a predictable manner throughout the 

smoltification process. Conventional ATPase monitoring provides a total ATPase sum of all 

isoforms active in the gills at the time of assessment.  SmoltVision, a realtime RT PCR-based 

analysis offered by PHARMAQ Analytiq, is the only commercially available assay that can 

differentiate between isoform expression.  Several commercial case studies conducted in Norway 

will be presented where SmoltVision was trialed alongside ATPase monitoring in order to 

determine its relative ability to understand saltwater tolerance.  Additionally, SmoltVision was 
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also trialed in British Columbia, Canada against ATPase, blood chlorides and smolt 

index.  Within commercial salmonid production, the novel ability of the SmoltVision assay to 

differentiate between saltwater and freshwater ATPase expression is shown to be a beneficial 

tool for understanding and predicting saltwater tolerance.  The assay is also shown to function as 

a welfare indicator by detecting the presence of suboptimal environmental conditions and health 

concerns that affect the smoltification apparatus in the gills and the gills themselves.   

 

10:35-11—10:55 

COMPARISON OF PHYSIOLOGICAL PERFORMANCE BETWEEN TWO STRAINS 

OF BROOK CHARR 

 

A Crespel1, A. Dupont-Prinet1, L. Bernatchez2, G. Claireaux3, R. Tremblay1, C. Audet1* 

 
1Institut des sciences de la mer de Rimouski (ISMER), Université du Québec à Rimouski 

(UQAR), 310 des Ursulines, Rimouski, QC, G5L 3A1, Canada; 2Institut de Biologie Intégrative 

et des Systèmes (IBIS), Pavillon Charles-Eugène-Marchand, 1030, Avenue de la Médecine, 

Local 1145, Université Laval, Québec, QC, G1V 0A6, Canada and 3LEMAR UMR 6539 (UBO-

CNRS-IRD-Ifremer), Institut Universitaire Européen de la Mer, Unité PFOM-ARN – Centre de 

Bretagne, 29280, Plouzané, France 

 

Laval (L) and Rupert (R) strains of brook charr Salvelinus fontinalis were developed for 

aquaculture purposes. The Laval strain as an anadromous origin, while the Rupert is freshwater 

resident. When reared in a common environment and submitted to swimming tests combined 

with salinity challenges. Laval and Rupert fish reached the same critical swimming speed (Ucrit) 

in both FW and SW, with Ucrit being 14% lower in SW compared with FW. The strains used 

different underlying strategies: the Laval strain relied on its streamlined body shape and higher 

osmoregulatory capacity, while the Rupert strain had greater citrate synthase (FW) and lactate 

dehydrogenase (FW, SW) capacity and either greater initial stores or more efficient use of liver 

(FW, SW) and muscle (FW) glycogen during exercise. No evidence of heterosis or outbreeding 

depression was observed. Compared with R♀L♂ hybrids, L♀R♂ hybrids had a 20% lower 

swimming speed, which was associated with a 24% smaller cardio-somatic index and higher 

physiological costs. Thus swimming performance depends on cross direction (i.e. which parental 

line was used as dam or sire). Because the experiment was conducted in a common-garden 

environment, differences in condition factor and physiological support features must have a 

genetic basis specific to each strain. 
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11:30-11:50 

EFFECT OF TEMPERATURE ON THE AEROBIC SCOPE OF TRIPLOID BROOK 

CHARR (Salvelinus fontinalis) 

 

K. Latimer*1 and T. Benfey1 

 

1 University of New Brunswick, Fredericton, NB, E3B Krista.Latimer@unb.ca 

 

Triploidy is a useful tool to create reproductively sterile populations for aquaculture. However, 

high mortality of triploid salmonids has been reported at elevated temperatures. One proposed 

explanation for this is that triploids have decreased aerobic scope, which is the difference 

between routine metabolic rate (RMR) and maximum metabolic rate (MMR). If this is correct, 

then triploids would have less energy available to maintain homeostasis under stressful 

conditions, such as elevated temperature. The goal of this research is to determine the effect of 

temperature on aerobic scope in triploid brook charr (Salvelinus fontinalis), in comparison to 

diploids, by measuring RMR and MMR using two different approaches: with fish acclimated and 

tested at 15 and 18C, or acclimated to 13C and tested at a range of temperature from 9 to 18C.  

In both cases, RMR is estimated by measuring the oxygen consumption rate of individual fish 

repeatedly throughout the day, whereas MMR is estimated by measuring oxygen consumption 

rate during a standard critical swimming speed protocol and during recovery following this 

exhaustive exercise. This research will illuminate the biological differences between diploids and 

triploids, and thereby lead to refinements in triploid rearing conditions to improve their 

aquaculture potential. 

 

 

11:50-12:10 

DETERMINATION OF SEX IN SHORTNOSE STURGEON, Acipenser brevirostrum, 

USING GEOMETRIC MORPHOMETRICS 

 

K. Balazadeh* and M. K. Litvak 

 

Department of Biology, Mount Allison University, Sackville, NB 

ckbalazadehmohtadi@mta.ca 

 

Sturgeons are the most vulnerable vertebrate group in the world, yet little is known about their 

biology. A ban of most of their wild harvest for their highly-valued caviar has generated a 

dramatic increase in interest on production of sturgeon from aquaculture. Shortnose sturgeon, 

Acipenser brevirostrum, is listed as a species of special concern in Canada, listed as endangered 

in the US, and has been under aquaculture development in Canada for more than 15 years. 

Sturgeon are thought to be sexually monomorphic. Currently, sturgeons are sexed using 

surgically invasive methods and/or expensive ultrasonography. Separating males from females in 

the production line is needed to maximize profits. We used geometric morphometrics on cephalic 

homologous landmarks to test for dimorphisms. A total of 110 shortnose sturgeon provided by 

Breviro Caviar, New Brunswick, Canada, were imaged and then sexed using ultrasound, terminal 

mailto:Krista.Latimer@unb.ca
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sampling and visual examination of gonads. Each fish was imaged dorsally, laterally and 

ventrally. We found that shortnose sturgeon are actually sexually dimorphic. Sorting accuracy 

for the algorithms were tested using jackknife tests and were found to be 88-99% accurate. 

Geometric morphometrics is accessible to any user and can provide useful metrics to sex 

shortnose sturgeon inexpensively. 
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ECOSYSTEM CARRYING CAPACITY 

 

14:20-14:40 

TOP-DOWN ASSESSMENT OF AQUACULTURE EXPANSION POTENTIAL IN 

EUROPE 

J.G. Ferreira*,1, F.J. Boogert2, A.M. Cubillo2, J.P. Nunes3, J. Lencart e Silva2, R.A. Corner2, R.G. 

Ferreira2 

1DCEA, Faculdade de Ciencias e Tecnologia, Universidade Nova de Lisboa, Qta Torre, 2829-

516 Monte de Caparica, Portugal  
2Longline Environment Ltd., 88 Wood St, London, EC2V 7RS, United Kingdom 
3CE3C – Centre for Ecology, Evolution and Environmental Changes, Faculdade de Ciências, 

Universidade de Lisboa, 1749-016 Lisboa, Portugal 
*Presenting author, joao@hoomi.com 

 

Over the next thirty years, humanity faces the huge challenge of feeding a world population 

estimated to reach 9.7 billion by 2050; in 2025, worldwide seafood consumption is predicted to 

reach 21.8 kg per capita, requiring an additional 31 X 106 t y-1 of aquatic products. The 

European Union currently imports 71% of the aquatic products it consumes, and the United 

States imports 86%. As demand increases, particularly within producer nations, it is paramount 

to stimulate production in developed nations, and provide tools to support sustainable growth. 

We present a methodology to determine the capacity for expansion based on suitability of the 

European EEZ for cultivation of different species. An environmental thresholds database for the 

top 47 species, 99% of EU production, was combined with data for key parameters (bathymetry, 

significant wave height, dissolved oxygen, chlorophyll...) on a 1 km2 grid into a web-based 

application (WATER – Where Can Aquaculture Thrive in Europe). We outline the development 

steps and provide examples of outputs, providing stakeholders and managers with quantitative 

answers to questions such as: ‘Where can I grow seabream in Europe?’ or ‘What can I grow 

here?’ We discuss the potential of WATER and similar tools to enhance European aquaculture 

production. 
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14:40-15:00 

IMPLICATIONS OF RECENT RESEARCH ON MUSSEL FEEDING PHYSIOLOGY 

ON CARRYING CAPACITY PREDICTIONS 

P.J. Cranford*1 

1Fisheries and Oceans Canada, Bedford Institute of Oceanography, 1 Challenger Dr., Dartmouth, 

NS B2Y 4A2  
 

A focus of bivalve aquaculture carrying capacity research is seston depletion. The magnitude and 

spatial extent of food depletion depends on the feeding activity of the population. Inaccuracy in 

parameterizing particle capture and feeding rates strongly influences model predictions. Basic 

knowledge on the capacity of bivalves to capture different sources of marine particles is of 

obvious importance in determining a species ability to remove excessive quantities of those 

particles. Recent laboratory research on particle capture by mussels has challenged firmly 

established beliefs on their capacity to utilize different sized particles, and this raises serious 

questions about the accuracy of many feeding (clearance) rate measurements. Additional 

research compared food depletion model predictions with 3-D maps of food depletion at mussel 

long-line and raft farms and showed that that the models overestimated food depletion. This 

appears to result from the models not accounting for water re-filtration by multiple individuals 

within dense mussel aggregations. Re-filtration is a poorly studied constraint on the maximum 

water clarification capacity of bivalves. Inclusion of a re-filtration function in a raft depletion 

model indicated that this behaviour acts as a natural control on population carrying capacity. The 

magnitude of this control depends on hydrodynamic conditions at the farm site. 

 

15:00-15:20 

BENTHIC CARRYING CAPACITY FOR SHELLFISH CULTRE: BIODEPOSITION-

BIOLOGICAL LINKS 

 

C. W. McKindsey*,1,2, A. M. Weise1 

 

*chris.mckindsey@dfo-mpo.gc.ca 
1Institut Maurice-Lamontagne, Fisheries and Oceans Canada, Mont-Joli (QC) Canada 
2Institut des sciences de la mer, Université du Québec à Rimouski, Rimouski (QC) Canada 

 

Biodeposition from farmed bivalves may impact sediment conditions and benthic communities. 

However, basic information on dose (organic loading related to biodeposition rates) – response 

(benthic community structure) relationships are largely lacking. A number of benthic quality 

indicators have been developed that are used for benthic monitoring based on infaunal species 

and their presumed ecology. One of the most common of these indicators is the AZTI Marine 

Biotic Index – AMBI. We manipulated mussel biodeposition rates to the bottom and evaluated 
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how benthic infaunal communities reacted to this, including how AMBI performed. AMBI did 

not perform well, showing little variation among loading treatments. To better understand this, 

we then examined how the different species in presumed ecological groups responded to the 

level of deposition they were subjected to. While some species responded as expected to 

variation to organic loading, many others did not. These results are placed in the context of 

determining the carrying capacity of sites for organic loading related to suspended bivalve 

culture. 

