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world's largest flume tank. These are complemented by analytical
laboratories, seagoing vessels and oceanographic instruments for field
work. Excellent collaborative partnerships exist with other agencies locally
and nationally, providing access to a large network of expertise and
facilities dedicated to sustainable aquaculture.
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Defining the Appropriate Regulatory and
Policy Framework for the Development of
Integrated Multi-Trophic Aquaculture
Practices: Introduction to the Workshop
and Positioning of the Issues

Thierry Chopin

Thierry Chopin and Shawn M.C. Robinson

The aquaculture industry in Canadais still at an early stage of devel-
opment after almost three decades of expansion. It plans to continue to
grow, but is debating how it can do so in aresponsible, sustainable,
and profitable way. This paper examines the different options (geo-
graphical expansion, intensification of existing sites, diversification)
and recognizes that changes in attitudes are needed and innovative
practices have to be developed for further advancement. One approach
is integrated multi-trophic aguaculture (IMTA), which is being devel-
oped in the Bay of Fundy through an AquaNet project. To move from
the “pilot” scale to the commercia “scale up” stage, the appropriate
regulatory and policy framework, and the financial tools, have to be
put in place or the industrial partners will have no incentive to develop
IMTA. A workshop was held to identify the hurdiesto IMTA and de-
fine the appropriate framework for addressing them in an efficient
manner at the provincid, regional, and national levels. Most of the pa
pers presented during the workshop are included in thisissue of the
Bulletin of the Aquaculture Assaciation of Canada. A concluding pa-
per summarizes what was accomplished during the workshop and
what has been achieved since.

Introduction

Theaquacultureindustry in Canadaisstill at an early stage of development after
almost three decades of expansion. Itisstill relatively small on aworldwidescale
(Tablel), but significant on alocal scale (Table 2). Thefinfish aguaculture sector

Table 1. Worldwide, Canadian, and New Brunswick marine aquaculture production (in millions of
tonnes) in 2000 and 2002. Source: FAO® and DFO®,

2000 2002
World Canada New World Canada New
Brunswick Brunswick
Salmon, trouts, smelts 1.545 0.095 0.030 1.799 0.137 0.039
Shellfish 12.458 0.032 0.001 14.281 0.034 0.002
Seaweeds 10.1 a - 11.6 a -

& excludes confidential data
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Table 2. Production and value of the main agro-food industries in New Brunswick between 2001
and 2003. Source: New Brunswick Department of Agriculture, Fisheries and Aquaculture.®

Agro-food Industry Production (tonnes) Value (CDN$ million)
2001 2002 2003 2001 2002 2003

Salmon aquaculture 33,900 38,900 33,100 180.010 194.500 179.000
Trout aquaculture 550 550 550 6.100 6.100 6.100
Oyster aquaculture 744 1,235 2,350 0.772 1.173 2.500
Mussel aquaculture 439 637 453 0.552 0.801 0.600
Total aquaculture 35,633 41,322 36,453 187.434 202.574 188.200
Fisheries 123,958 124,386 112,114 177.166 198.096 169.079
Potatoes 650,943 684,057 676,708 92.967 118.321 101.198

in New Brunswick plansto grow in production after leveling off in recent years
(Fig. 1), but is currently debating how it can do so in aresponsible, sustainable,
and profitable way.

Asthevolume of production goes up, the cost of production usually goesdown
due to the implementation of automated technologies. In a commodity market,
thisresultsin lower pricesto the consumer and lower marginsfor producers, due
to competition from other producers. The result of this expansion is that more
profits (to either owners or investors) can only be realized from the production
sideby increasing volume. Inthefixed spatial areaof afarm, thisgenerally results
in pushing the environmental carrying capacity to the limit. Maintaining
sustainability, not only from an environmental perspective, but aso from eco-
nomic, social, and technical perspectives, hasbecomeakey issue. What are, then,
the options for facing these challenges?

Geographical Expansion

Geographical expansion of aquaculture is still possible in some areas (e.g.,
Newfoundland and British Columbia), but for how long? In New Brunswick, site Figure 1
access and availability are already limited and public resistance is growing  Salmon aquaculture
against further expansion of the current aquaculture model. Moving from shel- production and
tered nearshore sites to exposed nearshore sites and offshore siteshasbeen con- ~ number of approved
templated, but technical and economic challenges remain, especialy in regions growout sites in New
where the coastal zone is already used by many stakeholders. Offshoredevelop-  Brunswick from 1979 to
ment, proposed by some asthe next frontier in aquaculture, isnot necessarily the 543 6.9
appropriate solution for all regions. It
is obvious that, sooner or later, the
scope for geographical expansion will
be limited for existing monoculture
technologies and practices.

Intensification of Existing Sites

If the expansion of finfish
aguaculture is limited in spatial extent
by biological and social factors, the
only solution isto increase production
from existing sites. This same issue
faces human populations in urban ar-
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eas. Thesolution hasbeentoincreasethe surfaceareaof theground by using build-
ings with multiple levels. When considering the seawater volume available at a
lease site and the volume of water actually occupied by salmon cages, itisobvious
that acultivation unit is not optimized. The area of alease site aso hasto accom-
modate the anchoring system, vessel access, water flow, etc. Advanced technol-
ogy will thus be a prerequisite for intensification. As with concentrated housing
for humans, therewill have to be a high degree of surface areafor organisms, and
efficient systems for food delivery, waste treatment, and energy supply. Conse-
quently, intensification will require: 1) innovative and environmentally-friendly
technologies, 2) new and better management practices and codes, and 3) recogni-
tion of aguaculture within a broader integrated coastal management framework.

Diversification

It isamazing to realize that salmon aquaculture in Canada represents 68.2% of
the tonnage of the aguaculture industry and 87.2% of the farmgate value.® In
New Brunswick, it represents 95.5% of the tonnage and 98.9% of the farmgate
value. Consequently, diversification of the industry is imperative to reduce the
economic risk and maintain competitiveness.

Thetraditional view of diversification often involves producing asecond prod-
uct that is similar to the first and fitsinto the existing production and marketing
systems. In finfish aquaculture, this has usually meant salmon, cod, haddock, or
halibut. However, from an ecological point of view, these are all “shades of the
same colour”. True ecological diversification means a change in trophic level
(i.e., switching from finfish to another group of organisms, such asshellfish, sea-
weeds, worms, bacteria, etc.). Staying at the sameecol ogical trophiclevel will not
address environmental issues because the system will remain unbalanced.

Economic diversification should also mean looking at seafood from adifferent
angle. Aquaculture products on the market today are ssimilar to those obtained
from the traditional fishery and thus are often in direct competition. While this
may be part of the market forces at work, the opportunity existsto diversify from
fish filets (or mussels and oysters), on aplatein arestaurant, to alarge untapped
array of bioactive compounds of marine origin (e.g., pharmaceuticals,
nutraceuticals, functional foods, cosmeceuticals, botanicals, pigments,
agrichemicals, biostimulants, etc.). Research and development on alternative
species should no longer be considered asR& D on alternative finfish species, but
rather on aternative marine products.

Moreover, diversification should be viewed as an investment portfolio, with
short-term, long-term, high risk, and low-risk components, and with long-term
growth and stability as the main objectives.

Changes in Attitudes are Needed

Thereisaparadoxical situation when looking at worldwide food production. In
agriculture, 80% of the production ismade up of plantsand 20% of meat, whilein
aquaculture, 80% of the productionismeat and 20%is plants. Regarding maricul -
ture, production is made up of 46.2% mollusks, 44% seaweeds, 8.7% finfish,
1.0% crustaceans, and 0.1% various other animals.® In many partsof theworld,
aquacultureisnot synonymouswith finfish aquaculture, as many peoplein afflu-
ent western countries believe. We need to be aware of other food production sys-
temsintherest of theworld, if wewant to understand our present system and cor-
rectly position it in perspective with other systems.
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Fromthe above numbers, one may beinclinedto think that at theworld level the
two typesof aguaculture—fed and extractive—arerel atively balanced. However,
because of the predominant monoculture approach, these types of production are
often geographically disjunct and, consequently, rarely balance each other out at
the regional scale. For example, fed salmon aquacultureislocated in the Bay of
Fundy in southern New Brunswick, while extractive mussel and oyster
aquaculture islocated in the Northumberland Strait and the southern Gulf of St.
Lawrence along the coastlines of Prince Edward Island and northeastern New
Brunswick. In Japan, aguacultureismostly carried out in bays dedicated to either
shellfish, seaweed, or finfish aguaculture.

Itisalsoimportant to consider that while fish command a higher price per unit,
sustainabl e ecosystems are not based on price for human return, but on abalance
of biomass between organisms having complementary functions and abal ance of
energy flows.

Innovative Practices Need to be Developed

The challenge, then, is how to increase the production capacity of an existing
sitewhen the available options have shown their limitations. One of the possible
answersisto increase the level of technology involved in the production of sea-
food so that food and waste handling systems are all actively considered in the
growing operation from the start, and are modelled after natural ecosystems.

One of the innovative solutions being proposed for environmental
sustainability, economic diversification, and social acceptability is integrated
multi-trophic aquaculture (IMTA). This practice combines, in the right propor-
tions, the cultivation of fed aquaculture species(e.g., finfish) with organic extrac-
tiveaguaculture species(e.g., shellfish) and inorgani c extractive aquaculture spe-
cies (e.g., seaweed), for a balanced ecosystem management approach that takes
into consideration site specificity, operational limits, and food safety guidelines
and regulations. The aim isto increase long-term sustainability and profitability
per cultivation unit (not per speciesinisolation, asisdonein monoculture), asthe
wastes of one component (finfish) are captured and converted into fertilizer or
food for the other components (seaweed and shellfish), which caninturn be sold
on the market. In thisway, all the cultivation components have economic value
and each has akey role in the services and recycling processes of the system.

The paradox isthat IMTA isnot anew concept. Asian countries, which provide
morethan two-thirds of theworld’ saquaculture production, have been practicing
IMTA—through trial and error and experimentation—for centuries.® Why, then,
isit not more widely implemented, especialy in the western world? The reasons
generally center around social customs and practices that we are familiar with.
Human society does not change quickly unlessthere are compelling reasons. The
conservativenature of our marinefood productionindustriesisagood exampl e of
the relative downess to adopt change.

Western countries are regularly reinventing the wheel. Research on integrated
methodsfor treating wastesfrom modern mariculture systemswasinitiated inthe
1970s." After that period, scientific interest in IMTA stagnated, and it was not
until thelate 1980s and early 1990sthat arenewed interest emerged, based on the
common-sense approach that the solution to nutrification is not dilution but con-
version within an ecosystem-based management perspective.®¢"19 |n recogni-
tion of this growing interest, the Aquaculture Europe 2003 conference in
Trondheim, Norway chose the theme “Beyond Monoculture” and was the first
largeinternational meeting (389 participantsfrom 41 countries) with IMTA asthe
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Figure 2

Harvesting of kelp
(Laminaria saccharina)
cultivated in proximity to
Atlantic salmon (Salmo
salar) at Charlie Cove, Bay
of Fundy, Canada.

Photo: Manav Sawhney.

Figure 3

Cultivation of blue
mussel (Mytilus edulis) in
proximity to Atlantic
salmon (Salmo salar) at
Charlie Cove, Bay of
Fundy, Canada.

main topic. The determination to develop
IMTA systems will, however, only come
about if thereare visionary changesin po-
litical, social, and economic reasoning.
This will be accomplished by seeking
sustainability, long-term profitability,
and responsible management of coastal
waters. It will also necessitate achangein
the attitude of consumers towards eating
products cultured in the marine environ-
ment, inthe sameway that they accept eat-
ing products from recycling and organic
production systems on land, for which
they are willing to pay a higher price.

The AquaNet Project

An interdisciplinary team of scientists
from the University of New Brunswick in
Saint John and from the Department of Fisheries and Oceansin St. Andrews has
been working on a salmon/mussel/kelp IMTA project in the Bay of Fundy since
2001 (Figs. 2, 3). The project is supported by AquaNet (the Canadian Network of
Centres of Excellence for Aquaculture) and industrial and government partners
(Heritage Salmon Ltd., Acadian Seaplants Limited, Ocean Nutrition Canada, Ca-
nadian Food Inspection Agency, Atlantic Canada Opportunities Agency, and
New Brunswick Innovation Foundation). This project, like several othersin the
world (e.g., Chile, Israel, USA, South Africa, Australia), ison theverge of demon-
strating the biological validity of the IMTA concept (e.g., significant increase in
kelp and mussel productionin proximity to salmon sitesdueto themorebeneficial
use/conversion of food and energy; advantagesof environmental servicesthrough
bioremediation and diversification of crops;, and absence of transfer of
therapeutantsand chemi cal sused in salmon aquacultureto thekel psand mussels).
Thenext stepisthescaling up of operationsto demonstratethebiol ogical vaidity
at acommercial scale and to document the economic and socia advantages of the
concept, whichwill bekey to convincing
practitioners of monospecific aquacul-

true to move towards IMTA practices.

Defining the Appropriate Regulatory
and Policy Framework, and Financial
Tools, Conducive to the

Development of Innovative Practices

AstheIMTA concept evalves, itisim-
portant that all sectors of the industry be
aware of the implications of the changes
involved so that they can adapt in a
timely and organized manner. To move
research from the “pilot” scale to the
“scale up” stage, some federal and pro-
vincial regulations and policies need to
be changed or they will be impediments
toindustrid partners. For example, inits
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present version, the Canadian Shellfish Sanitation Program (CSSP) prevents the
development of IMTA because of paragraph 12.2:
“Shellfish and finfish should not be raised in close proximity as netpens
have the potential to be point-sources of pollution due to human activity
and poor husbandry practices. There should be aminimum of a125 mpro-
hibited areasurrounding netpens. Thesize of thisareawill bedependent on
the size of the finfish site and on the hydrography surrounding the site”.

This paragraph needs to be reviewed and amended—based on the recent data
and information provided by the AquaNet project and similar other projects—to
alow IMTA practicesto legally develop to acommercial scale.

Itisalsoimportant to note that current aquaculture business model s do not con-
sider and recognize the economic val ue (goods and services) of bioremediation
by biofilters, asthere isno cost associated with aquaculture discharge/effluent in
open seawater-based systems. Regulatory and financial incentives may therefore
be required to clearly recognize the benefits of the extractive components of
IMTA systems (shellfish and seaweed). A better estimate of theoverall cost/bene-
fits to nature and society of aguaculture waste and its mitigation would create
powerful financial and regulatory incentives to governments and the industry to
jointly invest in the IMTA approach.

At this stage of development of the AquaNet project, it was topical to hold a
workshoptoidentify the specific hurdlesand definethe appropriateframework to
address them in an efficient and timely manner at provincial, regional, and na-
tional levels. The 2-day workshop brought together 61 participantsfrom Canada,
the USA and Israel, representing federal and provincial/state agenciesinvolvedin
aquaculture regulations and policies, researchers, industry, professional associa-
tions, and environmental NGOs. The objectives of the workshop were to:

* Introduce and transfer the knowledge gained thus far on IMTA from the re-

search and development underway in Canada and other parts of the world.

» Reviewtheregulatory and policy framework currently related to the devel op-
ment of the IMTA concept.

* ldentify the origin(s) of this framework and discussif it was designed with
IMTA operationsin mind, or if theimplicationsfor IMTA development have
appropriate or inappropriate consequences.

* ldentify any obstacles to the further development of IMTA.

» Devisesolutionstothoseissuesand produce atimelinefor resolution andim-
plementation by the regulatory agencies.

Working group sessions, held onthe second day of theworkshop, identified:

» What work is needed to allow the development of IMTA at the biological,
economic, and socia levels? How can the technol ogies be advanced? Who
will do the work? What are the timelines?

» What regulations and policies need to be amended, and how? Who should ef-
fect the amendments? How do we initiate these amendments/changes? What
are the timelines?

The workshop was a success due to the open and frank discussions among the
participants and a rare willingness to seek and provide constructive, com-
mon-sense, and timely resolutions. What could have turned into another bureau-
cratic exercisein re-stating the positions of the various agencies, turned out to be
an excellent and fruitful dialogue in which the participants seemed genuinely in-
terested in the IMTA approach to aquaculture. Another reason for the success of
this workshop was a*“no escapee” clause! All participants attended the full two
days, which allowed continuing multi-lateral discussions with al agencies and
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partners at the table, in contrast to earlier bilateral discussions which often re-
sulted in limited and restricted progress, asthe opinion or interpretation of one of
the key players could not be sought immediately.

This issue of the Bulletin of the Aquaculture Association of Canada contains
most of the papers presented during the workshop and finishes with a summary
paper outlining what was accomplished during the workshop and indicating what
has been since achieved at the provincial, regional and national levelsin the re-
markably short period of 14 months.
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The AquaNet Integrated Multi-Trophic
Aquaculture Project: Rationale of the
Project and Development of Kelp
Cultivation as the Inorganic Extractive
Component of the System

Thierry Chopin, Shawn Robinson, Manav Sawhney,
Susan Bastarache, Ellen Belyea, Ryan Shea,
Wayne Armstrong, lan Stewart, and Patrick Fitzgerald

The AquaNet project started from the realization that in regions
where monospecific aguaculture activities are highly geographi-
cally concentrated, or located in suboptimal sites, nutrient enrich-
ment may be locally significant. Contrary to common belief, the
longterm solution to nutrification is not dilution—even in regions
of exceptional tidal and apparent flushing regimes like the Bay of
Fundy—abut conversion by biological means. By integrating fed
aquaculture of finfish with inorganic extractive aguaculture of sea-
weeds and organic extractive aquaculture of shellfish, integrated
multi-trophic aguaculture (IMTA) allows the wastes of one re-
source user to become aresource (fertilizer or food) for the others.
Food and energy are converted into other crops of commercia
value, while biomitigation takes place. The interdisciplinary as-
pects of the AquaNet IMTA project are described in this paper, as
well as the three phases of its development. The different stepsin
the cultivation of the kelp Laminaria saccharina, as the inorganic
extractive component of an IMTA system, have been devel oped
and improved. The production of kelp has been 46% greater at an
IMTA sitethan at areference site 1,250 m away that is not in prox-
imity to any salmon aquaculture site. The future directions for the
IMTA inorganic extractive component are discussed.

Development and Rationale of the AquaNet Project

The AquaNet project started from the realization that in regions where
monospecific aguaculture activities are highly geographically concentrated, or
located in suboptimal sites, nutrient enrichment may be locally significant. In
southwestern New Brunswick, the Atlantic salmon (Salmo salar) aquaculturein-
dustry hasexperienced considerable growthinthe Fundy I slesregion (50 kmx 40
km) of the Bay of Fundy inlessthan three decades. The number of sitesincreased
from two in 1980 to 96 in 2004 (Fig. 1). Annua salmon production increased
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Figure 1

Evolution of the number and location of
salmon aquaculture sites in the Fundy
Isles region from 1980 (2 sites) to 2003
(96 sites) (courtesy of Blythe Chang,

Department of Fisheries and Oceans).

from635tonnesin 1986t0 11,836tin

1994, and appearsto have levelled of f

at around 35,000 t (33,900 t in 2001,

38,900 t in 2002 and 33,100 t in

2003™). In 1994, with an annual pro-

duction of 11,836 t, and nitrogen (N)

and phosphorus (P) release rates of

78.0 and 9.5 kg per tonne of salmon

per year,”) the N and P input from

aquaculture operations in the Fundy

Isles region was 923 and 112 t per

year, respectively. With improve-

mentsin feed composition, digestibil-

ity, and conversion efficiency, the N

and P release rates were reduced to

35.0 and 7.0 kg per tonne of salmon

per year in amatter of afew years.®

However, salmon production in-

creased by a factor of 2.9 in just 7 yr to reach

33,900 t in 2001. Consequently, the N input

from aquaculture operations in the Fundy Isles

regionincreasedto 1,187t per year, and the Pin-
put more than doubled to 237 t per year.