 

15:20-15:40 

TOPO-BATHY LIDAR SURVEYS: CONTINUOUS ELEVATION INPUT INTO 

HYDRODYNAMIC MODELS TO SUPPORT AQUACULTURE IN MARITIME 

CANADA 

 

T. Webster, K. Collins, N. Crowell, K. McGuigan and C.MacDonald   

 

Applied Geomatics Research Group, Nova Scotia Community College, Middleton, Nova Scotia, 

Canada, email:tim.webster@nscc.ca 

 

The Applied Geomatics Research Group (AGRG) within the Nova Scotia Community College 

(NSCC) has surveyed several bays in the Maritimes since 2014 using their airborne topo-

bathymetric lidar sensor, the Chiroptera II. Many of the areas are sheltered bays that host 

shellfish aquaculture farms or offer the potential to host shellfish operations. These surveys result 

in near complete coverage of the bay with the production of several GIS layers: continuous 

elevation data (seamless land-sea), reflectance map of the seabed, derived seabed cover 

(eelgrass), and a georeferenced aerial photo mosaic. These derived products have be used to 

construct detailed hydrodynamic (HD) models where water levels and current speed have been 

derived. In addition, these HD models have been used to simulate the distribution of particles 

and track the movement of them within the estuary. Examples of applying this technique include 

tracking land based pollution (fecal coliform) into the estuary over several tidal cycles to 

improve our understanding of the pollution sources and destinations that adversely affect 

aquaculture operations. Another example includes a marine based oil spill and the tracking of 

particles over several tidal cycles to determine the time required to enter a sensitive tidal inlet. 

The simulation has been conduct with and without the effects of an on-shore wind to determine 

the impacts on the distribution of particles.  
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15:40-16:00 

HABITAT MAPPING OF AMERICAN LOBSTER (Homarus americanus) FOR USE IN 

SALMON NET PEN PLACEMENT 

 

A. McKee*1, J. Grant1 

 

1. Dalhousie University, NS Canada B3H4R2 

 

Salmon aquaculture occurs at scales of less than 1 km but has limited informed spatial placement 

options because of the broadly binned or patchy data available on conflicting coastal activities or 

uses. Therefore, bay-scale habitat maps for benthic organisms, especially those of economically 

valuable species which may be affected by net pen placement, are important for the 

comprehensive development of Marine Spatial Planning (MSP) initiatives. However, few such 

maps of that scale exist for the American lobster (Homarus americanus) in Canada’s Maritime 

provinces. The objective of this project is to develop a standard method of bay-scale lobster 

habitat mapping specifically for the purposes of adding scientific GIS layers to the MSP process 

of finfish aquaculture lease placement. Two bays in Nova Scotia and New Brunswick have been 

surveyed and mapped using acoustic data (backscatter from a single-beam echosounding 

system), ground-truth video, and various forms of lobster presence data. The acoustic data have 

been split into substrate category bins and interpolated between tracks, then compared to the 

ground-truth video to create error matrices and provide estimates of accuracy. The accuracy of 

the maps created through these differing procedures has been evaluated and the early results of 

this work will discussed. 

 

16:00-16:20 

3D MAPPING AND ANALYSIS OF RIVER HABITAT ASSESSMENT FOR THE 

ATLANTIC SALMON IN THE INNER BAY OF FUNDY 

 

C Giroux*1, J Barrell1
,  J Grant1 

 
1Department of Oceanography, Dalhousie University, Halifax, NS B3H 4R2 

 

The inner Bay of Fundy Salmon are generally considered to be a genetically distinct population. 

Listed as endangered under the Species at Risk Act in 2004, their populations have seen rapid 

declines of up to 90% in recent years. With 33 rivers currently considered as potential breeding 

ground, there is a need to understand population bottlenecks related to spawning. 

Characterization of rivers with habitat mapping provides a quantitative assessment of river 

quality.  Fundy National Park contains two well-studied rivers (Upper Salmon & Pointe Wolf 

rivers), that have historically been known as good salmon habitat. The staff of Fundy National 

Park, the University of New Brunswick and Cooke Aquaculture have currently released and are 

tracking 500 adult Salmon in the river. During the summer of 2016 the Upper Salmon river was 

flown and photographed by a DJI Phantom 4 drone. Using Pix4D software, these photographs 

were rendered into a 3D map of the river.  This map is currently being analyzed to determine 
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whether it can be used to characterize river habitat by classification of substrate size, water 

velocity, water depth and stream gradient. Our habitat mapping contributes directly to assessing 

habitat and spawning usage as a way to understand the success of this restoration effort.   

 

 

16:20-16:40 

MODELLING SEDIMENTS ASSIMILATIVE CAPACITY OF ORGANIC WASTES IN 

SEDIMENTS UNDERLIYNG MARINE FISH FARM SITES 

F. Bravo*1 and J. Grant1 

1 Department of Oceanography, Dalhousie University, Halifax, NS, Canada, B3H 4J1. 

The eutrophication of sediments underlying marine fish farms is considered one of the major 

regulatory and management issue for this industry. Nonetheless, ensuring environmental 

sustainability of fish farm operations may become rather difficult when the site-specific fate of 

organic wastes and the local capacity of benthos to degrade excess organic loading are unknown. 

In this study, a mechanistic model was developed to simulate the production, dispersion and 

deposition of organic wastes to sediments underling fish farm cages, and more importantly to 

estimate maximum organic loads that can be assimilated by benthos while preventing undesired 

environmental conditions. More specifically, the capacity of sediments to assimilate organic 

wastes was defined as the the gross organic waste deposition rate leading to any of three 

undesired conditions; sediment hypoxia (O2 < 2 mg L-1), or excessive accumulation of reduced 

sulfide (H2S < 1500 um), or organic wastes (degradation = oxidation). Major emphasis in this 

model exercise was devoted to represent the wide of range environmental conditions where fish 

farms operate, from poorly- to well-flushed sites, and over cohesive to highly permeable 

sediments. The latter distinction is fundamental as assimilative capacity is considered a time- and 

site-specific environmental resource of fish farm sites. The validation and practical applications 

to environmental management of aquaculture grounds will be discussed during the presentation. 
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16:40-17:00 

QUANTIFICATION OF REGULATORY ECOSYSTEM SERVICES FROM 

SHELLFISH FARMING 

J.G. Ferreira*,1, S.B. Bricker2, J.P. Nunes3, J. Lencart e Silva4, C.B. Zhu5, H. Moore6, M. 

Service6, J. Grant7 

1DCEA, Faculdade de Ciencias e Tecnologia, Universidade Nova de Lisboa, Qta Torre, 2829-

516 Monte de Caparica, Portugal 
2National Centers for Coastal Ocean Science, National Oceanic and Atmospheric 

Administration, Silver Spring, MD 20910, USA 
3CE3C – Centre for Ecology, Evolution and Environmental Changes, Faculdade de Ciências, 

Universidade de Lisboa, 1749-016 Lisboa, Portugal 
4 Longline Environment Ltd., 88 Wood St, London, EC2V 7RS, United Kingdom 
5 South China Sea Fisheries Research Institute, CAFS, Guangzhou 510300, China 
6 Coastal Science, Fisheries & Aquatic Ecosystems Branch, Sustainable Agri-Food Sciences, 

Newforge Lane, BELFAST BT9 5PX, United Kingdom 
7 Department of Oceanography, Dalhousie University, Halifax, NS B3H 4J1, Canada 
*Presenting author, joao@hoomi.com 

 

Water Quality Trading is presently a topic of considerable interest for shellfish growers, due to 

the potential integration of bivalve aquaculture in watershed-scale nutrient management systems. 

We review the overall balance of nutrient input to the coastal zone in Europe, North America, 

and China, and the role of shellfish farms as a potential offset to loading. We examine some of 

the challenges and potential solutions for including bivalve aquaculture in trading schemes, as 

well as practical implementations, with a focus on non-point trading, for mitigation of diffuse 

nutrient loading. We discuss options for different indicators, and provide examples of how an 

assessment can be made, including the valuation of regulatory services provided by 

commercially grown shellfish, by applying system-scale models that integrate processes at the 

catchment level, water circulation, and key ecological processes. This approach is compared with 

current valuation methods based on harvest calculations and local-scale models such as FARM. 

We conclude that the role of bivalves in nutrient credit trading programmes should form an 

integral part of ecosystem-based management. From the perspective of aquaculture 

enhancement, which is fundamental for improved food security, this will enhance 

competitiveness of agriculture, eco-intensification of aquaculture, and greater consumer safety. 
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17:00-17:20 

MODELING AND POLICY APPROACHES TO EVALUATE POTENTIAL 

EUTROPHICATION MITIGATION BY OYSTERS IN THE UNITED STATES 

 

J.M. Rose1*, S.B. Bricker2, J. Cornwell3, J.G. Ferreira4, L.M. Milke1*, J. Reichert5 
 

1NOAA NEFSC Milford Laboratory, Milford, Connecticut, 06460 
2NOAA National Centers for Coastal Ocean Science, Silver Spring, Maryland, 20910 
3University of Maryland Center for Environmental Science, Cambridge, Maryland, USA, 21613 
4Universidade Nova de Lisboa, Portugal 
5Oyster Recovery Partnership, Annapolis Maryland, USA, 21401 

 

There is growing interest within the US regarding the use of shellfish aquaculture to reduce 

excess nutrients in the coastal and estuarine environment.  States and municipalities faced with 

substantial, legally-mandated, nutrient reduction goals need diverse tools to achieve these goals.  

We present an overview of several modeling projects that explored nitrogen removal by oysters 

in a broader ecosystem context.  Nitrogen removal provided by Connecticut’s oyster aquaculture 

industry was quantified, and placed in the context of watershed nitrogen loads.  We modeled 

nitrogen removal by oysters and other cultivated bivalves from 14 locations globally to obtain a 

range of removal effectiveness that could be anticipated by resource managers; this compared 

well to expected removal by commonly-used nutrient reduction tools.  A Chesapeake Bay expert 

panel recently reviewed existing science concerning sequestration of nutrients into tissue and 

made recommendations to ‘credit’ removal of nitrogen and phosphorus contained in harvested 

oyster tissue of cultivated oysters from private aquaculture operations. These recommendations 

were approved by EPA in December 2016; consideration of other removal pathways (e.g. shell, 

enhanced denitrification) and practices continues.  This work highlights the importance of using 

robust science to shape policy development, and the value of including scientists in the resource 

management process. 
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ROOM 200C1 

SEAWEED SYMPOSIUM 

 

9:35-10:15 

SEAWEED AQUACULTURE – FROM THE GLOBAL, MOSTLY ASIAN, PICTURE TO 

THE OPPORTUNITIES AND CONSTRAINTS OF THE CANADIAN SCENE 
 

T. Chopin 

 

Canadian Integrated Multi-Trophic Aquaculture Network (CIMTAN), Department of Biological 

Sciences, University of New Brunswick, 100 Tucker Park Rd., Saint John, N.B., E2L 4L5, 

Canada, tchopin@unbsj.ca 

 

According to the latest statistics available (2014, published in 2016), farmed seaweeds account 

for 27.3 million metric tonnes (wet weight), worth US$5.6 billion and represent the largest group 

of maricultured organisms (second largest if considering both freshwater and marine 

aquaculture) on this planet. Farmed seaweed production exceeded wild seaweed harvesting in 

1971 and now represents 95.6% of world seaweed supplies, with an annual growth rate of 8% 

over the last decade. It is, however, mostly an Asian story, as 97.6% is produced by China, 

Indonesia, the Philippines, the Republic of Korea, Japan and Malaysia. Of approximately 10,500 

identified species, approximately 220 species of seaweeds are cultivated and nine genera (6 

groups) provide 97.9% of the production: Kappaphycus/Eucheuma, Saccharina/Laminaria, 

Gracilaria, Undaria, Porphyra/Pyropia and Sargassum. Systematically, green, red and brown 

algae do not have much in common and are an unnatural (polyphyletic) grouping. They have 

very different life histories and, consequently, their culture techniques vary widely. One could 

say that farming green, red and brown seaweeds is as different as farming chicken, kangaroos 

and alligators; therefore, it is imperative to know the biology, physiology, biochemistry, etc. of 

these organisms very well before attempting their cultivation, as they are definitely not the “low-

hanging fruits” of aquaculture. Hopefully, as people in the western world begin to recognize the 

benefits seaweeds offer them and the environment, we will see the emergence of this aquaculture 

sector, in particular in Canada, instead of sitting on a missed opportunity. To cultivate our 

endemic species appropriately, we will need to understand their biological cycles and develop 

appropriate annual strategies accordingly. It also means that there is a need for timely and 

enabling regulatory changes instead of the current hampering regulatory hurdles. We will need to 

develop seaweed products and commercialize them, evolving from a linear approach to move 

toward the Integrated Sequential Biorefinery (ISBR) approach, in which there are no longer by-

products, but co-products within a circular economy framework. We will need the aquaculture 

industry to diversify beyond fish and develop appropriate regulations to allow this 

diversification. For example, the new Safe Food for Canadians Act is completely silent on 

seaweeds. We cannot continue to read in magazines “Seaweeds are the next superfood” and do 

nothing in our own “sea backyard”.  
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10:15-10:55 

SEAWEEDS AS HUMAN FOOD AND AQUACULTURE FEEDS 

M. L. Cornish 

Acadian Seaplants Limited, Cornwallis, Nova Scotia, Canada, B0S 1H0, lcornish@acadian.ca 

Seaweeds have been used by humans as an important food source in some countries for at least 

1500 years. In addition to an impressive nutritional portfolio, seaweeds also contain numerous 

useful bioactive secondary metabolites, many of which exhibit robust antioxidant capacities. One 

of the more common uses of seaweed extracts are as thickening or gelling agents, where they add 

texture and structural stability to industrial formulations of foods and personal care items. 

However, dietary seaweeds can provide all the essential nutrients necessary to meet the 

requirements for the definition of food, with the exception of adequate calories. Seaweeds in 

general do not contain significant amounts of fat, but those lipids they do contain are mostly in 

the form of omega-3 and omega-6 fatty acids, in a ratio of approximately 1:1, just as it is in our 

brains. As primary producers, seaweeds can also supply nutritional elements to fish, which in 

turn can be consumed by humans, providing important health and wellness benefits, and a more 

concentrated form of polyunsaturated fatty acids. Characteristics of aquacultured fish positively 

impacted by the inclusion of seaweed in the diet include protein content, colouration of flesh, 

lipid content, nutrient utilization, feed efficiency, and growth performance. 

 

11:30-11:50 

THE CULTIVATION OF SEAWEEDS FOR HIGH VALUE PRODUCTS, PROSPECTS 

AND CHALLENGES. 

 

J. T. Hafting* 

 

Acadian Seaplants Limited, 4 Bren Street, Cornwallis, NS, B0S1A0 

jhafting@acadian.ca 

 

The domestication of seaweed cultivars (1940s) ended the reliance on natural cycles of raw 

material availability for some species, driven by consumer demands that far exceeded the 

available supplies. Currently, global seaweed cultivation is unrivaled in mariculture with 96% of 

annual seaweed biomass derived from cultivated sources. In the last decade, research has 

confirmed seaweeds as rich sources of potentially valuable compounds. Most existing seaweed 

cultivars and current cultivation techniques may not necessarily be optimized to produce 

valuable bioactive compounds. The future of the seaweed industry will include the development 

of high value markets for functional foods, cosmeceuticals, nutraceuticals, and pharmaceuticals. 

Entry into these markets will require a level of standardization, efficacy, and traceability that has 

not previously been demanded of seaweed products. Composition of bioactive compounds can 

fluctuate seasonally, geographically, bathymetrically and genetically even within individual 

species, especially where life history stages can be important. Successful expansion of seaweed 

products into new markets requires the cultivation of domesticated seaweed cultivars. Demands 
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of an evolving new industry based upon efficacy and standardization will require the selection of 

improved cultivars, the domestication of new species, and a refinement of existing cultivation 

techniques to improve quality control and traceability of products.  
 

 

11:50-12:10 

THE RENEWED INTEREST IN THE CULTIVATION OF SEAWEEDS, AS THE 

INORGANIC EXTRACTIVE COMPONENT OF INTEGRATED MULTI-TROPHIC 

AQUACULTURE (IMTA) SYSTEMS, AND FOR THE ECOSYSTEM SERVICES THEY 

PROVIDE 
 

T. Chopin 

 

Canadian Integrated Multi-Trophic Aquaculture Network (CIMTAN), Department of Biological 

Sciences, University of New Brunswick, 100 Tucker Park Rd., Saint John, N.B., E2L 4L5, 

Canada, tchopin@unbsj.ca 

 

Seaweed cultivation is well established in Asia and needs little explanation/justification. In the 

western world, a renewed interest in seaweed mariculture has been triggered by their cultivation 

in integrated multi-trophic aquaculture (IMTA) systems, the emerging understanding of the 

ecosystem services they provide (e.g. nutrient biomitigation, irrigation-less and deforestation-less 

food production, oxygen provision, habitat restoration, carbon sequestration, coastal acidification 

reduction, etc.), and the development of novel uses/applications. To bestow full value to 

seaweeds and IMTA, extractive species need to be valued for not only their biomass and food 

trading values, but also for the ecosystem services they provide within a circular economy 

framework. The value of these ecosystem services needs to be recognized, accounted for and 

used as financial and regulatory incentive tools (e.g. nutrient trading credits). The IMTA multi-

crop diversification approach (fish, seaweeds and invertebrates) could be an economic risk 

mitigation/management option to address pending climate change and coastal acidification 

impacts. Humans will soon not be able to continue thinking of mostly land-based agronomic 

solutions and fed finfish aquaculture operations for securing their food, or for providing many 

other derived products, and will have to turn, increasingly, to responsible aquanomy to manage 

their “aquatic fields”. Extractive aquaculture of seaweeds/aquatic plants/mollusks/crustaceans/ 

non-fed finfish now represents 54.4%, but is unevenly distributed worldwide and needs to 

increase. 
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12:10-12:30 

SUSTAINABLE AND NATURAL POTENTIALS OF SEA VEGETABLES 

 

T. Widrig  

 

Mermaid Fare, 59 Dorey Avenue, Dartmouth, NS, B3B 0B2 

mermaidfare@gmail.com 

 

Sea vegetables provide healthy food options for humans, animals, and plants. Cultivated sea 

vegetables can be seen as a secure food and specialty ingredient source for the worlds increasing 

population. Sea vegetables do not require feed or fertilizer to grow and can offset certain 

pollutants in the oceans naturally. Although market demand exists and is growing, certain 

challenges are faced such as the public perception of seaweed as a food, and the challenge of 

securing consistent biomass in a sustainable way to create products through wild harvesting 

alone. Not only are sea vegetables nutrient dense as a food, they offer sustainable and natural 

alternatives to many existing chemical ingredients throughout various industries. Through 

cultivation and regulation, sustainability can be achieved in both our environment and local 

economy. We will discuss the nutritional highlights of edible sea vegetables in general, global 

trends, and the sustainable and natural potentials of sea vegetables. 

 

12:30-12:50 

COLLABORATIVE PROJECT FOR SEAWEED CULTIVATION IN NOVA SCOTIA 

I. Tremblay*1, N. Ross2, J. Sewuster3 and T. Chopin4 

 
1Aquaculture Association of Nova Scotia (AANS), Halifax, NS B3L 2W4 
2Ross Scinergy Inc., Halibut Bay, NS B3V 1R1 
3Waypoint Business Solutions, Halifax, NS B3H 2K4 
4Department of Biological Sciences, University of New Brunswick, Saint John, NB E2L 4L5 

 

Nova Scotia mussel industry has been hit very hard by invasive tunicates over the past decade.  

This has resulted in several industry members to stop seeding their mussel lines.  In many sites, 

lines have been left in the water and in some cases naturally settling seaweeds have colonized the 

lines.  Mussel growers are looking for options for their leases and seaweed aquaculture offers 

promise.  Seaweeds on lines can mature within one year and could provide annual incomes to 

growers with limited site modifications.  Seaweed aquaculture is a US$5.6 billion global industry 

and several potential high-value added products can be derived from seaweeds, ranging from 

high-value food items, extracts for nutraceuticals and cosmeceuticals, ingredients for natural 

health supplements, as well as agricultural inputs.  The AANS and its partners put in place an 

initiative to develop seaweed cultivation in Nova Scotia.  This talk will present this collaborative 

project. 
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14:20-14:40 

MAXIMIZING RAW MATERIAL UTILITY & RETURN ON INVESTMENT – 

PRODUCT CHANNEL & SPECIES DIVERSIFICATION 

 

J. Sewuster*1 

  
1Waypoint Business Solutions Inc, Halifax, NS B3H 2K4 

 

When looking at any new venture, it’s all about the business case, the potential economic return 

on the investment of your time and resources, given all the options you have for those inputs. In 

short, it’s about your ROI. Cultivated marine plants can be a new and sustainable economic crop 

for seafarmers, and provide additional financial returns to their operations. But beyond the 

complexity of growing a new biomass, successfully commercialization will also depend on 

creating efficient logistics to move and process that biomass (who does what?), fully utilizing it 

as a resource, and choosing the right channels to enter and products to develop. This presentation 

will attempt to show where in the value chain that product focus could be placed and what 

approaches could be taken to maximize the economic return for all parties involved.  

 

14:40-15:00 

SALAWEG: ADDING VALUE TO FARMED KELP 

 

S. Autef, M-H. Rondeau1*, and C.L. Koizumi1 

 

1 Mi’gmaq Maliseet Aboriginal Fisheries Management Association (MMAFMA), 10, Perron 

boulevard, Gesgapegiag (Québec), G0C 1Y1. mariehelene.rondeau@aghamm.ca 

 

MMAFMA is a non-profit Aboriginal organization serving three communities: the Mi'gmaqs of 

Gespeg, the Mi'gmaqs of Gesgapegiag, and the Maliseets of Viger. Our mission is to promote the 

sustainable management and conservation of aquatic and oceanic ecosystems on the territories of 

our communities while promoting their interests and participation in co-management. 