Contrary to common belief, the solution to

nutrification is not dilution, even in regions of

exceptional tidal and apparent flushing regimes

like the Bay of Fundy, where water residency

time can be locally prolonged.”” Antoine

Figure 2

The interdisciplinary aspects covered by the
AquaNet IMTA project: environmental
sustainability (through nutrient organic and
inorganic loading), economically viable
diversification (through the choice of commercial
second crops and cost-effective practices), food
safety security (through the study of exogenous
and endogenous sources), and social aspects
(adapting regulations and policies for the
development of acceptable practices).
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Laurent deL avoisier, thewell-known French chemist and physicist (but al so atax
collector, which explainshis premature death at age 51 under the Terror period of
the French Revolution), summarized his work on the Laws of Thermodynamics
by the famous sentence “Rien ne se perd, rien ne se crée, tout se transforme”
(“Nothingislost, nothingiscreated, everythingistransformed”). Adapting thisto
our situation, we can say “the solution to nutrification is not dilution, but conver-
sion”. Thisiswhen the concept of integrated multi-trophic aquaculture (IMTA),
becomes useful. By integrating the fed aguaculture of finfish with the inorganic
extractive aguaculture of seaweeds and the organic extractive aguaculture of
shellfish, thewastes of oneresource user becomearesource (fertilizer or food) for
the others. Feed is one of the core operational costs of finfish aguaculture opera-
tions. Through IMTA, some of the food and energy considered lost in finfish
monoculture are recaptured and converted into crops of commercial value, while
biomitigation takes place.

The concept of IMTA is acommon-sense solution used for centuriesin Asian
countries.? It has, however, experienced difficultiesestablishingitself asaviable
aquaculture practicein Western countries. Thefirst author started to promote the
IMTA concept in Atlantic Canada around 1995, without much success. It was
only in 2000 that an adequate structure was found to devel op the largeinterdisci-
plinary research effort necessary for IMTA to become a redlity in Canada:
AquaNet, the Canadian Network of Centres of Excellence for Aquaculture.
AquaNet, being one of the 21 Networksof Centresof Excellencefunded by three
Canadian federal granting agencies—the Natural Sciences and Engineering Re-
search Council of Canada (NSERC), the Canadian Institutes of Health Research
(CIHR) and the Social Sciences and Humanities Research Council of Canada
(SSHRC)—and Industry Canada, wasthe ideal programme to addressthe key in-
terdisciplinary aspects of the IMTA concept: environmental sustainability, eco-
nomically viable diversification, food safety/security, and social acceptability
(Fig. 2). The socio-economic aspects of the project are not addressed in these pro-
ceedings as the workshop focused on regulations and policies.

Figure 3
Development of the

AquaNet IMTA project in

three phases (see text
for explanation of the
different phases).
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Laboratory Phase

On-site Phase
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Figure 4 (left). The different steps in the cultivation of the kelp Laminaria saccharina: a) Collection of reproduc-
tively mature (visible dark sori in the middle of the blade) sporophytes; b) Drying sori excised from vegetative
blades; c) Sori releasing spores in beakers containing seawater; d) Spore solution; e) The spore solution is in-

oculated on small ropes spooled on PVC pipes in a culture tank; f) Spores germinate into female and male
(slender) microscopic filamentous gametophytes on the spools; g) After male gametes have fertilized female

gametophytes, each zygote develops into a microscopic sporophyte; h) Spools on PVC pipes covered with mi-

croscopic brown sporophytes; |) Young sporophytes, 0.5to 1 mm in length, ready for transfer at the

aquaculture sites; j) Triple line culture system, installed in November, between compensator buoys with larger

ropes around which the small ropes, “seeded” with young sporophytes, have been unspooled; k) Ropes of

adult sporophytes six months later (May); | and m) Harvesting of kelps in July.

A successful applicationto AquaNet allowed the development of Phase 1 of the
project ‘ Environmental Integrity—17’ (Fig. 3) between 2001 and 2004. Thiswasa
period of testing the IMTA concept and of trying various aquaculture siteshaving
different oceanographic regimesin order to understand how three species (Salmo
salar, Laminaria saccharina and Mytilus edulis), with different biological and
physiological requirements, can be cultivated in proximity to each other. In addi-
tion, we examined what type of site was the best compromise to optimize an
IMTA system. Phase 2 is on-going and includes:

* investigating the linkages between the different species,

» addressing food safety concerns and using the results to help define the

appropriate regulatory and policy framework for the development of
IMTA in Canada;

 developing oxygen budget and economic models; and

» testing the social acceptability of the IMTA concept.

Thiswill lead to Phase 3 in which operationswill be scaled-up to acommercial
level that will allow investigation into theimpactsof IMTA onthecarrying capac-
ity of the coastal environment, water and benthos quality, potential for disease
transfer, and animal and plant health.

Development of Kelp Cultivation
as the Inorganic Extractive Component of an IMTA System

Thefirst task wasto succeed in cultivating Laminaria saccharina by controlling
thedifferent stepsof itscomplex lifecycle, both in thelaboratory (the microscopic
filamentous gametophytic and early sporophytic stages) and at the aquaculture
sites (the macroscopic blade-like sporophytic stages; Fig. 4).

Inthefirst year (2001-2002), it took 112 daysto cultivatethe microscopic phase
from the time of spore collection to obtaining small sporophytes (0.5to 1 mmin
length) ready for deployment at the aquaculturesites(Fig. 5). Taking into consid-
eration the time when kel ps are naturally mature (obvious dark sori in the blade;
Fig. 4a), the transfer to the sites occurred in February 2002, which was not opti-
mal timing for either humans (the reality of winter in Canada!) or kelps (did not
take full advantage of the winter growth period). By adjusting the photoperiod,
the enrichment of the culture medium, and the spore density at the time of spool
inoculation, the period of cultivation of the microscopic laboratory phase has
been significantly reduced to 30 to 40 daysin the subsequent threeyears. Interms
of acommercial operation, thisrepresents major savingsin the cost of controlling
light and temperature. This alowed transfer of the “ seeded” ropesto the sitesin
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Figure 6

The different steps in the cultivation
of the kelp Laminaria saccharina at
the aquaculture sites. Reduction of
the time required for the laboratory
phase allowed earlier transfer of the
“seeded” ropes to the sites and
harvesting of a larger biomass.

Figure 5

The different steps in the

laboratory phase of the cultivation
of the kelp Laminaria saccharina and
time reduction obtained at

each step.

November (Fig. 6), which greatly
simplifies the deployment logistics
and allows the harvesting of a much
larger biomass after 7 to 9 months of
cultivation. We have been ableto in-
creasethe production from 8.01 kg/m
of rope in 2002 to 17.61 and 20.67
kg/m of rope in 2003 and 2004, re-
Spectively.

The biomass production on ropes
attached to the compensator buoys of the grid (15 to 20 m from the
closest salmon cage) of an aquaculture sitein Bocabec Bay (sitelin
the paper by Haya et a. in this issue), and on ropes attached to a
smaller, circular aguaculture structure at a reference site 1,250 m
away to the northeast in a location not in proximity to any
aquaculture site, was measured in the spring of 2003 (Table 1). At
the beginning of June 2003, production of kelp at the Bocabec Bay
IMTA sitewas46 % greater than at thereferencesite, illustrating the
advantage of growing kel psin proximity to asalmon site, the source
of enriched nutrient levels. In May 2003, the salmon at the
aquaculture sitewere harvested. In July 2003, the kelp production at

the aguaculture site was still
higher than at the reference
site; however, the difference
had decreased to 24 % as the
source of nutrients had been
removed and kelps were ex-
hausting their nutrient stor-

Future Directions for the
Inorganic Extractive
Component of the IMTA
System

The on-site cultivation
methods are evolving from
an experimental system to a
scaled-up commercial sys-
tem. Initially, a system of
mono-lines at different
depths was deployed be-
tween the compensator
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Table 1. Biomass production of Laminaria saccharina cultured at the Bocabec Bay IMTA site and at a

reference site 1,250 m away, to the northeast, in alocation not in proximity to any aquaculture site.

Date Production at the Production at the Increase in Production
(day in culture) IMTA Aquaculture Site Reference Site at the IMTA Aquaculture Site

(kg/m of rope) (kg/m of rope) (%)

20 May 2003 15.68 + 3.05 10.86 £ 1.12 44
(230)

11 June 2003 17.42 + 3.65 11.96 £ 1.10 46
(252)

7 July 2003 17.61 £ 0.03 14.22 £ 1.59 24
(278)

buoys. Optimal depth and avoidance of self-shading oriented the design towards
parallel double and triple-line systems between the compensator buoys. We are
presently developing raft units, which can be placed near, but independent of the
salmon grid structure, according to the nutrient plume and hydrodynamic condi-
tions identified for each site. Harvesting methods will have to be mechanized,
processing methods devel oped, and distribution networks established.

As biomass scaling-up takes place, on-site nutrient biomitigation by kelps will
be measured and, associated with that of mussels, will be used to model biomass,
nutrient and energy paths and budgetsin IMTA versus monoculture settings. The
shortening of the required laboratory phase and the earlier transfer to the sites al-
low contemplating the production of multiple crops per year and different har-
vesting times. This would increase the nutrient removal efficiency of the IMTA
system (optimal biomass production and harvesting strategies for optimal nutri-
ent removal). It will also allow for diversification of thetype of seaweed products
and market opportunities, based on their composition, quality, and properties ob-
tained under IMTA conditions.

The project started with completing thelife cycle of Laminaria saccharina and
improving each step of the cultivation process. The development of the cultiva
tion techniques for two other kelps, Alaria esculenta and Laminaria digitata, is
currently being carried out. Species of seaweeds other than kel pscould be consid-
ered, based on their nutrient removal capabilitiesand commercial values. Differ-
ent species may have different site characteristic requirements and could be used
in various combinations to optimize an IMTA system.

An economic analysisof seaweedsand their derived productsand marketsisbe-
ing conducted. It will be animportant contribution towards demonstrating the vi-
ability of seaweed cultivation and of the inorganic extractive component within
an IMTA system. The initial recommendation is to develop the relatively small
volume/high value-added niche market approach asthe most appropriate strategy
at this stage.

This economic analysis will then be inserted into the overall socio-economic
model of the IMTA system asit gets closer to commercia scale and its economic
impacts on coastal communities are better understood. It will then be possible to
add profitability and economic impacts to the comparison of the environmental
impacts between IMTA and monoculture settings. Thiswill be sensitized for the
most volatile parameters and explicit assumptions so as to develop amodel for
IMTA systems with built-in flexibility to be tailored to the environmental, eco-
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Sponsors

nomic, and social particulars of the
regions where they will be installed.
It could be modified to estimate the
impact of organic and other
eco-labellings, the value of
biomitigation services, the savings
due to multi-trophic conversion of
feed and energy which would other-
wise be lost, and the reduction of
risks by crop diversification and in-
creased social acceptability.
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Dynamics of the Blue Mussel as an
Extractive Organism in an Integrated
Multi-Trophic Aquaculture System

Terralynn Lander, Kelly Barrington, Shawn Robinson,
Bruce MacDonald, and Jim Martin

An integrated multi-trophic aguaculture (IMTA) project, incorporat-
ing the blue mussel (Mytilus edulis) and kelp (Laminaria sac-
charina) into existing Atlantic salmon (Salmo salar) agquaculture
systems, has been ongoing in the Bay of Fundy since 2001. Our
focus was to examine the possible feeding and growth benefits
mussels may gain when co-cultured with salmon, compared to
those grown outside of salmon influences. A 24-h seston seriesin-
dicated that levels of particulate organic matter are elevated at
salmon sites during periods of feeding. The increase was mainly in
particles between 2 and 10 um, a range highly utilizable by suspen-
sion feeding mussels. In situ mussel feeding physiology (exhaant
siphon area, clearance rates) indicated that mussels at the salmon
site responded to the elevated food levels. The mussels at the site
also reached alarger size (mean shell length) than the reference
mussels. A taste test comparing site-grown and reference mussels
showed no discernable difference between the two treatments.

IMTA systems represent a win-win situation in the Bay of Fundy.
Product diversification leads to economic gains and culturing
species that extract organic and inorganic system losses as a food
source has the potential to lessen the impact of the aguaculture site
on the environment.

Introduction

The greatest effect of fed, open-system, mono-specific cage aquaculture on an
environment is the output of suspended solids and dissolved nutrients.*?
Salmonid farming, in particular, has experienced intense scrutiny dueto the gen-
eration of largeamounts of organic wastes, asuneaten food, faeces, and excretory
products, which may cause localized hypernutrification that could lead to
eutrophication.® 1n 1987, Gowen and Bradbury estimated that up to 30% of
fishfeed (depending on the composition of thediet) goesuneaten by cultured fish.
The data were collected primarily from freshwater trout in tanks and ponds, and
wastage at salmon sea-cage farms (such asthose in the Bay of Fundy) likely ex-
ceeds these values. However, with the advent of modern camera-based feeding
systemsand improved feed formulations (whichimprovefeed conversionratios),
direct feed wastes can be tightly monitored and input to the surroundings mini-
mized. Therefore, with current aguaculture practices, thevalue of 30%ispossibly
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Figure 1

Collection of seawater
samples for seston
analysis.

an over-estimation. However, feeding systems remain inefficient and waste
feed, as well as organic and inorganic metabolites voided by the fish, are dis-
charged into the surrounding water.

Research has demonstrated that levels of both chlorophyll a and particulate
organic matter (POM) in the waters adjacent to salmon cages are enhanced due
to such losses.®” Although research hasled to improved food conversion rates
worldwide, salmon farming in the Fundy |slesregion of the Bay of Fundy still
produces an estimated discharge of 35 kg of nitrogen and 7 kg of phosphorus
per tonne of salmon per year.® This represents a surplus of organic and inor-
ganic energy that is not being incorporated into fish mass.

Integrated multi-trophic aguaculture (IMTA) methods, where “extractive”
and “fed” speciesare grown simultaneously, have been proposed as ameans of
using this available energy. If waste material from fish cagesis being broken
down into finer particles, suspension feeding molluscs may be suitable for ab-
sorbing the organic particul ate wastes,®*** and seaweeds could be suitable for
absorbing the dissolved nutrients.®*? Such abioremediative approach, utiliz-
ing lower trophic levelsas nutrient recyclers, could reduce waste products and
sedimentation, diversify products, and provide economic gains for growers.

It has been proposed by several authors, ¥ that the blue mussel Mytilus
edulis may be an excellent candidate for IMTA, asit is ageneralist consumer,
able to exploit organic matter from several sources (allochthonous or
anthropogenic) as a function of its availability.® In an aguaculture environ-
ment, with higher concentrations of suspended organic and inorganic matter,
mussels may gain a more reliable food supply, resulting in enhanced growth
and reproduction. A reduction in the seasonal variability of food, compared to

natural systems, may facilitate growth during nu-
trient-limited winters when many bivalve species
arequiescent and enter aperiod of zero or negative
growth,* and hence lessen timerequired to reach
market size.

The goal of this study was to characterize the
level of nutritional enrichment available to mus-
sels grown at Atlantic salmon aquaculture sites,
and to quantify feeding and growth responses of
the mussels to such enrichment.

Materials and Methods

1. Seawater analysis
Seston transects away from an aquaculture site

Two transects were carried out in June and July
of 2002 at Atlantic Silver, Inc. (lat 48°08'18"'N,
long 67°01'41'"W), an operational salmon
aguaculture site, to quantify theintensity and dis-
persion of the suspended particulate nutrient cloud
caused by anthropogenic feed input in and around
a salmon site. Each sampling series was carried
out midmorning during periods of fish feeding.
Triplicate 1-L water sampleswere collected using
aNiskin™ bottle (Fig.1) at adepth of 5mat inter-
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valsof 0, 50, 100, 250, and 500 m along atransect line parallel to the direction of
the dominant current for the area. Sampleswerekept oniceand transported to the
laboratory. Organic and inorganic constitutents were quantified using techniques
adapted from Strickland and Parsons.*”

24-hour seston series

Five experimentswere conducted to assessthedaily seston cycleat aquaculture
farms. In 2002, experiments were performed at two Atlantic salmon sites: Atlan-
ticSilver, Inc.,inBocabec Bay (inner Passamaguoddy Bay) and J.D. Stewart, Inc.
in Bliss Harbour (lat 45°02'03"" N, long 66°49'50""W; outer Passamaguoddy
Bay). In 2003, experiments were performed at 3 sites, all owned and operated by
Heritage Salmon Ltd., in Passamaquoddy Bay. Each sitewassampled for 24 hon
3 consecutive days. The first site, Charlie Cove (lat 45°02'53"" N, long
66°87'20""W), was sampled on 22-23 July 2003; the second site, Frye Idand (lat
45°03'40"" N, long 66°84'13" ' W), was sampled on 23-24 July 2003; and thethird
site, Fishldland (lat 45°00'47"'N, long 66°92'24" W), was sampled on 24-25 July
2003. Each test site had a corresponding reference site 200 m away. Every hour
for 24 h (every 2 hinthe 2003 series), triplicate 1-L water sampleswere collected
simultaneously at 5-mdepth using a4-L Niskin™ bottlefrom the aquacultureand
reference sites. Water samples for seston analysis were filtered on board the re-
search vessel and transported to thelab where the organi c content was determined
on all the samples using the Strickland and Parsons *® method.

Particle concentration and size distribution

Concurrent with hourly seston sampling, triplicate 250- to 300-mL water sam-
ples (from 5 m) were collected, preserved, and
transported to thelab. Particle sizedistribution and
concentration were determined using a Coulter
Multisizer 11e™. Each water sample was gently
shaken and carefully poured through a 125-um
sieve into a 200-mL beaker, placed into the
multisizer chamber, and stirred continuously to
maintain particle suspension via an automatic stir
rod inside the unit. Water was pumped into a
100-um aperture for 30 s and the output program
was set to provide size distribution and abundance
of particles between 2 and 64 um in diameter.

Figure 2

Left: Mussels positioned

for the feeding
experiment with the
exhalant siphon facing
the video camera.
Right: Camera set-up
used in the feeding
experiment.
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Figure 3

Left: Socked mussel spat
deployed in February
2002.

Right: Experimental
mussel socks in January
2003.

2. Mussel feeding response

In situ mussel feeding response experiments were conducted at the three
aquaculture sites sampled in 2003. The experiments were conducted concurrent
with the water sampling procedures previously described. Seven days prior to ex-
perimentation, Velcro® was attached to each mussel (60 mm £ 0.5) with
cyano-acrylate glueand the mussel swere socked at adepth of 2mat each site. One
hour before sampling was scheduled to begin, 8 mussels were attached to a
Vel cro®-post frame and oriented so that the exhal ant siphon faced the cameralens
(Fig. 2). Underwater video cameras (Sony digital Handycams) were set to record
images using atime-lapse interval of 2 sin each 30-s period. Mussel exhalant si-
phon area (ESA) was recorded at both test and reference sites simultaneously.

Images of mussel ESA were downloaded to the computer program Image J™,
where the area (mm?) of the exhalant siphon could be determined. Pictures were
calibrated using a 10-mm mark on the frame posts. The mean of threeimages per
hour (1 min beforethe hour, on the hour, and 1 min after the hour) were used to de-
terminethe ESA for each sampletime. Sampletimesfor ESA and all seston param-
eters were concurrent for comparison. Clearance rates (CR in L/h) were deter-
mined fromtheobserved ESA. Under |ab conditions, musselswerefed similar con-
centrations (mg/L) of food (Isochrysis galbana T-1SO) as those experienced by
musselsin situ. Regression analysis of observed CR against observed ESA in the
lab allowed for accurate prediction of CR from ESA in situ.®

Statistical analysis

Statistical analyses of seston parameters were done using analysis of variance
(ANOVA). Statistical analysis of mussel ESA and CR were done using repeated
measures analysis of variance (rmANOVA). Statistics were done using the soft-
ware SPSS 11.5 for Windows.
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3. Mussel growth response

Mussel spat (mean shell length 16 mm), socked (Fig. 3) in 1-m sock units hung
inside predator-proof cages, were deployed at two salmon sitesand at areference
site, and grown from February 2002 to January 2003. At each salmon site, one
sock/cage unit was tied directly to three randomly chosen salmon cages, with
three units being bottom-moored at the reference site. Replicate cages measured
intra-station variability and provided back-up in the event of a lost unit. At
monthly intervals, 20 musselswere randomly selected from each sock and trans-
ported to thelab where various growth parameterswere examined. L ength, width
and height of each mussel were measured (to 0.01 mm) with digital calipers. As
well, the open whole weight and open drained weight were recorded. Shell and
tissue were separated and dried to constant weight at 80 °C . Wet and dry meat, as
well asthe dry shells were weighed to the nearest 0.01 g.

Statistical analysis

Condition index, used to relate amount of shell to living tissue (indicating mar-
ket quality and resourceallocation), was assessed as[dry tissueweight X dry shell

—o— Salmon Site —a— Reference

Particulate Organic Matter (mg/L)
w

0 T T T T T T T 1
3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00
Time

Figure 4

Particulate organic
matter in seawater
samples taken from
intervals along a transect
away from the Atlantic
Silver, Inc. site. Error
bars represent one
standard error.

Figure 5

Particulate organic matter
in seawater samples at
1-h intervals over a 24-h
sampling period at the
Atlantic Silver, Inc.
salmon site and at a
reference site 1.25 km
away in August 2002.
Error bars represent one
standard error.

Bull. Aquacul. Assoc. Canada 104-3 (2004)

23



Figure 6

Total particulate organic
matter for experimental
salmon (test) sites and
reference sites during
the 2003 24-hour
sampling series.

Figure 7

Particle size comparison
from a seawater sample
collected during salmon
feeding at an
experimental salmon site
and at a reference site.
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weight * x 100%],*? for all musselsfrom each sample. Wet and dry meat yields,
as well as percent water content, were calculated for each mussel. Means were
calculated for each treatment (n = 60) and plotted over time. Nested, repeated
measures ANOVA were used to ascertain differencesin growth parameters.

4. Mussel taste test

A tastetest was conducted upon termination of the experiment to assesswhether
there was a discernable difference between cage and reference grown mussels.
Mussel swere steamed in separate potsof seawater with no additivesthat could af -
fect the taste of the mussels. A triangle test was used whereby tasterswere given
three mussels, two from the samelocation (i.e., cage or reference), and one from
the remaining location. Twelve testers took part in 5 to 8 trials each, and were
asked to taste each mussel and to identify the ‘ different’ mussel of the three, and
finally, to gradethetaste of each mussel aseither 1 (poor), 3 (fair), or 5 (good).
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Results
1. Seawater analysis

Transects indicated elevated levels (5.49 to 6.52 mg/L) of particulate organic
matter at salmon sites(Fig. 4), which dropped of f at 50 mand remained at low lev-
els(<1mg/L) inal subsequent samples. Daily organic matter measurementsin-
dicated an elevation (to a maximum of 4.18 mg/L) in particul ate organic loads
during the salmon feeding cycle at Atlantic Silver, Inc. in 2002 (Fig. 5), which
dropped to pre-feeding levels (0.47 to 0.95 mg/L) upon termination of feeding.
Thereferencesite, 1.25 km away, had no comparableincreasein daily particulate
organic matter and remai ned stable throughout the study period. Total particul ate
organic loads were also significantly higher over 24-h cycles at all sites studied
during 2003 (ANOVA, p < 0.0001, Fig. 6). Figure 7 represents a sample plot of
water particle sizes found in reference and cage samples collected during 2002.
During the salmon feeding period therewasalargeincreasein particlesinthe2 to
10 pum range.

2. Mussel feeding response

Mussels suspended at all three salmon sites in 2003 showed significantly
greater ESA and CRthan musselsat referencesites(Figs. 8, 9). Repeated measures
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Figure 8

Mean exhalant siphon
area (ESA) for mussels
videotaped at
experimental salmon
(test) and reference sites
during the 2003 24-h
sampling series.

Figure 9

Clearance rates (CR)
calculated for mussels
videotaped at
experimental salmon
(test) and reference sites
during the 2003 24-hour
sampling series.
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Figure 10

Mean shell length of
mussels (n = 60) grown
adjacent to salmon
cages at two commercial
sites (Atlantic Silver, Inc.
and Aqua Fish Farms)
and at a reference site.
Measurements taken at
monthly intervals from
April 2002 to January
2003. Error bars
represent one standard
error.

Figure 11

Percent of times mussel
taste-testers in a triangle
test correctly chose the
‘different’ mussel based
on culture location (i.e.
tasting one salmon cage
mussel and two reference
mussels or one reference
mussel and two salmon
cage mussels).
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ANOVA revealed that ESA and CR for musselsat the Charlie Coveand Fryelsland
siteswere significantly higher at the p < 0.0001 level than mussels at their respec-
tive reference sites, while the mussels at the Fish Island site were significantly
higher at the p < 0.01 level than mussels at its reference site.

3. Mussel growth response

Figure 10 shows the mean shell length of experimental mussels (n = 60 for each
sampling) from two salmon sites and areference site over the duration of the ex-
periment. Final sizesfor the mussels grown at Atlantic Silver, Inc. and AquaFish
Farms were 57.5 and 55.7 mm, respectively. Final size of the reference mussels
was 49.5 mm. When comparing the growth patternsfrom all three sites, repeated
measures ANOVA revealed significant overall differences (p < 0.05) in shell
length between the salmon site grown and reference mussels.

4. Mussel taste test

Six of the 12 tasterswere unable to select the * different’” mussel in any of thetri-
as. The remaining tasters chose correctly between 20 and 25% of the time, less
than the expected value of 33% correct due to guess alone (Fig. 11). All tasters
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1l
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rated the mussel taste quality from fair to good (Fig. 12).

Discussion

Our studies demonstrated that salmon aguaculture sites provide a nutrient en-
hanced environment for the blue mussal, via exogenous input of ahighly organic
food sourcewith particleswithin the utilizable sizerangefor thisspecies(2to 110
um). Such particleswereadirect consequence of fish feeding activities, aschloro-
phyll a concentrations at the salmon and reference sites did not show significant
differencesduring the study periods (L ander, unpublished data). Thus, anincrease
in phytoplankton was eliminated as cause for the increased organic particulate.
Viainsituvideo timeseriesit was determined that mussel swere exhibiting physi-
ological responsesto theelevated food |evelsby increasing their ESA to maximize
particle capture, as well as water filtration and CR to maximize food intake.

Integrating blue mussel culture into existing Atlantic salmon aguaculture sites
provides synergistic benefitsfor the mussel lines. Salmon sites offer ayear-round
food supply to themussel s, promoting growth during nutrient-limited periods(i.e.
winter).® This is supported by the growth data presented here, where the most
marked growth difference in site and reference grown mussels was found in the
winter (November 2002 to January 2003); most likely a result of the exogenous
food supply available at the sites. Such enhanced growth lessens the time to pro-
duce acommercia crop, thus permitting higher turnovers, and greater revenue.

Inaddition, removal of excess particulatesby lower trophiclevels(i.e. mussels)
at salmon siteslessensthe overall organic lossesin the system, permitting recov-
ery of lost energy intheform of an added marketabl e product with no discernable
difference in taste compared to mussels grown away from the sites. Thus, IMTA
systems represent a win-win situation whereby salmon growers gain from prod-
uct diversification and subsequent economic gains, while making their sites
‘greener’ in the process.

Todate, studies addressing therel ative success of IMTA systemsinvolving cul-
ture of both Mytilus edulis and salmonids have yielded conflicting results,®*
However, results of this study have demonstrated that mussels are responding
both physiologically and morphol ogically to co-culturewith salmonin the south-
western Bay of Fundy and therefore represents afeasible and profitable next step
in the evolution of aquaculture systemsin the region.

Good

Fair

Rating

Poor

Figure 12

Average overall rating of

all mussels consumed by

taste-testers in a blind
triangle test using

mussels grown adjacent

to salmon farms and at
reference sites.

Bull. Aquacul. Assoc. Canada 104-3 (2004)

27



Acknowledgments

We wish to thank the following for help in gathering the field information and
data presented in this paper: the crews of the Coast Guard Vessels Hart and
Pandalus |11, and Lisa Kavanagh, Bill Martin, Fred Page, Paul McCurdy, Randy
Losier, Kathy Brewer, and Jeff Piercey fromthe St. AndrewsBiological Station.

References

1. Buschmann AH, Lépez DA, MedinaA. 1996. A review of environmental effects and alterna-
tive production strategies of marine aquaculture in Chile. Aquacult. Eng. 15:397-421.

2. Chopin T, Buschmann AH, Halling C, Troell M, Kautsky N, Neori A, Kraemer N,
Zertuche-Gonzélez JA, Yarish C, Neefus C. 2001. Integrating seaweeds into marine
aquaculture systems: A key toward sustainability. J. Phycol. 37:975-986.

3. Folke, C, Kautsky N. 1992. Aquaculture with its environment: Prospects for sustainability.
Ocean Coast. Manage. 17:5-24.

4. Gowen, RJ, Bradbury NB. 1987. The ecological impact of salmon farming in coastal waters: A
review. Oceanogr. Mar. Biol. Ann. Rev. 25:563-575.

5. Jones TO, Iwama GK. 1991. Polyculture of the Pacific oyster, Crassostrea gigas (Thunberg)
with chinook salmon, Oncorhynchus tshawytscha. Aquaculture 92:313-322.

6. Kautsky N, Folke C. 1991. Integrating open system aquaculture: ecological engineering for in-
creased production and environmental improvement through nutrient recycling. In: Ecological
Engineering for Wastewater Treatment (C. Etnier and B Guterstam, eds.), p. 320-324.
Bokskogen, Gothenburg.

7. Lefebvre S, Barillé L, Clerc M. 2000. Pacific oyster (Crassostrea gigas) feeding responsesto a
fish-farm effluent. Aquaculture 187:185-198.

8. Newell CR, Wildish DJ, MacDonald BA. 2001. The effects of velocity and seston concentra-
tion on the exhalant siphon area, valve gape and filtration rate of the mussel Mytilus edulis. J.
Exp. Mar. Biol. Ecol. 262:91-111.

9. Stirling HP, Okumus |. 1995. Growth and production of mussels (Mytilus edulis L.) suspended
at salmon cages and shellfish farms in two Scottish lochs. Aquaculture 154:193-210.

10. Strickland JDH, Parsons TR. 1972. A Practical Handbook of Seawater Analysis, 2" edn.
Fisheries Research Board of Canada, Ottawa, 310 pp.

11. Taylor BE, Jamieson G, Carefoot TH. 1992. Mussel culture in British Columbia: The influ-
ence of salmon farms on growth of Mytilus edulis. Aquaculture 108:51-66.

12. Troell M, Halling C, Nilsson A, Buschmann AH, Kautsky N, Kautsky L. 1997. Integrated
marine cultivation of Gracilaria chilensis (Gracilariales, Rhodophyta) and salmon cages for
reduced environmental impact and increased economic output. Aquaculture 156:45-61.

13. Troell M, Norberg J. 1998. Modelling output and retention of suspended solids in an inte-
grated salmon-mussel culture. Ecol. Model. 110:65-77.

14. Wallace JC. 1980. Growth rates of different populations of edible mussel, Mytilus edulis, in
North Norway. Aquaculture 19:303-311.

15. Widdows J, Fieth P, Worrall CM. 1979. Relationships between seston, available food and
feeding activity in the common mussel Mytilus edulis. Mar. Biol. 50:195-207.

Authors

Terralynn Lander (email: landert@mar.dfo-mpo.gc.ca) is a graduate student
at the University of New Brunswick and is based at the Department of Fisheries
and Oceans, Biological Station, 531 Brandy Cove Road, St Andrews, NB Can-
ada E5B 2L9. Kelly Barrington is a graduate student at the University of New
Brunswick, Centre for Coastal Studies and Aquaculture, P.O. Box 5050, Saint
John, NB Canada E2L 4L5. Shawn Robinson is aresearch scientist with the De-
partment of Fisheries and Oceans, Biological Station, St. Andrews. Bruce Mac-
Donald isaprofessor at the University of New Brunswick, Centre for Coastal
Studies and Aquaculture, Saint John. Jim Martin is abiologist with the Depart-
ment of Fisheries and Oceans, Biological Station, St. Andrews.

28

Bull. Aquacul. Assoc. Canada 104-3 (2004)



Monitoring of Therapeutants and
Phycotoxins in Kelps and Mussels
Co-cultured with Atlantic Salmon
in an Integrated Multi-Trophic
Aquaculture System

Katsuji Haya, Dawn Sephton, Jennifer Martin, and
Thierry Chopin

There has been concern in integrated aquaculture with the potential
transfer and accumulation of therapeutants used in the treatment of
diseases in cultured salmon, as well as the concern that kelps and
mussels grown adjacent to salmon cages can accumul ate phycotox-
ins produced by harmful algae. Kelps and mussels were sampled
periodically in 2001 and 2002 from an experimental integrated
aquaculture site in Passamaquoddy Bay and analyzed for eight
therapeutants and two phycotoxins (paralytic shellfish poisoning
(PSP) toxins and domoic acid (DA)). None of the therapeutants or
domoic acid was detected in kelp and mussel tissues. Alexandrium
fundyense cells (responsible for producing PSP toxins) were de-
tected in water samples from May to October in 2001 and 2002.
Peak abundances (up to 1400 cells/L) occurred in mid Juneto late
July and levels of PSP toxins in mussels peaked in late June, lag-
ging the peak of A. fundyense abundance by 3 to 8 days. PSP toxins
in mussels exceeded the regulatory limit (RL) of 80 ug STX equiv./
100 g tissue wet weight from late May to early July 2001 and in
late June 2002. PSP toxin concentrations decreased as the blooms of
A. fundyense diminished. Results indicate that mussels and kelps
grown in an integrated aquaculture operation with salmon in the
Fundy Isles region could be harvested for human consumption us-
ing appropriate management and monitoring regimes.

Introduction

A study on the economic, environmental, and socia feasibility of integrated
multi-trophic aquaculture (IMTA) for salmon (Salmo salar), kelp (Laminaria
saccharina), and blue mussel (Mytilus edulis) in the Fundy Isles region of New
Brunswick, Canada, isin progress. In this case, salmon forms the “fed” compo-
nent, while the mussels and kel ps form the “extractive’” component of the inte-
grated system. Oneobjectiveof IMTA isto mitigatethe adverseecological effects
of wastesfrom one species by having the other species usethe wastes as nutrients
or fertilizers. However, the properties of mussels and kel ps that make them suit-
ablefor the extractive function raiseissuesrelated to their safe harvest for human
consumption.

Katsuji Haya
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Figure 1

The four integrated
multi-trophic aquaculture
(IMTA) sites in the Fundy
Isles region of New
Brunswick, Canada.

The major source of the additional nutrients for the extractive componentsis
from excess feed and metabolic excretion from the fish. However, the mussels
and kel psmay al so accumul ate other wastes from salmon aquacul ture operations.
Of concern are contaminantsin feed, therapeutants, chemicals and preservatives
in construction materials, and pathogenic bacteria®'” Alexandrium fundyense
and Pseudo-nitzschia pseudodeli cati ssima are organismsresponsiblefor produc-
ing paralytic shellfish toxins and domoic acid, respectively. Both organisms oc-
cur annually in the Bay of Fundy,®?*** and shellfish can accumul ate these tox-
ins to concentrations that are toxic to vertebrate consumers.

Another objective of the project is to determine whether mussels and kelps
co-cultured with salmon can be harvested asfood for humans. An overview of our
studies on the accumulation of contaminants from feed, therapeutants, and
phycotoxins by mussels and kel psis presented. Current information suggests that
with timely monitoring and effective management practices musselsand kelpscan
be harvested.

Methods

In 2001, multi-year-class wild blue mussels (40 to 80 mm in length) were col-
lected at IMTA site in Passamaguoddy Bay (#1, Fig. 1). In 2002, one-year-old
mussels (25 to 60 mm in length) were socked in 1- to 2- mlong polyvinyl mesh
socks (14-mm mesh) at adensity of 300 to 400 mussels/m and suspended at 5-m
depthin Passamaquoddy Bay. Kelp cultureswereinitiated under |aboratory con-
ditionsand attached tolong-linesat theIMTA sitesinthefall. Surfacewater, mus-
sels, and kelp samples were collected periodically from April to November in
2001 and 2002. In 2003, the study was extended to three other sitesin the Bay of
Fundy (#2, 3, and 4; Fig. 1).

Surface water sampleswere collected by bucket and immediately preserved with
formalin:acetic acid (1:1) for determination of A. fundyense and P.
pseudodelicatissima cell densities using settling chambers and an inverted micro-
scope.™ Musselsand kel pswere stored frozen and anal yzed by the Canadian Food
Inspection Agency (CFIA) for PSP toxins and domoic acid, heavy metals (Hg, Al,
Cr, Mg, Fe, Ni, Cu, Zn, Se, Cd, Ph), therapeutants (antibiotics and antiparasitics),

and persistent organic
pollutants (PCBs and
organochlorine pesti-
cides).

Results and
Discussion

Many chemicals are
used in salmon
aguaculture, both in-
tentionally and unin-
tentionally. In Can-
ada, these chemicals
include feed addi-
tives, chemothera-
peutants, disinfec-
tants, pesticides, her-
bicides, and anti-foul -
ing agents.?*” Con-
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taminants in feed ingredients and therapeutants added to feed as a means of ad-
ministration can be accumulated by mussels and kelps. Significant concentra-
tions of heavy metals (Zn, Cu, and Fe) have been found in salmon feed and con-
centrations of these metal swere higher in sediments and sea urchins near salmon
farms than from reference sites. However, for the cultured mussels sampled
fromthe M TA sites, the concentrations of Hg, Al, Cr, Mg, Fe, Ni, Cu, Zn, Se, Cd,
and Pb were not different from those at 22 monitoring (reference) sites that are
part of the Gulf of Maine/Bay of Fundy Mussel Watch Program.’? Some persis-
tent organic contaminants (PCBs, DDTS) have a so been found in feed and sedi-
ments near aquaculture sites,® and were found in higher concentrations in cul-
tured salmon than in wild salmon.®® But concentrations of PCBs, DDTsand other
organochlorine pesticideswere bel ow quantifiable concentrationsin musselsand
kelpssampled fromthe M TA sitesin Passamaquoddy Bay and the Bay of Fundy.