MMAFMA has initiated the SALAWEG project (meaning “it’s salty” in Mi’gmaq language), to 

add value to locally farmed kelp by developing a range of seaweed-based products destined for 

human consumption (sea relish, tartar mix, spices for fish and meat). Due to the novelty of these 

products, we have focused our efforts on product development and marketing, rather than the 

aquaculture component itself; although we are currently working with partners to optimize the 

yields of farmed sugar kelp Saccharina latissima in the Chaleur Bay (Québec). Within the next 

years, MMAFMA aims the acquisition and profitable operation of an aquaculture site, the 

development of skills as well as job creation among the members of our communities, and the 

generation of revenues for MMAFMA to reinvest into our mission. 
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15:00-15:20 

SUITABILITY OF LOCALLY ABUNDANT KELP SPECIES FOR PRODUCTION OF 

MARKETABLE ROE IN GREEN SEA URCHINS FROM NEWFOUNDLAND  

 

S. Trueman* and P. Gagnon 

 

Department of Ocean Sciences, Memorial University of Newfoundland, St. John’s, NL, Canada, 

A1C 5S7  

samantha.trueman@mun.ca 

 

The increasing demand for green sea urchin (Strongylocentrotus droebachiensis) gonads (roe) on 

international seafood markets has stimulated the development of feeding protocols for increased 

gonad production and quality. The species abounds in coastal Newfoundland, yet it represents a 

largely untapped resource for the province. We conducted an 8-month experiment during which 

green sea urchins from southeastern Newfoundland were maintained in flow-through tanks and 

fed ad libitum with one of three locally abundant kelps: Alaria esculenta, Laminaria digitata, 

and Agarum clathratum. Gonad index was assessed from individuals halfway through and at the 

end of the experiment. Gonad quality (colour, texture, and taste) was assessed at the end of the 

experiment. Preliminary analysis indicates that A. esculenta and L. digitata supported a much 

higher gonad production and quality than A. clathratum halfway through and at the end of the 

experiment. Urchins fed A. esculenta and L. digitata also had a higher gonad index and better 

coloured gonads than urchins from the source population throughout the experiment. 

Collectively, results suggest that green sea urchins fed locally abundant and easily accessible 

kelp species produce large volumes of high quality, marketable gonads. Further research on 

feeds for green sea urchins in Newfoundland should be pursued. 

 

 

15:20-15:40 

AN EVALUATION OF INDONESIA SEAWEED FARMING - FUTURE PROSPECTS 

AND CONSTRAINTS 
 

C. Couturier 

 

Fisheries and Marine Institute of Memorial University, Box 4920, St. John’s, NL, Canada A1C 

5R3.  Email: cyr@mi.mun.ca 

 

Seaweed farming and output is increasing rapidly on a global scale, and Indonesia is one of the 

largest producers. Global trends for seaweed production show an increasing demand for seaweed 

production for food security and for high-end seaweed food products.  Raw carrageenan demand 

does not appear to be growing, and alternate, higher-end extracts and products from seaweed will 

lead the future. The majority of seaweed farmers in the world are smallholder farms consisting of 

a few ponds or a few hectares of the sea for farming purposes.  They are mostly family type 

businesses, disconnected from markets, and their growth and success are constrained by a variety 

of factors. These impediments include: lack of access to capital or technical support, lack of 

mailto:cyr@mi.mun.ca


SEAWEED SYMPOSIUM  

Aquaculture Canada – Sea Farmers 2017 ABSTRACTS 73 

market insight, a poor understanding of the value and supply chains for seaweed products, and a 

changing climate that is impacting production in a variety of ways.  Moreover, up to 80% of the 

world’s seaweed production occurs with ongoing disease management issues, and a lack of new 

seed stocks to address climate change impacts. Indonesia seaweed farming suffers from the same 

constraints as the rest of the world. A recent evaluation of the status of seaweed farming in South 

Sulawesi is presented, and some potential solutions to improving seaweed farming outcomes for 

farmers are proposed. 

 

15:40-16:00 

TO ENABLE INTEGRATED MULTI-TROPHIC AQUACULTURE (IMTA) AND THE 

SEAWEED SECTOR TO DEVELOP IN CANADA, REGULATORY ISSUES WILL 

NEED TO BE SERIOUSLY ADDRESSED 
 

T. Chopin 

 

Canadian Integrated Multi-Trophic Aquaculture Network (CIMTAN), Department of Biological 

Sciences, University of New Brunswick, 100 Tucker Park Rd., Saint John, N.B., E2L 4L5, 

Canada, tchopin@unbsj.ca 

 

A major rethinking is needed regarding the functioning of an “aquaculture farm”. It does not 

work within the limits of a few buoys on the water, but should be managed using an integrated 

coastal area management (ICAM) strategy, according to the movement of the different elements 

considered: 

- large particulate organic nutrients managed within the site; 

- small particulate organic nutrients managed within the site or its immediate vicinity; 

- dissolved inorganic nutrients managed on the ICAM scale. 

Different nutrients means different spatial and temporal recovery strategies. There is, 

consequently, a need for regulatory changes, instead of regulatory hurdles, to enable the 

development/implementation of innovative aquaculture practices, such as IMTA: 

- co-cultivated species infrastructures placed appropriately; 

- different species and different production cycles requiring multi-species/multi-year licences 

issued and crop rotation/fallowing schemes revisited; 

- interprovincial regulations harmonized; 

- harmonization and coordination between provincial and federal regulations and between 

departments/agencies; 

- status of transportation of algal spores between regions/provinces clarified; 

- process for water classification (protocol and delegation of authority) improved; 

- seaweed regulations proactively developed, so as to not delay upcoming commercialization; 

- Safe Food for Canadians Act amended and proposed Aquaculture Act skillfully prepared. 

 

16:00 - PANEL DISSCUSSION 
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ROOM 200C2 

AQUACULTURE, PUBLIC PERCEPTIONS AND THE MEDIA 

 

9:35-9:55 

AQUACULTURE PUBLIC PERCEPTION AND THE MEDIA; THE CHANGING 

PRESS LANDSCAPE AS A MESSAGING OPPORTUNITY 

 

G. Gibbons 

 

National Fisheries Institute 

 

There was a time when challenging the media was public affairs suicide.  The rise of digital 

media has empowered those with a science-based message to challenge those for whom 

hyperbole and embellishment have historically been their most effective weapons. The days of 

agreeing to disagree with reporters and editors about the real facts surrounding aquaculture are 

over.  A unified messaging front is already paying dividends and turning the tide on negative 

aquaculture coverage.   
  

 

9:55-10:15 

THROUGH AND AROUND THE MEDIA FILTER 

 

I. Roberts 

 

Marine Harvest Canada 

  
Aquaculture has a great story, but the ability to deliver that story to a mass audience from a 

farmer’s perspective is a challenge. Is the trend of moving from traditional media to social media 

helpful or a hindrance? Traditional media may filter the message, and social media can seem like 

a vacuum and in both forums, bad news sells. This presentation will delve into how traditional 

and social media have communicated aquaculture, how the message has influenced audience 

perceptions, and explore ways to effectively communicate the desired message to the masses. 
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10:15-10:35 

ATTITUDES TOWARDS MARINE AQUACULTURE ON VANCOUVER ISLAND, B.C.: 

INSIGHTS FROM A SURVEY OF SMALL COASTAL COMMUNITIES 

 

M. Flaherty*1, G. Reid2, T. Chopin3 and E. Latham1 

 
1Department of Geography, University of Victoria, PO Box 1700 STN C, Victoria, BC V8W 

2Y2 flaherty@mail.geog.uvic.ca 

 
2St. Andrews Biological Station, Fisheries and Oceans Canada, St. Andrews, NB E5B 2L9 

 
3Department of Biology, University of New Brunswick, PO Box 5050, Saint John NB E 2L4L5 

 

Marine aquaculture in British Columbia has a long history of controversy. To date, much of the 

public debate over the development of the industry, its environmental sustainability, and future 

regulation has been conducted through Environmental NGO campaigns, and in the media. While 

some attitude surveys regarding salmon and shellfish farming have been conducted in Canada, 

much of the focus has been on consumer preferences. Moreover, many studies consist of online 

interviews in which respondents self-select for participation. This paper reports the results of a 

study conducted to investigate the attitudes of residents living in coastal communities under 

4,000 in population on Vancouver Island towards marine aquaculture – finfish, shellfish and 

seaweeds. Personal interviews were conducted with 220 people regarding their familiarity with 

aquaculture, and the issues that they associate with it. Respondents were also asked provide their 

views on the development of Integrated Multi-Trophic Aquaculture (IMTA). The analysis 

considers gender and locational differences in attitudes. 

 

10:35-10:55 

EVALUATING AND ADDRESSING MISPERCEPTIONS OF AQUACULTURE IN THE 

US. 

 

M. Rust 

 

NOAA Office of Aquaculture, 1315 East West Hwy., Silver Spring, MD  20910 

 

One of the four goals for the NOAA Office of aquaculture is to improve public understanding of 

marine aquaculture.  Aquaculture products are an important part of the seafood supply in the 

United States, however the perception of such products as farmed salmon and shrimp are 

variable.  We have supported a number of projects to 1) evaluate the relative sentiments and 

opinions of the public around distinct forms of aquaculture, and 2) develop materials for various 

outlets with science based messaging.  A number of these were produced in collaboration with 

the academic,  public aquarium and human health/nutrition communities.  
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AQUACULTURE DEVELOPMENT: SOCIAL, ECONOMICAL AND 

TECHNICAL 

 

 

11:30-11:50 

AQUACULTURE DEVELOPMENT AND PROFITABLE COMMERCIALIZATION OF 

ARCTIC CHARR IN CANADA 

R. Yossa*1 

1 Coastal zones research institute Inc., 232B avenue de l’Église, Shippagan, N.B., E8S 1J2,, 

Canada, Tel:  506-336-6600, Fax: 506-336-3057, rodrigue.yossa@irzc.umcs.ca, 

www.irzc.umcs.ca 

 

Artic charr Salvelinus alpinus is a cold-water fish species from the family Salmonidae. Since 

2006, the Monterey Bay Aquarium's Seafood Watch considers farmed Arctic charr from Canada 

as the “best choice” for consumers, because its farming is done in environmentally friendly 

ways. Thus, over the last decade, there has been a growing interest in Artic charr aquaculture in 

Canada, in order to satisfy the increasing demand for Artic charr products. Following the 

international workshop on Artic charr held in Moncton in 2011, the pan-Canadian project on 

“Aquaculture Development and Profitable Commercialization of Arctic charr in Canada” started 

in 2014. This 5-year project is mainly funded by the Atlantic Canada Opportunity Agency, and is 

led by the Coastal Zones Research Institute Inc. (CZRI). The goal of this project is to spur 

sustainable Arctic charr aquaculture development in Canada, through coordinated research, 

extension and commercialisation initiatives across the country. Scientists, government agencies 

and Artic charr producers from nine provinces and territories of Canada are involved in this 

project. The scientific activities of this project include research on genetics, disease and health 

management, nutrition and husbandry. This project will ultimately help realizing the aquaculture 

potential of this fish species in Canada. 