Oxytetracycline has been found to be persistent in sediments and has been de-
tected up to 30 maway from salmon aquaculturesites.*? Antibiotic resistant bac-
teria in sediments have been correlated with salmon aquaculture in the Bay of
Fundy.®® Emamectin benzoate has not been detected in sediments following
treatments for sea lice infestations of cultured salmon.” During the summers of
2001 and 2002, salmon cultured at the cage site in Passamaguoddy Bay (Fig. 1)
received treatment with emamectin benzoate for sealice infestations and oxytet-
racycline for bacterial infections. However, neither of these therapeutants was
found in the co-cultured mussels and kel ps sampl ed within aweek of treatments.
Other therapeutants used by the salmon aguaculture industry in the Bay of Fundy
(cypermethrin, ivermectin, chlorotetracycline, tetracycline, sulphadimethoxine, and
sulphadiazine) were not detected in mussels or kelps sampled from any of the inte-
grated aquaculture sitesin Passamaquoddy Bay during 2001 and 2002 and the Bay of
Fundy in 2003 (Fig. 1). These studies indicate that mussels and kel ps co-cultured
with salmon in the southwestern Bay of Fundy do not accumul ate contaminants and
thergpeutants in salmon feed.

Harmful algal blooms of concern to the shellfish industriesin the Bay of Fundy
are A. fundyense and P. pseudodelicatissima. Alexandrium fundyense produces a
series of toxins that cause paralytic shellfish poisoning (PSP) and P.
pseudodelicatissima produces domoic acid (DA), which causes amnesic shellfish
poisoning (ASP) in human consumers. Closures to harvesting of mussels and
clamsin the Fundy Islesregion dueto the accumulation of toxic concentrations of
PSP toxins have occurred annually since 1940 and to DA in 1988 and 1995.

Pseudo-nitzschia pseudodelicatissima was discovered as the producer of DA in
the Bay of Fundy when concentrations greater than one million cells/L were ob-
served from late July through September 1988 in Passamaquoddy Bay.™ For DA
to exceed theregulatory limit, there must be greater than onemillion cells/L inwa
ter samples. Such high concentrations have only been observed in the years 1988
and 1995 in the Bay of Fundy. The 1995 closures occurred in exposed areas of the
Bay of Fundy; there were no closuresin Passamaquoddy Bay. With the high con-
centrations required to exceed the regulatory limit, it has been possible through
regular phytoplankton sampling to provide ample warning (often up to three
weeks) to regulatory agencies for DA toxinsin shellfish. The highest concentra-
tionsobservedin 2001 and 2002 at theIM TA siteoccurred in mid July 2002, when
20,000 cells/L were found. DA was not detected in mussels and kelps sampled
from the site in Passamaguoddy Bay in these years.

Bloomsof A. fundyense occur annually between May and September inthe Bay
of Fundy.®**® The blooms are seeded in the offshore and tend to be advected to

“These studies
indicate that
mussels and
kelps co-cultured

with salmon in the

southwestern Bay
of Fundy do not
accumulate
contaminants and
therapeutants in
salmon feed.”
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Figure 2
Concentrations (cells/L) of Alexandrium fundyense (surface) and PSP toxins (ug of saxitoxin equiv./100 g tis-
sue wet weight) in mussels, Mytilus edulis, whole body homogenates from the IMTA site in Passamaquoddy
Bay, during 2001 and 2002 (regulatory limit indicated at 80 pug of STX equiv./100 g wet weight).
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the inshore. Passamaquoddy Bay isless exposed and thereforeless proneto high
cell densities, so shellfish do not accumulate high levels of toxins. If an areais
closed as aresult of unsafe PSP toxin levels, it is generally not for long. In some
years, some of the shellfish harvesting areas in Passamaguoddy Bay have not
closedto harvesting at all. The concentrations of A. fundyense observedin surface
water samples from Passamaquoddy Bay during 2001 and 2002 were relatively
low (1,400 cells/L; Fig. 2). PSP toxins above the regulatory limit (RL) of 80 ug
STX equiv./100g tissue wet weight were detected from mid May to late June in
both years. Peak concentrations of PSP toxinsin musselslagged the peak concen-
trationsof A. fundyenseinthe surfacewater by afew days. Similarly, astheinten-
sity of the A. fundyense blooms diminished, the concentrations of PSP toxinsin
the mussels decreased. PSP toxins were not detected in kelps sampled from the
site in Passamaquoddy Bay.

These results suggest that cultured mussels can accumulate concentrations of
PSP toxins above the regulatory limit. DA was not detected in mussels during the
study period, but it is important to note that the only DA closure in
Passamaquoddy Bay occurred in 1988. PSP closures tend to occur during the
summer months, but thisisabusy period for salmon aquaculture operations, and
mussel meat quality isnot primeat thistimedueto reproduction, so harvesting the
mussels from fall to early spring is preferred. Although harvesting of wild mus-
selsthroughout the Bay of Fundy has been closed since 1944, the CFIA hasmoni-
tored mussels on anirregular basis. The CFIA hasaregular monitoring program
for clamsand, in spite of annual closuresto harvesting dueto PSP toxins, thereis
an active and thriving wild clam industry in the Bay of Fundy. Thisisacommon
management protocol in most shellfish harvesting countriesin Europe and Asia.
Thus, in conjunction with appropriate monitoring protocols,*® such as regular
phytoplankton monitoring and regular as well asimmediate pre-harvest toxicity
testing, it is possible that marketing of mussels asasafe seaf ood for consumption
would be feasible through much of the year in Passamagquoddy Bay.

Summary

Accumulations of therapeutantsin mussels and kel pswere not detected. There-
fore, thereislow risk with use of medicated feed. Levels of heavy metalsand or-
ganic contaminant concentrations in sediment, mussels, and kelps were not dif-
ferent from thosefound in natural populations, and were below regulatory limits.
Alexandrium fundyense was present from May to September. PSP toxin concen-
trations in mussel tissues in Passamaguoddy Bay exceeded the regulatory limit
for only short periods of time (late May to early July). Field and laboratory data
indicate that PSP toxins are readily accumulated and depurated by M. edulis. PSP
toxins were not detected in kelps. Pseudo-nitzschia pseudoddlicatissima cells
were present at low levels from April to September, but no DA was detected in
mussel and kelptissues. The culture and safe harvesting of bluemusselsand kel ps
are feasible in the Passamaguoddy Bay region.
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An Introduction to the Oceanographic
Aspects of Integrated Multi-Trophic
Aquaculture

Fred Page, Jeffrey Piercey, Blythe Chang, Bruce MacDonald,
and David Greenberg

A research project on integrated multi-trophic aguaculture (IMTA) of
salmon, mussels, and kelpsis being conducted in southwestern New
Brunswick. The study areais spatially and temporally complex. The
oceanography component of this project has just started and will be
studying water circulation patterns and dissolved oxygen dynamics, in-
cluding the roles of salmon, mussels, and kel ps on the oxygen budget of
an IMTA site. We will be collecting field data on water movements and
dissolved oxygen levels, and will be using a computer circulation and
particle tracking model. We will also look at the issue of scale when deal-
ing with the management of aquaculture: site-specific versus bay-wide
management and regulation. This information will help determine where
best to locate IMTA operationsin the area.

Introduction

Integrated multi-trophic aguaculture (IMTA) takes place in the coastal marine
environment and if it isto be acceptable and successful it must accommodate the
environmental situation and the coastal zone management objectivesfor the area.
Our general interest isin devel oping an understanding of theinfluences of the en-
vironment on IMTA and the influences of IMTA on the environment of the caged
fish and other components of the IMTA complement, as well as on the environ-
ment as awhole. We are also interested in the issue of how an IMTA operation
should be spatially and temporally structured on arange of spatial scalesto best
achieve the production and environmental objectives. Our focusto date has been
oninvestigating the dynamicsof the dissolved oxygen concentration at fishfarms
and the influence of IMTA on these dynamics.

In the following we highlight some of the oceanographic features that may in-
fluencethe way we think about and develop IMTA in atida environment and in-
troduce some specifics pertai ning to dissol ved oxygen concentrationsin the envi-
ronment and in fish cages that may be considered as candidatesfor IMTA opera-
tions. Unlike some of the other research components of the southwestern New
Brunswick (SWNB) IMTA project, our component has just started and hence to
some extent we are still developing our concepts.

Some Oceanographic Background

Southwestern New Brunswick isatidally-dominated area and hence the devel-
opment of IMTA should take some of the characteristicsof amacro-tidal environ-
ment into consideration. A fundamental component of IMTA is the transfer of

Fred Page
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Figure 1

Illustration showing the conceptual
framework for how a patch of particles
or adissolved substance disperses
over time in atidally-dominated flow
field that has little spatial structure.
The arrows indicate how the patch is
advected (i.e., translated) by the
principal lunar semi-diurnal (M,) tide.
The net displacement of the patch over
an even multiple of the M tidal period
(12.42 h) is referred to as the residual
or mean displacement or motion. The
spreading and dilution of the patch as
it is advected is illustrated by the
increasing size of the ellipses and the
decreasing intensity of the ellipse grey
shading.

effluents (e.g., fish feces, excess feed, nutrients) from fish cagesto other organ-
ismssuch asmussel sand kel ps. Themotion of thewater within thefarmsand bays
mediates thistransfer. The basic concepts underlying the transport and dispersal
of dissolved and particul ate substances in water are shown in Figure 1. The mo-
tions are modified by the specifics of how the substances interact with the water
and the organisms and chemicals within it. To gain some understanding of how
this conceptual framework operates in the SWNB area, we have collected field
dataon water currents and developed a 3-dimensional finite element circulation
and particle tracking model of the area.*?

Our empirical dataon transport pathways and dispersal rates were gathered us-
ing CAST (convertible accurate surface tracker) drifters. These drifters record
GPS(global positioning system) positionsat timeintervalsof approximately 10to
12 minutesand were configured to drift with the currentsin the surface 1 m of the
water column. The drifters were often released in clusters and were generally
tracked for 5to 6 h, but in some cases, recovery did not occur until theday after re-
lease. Some examples of drifter tracks from the southern Grand Manan area of
southwestern New Brunswick areshownin Figure2. Ingeneral our drifter experi-
ments have indicated that water moves away from the fish farm site and does not
return on tidal time scales, water from one farm may pass through another farm,
and estimated rates of horizontal dispersionareconsistent with thetheoretical and
empirical relationships of Okubo.

More extensive estimates of the transport and dispersal patterns around farms
have been made using the circulation and particle transport model mentioned
above. Thecirculationmodel isfully non-linear, includesintertidal drying, has21
sigmadepth levels(reduced in water shallower than 10 m), and hasvariabl e hori-
zontal resolution with a minimum resolution in some areas of approximately 50
m). Themodel isformulated to includetides, winds, and baroclinicity, but to date
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wehaveonly explored the effects of the M, (semi-diurnal principlelunar) tideand
considered the influence of some steady winds. An example of the output from
the model for the southern Grand Manan area is shown in Figure 3. The output
showsthat water currentsvary in magnitude and direction on small spatial scales
(10s to 100s of meters). An example of the model-generated particle tracks for
one salmon farmin southern Grand Mananisshownin Figure4. Theoutput illus-
trateshow therate, direction, and pathway of the advectiveflux of suspended and
dissolved material from afarm isnot constant in atidal environment: it changes
with the phase of the tide and the transport pathway can be spatially complex.

Figure 2

Example of CAST drifter
tracks from the southern
Grand Manan areas on 10
July 2002. The white
polygons are the site
boundaries for salmon
farms.

Figure 3

Example of circulation
model output for
southern Grand Manan.
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The Integrated Multi-Trophic Aquaculture Concept
in Southwestern New Brunswick

ThelMTA concept being explored in SWNB consists of the concurrent culture of
finfish, shellfish, and seaweed (algae) on asinglesalmonfarmsite. A hypothetical
farm configurationisillustrated in Figure 5. Near-bottom cultureisbeing consid-
ered but isnot being actively pursued at the moment and has not been included in
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The IMTA Concept

Fish Farm Shellfish Culture Seaweed Culture
Source for Source for Source for
® suspended particulates ® nutrients * DO
® nutrients ° disease vectors? Sink for
® disease vectors? Sink for * DO
Sink for * DO ® nutrients
°* DO ® suspended particulates

thediagram. For aspatially-fixed farm structure, such asthat used by most salmon
farming operations, the suspended and dissol ved substances, nutrients, and gases
such as dissolved oxygen (DO) are carried away from the fish cage toward the
shellfish and seaweed during some phases of the tide. During other phases of the
tidethe materialscarried away fromthefish cagedo not flow through the shellfish
and seaweed components of the operation. Hence, the mussels and seaweeds do
not consistently benefit from the farm effluents and they do not consistently
remediate the effluents. IMTA operationsthat are moored so that all aspects of the
farm can swing with the currents might ensure a more consistent flux of sub-
stances between the fish cages and the other components.

Although the signal from afish cage will flow through other cages and IMTA
componentswithin the farm during at least some phases of thetide, adiluted and
potentially mediated effluent signal may be transported to other farms and com-
ponents of abay. This may trigger some development and regulatory consider-
ationsregarding the scale of focus. For example, what scalesof IMTA interactions
are of primary interest—the farm scale, bay scale or some other scale? Do we
want site-specific performance thresholds and monitoring, and/or bay-scale per-
formance-based standards?

Dissolved Oxygen Dynamics

Background data concerning the annual cycle of dissolved oxygen in SWNB
(monitored at sites located away from salmon farms) show that maximum dis-
solved oxygen concentrations occur in June and July and minimum concentra-
tions occur from September to December (Fig. 6). The ambient concentrations
appear to be always greater than 7 mg-L™ (and greater than 80% saturation). At
these concentrations, caged sal mon should not experiencelow oxygen stress.™”

Although the ambient concentrations of DO are relatively high, the concentra-
tion of DO within salmon cages may sometimesbe bel ow ambient concentrations.
For example, a time series of the concentration of DO obtained from a salmon
cage shows evidence of regular episodes of reduced concentrations of DO (Fig.

Figure 5
Conceptual diagram of
an integrated

multi-trophic aquaculture

(IMTA) operation

including fish, shellfish,

and seaweed.
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Figure 6

Dissolved oxygen (DO)
levels at reference sites
(located away from fish
farms) in southwestern
New Brunswick. Top
graph shows dissolved
oxygen in mg-L'l and the
lower graph in percent
saturation. Maximum
levels occur in June-July
and minimum levels in
September-December.
DO levels remain above
7 mg-L'1 and above 80%
saturation (dotted lines).

7). Inthisparticular case, the DO concentration dropped below 6 mg-L ™, indicat-
ing apotential for low oxygen stress. Filtering the datawith arunning averagein-
dicatesalow frequency fluctuationin DO concentration that hasaperiod of about
8to9dandahighfrequency fluctuation with aperiod of about 12.4 h—theperiod
of the dominant M, tidal motion (Fig. 7). These high frequency variations often
result in relatively low concentrations of DO persisting for about 3 h every tida
cycle. These periodic fluctuations are not detected by a sampling approach that
takesasingle DO measurement at a consistent time of day (Fig. 8). Sampling the
DO concentration in such alimited way would largely missthe periods of low ox-
ygen.

As mentioned in the introduction, our work within the IMTA umbrella has fo-
cused on devel oping an understanding of the dynamicsof DO at thefarm and bay
scales. This focus was chosen for various reasons, including:

» Some salmon farmsinthe SWNB areahave experienced production | ossesthat

might be associated with low concentrations of DO.

» Mass balance calculations have suggested that the respiration rate of the
salmon biomass in cages is sometimes sufficient to reduce the concentration
of DO in some cages and in some Bay Management Areas.®"

» Point observations of the concentration of DO in the SWNB region have indi-
cated that concentrationscan get low in someareas. Timeseriesof the DO con-
centration within some cages have shown periodic reductions of DO to rela-
tively low concentrations (< 5 mg-L™*; ambient concentrations are generally
above 7 mg-L™).

* The culture of shellfish and seaweeds on a fish farm adds additional sources
and sinksfor DO that may significantly influencethe oxygen budget for afarm
and bay.
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Figure 7

Dissolved oxygen (DO) levels at salmon farm in
southwestern New Brunswick. Top graph shows
actual continuously recorded data. The next graph
shows the same data, filtered using a running
average: the data indicate a cycle of about 8 to 9 days
(indicated by the vertical lines). The next graph shows
the differences between the top two graphs. The
bottom graph is an enlarged subset of the third graph,
showing regular low oxygen periods of about 3 hours
every tidal cycle (12.4 hours, indicated by dotted
vertical lines).
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Figure 8

Daily maximum and mini-
mum dissolved oxygen
(DO) levels, compared to
values recorded at the
same times every day
(0600 h and noon) from a
salmon farm in south-
western New Brunswick.
The data show that single
daily readings will not
give an accurate record of
low oxygen occurrences
at a farm.

Figure 9

Areas predicted to be
susceptible to low
dissolved oxygen (DO),
based on the duration of
weak (<2 cm~s'l) current
speeds (U) as estimated
from a circulation model.
Areas with longer
durations of weak
currents are more
susceptible to low oxygen
conditions. The figure
also shows examples of
locations that have experi-
enced low DO: ovals are
fish farming areas and the
rectangle is an industrial
site.

» Some regulators and industry members have indicated an interest in more
knowledge of DO dynamics in aquaculture.

The specific objectives of our work include:

» Measurement of respiration rates of some of the major components of the
SWNB IMTA project, including a determination of the rate and role of mussel
(Mytilus spp.) line, biofouling, and kelp (Laminaria saccharina) respiration
on the oxygen budget of the site.

* Estimation of the spatial and temporal variations in DO a some salmon
aquaculture sites and in some Bay Management Areas, and development of
simple models of the DO dynamicsin an IMTA site. The model being consid-
ered isan extension of the simple box model used by Pageet al.,® which esti-
mated the concentration of DO asafunction of advectivefluxesof oxygeninto
and out of the cage or farm and the removal of oxygen by the fish. The ex-
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tended model would include respiration by fish, mussels, and biofouling, and
the addition of oxygen by sources such as kelps.

* We may also use aregional circulation model to help estimate areas within
SWNB wherefish farming and IMTA may havethe potential to generatelocal-
ized reductions in the concentration of DO under specific farming configura-
tions. For example, spatially mapped contours of the duration of timewithina
tidal cyclein which model-predicted tidal currents arelessthan 2 cm-s™* may
beindicative of locations susceptibleto generating localized reductionsin the
concentration of DO (Fig. 9).

Summary

IMTA takes place in a spatially and temporally complex and variable environ-
ment. This complexity and variability needs to be considered in the design of
IMTA operationsand regulatory objectives. We have begun to obtain some base-
linemeasurementsand devel op some simplemodel sto hel p devel op anintegrated
understanding of the dynamicsof IMTA at thefarm and bay scales. Thisinforma-
tion will help us predict the best areas for siting IMTA operations, both for mini-
mi zing impacts on the environment, as well as for optimizing production of the
cultured organisms.
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Finfish-Shellfish Integrated Aquaculture:
Water Quality Interactions and the
Implication for Integrated Multi-Trophic
Aquaculture Policy Development

Stephen F. Cross

The sensitivity of shellfish to waterborne materials (e.g., metals,
complex organic compounds, bacteria) makes themideal candidates
in the assessment of the water quality impacts of salmon net-cage
operations. The use of shellfish as biomonitors also has important
implications with respect to seafood safety, given their valuein the
commercial and recreational harvest/aguaculture sectors. A 2-yr re-
search program was designed to determine the extent to which wa-
ter-borne materials are dispersed through the water column from a
salmon farm and to establish where these materials become
biocavailable to shellfish (Patinopecten yessoensis, Crassostrea
gigas) located within this distribution pathway. The resultsindicate
that the “zone of influence” of such material is dependent on the hy-
drodynamic properties of the site. Farm sites with high currentsrap-
idly dilute and disperse waterborne contaminants, so that accumula-
tion within the tissues of shellfish cannot be detected despite long-
term exposure. Sites with reduced tidal flows result in alocalized
persistence of low-level waterborne contaminants. However, the
bioaccumulation effects are temporal in nature and associated only
with the contaminant pulses that occur within a production cycle
(e.g., antibiotic treatment). Shellfish quickly depurate post-treatment
and remain well within safe limits for human consumption.

Product diversification from the finfish aquaculture sector’ s perspec-
tive makes integrated finfish-shellfish aguaculture a viable economic
consideration, particularly in remote coastal regions and considering
the opportunity for capitalizing on the use of existing infrastructure.

Introduction

Environmental studies of salmon farm impacts (e.g., Gowan and Bradbury
and Rosenthal®) haveindicated that waste material dispersion and accumulation
occurs primarily within a 50-m area immediately around the farm structures.
However, given that these studiesfocused on the benthic impacts and thus exam-
ined the distribution of heavier organic materials (excessfeed, fish feces) the ad-
ditional possibility of a lighter waterborne waste material component (seston,
dissolved), with aslightly greater distribution pattern, may have the potentia to
impact shellfish and other non-target resources located in theimmediate vicinity
of the farm operation.
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The sensitivity of shellfish to all types of waterborne materials (e.g., metals,
complex organic compounds, bacteria) makesthem appropriate candidatesin the
assessment of potential water quality impacts associated with salmon netcage op-
erations. The use of shellfish as biomonitors not only permits atest of the spatial
influence of these substances in the marine environment, but also has important
implications with respect to seafood safety given their respective value in com-
mercia (wild harvest, aquaculture), recreational, and traditional First Nation
uses.

If the water quality issues related to marine netcage culture are quantified as
minimal or, ideally, non-existent, then a unique opportunity for shellfish-finfish
integrated aquaculture (a component of an integrated multi-trophic aguaculture
(IMTA) system) becomes availabl e to the aquaculture industry. Product diversifi-
cation from the finfish aquaculture sector’ s perspective, and regional expansion
toremote areasfrom that of the shellfish sector, may make such aventureaviable
economic consideration, particularly given the opportunity of capitalizing on the
use of existing infrastructure (transportation, anchoring, vessels, personnel, mar-
keting, etc.).

Considering the environmental and seafood safety concernsthat have been ex-
pressed about the effect of salmon farming practices on adjacent shellfish re-
sources, scientific data on the fate and effects of farm-derived materials with re-
spect to adjacent shellfish resources are critically important in adiscussion of the
potential of integrated multi-trophic aquaculture. This research project was de-
signed to demonstrate the extent to which waterborne materials are dispersed
through the water column, and more importantly to determine if these materials
are bioavailable to shellfish located within the distribution pathways. Results of
thisstudy will permit an accurate estimation of the* zoneof influence” for thedis-
persion of such materials, and thus the physical information necessary to deter-
mineif finfish-shellfish integrated aquacultureisafeasible option for British Co-
lumbia, and Canada, from a seafood safety perspective.

The objective of this2-yr study wasto quantitatively document the culture per-
formance of two commercially-important deepwater shellfish species, the Pacific
oyster (Crassostrea gigas) and the Japanese scallop (Patinopecten yessoensis)
incorporated adjacent to marine finfish culture operations, and to determine
(from a seafood safety perspective) whether finfish-shellfish integrated
aquaculture is aviable option for the Canadian aguaculture industry.

The specific objectives of the study, which took advantage of adesign and in-
fra-structural framework that explored the potential for waterborne contaminant
dispersion and persistence, were to:

 guantify the growth rates and survival of the shellstock deployed at various
distancesfromtwo marine netcage culture sites (one Atlantic salmon, one Pa-
cific salmon);

e monitor, over an 18-month growth period for the animals, the body-burden
levels of selected chemical, therapeutant, and bacteriological contaminants
considered of concern and potentially originating from adjacent marine
finfish culture operations,

 implement blind organoleptic testing of the project shellstock to document
(in comparison with other remate shellfish production sites) the quality and
possible “tainting” of shellfish grown adjacent to salmon farms; and to

 assesstheresultsof theseproject dataintermsof product safety, and thetech-
nical and economic feasibility of integrated finfish-shellfish aquaculture in
coastal British Columbia
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Figure 1

General area of finfish
aquaculture study sites
with respect to coastal
population centers of
southwestern British
Columbia, Canada.

This paper, which was presented at the 2004 IMTA Workshop in Saint John,
New Brunswick, providesasummary of this2-yr research initiative, with afocus
on the implications for commercializing integrated aquaculture and the associ-
ated needs for policy and regulatory reform that would facilitate such develop-
ment.

Methods and Materials

This research was conducted at two salmon farms. The criteria used to select
these sites included an effort to have sites that:

would be represented by both an Atlantic salmon (Salmo salar) and Pacific
salmon (Oncorhynchus tshawytscha) production facility, ensuring that
unique aspects of the operations that could reflect contaminant loading dif-
ferences would be assessed (e.g., chemotherapeutant usage, organic waste
loading associated with FCR characteristics, etc.);

had comparablelevelsof production, ensuring similar waste material loading
and potential level of environmental effects;

were represented by significantly different physical oceanographic proper-
ties, allowing an evaluation of waterborne contaminant dispersion and envi-
ronmental persistence under varying physical conditions;

displayed biophysical attributes that would suggest the sites were good can-
didates for shellfish aquaculture; and

were a reasonable distance from a coastal community center to ensure that
sampleacquisition and transport to laboratoriesoccurredinatimely manner.

Thetwo sitesselected for the study, Y oung Passageand V enture Point, satisfied
each of the abovecriteria, aswell asbeing inrelatively close proximity to further
support survey/sampling logistics. The two study sites are situated north of
Campbell River, in coastal British Columbia, Canada (Fig. 1).
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The speciesof shellfish used for thisassessment were Crassostrea gigas, the Pa-
cific oyster, and Patinopecten yessoensis, the Japanese scallop. Both species are
commercially important suspended (off-bottom) aquaculture species, ensuring
that results of this research could be applicable from a commercialization per-
spective (i.e., development of integrated finfish and suspended shellfish
aquaculture employing these species). These species also provided inherent bio-
logical differencesthat further supported the objectives of the study (e.g., differ-
ential filtration rates, contaminant retention periods, etc.). Asvarioustissue com-
ponents of the scallop are used as seafood products (e.g., meats, roe-on meat,
whole animal), this species permitted a tissue partitioning component of the re-
search to be conducted, allowing evaluation of possible water quality effectson
potential harvest constraints, management requirements, and/or seaf ood process-
ing options.

Sampling equipment and test bival ve molluscswere suspended in thewater col-
umn from ashellfish longline (3-cm diameter polysteel rope), supported horizon-
taly (1.0 m below the sea surface) by regularly-spaced polyethylene floats
(41-cm diameter). The longline system was aligned in the downstream direction
from the finfish production facility (determined through tidal current measure-
ments), attached to the steel cage system at one end and anchored in placewith a
2-tonne cement block at the other (Figure 2 illustrates the visible features of this
infrastructure). The entire floating por-
tion of this structure was 250 m in
length.

Figure 3 provides a diagrammatic
representation of this infrastructure
showing the plan-view and side-view
configuration of sampling infrastruc-
ture in relation to the sea surface, sea
bottom, and the adjacent netcage sys-
tem. The upper portion illustrates the
position of the sampling stations that
were established along the shellfish
longline. A total of ten stations were
deployed along the line at each of the
two study sites. Sampling stationswere
concentrated in the near-field region of
the netcage where waste material and
waterborne contaminant effects were
presumed to be the greatest. These sta-
tions were established at the netcage
perimeter (0 m), and then downstream
at 10, 20, 30, 50, 75, 100, 125, 175, and
225 mfromtheedge of thenetcage sys-
tem.

An eleventh sampling station was de-
ployed within the nearest netcage at
each of the sites. This station was con-
sidered a positive control to the study
as all of its constituent sampling appa-
ratuswould beindirect contact withthe
materialsentering thefarmsystem(i.e.,

Figure 2

Shellfish longline
extending downstream
of salmon netcage
system. S. Cross shown
in foreground sampling
Japanese scallops
(Patinopecten
yessoensis) from the
perimeter station
(adjacent to net).
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Figure 3
Configuration of research infrastructure showing shellfish longline system in relation to netcage aquaculture

facility. A) Horizontal distribution of sampling infrastructure; B) Vertical distribution of sampling infrastructure

in relation to farm structures.

A. Plan-view diagram of netcage system in relation to experimental longline and sampling stations

B. Side-view diagram of netcage system in relation to closest sampling infrastructure
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Figure 4
Research infrastructure configuration showing arrangement of shellfish and sediment canister equipment at
each sampling station.
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Figure 5

Contour plot of Patinopecten
yessoensis growth
performance at Young
Passage study site as a
function of the distance from
the netcage system (Y axis).
Growth data standardized as
average shell height (n = 10;
mm/month) across each of

the 12 survey periods (X axis:

Julian day starting at Janu-
ary 2002) for each of the 10
longline stations. A: April-
May 2002. B: August-October
2002. C: April-May 2003.

feed, fecal material (and its leachates), trace metals from surrounding treated
nets, etc.).

Themarine netcage systemsat the study siteswere steel cagesthat measured 30
x 30 m, with adepth of approximately 22 m. Figure 4 provides a cross-sectional
view of the netcage system in relation to the established shellfish longlineinfra-
structure. Thevertical areaoccupied by thesampling gear at each of thefirst three
stations (in-cage, perimeter, and at 10 m) is delimited with the rectangular box
(vertical axis elongated). Thisisthe areain which the shellfish were suspended
from the longline at these stations; a similar configuration was used for each of
the downstream stations not shown in the figure.

Data acquisition, over a complete finfish production cycle, included: (i) de-
tailed oceanographic evaluations of water movement through the netcage system
and downstream through the shellfish culture component of the integrated
aguaculture system; (i) routine sampling of shellstock to assess culture perfor-
mance; (iii) regular sampling of shellfish tissuesto document body-burdenlevels
of trace metalss; (iv) opportunistic sampling of shellfish tissuesto determinelev-
els of chemotherapeutant residues released from the finfish system post-treat-
ment; and (V) measurement of organic waste loading, dispersion, and chemical
composition.

Results

A few examples from the research program have been extracted from the pro-
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gram databaseto illustrate the effects that have bearing on Canadian IMTA devel-
opment from a policy and regulatory perspective.

Shellfish performance

Shellfish were sampled every 30 to 45 d over an entire production cycle. Shell
height and mortality were used as measures of culture performance, with the re-
sulting data used to assess spatial (distance downstream of netcage system) and
temporal (seasonal, production-related) differences. Figure 5 illustrates the
change in growth rates for the Young Passage scallops over the 2-yr period
(x-axis) with respect to distance from the netcage system (y-axis). This contour
plot shows seasonal increasesin growth (spring and late summer, early fall) asso-
ciated with typical phytoplankton fluctuations. Winter growth issignificantly re-
duced.

There does not appear to be any positive or negative effects on growth associ-
ated with proximity of thetest shellfish to the finfish component of theintegrated
system. Thisheld truefor both study sitesand for each of the shellfish speciesex-
amined. Itisspeculated that natural seston levels are sufficiently high asto mask
the contribution of that of the finfish farm; given a maximum uptake (filtration
rate) in these bivalve species, the resulting growth associated with the farm com-
ponent of these suspended organics cannot be detected. This does not, however,
suggest that these farm-derived organi ¢ constituents (and any associated contam-
inants) arenot bioavailableto these shellfish, but rather that they do not have acu-
mulative effect that can be seen in the growth of the shellstock. On the east coast,
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canisters while the lower graph
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Figure 7

Levels of oxytetracycline
(OTC) found in scallop
viscera (adductor muscle
excluded) post-treatment
at Young Passage
salmon farm site.

enhanced growth has been shown in avariety of such evaluations (e.g., Nortug et
al.®), but with mussels.

Intermsof survival, al shellfishgrownin closeproximity to thefarm performed
similarly to that of atypical shellfish aguaculture facility. Overall production
mortality (seed to harvest) was consistently between 2 and 4%, with no apparent
relationship with distance from the netcage system.

Waste Dispersion and Characteristics

Sediment canisters were used to document the dispersion pattern of organic
waste material originating from each of thetwo finfish aquaculturefacilities. The
dispersion of settleable solids was clearly related to tidal dynamics. The faster
flows associated with the Venture Point farm site revealed a greater distribution
field for these wastes, with the loading (per square meter) substantially reduced
acrossthe 10 downstream sampling stations. At the sitewith much lower tidal ac-
tivity, the dispersion was confined to below and immediately adjacent to the
netcage system. In both cases, a much smaller fraction was available within the
mid-water capture, suggesting that the mgjority of the material is confined to the
near-field region of the facility.

Figure 6 compares the upper and lower sediment canister resultsfor the Y oung
Passage farm site. The downstream dispersion of this settleable material appears
to be concentrated below and immediately adjacent to the netcages, with amaxi-
mum dispersive range of approximately 100 m. Waste loading estimated from
within-cage indicates that approximately 17 to 18 g/m?day is discharged from
the cage, with thisval ue reduced to lessthan 1.0 g/m?/day at the seafloor some 75
m downstream.
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Water quality effects

The potential for contamination of shellfish tissuegrown in close proximity toa
commercial finfish agquaculturefacility wastested over the entire production cy-
cle at each of thetwo test sites. Tissueswere analyzed for asuite of trace metals,
with afocuson potential candidatesthat could be attributed to micronutrient feed
additives or to leachates from the operational infrastructure (e.g.,
antifoulant-treated nets, galvanized system components, etc.).

Although there was some indication of near-field uptake by the adjacent
shellstock, the concentrationsremained low and their persi stence dependent upon
tidal conditions, duration of exposure, and clearanceratesfor the speciesin ques-
tion. Figure 7 provides an example of shellfish tissue levels resulting from an
in-feed treatment of oxytetracycline (OTC) at the study farm site applied over a
10-d period. The shellstock grown downstream of the farm did not show in-
creased tissuelevel response (aboveanalytical detection) until 7 d post-OTC treat-
ment initiation, and from that point reveal ed an ongoing accumul ation to amaxi-
mum at approximately 12 d following the start of the OTC treatment. The scallop
viscera(adductor excluded: did not show any accumul ation of OTC) achieved lev-
elsof 1.4 ug/g (adjacent and within the netcages), with adownstream measurable
effect to approximately 175 m, at which distancelevel swereat the acceptable Ca-
nadian Food Inspection Agency (CFIA) harvest level for finfish tissue (0.2 ug/g).
All of these values, however, fell well below the acceptable level for human con-
sumption as permitted by the us Department of Agriculture (USDA) (2.0 ng/g).
Shellfish tissue clearance also occurred in these shellfish, with level sreturning to
below detection within approximately 3 weeks of treatment.

The persistence of OTC residues in the water column will determine the
biocavailability to adjacent shellfish, and thus the ultimate tissue levels that will
define seaf ood saf ety concernsfor any product cultured for production purposes.
Thelevels noted in Figure 7 were found only at the farm site with minimal tidal
exchange, suggesting alocalized persistence that resulted in the above situation.
In contrast, at the high-energy farm site, samples revealed that no
chemotherepeutant residues were found above that of the limit of analytical de-
tection. It is hypothesized, given these contradictory results, that in areas where
the dilution processis sufficient, bioavail able concentrations (even at the closest
station) are extremely low and thuswill not lead to any measurableincreaseinthe
shellfish tissue.

Discussion and Conclusions

This west coast research program has demonstrated that finfish-shellfish inte-
grated aguaculture, one possible component of a more complex IMTA system
(e.g., Neori et a. @), isafeasible aquaculture development for Canadaand likely
for other temperate coastal regions. Data acquired through production-cycle
monitoring have shown some localized water quality impacts on the shellfish
component, although these effects are considered largely site-specific (related to
oceanographic and physiographic characteristics) and manageable given their
temporal nature.

Research implications on IMTA policy development

This research initiative has indicated that water quality interactive effects are
site-specific, with the occurrence and magnitude of these effects determined (in

Bull. Aquacul. Assoc. Canada 104-3 (2004)

53



Figure 8

Shellfish and finfish
aquaculture expansion
potential in coastal
British Columbia.
Current and potential
development regions in
relation to coastal
urban centers.

part) by the hydrographic characteristics of the IMTA farm site. The intermittent
nature of theseimpactson IMTA product quality may requireimplementation of a
farm-based management (monitoring) system to ensure harvest timing avoids pe-
riods of tissue contamination (albeit at low concentrations). This may not be any
more cumbersome than some regiona industry-government management pro-
grams associated with bacteriological and/or biotoxin monitoring. Such initia-
tives might require the development of HACCP protocols including farm opera
tional records for chemotherepeutant usage, projected clearance periods (fish,
shellfish), sample collection (tissues; lot testing), harvest approvals, etc.

Research implications for industry development of IMTA

Althoughthelimitation of expansion spacecan beaprimary factor for exploring
thefeasibility of IMTA, the aquaculture devel opment potential in western Canada
islimited not by spatial constraint but rather by acombination of social and tech-
nical limitations. With aquaculture currently concentrated within the southern
reaches of the coast (Fig. 8), the central and northern regionsremain virtually un-
touched.

Expansion of the finfish sector to the central and north coast remains hindered
by social uncertainty. Environmental issues continue to serve as a deterrent for
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new sitesand coastal First Nationsremain divided asto therisksof thissector asit
relates to traditional coastal resources (e.g., wild salmon, shellfish beds, kelps,
abalone). However, these perceptions are not focused on the shellfish aguaculture
sector, which remains of interest to First Nations as an alternative to declining
fisheries and wild harvest opportunities.

Whilethe finfish aquaculture sector maintainsthe infrastructure for remote op-
erations, and thusthe capacity for devel oping the very remote areas of the central
and north coasts, the shellfish industry sector is presently operating in areaswith
direct access to upland infrastructure, including transportation, processing, seed
supply, labour pool (and accommodation), etc. The development of remote areas,
although technically feasible, would require consideration of such logistics and
the significant capital and operational costs.

In consideration of these aquaculture devel opment constraints, theintroduction
of IMTA to the west coast of Canada may serve as a conduit for development of
both the finfish and the shellfish aquaculture sectors in these remote areas. The
benefitsof introducing thisnew approach includes opportunitiesfor shared: i) in-
frastructure, including on-site accommodation facilitiesand transportation logis-
tics; ii) farm personnel; and iii) processing and marketing.

The development of ashellfish (or other IMTA) component may not necessarily
be desirable to afinfish company, but collaborative agreementsto develop joint
operations may prove valuable from a social perspective (First Nations, coastal
community revitalization, etc.).

IMTA hasthe potential to provide considerable social and economic opportuni-
tiesfor coastal communities. IMTA could al so add measurabl eenvironmental ben-
efitsto existing aquaculture systems, setting the stage for future production effi-
ciencies.
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Integrated Multi-trophic Aquaculture:
Variations on the Theme of Biofiltration

Dror Angel

Aquaculture effluents and the environmental impacts associated with
them are amgjor concern of the finfish farming industry, regulatory au-
thorities, and many other coastal stakeholders. Integrated multi-trophic
aguaculture (IMTA) is amulti-pronged approach that addresses both envi-
ronmental concerns and socioeconomic issues related to intensive cage
aquaculture by cultivating biofiltering organismsin conjunction with
finfish. Two modes of biofiltration are discussed: extensive biofiltration,
which entails providing hard substrates that enable a natural biofouling
community to become established around the fish farm, and intensive
biofiltration, which includes the deployment of commercially-viable spe-
cies of invertebrates and algae around the fish cages. Neither of these
maodes of biofiltration are currently employed in conjunction with Euro-
pean agquaculture, but there is hope that thiswill change in the near future.