 

11:50-12:10 

MARICULTURE IN QUÉBEC MOVING FORWARD: STATEMENT, CHALLENGES 

AND PERSPECTIVES 

 

M. Lionard 1*, E. Pedneault 2, N. Toupoint 3 

 
1 Merinov, Centre de la Côte-Nord, 175 rue de la Vérendrye, Sept-Îles G4R 5B7 (Québec) 

(marie.lionard@merinov.ca) 
2 Merinov, Centre de Grande-Rivière, 6 rue du Parc, Grande-Rivière G0C 1V0 (Québec) 

(estelle.pedneault@merinov.ca) 

mailto:rodrigue.yossa@irzc.umcs.ca
mailto:marie.lionard@merinov.ca
mailto:estelle.pedneault@merinov.ca
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3 Merinov, Centre des Îles-de-la-Madeleine, 107-125 chemin du Parc, Cap-aux-Meules G4T 1B3 

(Québec) (nicolas.toupoint@merinov.ca) 

 

Merinov is the largest Canadian center for integrated research applied to the seafood industry. In 

mariculture, Merinov’s team work made recent advances in the province of Québec, closely 

working with seafarmers in the aim to stimulate the development and to ensure the 

competitiveness of this industry. In this sector, present challenges are the upholding of farming 

durability and resilience, by supporting actual production (Mytilus edulis, Placopecten 

magellanicus), and diversifying with new species culture and new combinations. For instance, 

the oysters culture development is fast-growing since 2013 and will be extended to more areas in 

the province within few years. As well, the seaweeds cultivation, which exhibit a promising rise 

with Saccharina latissima, Alaria esculenta, Palmaria palmata and Chorda filum. Particularly, a 

NSERC industrial research chair has boosted the culture method development, and aims to build 

an operating zero waste sector. Moreover, a new combination is actually tested to reduce duck’s 

predation on mussel farms by co-culturing S. latissima. Finally, Merinov offers different services 

to seafarmers. Namely, the monitoring of environmental and biological parameters provides 

decision making data available on a specific and secure web platform. Also, the development or 

adaptation of aquaculture equipment is one of the most appreciated services. 
 

 

12:10-12:30 

EXPLORING THE SOCIOECONOMIC EFFECTS OF SMALL-SCALE 

AQUACULTURE: INSIGHTS FROM THE BOLIVIAN AMAZON 

  

S. Irwin1 & M. Flaherty*1 

 
1Department of Geography, University of Victoria, 3800 Finnerty Road, Victoria, BC, Canada, 

V8P 5C2, irwin@uvic.ca 

 

Bolivia is the poorest and most food insecure country in South America. The Bolivian 

government recently prioritized the development of fisheries and aquaculture as important means 

of increasing both food security and food sovereignty. To assist the Bolivian government in 

realizing its objective of improving food security in impoverished rural communities, the 

Canadian International Food Security Research Fund is currently supporting the Pesces Para La 

Vida project, which focuses on reducing poverty and improving food security for women and 

indigenous families. The project has been working with small-scale farmers in the Southern 

Amazonian region to introduce the farming of Tambaqui (Piaractus Brachypomus), as a means 

of improving their incomes. This paper presents the results of a value chain analysis that was 

undertaken to investigate the contribution of family based small-scale aquaculture to household 

incomes and food security. Principle findings point to an aquaculture system that has 

considerable potential for reducing poverty and improving food security. Nevertheless, there are 

several challenges to growth that must be addressed if this potential is to be realized.   
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12:30-12:50 

ASSESSING THE STATE OF FINFISH AQUACULTURE ENGINEERING 

STANDARDS AND RESEARCH IN CANADA 

D. Steinke*, A. Turner 

 

Dynamic Systems Analysis Ltd., 201-3600 Kempt Road, Halifax, NS, B3K 4X8, dean@dsa-

ltd.ca 

Engineering standards play an important role in ensuring safety. Airplanes, ships, and cars all 

follow rigorous design guidelines to ensure protection of human life and the environment. In 

2003 legislation was passed in Norway that mandated finfish aquaculture farms meet the 

requirements of Norwegian Standard 9415. Since that time fish escapes have been reduced in 

Norway and the industry has come to rely on these requirements. More recently, in 2016 Nova 

Scotia put new requirements in place that require a professional engineer to review containment 

plans. Similarly, in Scotland a new voluntary technical standard has been developed for the 

industry to follow. These requirements are putting pressure on operators to justify their selection 

of equipment through documented engineering analysis and plans. Dynamic Systems Analysis 

Ltd. (DSA) has been involved in research over the last five years to better understand how to 

select anchors and mooring lines through by analyzing wave, current and wind loads. In the 

proposed presentation, a review and comparison of the technical standards will be presented. The 

goal of the presentation is to help the industry to understand the requirements of these standards. 

Lastly, the research that DSA has been conducting into net loading and aquaculture site analysis 

will be discussed as it relates to the requirements of these standards. 
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AQUATIC ANIMAL HEALTH 

 

14;20-14:40 

THE HEALTH AND VACCINATION OF LUMPFISH 

  

N. O Steine*1 , R. Johansen2, E. Brudal1, N. Fredrik Vestvik1, S. Nylund2 

 

1Pharmaq AS, Harbitzalléen 2A, N-0275 Oslo, Norway 
2Pharmaq Analytiq AS, Thormøhlensgate 55, N-5008 Bergen, Norway 
 

Lumpfish are becoming more widely used as cleaner fish by the aquaculture industry in Norway 

and other countries ( the UK, Ireland, Iceland and Faroe Islands) and now also in Canada. This is 

due to their natural behavior of grazing on Atlantic salmon infested with Salmon lice.  Lumpfish 

is thus contributing to keeping the salmon lice situation under control. The number of lumpfish 

hatcheries in Norway has past 30 in 2017. The marked is estimated to 50 million fish per year. 

Lumpfish are also susceptible to infections, and we will provide a new overview of the 

challenges detections of i.e. Listonella anguillarum, atypical and typical Aeromonas 

salmonicida, Pasteurella sp, Tenacibaculum sp., as well as an overview of other anomalies, 

disease agents and pathogens screened for that could potentially be transferred to salmon. 

Special exempt licensed vaccines are being used in commercial scale vaccination of Lumpfish, 

and the vaccines are under continuous evolution. Experiences from vaccination of Lumpfish will 

be presented. 
  

 

14:40-15:00 

THE EPIDEMIOLOGY OF ULCER DISEASE OF ATLANTIC SALMON Salmo salar IN 

ATLANTIC CANADA 

 

B. MacKinnon*1, P. Jones2, H. Stryhn1, I. Dohoo1, L. Hawkins2, R. Vanderstichel1, and 

S. St-Hilaire1  

 
1Atlantic Veterinary College, University of Prince Edward Island, Charlottetown, PE C1A 4P3 
2Kelly Cove Salmon Ltd., Blacks Harbour, NB E5H 1K1 

 

Ulcer disease has affected Canadian salmon aquaculture during summer months for several 

years. There is no published epidemiology for ulcer disease in Canada, which is beneficial for 

developing control strategies. Study objectives were to describe ulcer disease cases at cage and 

farm levels to determine sources and transmission of infection, and identify factors affecting 

mortality attributed to ulcer disease. We summarized weekly data from 29 salmon farms in 

Atlantic Canada, from 2014 to 2016. Onset, duration, and total mortality associated with ulcer 

disease outbreaks were determined at cage and farm levels. Effects of risk factors on total 

mortality during outbreaks were assessed using a mixed-effects linear regression model (random 

effects of farm). Twelve farms were diagnosed with ulcer disease. Simultaneity of outbreaks 
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suggests point source exposure, and unaffected cages on affected farms is not consistent with 

cage-to-cage transmission. The range in severity of outbreaks was likely due to variable exposure 

and/or factors that affect the probability of disease expression and magnitude of mortality. 

Similar temporal patterns for 2014 and 2015 suggest the pathogen is widespread from July to 

November, or outbreaks are environmentally triggered. Our risk factor analysis had three 

significant predictors associated with the magnitude of ulcer disease mortality. 

 

15:00-15:20 

SKIN ULCER DISEASES; WHY DON’T MY ULCERS LOOK LIKE YOUR ULCERS? 

S. Leadbeater*  

Saint Andrews Biological Station, Fisheries and Oceans Canada, Saint Andrews, NB E5B 2L9 

Moritella viscosa and Tenacibaculum sp. associated skin ulcerative diseases result in animal 

losses and increased treatment costs as well as downgrading losses at harvest due to scarring on 

surviving animals.  Through two aquaculture collaborative research development program 

(ACRDP) projects, lab challenges were developed to successfully create ulcerative lesions and 

successful recovery of these pathogens, however the pattern and appearance of ulcers differs 

from clinical cases or is difficult to establish.  Possibly this is due to the microbial ecology, or 

microbiome, of the host animal.  In a study examining the impact of sea lice infestation on the 

microbiome make up the community structure became increasingly destabilized over time as the 

lice developed from copepodid to adult stage, with a reduction in overall species richness which 

retained a number of opportunistic pathogens when compared to control groups.  The difference 

in laboratory and clinical ulcer appearance may be the result of colonization resistance. In this 

presentation selected results from a number of research projects will discuss this effect and the 

potential for enhancing colonization resistance of the microbiome in fish in order to resist 

pathogen infection. 

 

15:20-15:40 

INVESTIGATING RESISTANCE TO MORTALITY FROM MSX (Haplosporidium 

nelsoni) IN BRAS D’OR LAKES OYSTERS (Crassostrea virginica), CAPE BRETON, 

NOVA SCOTIA 

 

R. Beresford*1,2  K. Boyd1  K. Oakes1  N. Ross2,3 

 

1 Cape Breton University, Verschuren Centre for Sustainability in Energy and Environment & 

Department of Biology, 1250 Grand Lake Road, Sydney, Nova Scotia B1P 6L2  

rod_beresford@cbu.ca 
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2 Dalhousie University, Department of Biology, 1355 Oxford Street, Halifax, Nova Scotia B3H 

4R2 

3 Ross Scinergy Inc., 42 Kittiwake Ridge, Halibut Bay, Nova Scotia B3V 1R1 

 

The Eastern oyster (Crassosstrea virginica) parasite Haplosporidiun nelsoni (MSX) has caused 

significant oyster mortality along the US Eastern Seaboard and in the Bras d’Or Lakes, Cape 

Breton, Nova Scotia.  The first mortalities in Cape Breton were observed in 2001.  Since then, 

there has been little effort to determine if Bras d’Or oysters have developed a measureable 

degree of resistance to MSX-induced mortality.  Due to microhabitats within the Bras d’Or, and 

no simple way to determine if oysters are developing resistance to MSX, we conducted a field 

experiment over 15 months using oysters from these microhabitats that previously suffered 

losses to determine if resistance to mortality has emerged.  By transferring naïve oysters 

(control) to an area of known high MSX infection intensity as well as oysters from locations that 

previously suffered significant losses from MSX, we are able to make some conclusions on the 

development of resistance to mortality from the parasite and infection susceptibility.  

Surprisingly, it appears those oysters that survived the initial infection from 2001 did not exhibit 

enhanced resistance to MSX infection, nor mortality.  This may be due to unknown and variable 

infection pressures at microhabitats prior to transfer and other factors we will present. 

 

 

15:40-16:00 

 

DEVELOPING DIAGNOSTIC MARKERS TO ASSESS MUSSEL (MYTILUS EDULIS) 

POPULATION HEALTH IN RESPONSE TO ENVIRONMENTAL STRESS 

 

S.A. Hall*1, S.E. Stewart-Clark1, and D. Méthé2 

 

1 Department of Plant & Animal Sciences, Dalhousie University Agricultural Campus, PO Box 

550, Truro, NS B2N 5E3 
2 Fisheries and Oceans Canada, Gulf Fisheries Centre, 343 University Avenue, Moncton, NB 

E1C 9B6 

 

The blue mussel (Mytilus edulis) is an important species of bivalve mollusk in the aquaculture 

industry in Atlantic Canada. As a result of climate change, environmental fluctuations are 

occurring, which can be a source of stress. However, stress response is not an observable trait in 

bivalve mollusks, and often the only indicators of stress is mortality, and poor growth/meat yield. 