I nteractions between aquaculture and the marine environment have been inten-
sively studied over the past two decades.™ K ey papersthat emerged from these
studies focused on the geochemical impacts associated with organic enrichment
of the seafloor under fish cages and on the changes observed in the faunal com-
munities underlying the fish farms.®® Aquacultureimpacts on thewater quality
of the receiving waters (water column effects) in most areaswere practically im-
measurable®*? and therefore generally ignored. Biogeochemical effects on the
sea floor were much more evident and were eventually adopted as indicators of
the degree of negative impact acertain farm had on its surroundings.***® Since
environmental regulations stipulate that afish farm may not exceed a given ben-
thicimpact, it becamenecessary for fishfarmersto reducetheir organicloading.

To reduce organic loads below fish farms, severa workers considered the feasi-
bility of capturing falling particles®® and/or removing organically-enriched sedi-
ments from the sea floor by mechanical means.**® While these are good idess,
they arenot “ sustainable” solutions becausethey: a) may create new environmental
problems (e.g., nutrient enrichment as a result of resuspension of organically-en-
riched sediments), b) may increasetheimpacted area, ¢) areinefficient at nutrient re-
moval, and d) arevery costly and thereforewoul d not beemployed by fishfarmers.

A sustainablealternativeto the“ mechanical solutions’ isabiol ogical approachto
aquaculture waste management. Thebiological capture of effluents, also known as
biofiltration, iswhere avariety of animals, plants, and microbes are used to either
mineralize or package the particul ate and dissol ved aguaculture nutrientsinto bio-
mass. Biofilters are one of the essential elements of successful and economical
land-based recirculating aquaculture systems since they remove excess nutrients,
maintain good water quality, and enable the water to be re-used.® In many sys-
tems, biofiltration is performed primarily by nitrifying bacteria, whereasin others,
thebiofilter biomass (algal or invertebrate) may be harvested (see below), thereby
serving as a bonus to the fish farmer.
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In net-cage aquaculture, biofilters may help maintain environmental integrity by
capturing effluents that would otherwise enter coastal waters, leading to
eutrophication or other effects. I’ d liketo discusstwo typesof biofiltration systems
that may be employed around net-cage fish farms. extensive and intensive
biofilters. Extensive biofilters are communities of naturaly-occurring organisms
that develop on artificia structures deployed near fish farms with the intention of
capturing and then either mineralizing or harvesting as much of the aquaculture
effluents as possible. One of the early designs of this sort of biofilter was con-
structed by Chojnacki and Ceronik® Y to stimulate removal of excess nutrients
fromthe highly eutrophic Polish coast of the Baltic Sea. Thisideawasextended to
the removal of aquaculture effluents around Finnish fish farmsin the northern part
of the Baltic Sea,*? asameansto makefinfish cageaguaculturemore sustainabl e.

In early 1998 two benthic artificial reefs were deployed near a commercial fish
farm in the Gulf of Agaba, Red Sea (Fig. 1), and monitored to assess whether they
could capture substantial amounts of aquaculture effluents and also provide im-
provement to the impacted benthos below the fish cages.®2? The structures were
rapidly colonized by rich and diverse communitiesof invertebratesandfish (Fig. 2),
which removed substantial quantitiesof chlorophyll afromthe seston. A moreelab-
orate system of benthic biofilters was constructed and deployed on the sea floor
around fish culture zones in Hong Kong, to
examinewhether thereefslead to changesin
sediment and water quality (www.artifi-
cia-reef. net). Preliminary data indicate
there is improvement in both the quality of
the water overlying the sedimentsand in the
sediments themselves®

The success of the benthic artificial reefs
under the Red Seafishfarmsledtoalarger
project, BIOFAQs (www.sams.ac.uk/
biofags/) which focused on the deployment
of artificial settlement substratesin the wa-
ter column (Fig. 3) adjacent to the fish
cages.® This project, conducted at fish
farmsin four countries (Scotland, Slovenia,

Greece, |sradl), demonstrated the potentia
to capture and harvest fish farm effluentsin
theform of biofouling biomass. The
advantage of extensivebiofilter sys-
temsisthat they arerelatively inex-
pensive to construct, deploy, and
maintain, but they generally do not
produce a high-value crop. More-

Figure 2

Close-up of one of the benthic
biofilter cylinders showing a
diverse community of fouling
organisms, epifauna and fish, Gulf
of Agaba, Red Sea, in July 1999,
four months after deployment
(photograph, Noa Eden).

Figure 1

Benthic biofilter (plastic
structure—2.8 mx 2.4 m
X 2.4 m, WxLxH) located
at 23 m depth, adjacent
to the Ardag fish farm in
the northern Gulf of
Agaba, Red Sea, just
after deployment in
March 1999 (photograph,
Stephen Breitstein).
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Figure 3

An array of 8 cylindrical
plastic biofilters (each 25
cm diameter, 50 cm
height) deployed at 8 m
depth, 15 m west of the
Ardag fish cages in the
northern Gulf of Agaba,
Red Sea, October 2001
(photograph, Stephen
Breitstein).

over, the efficiency of biofiltration in a*“mixed-community” isunknown since we
do not control the composition of the attached community. The dternative to the
extensive biofilter model is the intensive biofilter.

Intensive biofilters are “planned” communities of sessile or motile animals
and/or macroalgae that have commercia value. Thereisalargeinitial investment
in seeding the lines or biofilter surfaces with specific invertebrates and algae, as
well as an investment in maintenance of the biofilter communitiesto ensure opti-
mal survival and growth rates. However, thefiltration ratesof these biofiltersarea
lot more predictable than the extensive systems since the biofiltering organisms
are generaly onesthat have been studied. Moreover, the economic benefit from
thebiofilter “crop” isabonusto thefarmerssince one of thecriteriain selecting the
species is their commercial value. Although the focus of this discussion is
biofiltration as it applies to net-cage mariculture, there are many examples of in-
tensive, land-based (e.g., ponds or tanks) integrated aguaculture that employ the
same principles. Buschmann et al.,®” Chopin et d.,®® Troell et al.,* and Neori et
al.® described systems that focus on the integration of finfish and seaweed
aguaculture, while Shpigel et a.®” and Neori et a.* described dlightly more com-
plex systems for land-based co-production of finfish, macroagae and molluscs.

With regard to “ open” net-cage mariculture, Kautsky and Folke,®® and Folkeand
K autsky,* proposed one of the early conceptual models for sustainable salmon
aquaculturethat involved bivalveand macroalga production on fish cageeffluents.
Subsequently, Hirata,®® Troell et a.,*® and Chopin et a.®” provided some evi-
dence that co-culture of macroal gae around net-cage fish farmsis afeasible means
to trap dissolved inorganic farm effluents. Several other studies®** indicated that
shellfish co-cultured with finfish might be very useful for taking up particulate or-
ganic effluents generated by the fish farms. Some of the most recent and promising
work on both seaweed and shellfish aquaculture in conjunction with salmon farms
has emerged from the Canadian AQUANET project (www.aguanet.ca). Thisproject
has demonstrated the biological feasibility of co-cultivation of different “trophic
levels’, and has addressed food safety, socio-economic, and other concerns related
to such integrated multi-trophic aquaculture (IMTA).“**)

Additional work on IMTA hasfocused on the cultivation of variousother animals
on aguaculture effluents, serving both environmental and commercial interests.
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Ahlgren® studied co-cultivation of seacucumbersand salmon, Porter et al.“® and
Katz et al.“*® examined co-cultivation of seabream and grey mullets (Fig. 4), and
Kelly et al.“*” and Cook et al.“*® investigated seaurchin and salmon co-cultivation.
These, and other ongoing studies, indicate there are numerous creative and profit-
able waysin which we may sustainably harness the energy and nutrients released
from intensive net-cage aquaculture.

Although several of theIMTA pioneerswere Europeans(e.g., Troell, Folke, and
Kautsky), integrated aguaculture has not yet been adopted in open aquaculture
systems in the European Union. Thereal, and perceived, environmental impacts
of aguaculture are one of the main concernsthat haveinhibited the growth of this
industry in Europe. Whereas there have been a number of large multi-national
programs (ICES, MARAQUA, OAERRE) focusing on the establishment and adop-
tion of best environmental practices for aquaculture, European policy regarding
aquacultureisstill in afragmented state? and thishasinhibited developmentsin
thefield of impact mitigation. Asaresult, though many acknowledge the need for
practical IMTA in Europe (http://www. easonline.org/agenda/en/AquaEuro
2003), at thetime of thiswriting there are still several hurdlesregarding conven-
tional aquaculture that must be overcome before IMTA can be addressed.
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Integrated Multi-Trophic Aquaculture:
The Interactions with Environment Canada

Amar Menon

The development of sustainable integrated multi-trophic aquaculture
(IMTA) operations requires that certain regulations and legidative require-
ments be met. Some of the key components of the Environment Canada
mandate and legidation applicable to IMTA are the Canadian Environ-
mental Assessment Act (CEEA), Canadian Environmental Protection Act
(CEPA), Fisheries Act (section 36), Migratory Birds Convention Act
(MBCA), Species at Risk Act (SARA), and the Canadian Shellfish Sanita-
tion Program (CSsP) from a seafood safety perspective.

Environment Canada provides expert advice for environmental assess-
ments of aquaculture projects and activities covered under CEEA. Theam
isto ensure that agquaculture projects are sited, designed, operated, and
decommissioned in amanner consistent with federal environmental legis-
lation and policies. Environment Canada has produced guideline docu-
ments for marine-based finfish aquaculture, shellfish aguaculture, fresh-
water aquaculture, and land-based aquaculture that provide guidance on
the information required for environmental assessment.

This paper presented a brief summary of research and development un-
dertaken by Environment Canada in the area of aguaculture. It also out-
lined a number of challenges and options for consideration by the indus-
try with respect to the development of IMTA in Canada. Application for
IMTA must go through the environmental assessment review process and
meet the requirements for CSsP. Before shellfish from IMTA operations
can be marketed, an amendment would have to be made to the CSSP man-
ual of operationsto alow shellfish raised in closed proximity to finfish
net-pens to be marketed. A monitoring and HACCP program should bein
place to ensure the products produced from the process are safe for hu-
man consumption.

There are severa environmental concernsto consider in the commer-
cialization of IMTA. Not withstanding the economical and environmental
benefits of the system, one must be concerned with the safety of the shell-
fish product for human consumption. Although the extent of therisk is
unknown and has not been documented, a precautionary approach will be
necessary until more information is avail able to determine the potential
risk of chemicals and toxins accumulated by shellfishin IMTA under dif-
ferent geographical and environmental conditions.
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Integrated Multi-Trophic Aquaculture:
An Industry Perspective

Patrick Fitzgerald

This paper describes the history of the involvement of Heritage
Salmon Ltd. with the integrated multi-trophic agquaculture
project (IMTA), discusses the potential benefits of IMTA to the
salmon industry, and lists some of the hurdles that will have to
be overcome to make the project acommercial success.

Introduction

| would like to start by presenting some of the background on how Heritage
Salmon Ltd. became involved in the IMTA AquaNet project. | will also describe
the current status and the future of the project and how IMTA could fit into a
salmon farming operation (Fig. 1). | want to touch on some of the species of con-
cern (mussels and seaweeds), industry experience with these species, our current
interest in the project, what we see as positive, negative, and unknown about the
project, and where we would like to go from here.

Traditionally, mussel s have been considered afouling species. Thetremendous
biomassthat can accumulate on salmon cages can cause agreat deal of mechani-
cal damage to the structures and netting. Fish farms can literally sink from the
weight of the mussels and nets can be torn and damaged if thereisany amount of
current. The physical pres-
ence of the mussels canin-
hibit water flow through
the net, starving the fish of
oxygen and reducing their
growth. The nets them-
selves become almost un-
manageable from the mass
of mussels that accumu-
lates (Fig 2). As a result,
mussels can have asignifi-
cant financial impact on a
fishfarmand havenot been
afavoured species.

Seaweeds are also foul-
ing organisms. Their pres-
ence on the structures can
impede the flow of water
into the cages and, espe-
cially at night, they con-
sume oxygen and can con-
tribute to stress from low

Figure 1

Salmon farm in the Bliss
Harbour area of the Bay
of Fundy harvesting
salmon using a
harvesting barge
(pictured in the
background).
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Figure 2

Juvenile mussels (Mytilus
edulis and M. trossulus)
that fell off salmon nets
when they were being
changed in the spring
using awork barge with a
net roller. The mean shell
length of the mussels
was about 17 mm.

oxygen. Their presenceon thesitecan also mask any potential problemswith gear
(Fig. 3). For example, if you have kelpsgrowing all over thegrid, you cannot tell
if you havealoose shackleor if anetisstarting totear. If therearealot of kelpsor
rockweedsin the cages, they can become mixed up with thefeed, making thefeed
unavailable to the fish. Ultimately the feed rots, making a mess of the site.

In the past, fouling has had a high financial cost asit reduces fish growth, in-
creases stress on the fish, and causes chronic oxygen depletion. Because of that,
you generally have poorer feed conversion ratios (i.e., it takes more pounds of
feed to grow apound of fish). The cost of changing netsincreases and it becomes
guite an exerciseto changethe nets. If you have 25 penson asite, for example, it
wouldtakethebetter part of amonth to changeall the nets. Thecost of treating the
nets with antifoulant is also significant. Currently, for a net that costs $10,000,
about $3,000 of the cost isdirectly attributable to the antifoulant. So we spend a
lot of money not to have these organisms on the site. Up to this point, they have
cost us afair amount of grief.

The AquaNet Project

What caught our interest in this integrated multi-trophic aguaculture (IMTA)
project wasthe preliminary work doneby Shawn Robinson and hisgroup on mus-
sels, and thework doneby Thierry Chopin and hisgroup on seaweeds. They came
to uswith some preliminary data showing greatly enhanced growth of these spe-
cies close to our salmon cages. The great enthusiasm of these investigators and
their students made it hard to say “no”.

On our fish farm, prior to the advances of antifoul ants, we had seen tremendous
increases in the biomass of seaweeds and shellfish on cages. When left un-
checked, cageshad sunk asthe crew were not ableto keep up with net changesbe-
cause the mussel biomass increased so fast. So we knew that mussels and sea-
weedsweregrowing quickly onthefarmsite. It wasgood that someonewasgoing

to quantify their growth
enhancement on the
farm.
Webecameinvolvedin
the IMTA project to seeif
the concept isfeasible, to
determine the impact on
the salmon site, and to
find out what the end
product would be like.
We also wanted to see if
the shellfish and sea
weeds had a positive ef-
fect ontheenvironmental
quality at the finfish site.
Most of the energy avail-
able to the shellfish and
seaweedscomesfromthe
excess salmon feed at the
site. We wanted to be
able to convert the en-
ergy from the organic
and inorganic waste ma-

64

Bull. Aquacul. Assoc. Canada 104-3 (2004)



terial into other products. If
we are putting the stuff into
the water and it is drifting
around, then perhaps it
could be captured by other
species that we could then
sell. Also, just to add to the
genera body of knowledge
onIMTA, we were happy to
provide a platform for fur-
ther research on the
AquaNet IMTA project and
hopefully, at the end, to
make some money on it.

The Pros and Cons

Therearealot of positives
as to how IMTA could fit
into existing operations.
Salmon sites are already
present in the area (some
have been in operation for up to 20 years), thefood source from the salmonisal-
ready present aswe are feeding the fish, the required particulate organic and dis-
solved inorganic matter isin thewater column and isavailable for these other or-
ganisms, and the operation of these components is relatively low maintenance
once the lines and the rafts are seeded (i.e., once you get the farm set up you are
not feeding these organisms every day). The other spin-off isthat IMTA is envi-
ronmentally friendly: it extracts some of the excess nutrients from the water
around the existing sites. Compared to finfish farming, IMTA requires relatively
low capital investment. Setting up amussel or seaweed raft does not involve alot
of sophisticated equipment. The majority of on-growing equipment isalready in
place (i.e., boats, barges, boom trucks) and we already have the personnel. There

Figure 3

Kelps and rockweeds
attached and trapped to
the side of a salmon
cage.

Table 1. Perceived pros and cons of integrated multi-trophic aquaculture
(IMTA) based on past industry experience with seaweeds and mussels.

Pros
Salmon sites already exist
Food sourceis already present

Operationisrelatively low maintenance oncetheraftsand linesare seeded

Environmentally friendly

Relatively low capital investment

Majority of on-growing infrastructure is already in place
Shellfish monitoring programisin place

Cons
Lack of processing facilitiesin the area
Local expertiseisfocused on finfish
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isaready ashellfish monitoring programin placefor soft-shell clams, solabsare
equi pped with up-to-date equipment to monitor shellfish for alot of the biotoxins
of concern.

What we see as a negative is the lack of processing facilities in the area. Al-
though there are alot of idlefish processing plantsin Charlotte County, there are
no shellfish processing facilities. Also, theexpertiseintheaguacultureindustry is
mostly focused on finfish. Wedon't have any shellfish aguaculturistsin the area;
infact weknow very little about the requirementsfor the set-up of thesite, the ap-
propriate stocking densities, handling and grading techniques, and the problems
that can occur. We aso don’t know how many of these other alternate species a
site can support. Over the years most salmon sites have determined how many
tonnes of salmon can be produced, but there is likely an optimal ratio of how
many tonnes of shellfish and seaweeds can be grown with each tonne of finfish.
We don’t know what that might be. In our area, salmon isthe main driver of the
industry. We cannot, nor would our shareholders, put up with impaired perfor-
mance of the finfish dueto the other cultured species. Therefore, we cannot have
one speciesbeing grown at the expense of another. Everything hasto beapositive
for this operation.

The Future

Sowhat do we heed? We need the blessing of theregulatorsto allow co-culture
of seaweedsand shellfishin proximity to salmon. | don’t think that seaweedshave
been much of a problem, but a couple of talks at this workshop showed that we
have away to go yet on shellfish. We will haveto enter into some fairly serious
discussions and see if we can get some experimental exemptions or find some
way through theregulatory framework. Weneed asitethat will work with our ox-
ygen budget asthisisour biggest concern right now. Both of these speciesare ox-
ygen consumers (musselsneed oxygen all day long; seaweedsare net oxygen pro-
ducers, but respireat night). Traditionally, oxygen hasbeen thelimiting factor for
finfish production on certain sites. We are very cognisant of the effect of oxygen
stresson fish and certainly would not want to aggravate that. We need moretrain-
ing and expertisein shellfish and seaweed cultivation techniques. As| mentioned
before, we have many people in the areawho are capable in finfish culture, but
thereisrelatively little expertise in shellfish and seaweed culture. We know how
to market finfish and well-established markets exist for shellfish from the Atlan-
tic Provinces. We haveto seefurther developmentswith the seaweeds, as Thierry
Chopinhasalludedto before. It will beimportant to beableto sell secaweedsat dif-
ferent times of the growth cycleif they areto be used for certain products. Thisis

Table 2. Requirements for the salmon industry to continue with the development of integrated multi-trophic

aquaculture (IMTA).

‘Blessing’ of the regulators to allow the culture of seaweeds and shellfish in proximity to salmon

Additional information on oxygen budgets
Determination of the optimal ratio between salmon, mussels, and seaweeds at a salmon site

More training and development of expertisein shellfish and seaweed cultivation techniques

Market development, especially with seaweeds

Determination of the environmental benefits of IMTA
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stuff that wejust don’t know much about. We a so haveto determinethe environ-
mental effects of thisconcept. If thisisgoing to be agood thing and the regulators
likeit, we want to be able to measure the performance increase in the site.

Sowheredowego? Right now, weare constructing raftsfor deployment at sev-
eral Heritage Salmon Ltd. sites. We haveidentified four siteswherewearegoing
to deploy the mussel and seaweed rafts. Weare applying for permitsto havethese
other species on thesite. | have been in conversation with growers and suppliers
in NovaScotiaand Prince Edward Island. Wewill haveto bring in someexpertise
to help us get going in seeding the mussel rafts and hanging the linesin order to
move this forward. Mind you, | don’t want to have 100 tonnes of mussels next
year and not know what to do with them!