The objective of this research is to use a genomic approach to identify genetic markers correlated 

to stress response in blue mussels, which can be used to indicate sources of stress on mussel 

farms and develop strategies to mitigate negative impacts. This experiment aimed to evaluate 

stress from food availability, temperature, tunicate fouling/treatments, ocean acidification, and 

hypoxia. Experimental trials were conducted to evaluate each stressor on two populations of 

mussels (March Water and St Mary’s, PEI) at two age groups (seed and adult). Neutral Red 

Assay and heartrate monitoring was used as indicators of stress. After each trial, RNA-seq, 

whole transcriptome analysis was conducted to identify genetic markers associated with each 

stressor. Preliminary results will be discussed during presentation.  
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16:00-16:20 

DEVELOPMENT AND VALIDATION OF DISEASE CHALLENGE MODELS USING 

RECIRCULATION AQUACULTURE SYSTEMS (RAS) 

M. Braceland*1, M. Booman1, T. Hori1, M. Allen1, D. Plouffe1 

1 The Center for Aquaculture Technologies Canada, Souris, PE, C0A 2B0, Canada 

Current practice for disease challenge trials are primarily focused on the use of flow through 

aquaculture systems. However, such methodologies often, without significant cost, limit the 

scope and quantity of challenges that can be executed depending on site location, inflow water 

type, and other environmental conditions. Recirculation aquaculture systems (RAS) allow for the 

economic maintenance of environmental conditions suitable to simulate field conditions of 

disease outbreaks while also reducing volumes of effluent water and thus associated costs and 

environmental impacts. However, the application of this technology is limited, with the impacts 

minimal sterilisation procedures may have on challenges largely unknown. This study aims to 

show the efficacy of using UV treatment on recirculating water and highlight the suitability of 

use of RAS technology using novel and established diagnostics.   

 

16:20-16:40 

PREVALENCE OF THE INFECTIOUS HEMATOPOIETIC VIRUS IN JUVENILE 

FRASER RIVER SOCKEYE SALMON  

 

M. Trudel1,*, S.C. Johnson2, J.C. Bradshaw2, C.M. Neville2, and K.A. Garver2 

 
1St Andrews Biological Station, Fisheries and Oceans Canada, 531 Brandy Cover Road, St. 

Andrews, NB, E5B 2L9 
2Pacific Biological Station, Fisheries and Oceans Canada, 3190 Hammond Bay Road, Nanaimo, 

BC V9T 6N7 

 

The infectious hematopoietic necrosis virus (IHNV) is an endemic virus to sockeye salmon 

(Oncorhynchus nerka) that has been associated with significant losses of fry and smolts in 

Alaska. IHNV has also been documented in adult sockeye salmon returning to the Fraser River, 

as well as in Fraser River sockeye smolts during their downstream migration, but is thought to be 

nearly undetectable in marine waters. Here we report the results of a monitoring program 

conducted in the lower Fraser, Strait of Georgia, Discovery Islands and Johnstone Strait aimed at 

assessing the health and ecology of juvenile Fraser River sockeye salmon during their early 

marine life. We show that the IHNV was present in the brain and head kidney of juvenile 

sockeye salmon caught in marine waters, with viral loads typically higher in the brain. We 

further show that the prevalence of IHNV vary among years over a six year period (2010-2016) 

and stocks, though the prevalence of IHNV did not vary significantly from their nursery lake to 

Johsntone Strait over a 7-8 week period. These results suggest that infection with IHNV did not 

result in disproportionally higher mortality in Fraser River sockeye salmon smolts.  
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16:40-17:00 

SELECTIVE PRECIPITATION REACTION: A NOVEL DIAGNOSTIC TEST FOR 

TISSUE PATHOLOGY IN ATLANTIC SALMON, Salmo Salar L., INFECTED WITH 

SALMONID ALPHAVIRUS (SAV3) 

M. Braceland1*, J. Tinsley2, D. Cockerill3, R. Bickerdike2, M. McLoughlin4, P.D. Eckersall5 

1 The Center for Aquaculture Technologies Canada, Souris, PE, C0A 2B0, Canada 
2 BioMar Ltd., North Shore Road, Grangemouth Docks, Grangemouth, FK3 8UL, Scotland, UK 
3 Marine Harvest Scotland, Stob Ban House, Glen Nevis Business Park, Fort William, PH33 

6RX, Scotland, UK 
4 Fish Vet Group, 22 Carsegate Road, Inverness, IV3 8EX, Scotland, UK 
5 Institute of Institute of Biodiversity, Animal Health and Comparative Medicine, University of 

Glasgow, Bearsden Rd Glasgow, G61 1QH, Scotland, UK 

 

During an investigation to identify biomarkers for infection with salmonid alphavirus (SAV), the 

cause of pancreas disease (PD), a selective precipitation reaction (SPR) has been discovered 

which has the potential to be an on-farm qualitative test and an in-laboratory quantitative assay 

of use in health assessments in aquaculture.  Mixing serum from salmon with SAV infection with 

a sodium acetate buffer causes a visible precipitation which does not occur with serum from 

healthy salmon.  Proteomic examination of the precipitate has revealed that the components are a 

mix of muscle proteins, along with serum protein such as serotransferrin and complement C9.  

The buffer and quantitative assay has been optimised for among other parameters, molarity, pH, 

temperature and wavelength so that the precipitation can be measured as the change in optical 

340).  Application of the SPR assay to serum samples from 

340 in infected 

fish rose from undetectable to a maximum at 6 weeks post infection and was correlated to 

histopathological score of pancreas, heart and muscle damage.  
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POSTER PRESENTATIONS (ROOM 100) 

DEVELOPMENT OF A SNP MARKER PANEL FOR PARENTAGE, DIVERSITY AND 

RELATEDNESS ANALYSES IN LARGEMOUTH BASS, Micropterus salmoides 

A. Fujimoto1, T. Hori2, M. Allen2*, D. Nygren, K. Austin, J. Koch, and J. Stannard1 

1Center for Aquaculture Technologies, 8395 Camino Santa Fe, Suite E, San Diego, CA 92121 
2Center for Aquaculture Technologies Canada, 20 Hope Street, Souris, Prince Edward Island, 

C0A 2B0 

mallen@aquatechcenter.com 

Largemouth bass (Micropterus salmoides) are an extremely popular gamefish species, that has 

evolved in to a multi-billion dollar sportfishing industry in the United States. Largemouth bass as 

a foodfish additionally represent a growing sector of the US aquaculture industry with 

production estimates exceeding 1 million pounds annually. As stock enhancement and breeding 

programs for this species continue to expand, there is an increasing need for genetic tools that 

can be used for various applications including parentage analysis and assessments of population 

structure, genetic diversity, and relatedness.  We report here on the development and 

characterization of a single nucleotide polymorphism (SNP) panel for largemouth bass.  A panel 

of ~ 150 SNP markers was established and used in a study to genotype broodstock samples 

(n~200) from Kansas Department of Wildlife, Parks, and Tourism's (KDWPT) hatchery program 

and perform parentage analyses on genotyped samples (n~600) collected from stocked 

reservoirs. Overall genotype call rates averaged 98.5% (+/- 2.7%), and >99 % of the samples 

collected from reservoirs were assigned as either hatchery-sourced (to single parent-pair crosses), 

or as wild-sourced. Additional results will be presented on the use of the SNP panel in providing 

information on diversity and relatedness of hatchery broodstock populations. 

 

THE STRUCTURE AND FUNCTION OF THE SALMON FARM REEF 

 

S. Cross1,2, A. Byrne1* and C. McKinsey3 

 
1Centre for Applied Research, Technology & Innovation, North Island College, 1685 South 

Dogwood St., Campbell River, BC V9W 8C1 
2SEA Vision Group Inc., 90-E Westgate Rd., Campbell River, BC V9W 2R1  
3Maurice-Lamontagne Institute, Fisheries and Oceans Canada, 850 Route de la Mer, Mont-Joli, 

QC G5H 3Z4 
 

The presence of fish farm infrastructure provides habitat for native marine flora and fauna from 

the surrounding environment, in many ways acting as an artificial “reef”. We are documenting 

the reef community structure and function at four British Columbia finfish farms, in stratified 

and well-mixed environments on both the east and west coast of Vancouver Island. Scraped 

samples and high-resolution photographs of the community at each site are being collected 

seasonally from billets adjacent to fish cages. Preliminary results on the abundance (biomass per 
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unit area) and composition (biodiversity) of the communities at each site will be presented. In 

addition to seasonal billet sampling, 10 hard plastic panels were deployed at 0.5—1 m depth at 

all sites to compare the settlement rate and composition in different farming environments. 

Settlement observations from photographs of these plates will be presented, and future video 

analyses to document wild fish attraction to the farm infrastructure will be discussed. 

Understanding the community of native species inhabiting the fish farm reef over time and in 

different locations will help identify key relationships between salmon farms and the surrounding 

environment, providing insight into the function of these dynamic communities. 

 

 

EVALUATION OF GRADED LOW LEVELS OF BLACK SOLDIER FLY LARVAE 

MEAL (BSFM) ON ATLANTIC SALMON (Salmo salar) GROWTH PERFORMANCE 

AND RELATED PARAMETERS 

H. Fisher1*, S. Collins1,2, C. Hanson1,2, B. Mason2, D. Anderson1 

1Department of Animal Science and Aquaculture, Dalhousie University Faculty of Agriculture, 

Truro, NS, B2N 5E3, Canada 

 
2Verschuren Centre for Sustainability in Energy and the Environment, Cape Breton University, 

Sydney, NS, BIP 6L2, Canada 

 

The growth response and feed intake of Atlantic salmon fed isocaloric, isonitrogenous diets 

containing 0, 10, 20 and 30% BSFM was determined. Diets were randomly assigned to sixteen 

30L tanks (30 fish / tank, 4 tanks / treatment, initial weight=2.8± 0.1 g) of Atlantic salmon 

housed in a freshwater, flow-through system and fed for 16 weeks. At trial’s end, fish fed the 0, 

10 and 20% BSFM diets all had similar body weights (13.8, 15.3 and 13.8g, respectively), but 

fish fed the 30% BSFM diet weighed less (9.6g) than fish fed 10 and 20% BSFM in the diet 

(P<0.05). Overall, fish fed the 0, 10 and 20% BSFM diets had similar weight gains (11.0, 12.6 

and 11.0 g/fish, respectively), whereas the 30% BSFM-fed fish gained less (6.8g) (P<0.05). This 

same pattern of significance was observed for SGR and TGC. The overall SGR for the 0, 10 and 

20% BSFM diets were 2.3, 2.4 and 2.3, respectively, which were all higher than the SGR of fish 

fed the 30% BSFM diet (1.7) (P<0.05). The overall TGC for the 0, 10 and 20% BSFM diets were 

2.7, 2.9 and 2.7, respectively, which were all higher than the TGC of fish fed the 30% BSFM diet 

(1.9) (P<0.05). Based on these results, a BSFM dietary inclusion level of up to 20% is acceptable 

in Atlantic salmon diets at this life stage (when diets are balanced for nutrients). 

 

CO-CULTURE OF BLUE MUSSEL (Mytilus edulis) AND SUGAR KELP (Saccharina 

latissima): EXPLORING THE POTENTIAL EFFECT OF SEAWEEDS IN DETERRING 

THE EFFECT OF DUCK PREDATION ON MUSSELS, CASCAPEDIA BAY (QC, 

CANADA) 

 

P-O. Fontaine*1, É. Bujold2, E. Pedneault3, É. Tamigneaux3 

 
1 University Center of the Westfjords, Ísafjörður, Iceland, 400, pierre15@uw.is 
2 Ferme Maricole du Grand Large, Carleton-sur-Mer, QC, G0C1J0 
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3 École des pêches et de l’Aquaculture du Québec, Cégep de la Gaspésie et des Îles, Grande-   

Rivière, Qc, G0C 1V0 
 

In Europe and Canada the economic losses in blue mussels (Mytilus edulis) farms due to duck 

predation represent a major problem. In this proof of concept project, an alternative approach 

will be presented that aims to reduce duck predation in mussel-farms as traditional techniques are 

not effective in Quebec. These methods are generally either focusing on protecting mussels by 

isolating them in net or cages, or using active repelling techniques (sound, light, etc.). These 

techniques are often expensive, stressful to duck population, only effective for a short time and 

does not take into consideration drifting ice. Attempting to solve this problem, the presented 

project introduced the brown algae (Saccharina latissima) in co-culture over mussel floating 

lines in an attempt to visually shield the mussels. The hypothesis is that by hiding the mussels 

from ducks vision field, it would protect the production sparing further stress on the ducks. 

Additionally it is expected that the brown algae and blue mussels will benefit by the spatial 

proximity in terms of production, consumption and excretion. This experiment began in august 

2016 and the resulting growth, survival rate, and mussels’ body condition index, as well as ducks 

general response will be observed during spring 2017. 

 

CULTURE TRIALS OF THE BROWN SEAWEED Chorda filum IN QUÉBEC, CANADA 

 

I. Gendron-Lemieux*1, L. Gilmore-Solomon2, K. Berger1, É. Tamigneaux3, M.-P. Turcotte1 et J.-

C. Blais1 

 
1Merinov, Grande-Rivière, Québec, G0C 1V0, isabelle.gendron-lemieux@merinov.ca  
2Merinov, Magdalen Islands, Québec, G4T 1B3 
3Cégep de la Gaspésie et des Îles, Grande-Rivière, Québec, G0C 1V0 
 

Chorda filum, a brown seaweed that is naturally present in the lagoons of the Magdalene Islands, 

could be a good candidate for diversification of the aquaculture sector in Quebec. The general 

objective of the project was to acquire control over the various stages of cultivation of C. filum, 

namely the culture of gametophytes and the culture of sporophytes in a controlled environment. 

For the gametophyte culture, two types of light (white and red) and three temperatures (5, 10 and 

15°C) were tested. Cultures at 10°C in white light seem to offer the best results in terms of 

vegetative growth. The cultivation of sporophytes was carried out in aquariums and in indoor 

tanks, using two methods: (1) seeding directly a nylon twine with spores and (2) spraying the 

gametophytes on a kuralon twine. Sporophytes were obtained by keeping the cultures at 10°C 

and gradually reducing the temperature of the water to 5°C. Between January and July, the 

average growth in the flow through tank was 1.38 ± 0.16 cm day-1. In July,  the average biomass 

on the ropes was 73±22 g m-1, with an average density of 83 ±9 sporophyte m-1 and the largest 

fronds reached 191 cm in length.  
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THE UNIQUE MARINE FAUNA OF THE RED SEA IN SUDAN 

 

TT. George*1 and L.T George2 

1Al Neelain University, Khartoum, Sudan, profttg@yahoo.ca, www,tilapiamiracle.com 
2SUDIA, Khartoum, Sudan, lisa.sudia@gmail.com 

 

On 17 July, 2016, The World Heritage Committee of the UN declared two Marine Protected 

Areas {MPAs) in Sudan; Dongonab-Mukkwar Island Marine National Park (DMNP) and 

Senganeb Atoll Marine National Park (SMNP). DMNP is situated 125 km north of Port Sudan 

and includes a highly diverse system of coral reefs, mangroves, sea-grass beds, beaches, islets 

and culture of mother-of-pearl oyster. This site provides a habitat for populations of seabirds, 

marine mammals, sea-grass beds, fish, sharks., turtles, manta rays and a  globally significant 

population of dugong. Secondly, SMNP is an isolated coral reef structure in the Central Red Sea 

and the only atoll, 25 km off the shoreline of Sudan. An international multi-faceted conservation 

and management programme benefiting local communities has been developed by Causteau 

(France) in partnership with the local management authority, the Sudanese Wildlife Conservation 

General Administration (WCGA), the Sudanese Development Initiative (SUDIA) and the 

University of Windsor (Canada), The Deep Aquarium (United Kingdom) and other local 

stakeholders. This programme will be implemented by SUDIA and WCGA with the technical 

support of the international partners. Our poster highlights these facts.  

 

 

GROWTH PERFORMANCE AND HEPATIC OXIDATIVE STABILITY INDICATORS 

OF ARCTIC CHARR (Salvelinus alpinus) FED DIETS CONTAINING WHEY PROTEIN 

HYDROLYSATE 

C. Hanson1,2, C. Udechukwu1, S. Jeffrey1, A.-J. McConkey1, A. Mohan1,2, B. Mason2, C. 

Udenigwe1, D. Anderson1, S. Collins1,2* 

1Department of Animal Science and Aquaculture, Dalhousie University Faculty of Agriculture, 

Truro, NS, B2N 5E3, Canada 

 
2Verschuren Centre for Sustainability in Energy and the Environment, Cape Breton University, 

Sydney, NS, BIP 6L2, Canada 

 

A 12-week feeding trial was conducted to examine the effects of including low levels of whey 

protein hydrolysate (WPH) in Arctic charr diets and its effect on growth performance, feed 

intake and oxidative stability indicators. Six salmonid diets were formulated to contain WPH at 

inclusion levels of:  0, 0.1, 0.5, 1.0, 2.5 or 5.0%. Fish meal was included in the diets at a level of 

8.2% and fish oil at 5.1%. Diets were fed to Arctic charr (average weight: 34.1g; 30 fish / 130L 

tank; 3 tanks / treatment). There were no significant differences in the overall body weight, 

weight gain, feed consumption, FCR, PER, SGR fork length, viscerosomatic index or 

hepatosomatic index of fish fed the experimental differences, nor were there any significant 

linear or quadratic regressions related to these results. One reason WPH was included in the 

experimental diet at such low, “sub-therapeutic” levels was to elucidate if its inclusion would 

impact oxidative stability indicators. However, there were no significant differences among 
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treatments in the thiobarbituric acid reactive substances (TBARS) or ferric reducing ability of 

plasma (FRAP) composition of liver samples from these fish. Under standard experimental 

rearing conditions, no benefit was observed in the use of WPH as an ameliorant for oxidative 

stress in Arctic charr, as observed in the liver samples of these fish. However, taking the growth 

results into consideration, WPH is an effective protein source at dietary inclusion levels up to 5% 

in Arctic charr and further research may involve determining the maximum inclusion level of 

this feed ingredient. 

 

ARE SUMMER HEAT WAVES A CONCERN FOR ROPE CULTURED BLUE 

MUSSELS (Mytilus edulis) IN PRINCE EDWARD ISLAND, CANADA? 

C. Hicks*1, L. Comeau1, R. Tremblay2 and J-B. Nadalini2 

1Gulf Fisheries Center, Department of Fisheries and Oceans Canada, Moncton, NB, E1C 9B6 
2Université du Québec à Rimouski / Institut des sciences de la mer de Rimouski, 310 allée des 

Ursulines CP. 3300, Rimouski, Québec, G5L 3A1 

Observed trends in our coastal regions, as a result of global warming, include not only higher and 

more frequent peaks in water temperature but also the maintenance of warmer water 

temperatures for increasing periods of time.  To understand the effects of future projected “heat 

wave” scenarios on the rope cultured blue mussels of Prince Edward Island (PEI), we exposed 

mussels to a warm (19-25ºC) and cold (12-18ºC) treatment for 90 days in a flow through system.  

Their condition and energy reserves (lipids, glycogen and protein) were evaluated from tissue 

samples.  Mussels from the warm treatment had a significantly lower condition index compared 

to the cold treatment mussels.  In regards to energy reserves, M. edulis lipid levels were 

significantly higher while protein and glycogen levels were significantly lower in the warm 

treatment compared to their counterparts.  The overall energy content, indicative of the structural 

energy of the organism, was significantly lower in the warm treatment mussels.  Furthermore, 

behavioral differences such as prolonged valve closures were observed by the mussels in the 

warm treatment.  This inferior energy reserve content of the warm treatment mussels is likely the 

result of higher metabolic costs and decreased filtration rates related to thermal stress.   

 

PROXIMATE COMPOSITION, GROWTH PERFORMANCE AND GENE 

EXPRESSION IN TRANSGENIC FEMALE TRIPLOID ATLANTIC SALMON (Salmo 

salar) REARED AT THREE TEMPERATURES AND INJECTED WITH A VIRAL 

MIMIC  
 

E.H. Ignatz*1, 2, T. Benfey3, T.S. Hori4, M.L. Rise5, J. Westcott2 
 

1. AquaBounty Canada, Fortune, PE C0A 2B0 eignatz@aquabounty.com 

2. Memorial University, Fisheries and Marine Institute, St. John’s, NL A1B 3X9 

3. University of New Brunswick, Department of Biology, Fredericton, NB E3B 5A3 
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4. Center for Aquaculture Technologies Canada, Department of Genomics, Souris, PE C0A 2B0 

5. Memorial University, Department of Ocean Sciences, St. John’s, NL A1B 3X9 

 

By investigating the effect of rearing temperature on growth performance, proximate 

composition and immune response of AquAdvantage® salmon (transgenic female triploid 

Atlantic salmon), AquaBounty Canada hopes to ascertain which temperature affords the best 

combination of healthy fish and economic viability.  While the impact of temperature on the 

metabolism of poikilotherms is well known, this has not been investigated with genetically 

modified salmon.  Salmon at each of the three temperatures (10.5˚C, 13.5˚C, 16.5˚C) are housed 

in triplicate tanks and will be grown to 1.5 kg.  A subsample of these fish will be injected 

intraperitoneally at the 750 g stage with a viral mimic, polyinosinic:polycytidylic acid 

[poly(I:C)], acting as an immunostimulant, or with an equal amount of saline as injection 

controls.  Cortisol and blood glucose will be analyzed as a measure of stress, and quantitative 

polymerase chain reaction (qPCR) will be used to investigate the impact of temperature on the 

anti-viral immune gene expression response.  Whole-body and fillet samples will be collected at 

500 g, 750 g and 1.5 kg for proximate composition and amino acid and fatty acid analyses.  In 

addition, feed consumption will be monitored so that feed conversion ratios can be determined.  

Finally, DNA microarrays and qPCR will be used to assess temperature effects on the expression 

of genes related to somatic growth. 