Thisisaquick history of how webecame associated with this project, wherewe
see the benefits of it, and also some of the hurdles we will have to go through.

Author
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Heritage Salmon Ltd., 874 Main Street, Blacks Harbour, NB Canada E5H 1E6.

Question Period

Question: What do you see as the stumbling block in this project?

Answer: If you had asked me yesterday, | would have said
that the biggest stumbling block was that | had not done a
complete economic analysis of the concept. We are asalmon
company and thisis an add-on. What | would hope to seeis
that this part of the operation would carry itself economically
and perhaps even profitably. Today, I’'m seeing a big stum-
bling block with the regulators as far as getting permits to
grow the musselswithin 125 m from thefish cage. That isthe
number one problem today. We need to learn to walk before
werun, but we' rewilling to try. We are quite enthused about
it. Wewouldn’t evenbetryingif wedidn'’t think therewas po-
tential here.

Question: Thereisapotential for development of some of the bioactive
compoundsfound in seaweeds. These could be more valuablethan thefish
being grown. If this were so, would you balance off the production of
salmon?

Answer: Well we would, but we can’t answer that today.
We need to know what the market potentia is for the sea
weeds (i.e., what are they used for, how are they processed,
what isextracted fromthem). If knowledge cameto light that
at certain times of the year this component isworth a certain
amount of money, wewould examinethewholesitetolook at
the costs going in and the revenue coming out. We would be
obviously looking at maximizing our revenue. Wewould not
be saying “it is not salmon, so we won’t be selling it".
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Defining the Appropriate Regulatory and
Policy Framework for the Development of
Integrated Multi-Trophic Aquaculture
Practices: The Department of Fisheries
and Oceans Perspective

Jack Taylor

Research conducted on integrated multi-trophic aguaculture (IMTA)
suggests there is great potential for this concept in Canada. Collabora-
tion between industry and government isneeded if IMTA isto develop
in Canada. There are a number of policy and regulatory issues related
to food safety, environmental assessment, and public confidence that
need to be addressed before commercial-scale projects can be ap-
proved.

Introduction

I ntegrated multi-trophic aguaculture (IMTA) offers many advantagesincluding
enhanced food and nutraceutical production from a small footprint, improve-
ments to local environmental conditions around fish farms, and improved effi-
ciency of regulatory systems. In Canadawe are only at the research stage; how-
ever progress to date suggests that there is great potential for IMTA.

This discussion will focus on the regulatory and policy issues surrounding
IMTA. It will examine the progress in IMTA research around the world and in
Canadaand discussthe state of readiness of our policy and regulatory systemfor
this type of activity. Finaly, strategic issues for further consideration will be
identified.

IMTA isat an advanced stage of research in Canada. Researchin IMTA produc-
tion techniquesis being undertaken in the Bay of Fundy, New Brunswick and in
British Columbia. Research is sufficiently advanced so asto indicate the need to
consider the policy and regulatory implicationsof IMTA. For example, currently,
under the Canadian Shellfish Sanitation Program (CSSP) bival ve molluscs cannot
be harvested within 125 m of netcagesout of concernfor possiblefaecal coliform
contamination. For commercial-scal e projectsto be approved, amendmentsto the
CSSP Manual of Operationswill berequired. Thisisbut one example of the task
that lies ahead if IMTA isto befully realised.

Federal Regulatory Framework

Asleadfederal agency for aquaculture, the Department of Fisheriesand Oceans
( DFO) seeks to achieve aguaculture objectives through:
 Establishing an enabling policy and regulatory environment;
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* Investing in science and knowledge development to continually
improve environmental performance and support innovation; and

 Supporting sustainable development initiatives consistent with DFO’s
mandate and objectives (e.g., aNational Aquatic Animal Health
Partnership).

Key mandates and legidation with influence on IMTA are:
 Fisheries Act—conservation and sustainable use of fisheries resources
(promoting environmenta performance);
» Canadian Shellfish Sanitation Program (CSSP)
» DFOisresponsible for enforcement of closed areas, opening and
regulating new fisheries, and aguaculture development;
e Environment Canadais responsible for monitoring growing
water quality and classifying harvesting areas,
» Canadian Food Inspection Agency (CFIA) is responsible for
regulating processing plant operations and monitoring harvest
areas for marine biotoxins and pathogens.

A great many federal departmentsand agenciesareinvolved infood production,
processing and sale including:

» Canadian Food Inspection Agency—food safety, animal health;

e Environment Canada—environmental protection and water quality,
Canadian Wildlife Service;

» Transport Canada—the mandate of the Navigable Waters Protection
Act is safe, effective, environmentally-sound marine services including
safe navigation;

e Canadian Environmental Assessment Agency—the Canadian
Environmental Assessment Act provides the mandate of environmental
assessment of projects requiring federal authorization;

* Agricultureand Agri-Food Canada (AAFC)—trade and international
marketing;

* Industry Canada and regiona development agencies (e.g., Atlantic
Canada Opportunities Agency (ACOA), DEC, Western Economic
Diversification (WD))—strategic initiatives and innovation; and

e National Research Council (NRC)—research.

In addition, anew federa direction towardsa“smart” regulatory approach may
impact on IMTA. The smart regulatory approach aimsto provide Canadian com-
panieswith acompetitiveinternational advantagethrough support for continuous
performance improvement and more efficient and timely service delivery. It en-
compasses approaches of strategic risk assessment, adaptive management and
stewardship to support more effective and efficient regul atory compliance strate-
gies.

The Government of Canada s smart regulatory approach could goalongway in
addressing the strategicissues affecting IMTA such asfood safety, environmental
assessment, and public confidence. Through effective federal-provincial-territo-
rial cooperation, science-based risk management, a national integrated environ-
mental assessment process and an appropriate risk communication strategy,
IMTA could be effectively incorporated into the appropriate regulatory frame-
works to ensure success.

Bull. Aquacul. Assoc. Canada 104-3 (2004)

69



Strategic Development Objectives

In order for IMTA to be fully realised, the federal government is developing a
regulatory framework to ensure that safe products are produced responsibly.
Moreover, continued investment in building sustainable economic activity that
benefitscommunities, aswell asinitiativesto build public confidencein the prod-
uct and the technology, will contribute to the success of IMTA. Strategic regula-
tory issues that need to be addressed include food safety and environmental as-
sessment, as well as public confidence.

Regulatory framework: food safety

Current federal regulationsrestrict the harvesting of shellfish within 125 mof a
source of organic waste. However, IMTA research is demonstrating that salmon
waste do not appear to produce the same health issues as human waste (faecal
contamination, disease transmission). The effects of chemotherapeutant use on
food safety needs further risk assessment in order to address the trade challenges
(US National Shellfish Sanitation Program). Moreover, the provinces may have
leasing restrictions based on federal requirementsthat also need to be addressed,
which could lead to extra costs associated with monitoring and possibly affect
public confidence in the product.

Regulatory framework: environmental assessment

Atthisstage, thebenefitsof IMTA arenot being recognized in environmental as-
sessments and management strategies. In order to address this gap, the effects
need to be measured and sufficient evidence produced to demonstrate theval ue of
IMTA. Moreover, recognition of IMTA in regulatory decisions and frameworks
will need to be addressed.

Public confidence

In the past, the federal government has assumed that a solid regulatory frame-
work issufficient to generate public confidenceinanindustry. It remainsto bede-
termined if there are special needs for IMTA.

Moving Forward

Thenext steptoward realizing IMTA in Canadawill require government and in-
dustry collaboration. Further research needs to be undertaken on priorities and
funding. Thegovernment needsto analyseimpactsof potential regulatory change
(both domestic and trade). Theresults of on-going research need to be effectively
communicated to industry, government and public/consumers, and followed by
collaborative devel opment of acommercialization strategy. Strategiesto encour-
age further investment and funding should aso be addressed collaboratively in
the near future.
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New Brunswick’s Role in Developing and
Administering the Culture of Alternate Species

Sandi McGeachy and Barry Hill

Production of Atlantic salmon in New Brunswick reached gpproximately
40,000 tonnesin 2003, valued at close to $250 million. The sdmon farms
arelocated in southwestern New Brunswick in the upper Bay of Fundy.
Through the Aquaculture Act and Regulations, industry development is
administered by the Province's Department of Agriculture, Fisheriesand
Aquaculture (DAFA). One of the mandates of the Department isto work
with industry and other government organizations to ensure the sustain-
able and orderly development of aquaculture. Thisis completed through a
licencing and leasing process aswell asthrough the technical and fish
health initiatives of DAFA. The Province supports the sustainable devel op-
ment and diversfication of aquaculture. Integrated multi-trophic
aquaculture (IMTA) has potentia to mitigate the environmental impacts of
finfish culture aswell as diversify the industry’ s economic base. These are
two of DAFA’s gods and research into these areas should be supported.

Legislative Mandate

Under the auspi ces of the New Brunswick Aquaculture Act and Regulations (as-
sented 1988), the Department of Agriculture, Fisheriesand Aquaculture regul ates
the aguaculture industry. The Act defines aquaculture as “the cultivation of
aquatic plants and animals...”. Thus the culture of mussels, finfish, and aquatic
plants, such as seaweeds, falls under the authority of the Province. Licencing and
leasing of submerged Crown Lands aso fals under Provincia jurisdiction. An
aquaculture licence identifies the species to be cultured and applicable strains.
Licencesare generally issued for a5- to 10-yr period, while leases are granted for
20 yrs. Section 28 of theregulations statesthat mollusc sitesmust be 300 mfroma
lobster pound, wharf, or breakwater, unlesswritten permission from the appropri-
ate person or agency is submitted to the Minister. Mollusc sites are not located in
an area, that in the Minister’s opinion, is subject to chemical or bacteriological
contamination. Provincial and federal rolesrelating to theaguacultureindustry are
defined under the Canada-New Brunswick MOU on Aquaculture Development.

Policies

The Province of New Brunswick has various policies dealing with aquaculture.
The Bay of Fundy Marine Aquaculture Site Allocation Policy™ is one of the criti-
cal policiesoutlining the process for marine site development. Other policies deal
withfish health and the culture of rainbow trout, Arctic charr, and alternate species.
The Department iscurrently completing adraft policy onthe Criteriafor Develop-
ment of Alternate Speciesfor the Bay of Fundy.® This policy outlines the objec-
tivesin devel oping and commercializing aternate species. The major components
deal with siting, fish health, and environmental and economic viability. This draft
policy aso states that commercialization of alternate species over the next 6 to 7
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yearswill take place on existing salmon sites and that no new marine siteswill be
allocated. Research and development proposals must be based on sound scientific
merit. With respect to shellfish and seaweed culturein conjunction with finfish cul-
tureinthe Bay of Fundy, efforts must be made to assessthe economic viability and
the ability to meet Canadian Food Inspection Agency (CFIA) requirements.

Guidelines for Bay of Fundy Shellfish Aquaculture

Guidelines established for the culture of shellfishin the Bay of Fundy concen-
trate at an R&D level. All proposals must bein agreement with existing Fisheries
and Oceans Canada, Environment Canada, and CFIA requirements. Primary work
on shellfish has been undertaken at existing shellfish sitesand to alimited extent
on existing salmon sites such as those identified by Chopin and Bastarache.®
Some outstanding issuesthat must be addressed for shellfish culture deal with de-
fining aPSP marketing window(s) which is acceptableto CFIA and Environment
Canada, developing local spat collection protocols (mainly for scallops), and de-
fining the relationship of culture systems with respect to currents, nutrient load-
ing, and oxygen utilization. One other areaof shellfish culture that must be moni-
tored isthe effects and potential interactions of shellfish health and finfish health
(i.e., ISAV). Projects or research leading to further knowledge in the above noted
areasisconsidered apriority. Thework currently being carried out by Chopinand
co-workers will be highly valued by both federal and provincial regulators.

DAFA Concerns and Issues

The Department’ s major concernsin defining shellfish and seaweed culturein
the Bay of Fundy isfood product safety (responsibility of CFIA).If theissuesdeal -
ing with food safety for culturing shellfish or aguatic plantsin tandem within the
same leased area asfinfish are addressed, the Department woul d see thisas being
beneficial. Other areas of concern fall under fish health interactions and site car-
rying capacity. Quantification of site loading for all parameters such as oxygen
and currents in addition to the work by Chopin and co-workers on nitrogen and
phosphorusisimportant. Theinteraction of these biotic and abiotic factorsiscru-
cial to full scale IMTA. Procedures and issues surrounding the procurement of
wild seedstock for species such as scallop also need to be resolved.

Conclusion

The Department is supportive of dow, cautious shellfish and seaweed aquacul -
ture development in the Bay of Fundy. Research in food safety, fish health, and
carrying capacity would be very beneficial.
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Defining the Appropriate Regulatory and
Policy Framework for the Development of
Integrated Multi-Trophic Aquaculture
Practices: Summary of the Workshop
and Issues for the Future

Shawn M.C. Robinson and Thierry Chopin

A meeting was held in Saint John, New Brunswick on March
25-26, 2004 to discuss the concept of integrated multi-trophic
aquaculture (IMTA) with all the sectors of the aquaculture
industry. The goal of the meeting was to identify the challenges
that have to be addressed with respect to information and regu-
lations regarding this practice. The format of the meeting
included 11 informational talks on the first day and breakout
discussion groups on the second day. Questions on two themes
were posed to the groups. 1) What work is needed to allow the
development of IMTA at the biological, economic, and social
levels? How can the technol ogies be advanced? Who will do the
work? What are the timelines? and 2) What regulations and
policies need to be amended and how? Who will effect the
amendments? How do we initiate these anendments/changes?
What are the timelines? There was a consensus from the
meeting that the IMTA concept was worth developing and that
more effort should be expended immediately. |ssues identified
by the discussion groups were tabulated. Suggestions were
made on the potential roles of government, society, and the
international community in promoting the IMTA concept.

Introduction

On March 25-26, 2004 a meeting was held at the Hilton Hotel in Saint John,
New Brunswick to bring the sectors of the aquaculture industry together to learn
about the concept of integrated multi-trophic aquaculture (IMTA) and to identify
the challenges, both in information and regulations, that need to be addressed as
the concept evolves. For some groups, the meeting provided natification that a
new production method could possibly affect their current practices. The overal
response by the attendees was very positive and all sectors of the industry ap-
peared to be satisfied with the outcome. As requested at the start of the meeting,
the delegates were open and candid with their comments on what they liked and
disliked about the concept and they provided extremely helpful insights on how
they thought the IMTA concept would apply to their particular situation. The pre-
sentations on thefirst day ably summarized the background information and pro-
vided “grist for the mill” during the ensuing discussions. All the parties actively
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“... the
recommendations
from the workshop
are based on a fairly
solid consensus
developed in the
plenary session.”

participated in the discussions and, as a result, the recommendations from the
workshop are based on afairly solid consensus developed in the plenary session.
Thenext goal of theIMTA projectistotrans atethe effort expended by thepartici-
pants into a cohesive plan to advance the IMTA concept.

The 11 talks given on the first day provided an overview of the information
available on the IMTA concept. Talks were 20 minutesin length and therewas a
60-minute discussion at the end of the morning and afternoon sessions. On the
morning of the second day, two evaluations were given on the previousday’ sin-
formation from the perspective of the Department of Fisheriesand Oceansin Ot-
tawa (DFO, Jack Taylor) and the New Brunswick Department of Agriculture,
Fisheries and Aquaculture (NBDAFA, Sandi M cGeachy), after which we moved
to working groups to discuss the issues. Theideas generated from these working
groups were then reported in the plenary session.

Synopsis of the Information Component from Day 1

Thefirst talk was given by Thierry Chopin from the University of New Bruns-
wick in Saint John (UNBSJ). He highlighted the progress made on propagating
kelp in the laboratory to provide “seeded” ropes for grow-out on salmon farms.
Production timesin the laboratory phase have been reduced from 112 to 35 days.
Biomass production of kelpsat theIMTA site hasincreased from 8.0 kg/m of rope
in 2002 to 20.7 kg/m of ropein 2004. The group found that kelp grow 46% faster
near salmon sitesthanin reference areaswith no salmon aguaculture. Marketsare
being investigated with the industrial partners Acadian Seaplants Limited and
Ocean Nutrition Canada.

Terralynn Lander presented resultsfrom ateam of researchersat UNBSJand the
DFO St. Andrews Biological Station (SABS) who looked at the rel ationships be-
tween the blue mussel and the particlefield generated from salmon farming oper-
ations. They found that the number of small particlesin thewater column around
salmon farms was enhanced and these particles, which appeared to mostly origi-
natefrom salmon feed, were being consumed by mussels. The enhanced food lev-
elsresulted infaster growth of the musselson the salmon site (ca. 50%) compared
to mussels at areference site. Taste tests showed that mussels at the salmon sites
were indistinguishable from those grown away from salmon sites.

Kats Haya from DFO SABS discussed the work his team is doing on
therapeutants and phycotoxins in the ITMA environment. Their work confirmed
the seasonal nature of phycotoxinsin theregion and that someareas (with respect
to mussels concentrating toxins) are impacted more heavily than others, indicat-
ing that spatial variability should be considered in site selection. No accumul ation
of therapeutants in either mussels or kelps was observed. Heavy metals also ap-
peared to present no problems.

Blythe Chang presented work from the group led by Fred Page at DFO SABS. He
reviewed some of the physical relationships experienced at IMTA sites that will
haveto be considered during the design and implementation stages. One of the key
elementswaswater circulation and how it distributesfood withinthesystemandre-
moveswaste. The dynamics of thisaspect arelikely to be quite complex. They are
beginning to look at the water circulation and oxygen dynamics within the sites.

Stephen Crossbrought aWest Coast perspectiveto the meeting. He presented his
PhD work being done off Vancouver |dand on scallops (Patinopecten yessoensis)
and oysters (Crassostrea gigas) grown on transects radiating away from salmon
farms. Hetested for varioussubstancesthat could originate from thefarming opera-
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tionand found that effectswere short-termand only occurred in samplesadjacent to
the cages. He found no enhancement of growth ratesin the shellfish at the site. De-
spite that, the industry still seems receptive to the concept of IMTA.

Aninternational perspectivewasgiven by Dror Angel from I srael (at thetime of
the workshop he was working at the Massachusetts I nstitute of Technology). He
talked about work hedid in the Red Seawith gilthead seabream (Sparusaurata).
Hedescribed organi c enrichment issues similar to those being experienced by the
salmon industry inthe Bay of Fundy. The use of multi-trophic levels appeared to
have good potential to remediate some of the problems. They are currently inthe
developmental phase of the IMTA concept as well.

Mary Ann Green from the Canadian Food I nspection Agency (CFIA) in Ottawa
then gavethe perspective of the agency primarily responsiblefor food safety. She
reviewed the issues that will have to be addressed and how three government
agencies (CFIA, DFO and Environment Canada) will have to work together to
handle thisnew form of food production. IMTA will require changesin the Cana-
dian Shellfish Sanitation Program (CSSP) policy that dealswith shellfish and she
encouraged ongoing collaboration between CFIA and the researchers in the
AquaNet project.

One of the mgjor issues surrounding any culture operation is how to deal with
disease. GillesOlivier fromthe DFO Gulf Fisheries Centrein Moncton addressed
the question of whether health management becomes more complicated when
speciesare grown together. After presenting information on the National Aquatic
Animal Health Program and international standardsfor handling diseaseissues,
he reviewed the diseases affecting salmon and the factors associated with disease
outbreaks. It is obviously a complex relationship, but severa factors generaly
have to be present for a disease outbreak to occur, including the presence of the
disease, the susceptibility of the host (i.e., condition), and avector for transmis-
sion. Risk analysis might be agood tool for managersto use when ng the
suitability of IMTA, although more datawill undoubtedly be needed.