 

DETERMINATION OF THE EFFECT OF PULSE STARCHES (PEA, LENTIL AND 

FABA BEAN) VERSUS CORN STARCH ON DIGESTBILITY, GROWTH 

PERFORMANCE AND FEED UTILIZATION IN RAINBOW TROUT (Oncorhynchus 

mykiss) 

B. Ji*1, L.P. Weber2 and M.D. Drew1 

1Animal & Poultry Sciences, University of Saskatchewan, Saskatoon, SK S7N 5A8 

2Veterinary Biomedical Sciences, University of Saskatchewan, Saskatoon, SK S7N 5B4 

Using better starches (pulses versus cereals) is hypothesized to improve starch tolerance of 

salmonid species. In rainbow trout, apparent digestibility coefficients (ADCs) of macronutrients 

and energy were determined for modified corn starch versus pulse starches (pea, lentil and faba 

bean), then growth trial diets formulated to create isocaloric, isonitrogenous test diets. ADCs for 

most macronutrients and energy were similar to previously reported values in rainbow trout 

except for starches which were 36% for corn, 55% for lentil and 6% for pea. Since we were 

unable to generate a meaningful number for faba bean starch, faba bean was not examined in the 

subsequent growth trial. The 8-week growth trial in rainbow trout compared effects of corn 

starch versus pea or lentil starches at inclusion rates of 0%, 10% and 20% on growth and feed 

utilization. Generally, there were no significant relationships between inclusion levels and 

average daily gain (ADG), specific growth rate (SGR), average daily feed intake (ADFI) or feed 

conversion rate (FCR; p>0.05) for all test diets. Despite low starch digestibility, we can conclude 

that inclusion of pea or lentil starches up to 20% has no negative effect on growth and is suitable 

for replacing fishmeal in rainbow trout diets.   
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CYTOGENETIC EVOLUTION IN THE GENUS Salmo  

S Lin*1, J Li1, W S. Davidson1 

1Department of Molecular Biology and Biochemistry, Simon Fraser University,  8888 University 

Dr., Burnaby, British Columbia, Canada. V5A1S6 

The ancestral genome duplication in the salmonids was followed by the process of 

rediploidization, which involves chromosomal rearrangements. To gain knowledge of the 

process, we performed an intra-species comparison of chromosomal relationship between 

European and Canadian Atlantic salmon (Salmo salar), as well as an inter-species cytogenetic 

comparison of the two members of the Salmo genus, Atlantic salmon (Salmo salar) and brown 

trout (Salmo trutta). Our results revealed there was a fixed homozygous translocation event 

between chromosome (Chr) 1 and 23 in all sampled strains of Canadian Atlantic salmon 

originating from eastern Canada except Newfoundland (NF).  SNP genotyping revealed the 

mtDNA of NF salmon exhibits the same haplotype as fish from New Brunswick, whereas the 

nuclear DNA yields European genotype. Independent fusion events between Chr 26 and 28, as 

well as Chr 8 and 29, were observed within and among the Canadian strains, giving rise to the 

various chromosome number seen in these fish. Through fluorescent in situ hybridization (FISH) 

using BAC probes representing different sections of Atlantic salmon chromosomes, multiple 

ancestral fusions was observed in Atlantic salmon chromosomes, explaining the reduction in 

chromosome number seen in Atlantic salmon when compared to the brown trout.  

 

A BRING TOGETHER PANCANADIAN COLLABORATION FOR FURTHER 

DEVLOPMENT ON REMOTE-SENSED MARINE MICROLABORATORIES  

 

E.Pedneault1, S. Pieddesaux2, A. Drapeau3 

 
1 Merinov, Centre de Grande-Rivière, 6 rue du Parc, Grande-Rivière G0C 1V0 (Québec) Canada 

(estelle.pedneault@merinov.ca) 
2 Merinov, Centre de Grande-Rivière, 167 la Grande-Allée Est, Grande-Rivière G0C 1V0 

(Québec) Canada (stephanie.pieddesaux@merinov.ca) 
3 Ministère des Pêches et des Océans du Canada, 104 rue Dalhousie, Québec G1K 7Y7 (Québec) 

Canada (andre.drapeau@dfo-mpo.gc.ca) 

 

The marine industry is diversified (food, harbour, energy, etc), and its development is a canadian 

priority. As well, the marine ecosystem protection is fundamental for the sustainability of this 

thriving economic sector, possibility impacting industrial productivity, and health of seafood 

consumers. These themes have a common problematic about accessing real time data. At sea 

surveillance is expensive, and sometimes impossible depending on the weather conditions. But a 

frequent and diverse data collection is still necessary to get an accurate picture of a constantly 

evolving ecosystem. Remote-sensed microlabs using biosensors integrated into a mourned at-sea 

buoy appear as an innovative solution for the data collection of a wide range of indicators. These 

indicators may include usual physical data, as well as biological (ex. phycotoxin) and chemicals 

ones (ex. pesticides). In 2017, a Canadian contingent held a workshop (through NSERC, 
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Connect level 3) to establish the basis for (inter)national collaboration and the planning of a 

research program. The results will enable us to forward towards the financing and realization 

steps. This initiative will bring together specialists from various maritime fields and horizons 

interested to participate in the development of these microlabs. Are you up for the challenge?  If 

so contact us!  

 

 

ASSESSMENT OF MAJOR FACTORS AFFECTING TRIPLOID INDUCTION USING 

HYDROSTATIC PRESSURE IN THE EASTERN OYSTER (Crassostrea virginica) 

 

I. Sewell*, S. Stewart-Clark 

 

Department of Animal Science and Aquaculture, Faculty of Agriculture, Dalhousie University, 

Truro B2N 5E3 

 

Triploidy, an important method used in modern oyster culture has proven to be effective in 

mitigating the effects of MSX (Haplosporidium nelsoni) on the Eastern oyster (Crassostrea 

virginica). H. nelsoni decimated Cape Breton’s oyster industry in 2002, where 95% of residing 

oysters within the Bras D’Ors lake were killed. In an attempt to rebuild Cape Breton’s oyster 

populations and industry, triploidy was implemented to assist the restoration efforts.  Triploidy 

was induced in the Eastern oyster by treating the developing zygote with hydrostatic pressure. 

The experiment was developed using a 3x3 multifactorial statistical design focusing on three 

major factors influencing triploidy induction rates. These factors were pressure intensity at 6000, 

7000 & 7500 PSI, pressure duration at 3,5 & 10 minutes and polar body extrusion fixed at 60%. 

To optimize triploid induction, all the combinations of these three factors were tested using this 

statistical model. The response variables of interest were survivability of 48-hour larvae post-

induction and percentage of triploids produced.  The results for this experiment are currently 

pending, however the optimal treatment regime will be tested in the field to ensure that the 

techniques used produces similar results in farming environment.  

 

APPLICATION OF WAKE SHIELDING EFFECTS WITH A FINITE ELEMENT NET 

MODEL IN DETERMINING HYDRODYNAMIC LOADING ON AQUACULTURE NET 

PENS  
 

A. Turner*, D. Steinke 

 

Dynamic Systems Analysis Ltd., 201-3600 Kempt Road, Halifax, NS, B3K 4X8, 

adam.turner@dsa-ltd.ca 

 

A net wake shielding and self shielding model has been developed to accurately estimate the 

hydrodynamic loading on finfish aquaculture installations in the dynamics simulation software 

package ProteusDS. The software was developed to determine the loads and motions of various 

ocean engineering systems in response to wave, wind and current conditions. The effect of 

reduced fluid velocity through netting can be significant in many cases, and is an important 
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consideration to avoid overly conservative estimation of loads on fish farm installations in 

adverse ocean conditions.  

The developed wake shielding model uses a wake volume approach to estimate a reduction in 

flow velocity and hydrodynamic loading on downstream components within the wake volume. 

Self shielding effects of adjacent twines within a net are also considered, as interactions between 

netting twines can reduce hydrodynamic loading on nets at low angles of incidence to the 

oncoming flow. This research presents the model developments and demonstrates the capability 

to accurately predict current forces acting on successive net pens by comparing simulation 

results with published results from tank tests, as well as a comparison of measured tensions on 

mooring lines at a full scale fish farm. 

 

OPERATIONALIZING THE ECOSYSTEM APPROACH TO AQUACULTURE: 

DEVELOPING AN INTEGRATED FRAMEWORK FOR ALTANTIC SALMON (Salmo 

salar) CARRYING CAPACITY IN ATLANTIC CANADA 

 

J. Weitzman*1, R. Filgueira1, and J. Grant2 

 
1 Marine Affairs Program, Dalhousie University, Halifax, Nova Scotia, B3H 4R2 
2 Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, B3H 4R2 

 

The need for an ecosystem approach to aquaculture (EAA) has led to the advancement of tools 

for estimating carrying capacity (CC) to promote sustainable development and adaptive and 

holistic management. Carrying capacity has been applied extensively to shellfish aquaculture; 

this research is comparatively undeveloped for finfish. CC tools have been important to assess 

aquaculture practices and their impacts to the natural, social, and economic environment. 

However, most carrying capacity studies focus on either ecological or production CC, while the 

social pillar is often neglected. A full integration of various carrying capacity types has not been 

attempted. Therefore, the objective of this PhD research is to develop an integrated carrying 

capacity framework for salmon aquaculture in Atlantic Canada. This work will integrate 

ecological, social, economic, and governance factors to build a quantitative CC framework at 

various spatial scales. A mixed-methods approach will explore individual CC drivers, which will 

be synthesized onto a single platform using geographic information systems. This could provide 

managers and planners with a holistic tool to guide their decisions on site selection, monitoring, 

and policy-making. This research can add new knowledge on carrying capacity, build better tools 

to inform marine spatial planning, and ultimately, inform EAA implementation.  
 

EFFECT OF YEAST-FERMENTATION OF CANOLA MEAL ON DIGESTIBILITY 

AND GROWTH PERFORMANCE OF NILE TILAPIA OREOCHROMIS NILOTICUS 

AND RAINBOW TROUT ONCHORYNCHUS MYKISS 

 

C. Zhang*1, L.P. Weber2, M. D. Drew1 

 

1 Department of Animal and Poultry Science, 51 Campus Drive, University of Saskatchewan, 

Saskatoon, Canada  
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2 Department of Veterinary Biomedical Sciences, 52 Campus Drive, University of Saskatchewan, 

Saskatoon, Canada  
* E-mail address: Chuyuan.zhang@usask.ca (C. Zhang) 

 

Canola meal (CM) was fermented with Candida utilis and evaluated as an ingredient in diets for 

Nile tilapia and rainbow trout. Fermentation process resulted in increased amino acid content and 

decreased glucosinolates and phytate. Fermented canola meal (FCM) had significantly higher 

crude protein digestibility in rainbow trout, whereas no significant difference was found on 

nutrient digestibility in Nile tilapia. Subsequently, two eight-week feeding trials were conducted 

to examine the impact of feeding various levels of CM or FCM on the growth performance of 

Nile tilapia and rainbow trout. In the Nile tilapia study, regression analysis revealed that CM 

inclusion rate had a significantly negative linear and quadratic relationship with final fish weight 

(FW) and average daily gain (ADG). By contrast, no significant regression trends were observed 

between FCM inclusion rates and grow performance, indicating that FCM could be included up 

to 600 g kg-1 without compromising Nile tilapia growth. Although the rainbow trout study 

showed the inclusion of CM or FCM had significantly negative linear effects on FW, ADG, 

specific growth rate (SGR) and feed conversion ratio (FCR), the two-way factorial analysis 

indicated fermentation process significantly improved the growth performance of rainbow trout 

compared with unprocessed CM. 

 

 

 

 

 

 