Amar Menon shared his extensive experience with apresentation on how Envi-
ronment Canada (EC) could
fit into IMTA. The roles of
EC are defined by legida
tion dealing with environ-
mental assessment, envi-
ronmental protection, fish-
eries, migratory birds, spe-
cies at risk, and shellfish
food safety. He felt that
many of the legidlative is-
sues could be resolved, but
the most immediate issue
restricting IMTA was a sec-
tionin the CSSP prohibiting
“polyculture’. He then pro-
vided suggestions on how
the policy could be
re-worded to alow the de-
velopment of IMTA with-
out compromising food
safety.

Figure 1

Participants in the
workshop during a
working group session.
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The perspectivefrom Maine, USA wasgiven by Sebastian Belle, Executive Di-
rector of theMaine Aquaculture Association. Heoutlined the multitude of regula-
tory authoritiesthat aguaculturistsin Maine haveto contend with. Despitethis, in
2003 the Maineagquacultureindustry had 44 finfish leases, 47 shellfish leases, and
36 experimental sites. Several of the siteshad multiple speciesonthem. Thereisa
genera reluctance in Maine to embrace aquaculture and there are concerns over
environmental impacts, leasing issues, aquatic animal health, public health, and
seaf ood safety. New model sfor aquatic farming are needed and IMTA may beone
of those. Moreresourcesare required for government departmentsto move ahead
on the management i ssuesand for research to answer some of the questionson the
effect of IMTA development on the ecosystem.

Thefinal talk of the day was from Patrick Fitzgerald of Heritage Salmon Ltd.,
the salmon aquaculture industrial partner of the project. He discussed the com-
pany’ sinvolvement in the project and described initial concernswith incorporat-
ing speciesinto the culture operation that were previously considered anuisance.
However, the company was willing to support the program as they thought it
might be possibleto turn these nuisance speciesinto afinancial asset if the proper
development work was done. The only stipulation was that salmon had to be the
priority speciesonthesite. Past experiencewith shellfish and seaweedsonthesite
convinced them that growth rates would not be a problem. Their main concerns
were markets for the seaweeds and policy regulations for the mussels.

Summary of the Working Groups on Day 2

Question 1. What work isneeded to all ow the devel opment of IMTA at thebiolog-
ical, economic, and social levels? How can the technol ogies be advanced? Who
will do the work? What are the timelines?

This topic identified alarge number of issues, raised questions that
still haveto beanswered (Table 1), and highlighted the fact that alot of
work isneeded before answers can be provided. One of the main com-
ments was that the project needs to reach acommercial scale on afew
sites so that we can seethe culture operations at the proper scaleto esti-
mate the biological and economic effects. Other issues revolved
around speciesinteractionsat the sites, how the concept can be brought
into the consciousness of society, and what the business model will
look like for thistype of culture.

On the question of who should do the work to advance IMTA, there
seemed to be aconsensus that the existing AquaNet group should con-
tinueto assumethelead asthey areinvolved intheissuesfrommultiple
perspectives and have the “energy” to do it. A road map or “critical
path” should be established to focus efforts on what needs to be done
and who will do it. This critical path should involve a broad range of
people on the east and west coasts to develop an integrated plan and
identify the stepsrequired to move forward. We need to make sure the
appropriate agencies are represented and all the social and economic
elementsareincorporated. Thereisalot of good work being done, but
looking at the matrix of thework needed to be done, thereisobviously
aneed for additonal expertise. The group should be linked with indus-
try and associated agencies. Funding agencies such as the Network of
Centres of Excellence for Aquaculture (NCE-AquaNet), the Natural
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Table 1. Summary of responses on what work needs to be done to advance the IMTA concept.

Biological

Social and Regulatory

Economic

There needs to be a scale-up from the
pilot-scale to the commercial-scale to
examine the biological effects.

We need to gauge how well the public
supports the concept.

There needs to be a scale-up from the pilot
scale to the commercial scale to properly
test the economic viability of IMTA.

We need information on the far-field
effects of the release of organics and
inorganics.

What is the diversity in jobs that will be
associated with this approach?

What does IMTA mean for the marketing
of blue mussels and seaweeds from this
area?

What is the carrying capacity of the site
and the local area?

Is there a training component that will be
associated with the development and what
is it?

What are the costs of production? What
are the costs of services?

What are the disease issues associated
with this type of activity?

Do First Nations have an interest in this
type of approach? More communication
and dialogue will be important.

Are there enough processors in this area?
If not, how do we establish an appropriate
level of processing?

What are the predator-prey interactions
that occur within this type of operation?

Is there a social concern about the
potential for disease transfer within the
IMTA system? Is there an education
component required? Do we have enough
knowledge?

What type of testing system needs to be
put in place and how will it be controlled?
What are the costs associated with that and
how will they be handled?

Can we quantify the environmental
benefits and the impacts of IMTA?

Do we have enough knowledge about the
PCB/dioxin issues associated with the
salmon industry lately?

What are the appropriate ratios between
shellfish, seaweeds, and salmon on the
sites? How do we establish what the
environmental benefits are?

Do we have the infrastructure and
capacity to support this more extensive
type of operation? How much of this is
technology dependent?

While a good start has been made, strong
communication pathways should be set up.
It will be important to get the social,
economic, and biological results out as
soon as possible as many groups are taking
a “wait and see” approach.

We need a better market analysis for the
potential of the various species to produce
alternate products (e.g., nutraceuticals).
This is particularly important for sea-
weeds.

Considering that the Bay of Fundy is a
major habitat for ducks, etc., what sort of
interactions with waterfowl can we
expect? How do we deal with them?

With regard to toxic phytoplankton issues,
we should document clearly how the
policy came about and the key elements
that pertain to IMTA issues.

Is there an issue with genetically modified
organisms (GMOs) with this technique?

We need more information on the
monitoring that will be required to
determine the carrying capacity of the
site. What variables do we need to
measure as a proxy for the system (e.g.,
oxygen, deposition, growth, etc.).

Who should be involved in the dissemina-
tion of the information/knowledge about
the IMTA concept and the quality of the
resulting products? How should the
extension program be handled?

There needs to be a program directed
towards marketing and finding out how
the consumer feels about IMTA. Is this a
remediation product or is it also a healthy
“green” product for consumers' plates?

What are the dynamics of the PSP and
DSP toxins in mussels and how do they
differ from clams?

Considering the wide scope of potential
participants in IMTA, how wide should
the suite of funding agencies be for
development?

Better management practices for the sites
will have to include changes to
accommodate IMTA methods.

What is the impact on the benthos? How
does it vary spatially between different
types of bottom and what can we use as
indicators of health?

When policies are being considered,
options should be kept open for
innovations to happen with respect to
different species and areas.

What is the cost (gross and net) to remove
nutrients from the system?
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Table 1 (continued)

Biological

Social and Regulatory

Economic

How efficient is the removal of nutrients
from the system and how does it vary
between eutrophic and oligotrophic areas?

Can the Canadian Aquaculture Industry
Alliance fit IMTA into the codes of
practice they are developing?

Should products from IMTA be developed
for a commodity market (low cost) or a
specialty market (higher cost)?

What are the shellfish removing from the
system with regard to particulates? How

much comes from the fish farm and how

much from the external environment?

How should we develop a biosecurity
program?

Marketing has to work in synchrony with
production. What happens if there is a
problem with the mussels? How will it be
handled?

As the filter-feeding shellfish will pick up
phycotoxins from the natural blooms, can
we accurately predict what the depuration
times will be to facilitate marketing?

What are the monitoring needs for PSP,
DSP, and ASP to satisfy the export
requirements and how do they become
incorporated into the HACCP?

Is there a problem marketing mussels as
both a food item and a bioremediation
product?

How will the addition of more trophic
levels affect the oxygen demand on the
site? Will it lead to stress and disease
issues in the captive animals? How does it
relate to carrying capacity?

Industry codes of practice and certification
programs would be good marketing tools
to incorporate early on in the program.

Does IMTA have the potential to
biomagnify problems with diseases, etc.,
on a culture site?

Are the products from IMTA suitable for
organic certification and what would the
potential mark-up be?

What role does fallowing have in the
functioning of an IMTA site? Do we need
to fallow all organisms or just the salmon?

There needs to be market acceptability
work done on IMTA products.

How do we monitor an IMTA site? Does it
have to be done by species?

Will there be patentable information or
technology being developed and who will
have the rights?

Sciencesand Engineering Research Council (NSERC), theNew Bruns-
wick Innovation Foundation (NBIF), the Atlantic Canada Opportuni-
ties Agency (ACOA), the Department of Fisheries and Oceans Aqua-
culture Collaborative Research Development Program (DFO-
ACRDP), the National Research Council Industrial Research Assis-
tance Program (NRC- IRAP), the Nova Scotia Department of Fisheries
and Aquaculture (NSDFA), and the New Brunswick Department of
Agriculture, Fisheries and Aquaculture (NBDAFA) would be logical
starting points for the east coast.

Wearedtill inthe“R” stage with regard tothe R&D for IMTA. Aswe
progress, expenses will increase and so will financia risk. When the
“D" phasebegins, it may beappropriatefor additional organizations to
become involved.

When should thisR& D bedone? All thegroupsfelt that action should
be taken as soon as possible. For many of theissues, any delay will sig-
nificantly hinder progress of the other related parts. Thereareacouple
of “givens’ inthetimeline: 1) regulatorswill probably wait until * suf-
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ficient” data are provided; 2) industry will take a “wait and see” ap-
proach until new pickup trucks appear on the wharf; and 3) the whole
concept will only have credibility after thefirst coupleof cropsare sold
(i.e., 2 years).

It should be noted that different timetables are being followed by dif-
ferent parties. The research is currently being conducted under aca-
demic timelines that are in synchrony with NCE grant schedules. The
current AquaNet project is scheduled to terminate in the spring of
2006. Business runs on shorter timelines than science and has to be
moreflexible. Thetimelinesfor changing business planswill only start
oncethereare enough datato convincethemthey should start; but once
they do, thingswill happen quickly. This suggests there will continue
to be several timelines involved and there may have to be different
components of the program to service them. Some of these aspects
might be better led by other groups or organizations. Hopefully, this
will be identified as the critical path is devel oped.

Question 2. What regulations and policies need to be amended and how? Who
should effect the amendments? How do we initiate these amendments/changes?
What are the timelines?

The most urgent issue identified with regard to regul ations and poli-
cies (summarized in Table 2) was the CSSP section that bans
“polyculture”’. This point was clearly identified by all the groups.
Without achangeinthispolicy, no shellfish can belegally sold and the
industry cannot evolve. As aresult, the general feeling was that the
AquaNet project and Heritage Salmon Ltd. should try and move the
agendaforward on thisissue. For example, theregiona meetingsof the
CSSP are happening in late April 2004 and amendments should be put
forward in order to makeit through the system to the Inter-Departmen-
tal Shellfish Committee (1SC) in Ottawa.

There was discussion on how the CSSP amendment should be han-
dled. Should it go through the Maritime industry associations? Per-
hapsit should go through the Canadian Aquaculture Industry Alliance
(CAIA) asitisanational issue? It was concluded that achangein poli-
cies is often led by interested parties. Therefore, one region may
change before another depending on the level of immediate interest.
The best path would be to go through the local shellfish committees,
thentheregional committees, and finally thenational committee (1SC).

Oneof thekey requirementsfor changing theregulationsand policies
will beto devel op protocolsto ensurethe safety of productsfromIMTA
operations. Industry should take the lead on the design and manage-
ment of a Hazard Analysis and Critical Control Point (HACCP) plan.
Thismight be overseen by CAIA and the industry-related associations
in New Brunswick and Nova Scotia. There are also national issuesre-
lated to these policies, as west coast interests are not necessarily the
sameasthosein the east. Consequently, it makes sensethat national as-
sociations should beinvolved. Companies selling IMTA products will
need an individual HACCP plan, aswell asan environmental monitor-
ing plan. Thiswill provide acertain level of comfort to the regulatory
agencies, as they actively deal with public health issues. It should be
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Table 2. Summary of responses on what regulations and policies are relevant to the IMTA

concept.

Policy/Regulation

Issue

Canadian Shellfish Sanitation Program
(CSSP)

An amendment is needed to allow shellfish to be grown within 125 m of a salmon site
(Chapter 12.2). This issue should be referred to the Inter-departmental Shellfish Committee
(ISC) composed of the Canadian Food Inspection Agency (CFIA), the Department of Fish-
eries and Oceans (DFO), and Environment Canada (EC). This should be pushed

forward by the AquaNet project on behalf of the interested parties.

DFO fishery regulation banning mussel
harvest in the Bay of Fundy

Currently, harvesting blue mussel in the Bay of Fundy is prohibited due to concerns over
PSP and uncontrolled harvesting. There needs to be an amendment to the regulation to
permit the culture of mussels. This could be done with a variation order specifying one
site initially and then expanded later as warranted. CFIA will have to be involved.

Navigable Waters Protection Act
(NWPA)

The need for additional work on the certification of a new site or of an existing site will
depend on the gear configuration or footprint of the site.

Canadian Environmental Assessment
Act (CEAA)

We need to know how much kelps or mussels can be added to a site before triggering an
environmental assessment.

DFO policy on fishing to access wild
juveniles (seed)

There will be a portion of the farming operation that will likely collect juveniles (spat)
from the wild using collectors. Blue mussels are a good example of this. The policy on
access to wild juveniles is currently under development. We should make sure that it is not
inhibitory to the communal access of spat for the IMTA model.

NB Department of Agriculture, Fisheries
and Aquaculture (DAFA)

There needs to be policy clarification on the amendment to site leases with regard to how
species amendments work and any differences between commercial production and R&D
development (i.e., pilot-scale needs to be defined). More data are needed to give regulators
a better feeling on the feasibility of this approach.

NB Department of Environment and
Local Government (DELG)

DELG needs to re-examine current policies for possible future policy changes. IMTA may
change some of the details that they currently require for the permitting of the sites.

Introductions and Transfers Committee
(ITC)

There are concerns about moving seed and product, and the spread of biological pests and
diseases. It was felt that the current controls are adequate to deal with most of these
concerns and they are already being implemented in the current monoculture industries.

General concern

What are the requirements of other provinces/states/countries to accept IMTA products for
their markets? How should this be coordinated? Is there legislation that needs to be

either developed or modified? Does this need to be international in scope due to the
transport of products?

General concern

There is need for discussion with the ISC and CFIA on concerns for human health and
safety. Protocols for a management plan should be developed in conjunction with all
associated parties to set the working standards for high quality and safe seafood. Products
will have to go through a federally registered and inspected plant. Working linkages will
have to be set up with CFIA to develop Hazard Analysis and Critical Control Point
(HACCP) plans and for short-term solutions such as testing on single lots of product.

General concern

IMTA should fit into larger scale coastal zone management plans. Several initiatives are
underway on various scales in many countries and IMTA development should be
considered and designed to fit into those plans.

General concern

If it turns out that the IMTA system is successful and that expansion would be beneficial,
how will this be handled? Is there a protocol for determining how big a site can get that
takes into account economic, social, and biological issues? Also, what is the role of
fallowing?
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realized that the datamay not beavailableto addressall thecritical con-
trol points. It should al so berecognized that the systemisstill evolving,
so the practices used today may not be the ones used tomorrow. There-
fore, the HACCP plan will be aliving document and is something that
companies should consider early in the process, as they will have to
generate a database of information about their sites. This will take a
certain amount of time that should not be underestimated. Monitoring
the siteswill be an ongoing process.

Paralytic shellfish poisoning (PSP) is probably the most serious risk
for somesitesin the Bay of Fundy. However, there are measures, such
as closed seasons during PSP blooms, that can practically eliminatethe
risk. Further analysis of PSP trends and the history of closures would
be helpful to managersin their decisionson site sel ection and monitor-
ing. Putting together the chronology of the mussel closuresin the Bay
of Fundy would best bedoneby DFO and CFIA. Thismight involvethe
DFO Aquaculture Coordination Office and should be done in the near
future so the relevant issues can be incorporated into new policies.

When should these changes be made? Some of them, such asthe CSSP,
need to be changed right away. Others can be phased in over the next
few yearsaspoliciesarereviewed and moreinformation becomesavail-
able. Theindustry needsto do their part by applying for species amend-
ments so that managers can judge thelevel of demand. Creating aregu-
latory environment that is conducive to better culture practicesis criti-
cal, asit will beimportant to ensure that IMTA isfollowing established
environmental guidelinesto ensure public perceptionremainspositive.

Issues for the Future

The challenges remaining to be solved are daunting. However, the god is
sustainability within the culture ecosystem. At the base of the production system
isaneed for arelatively good understanding of the essential elements of the eco-
system functions that we, as humans, are involved in. To achievethisgod, it is
worth thinking about who needs to be involved in this evolution and what their
roles would be.

Role of government

Oneof thekey rolesfor government agencies, from the municipal to thefederal
level, isto understand the basic concept of IMTA and to evaluate existing and fu-
turepolicies. If the agenciesagreewiththe concept of IMTA, they should promote
protocolsthrough their policiesthat will encourage the marine production sectors
to follow those tenets. This could be done in the form of incentives or penalties
similar to the economic policies currently used to regulate the environmental or
health behaviour of people in land-based systems (i.e., fuel or cigarette taxes,
higher premiumsfor lifeinsurancefor high-risk activities, incentivesfor identify-
ing and recognizing the values of environmental servicesin countries such asthe
Netherlands and Sweden).

Role of society

Thereis till alarge need for education to bring society into the mind set of in-
corporating IMTA into their suite of social values. Some of the socia surveys

“...the HACCP
plan will be a
living document
and is something
that companies
should consider
early in the
process ...”
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“The degree to
which researchers
and extension
people become
creatively involved
with the educational
component will be
vital to the success
of IMTA.”

done during this AquaNet study by Bryn Robinson (UNBSJ) indicated that the
genera publicisin favour of practices based on the recycling concept. Whether
thiswill transdlate to a greater appreciation of the sustainable ecological value of
theIMTA concept, awillingnessto support it tangibly with their shopping dollars,
and demandsto their el ected representativesto implement IMTA, will bethe ulti-
mate test. The degree to which researchers and extension people become cre-
atively involved with the educational component will be vital to the success of
IMTA.

Role for the international community

It would be an understatement to say that gaining aworking understanding of the
essential functions of the ecosystem isacomplex, but essential, task. Reasonable
estimates of the cause and effect rel ationshipswithinlocal ecosystemswill haveto
bedefined and thiswill take significant amounts of research timeand funding. Al-
though this knowledge will be needed for various ecological zones, these zones
are often shared between various countries. For example, similar ecologica pro-
cesses are likely involved in temperate areas that are currently used to grow
salmonidsin seapensin countriesasdiverse asNorway, Scotland, Chile, Canada,
and the United States of America. Therefore, it makes sensefor these countriesto
collaborate in their efforts to understand the ecological processes operating in
their respectiveareas. Not only would aconcerted effort allow for agreater under-
standing of the principles involved so that all associated areas could benefit, it
would also raise public consciousness of the new paradigm on aglobal level.

Concluding Remarks

Thisworkshop only scratched the surface on starting IMTA in Canada. Although
atremendous step wastaken at the meeting in shifting the parti cipant'sattitudeson
how we can adapt to this concept, there is still much to do, as evidenced by the
comments summarized in Tables 1 and 2. Therefore, it isinevitable that further
workshopswill be held in the coming years, not only in Canada, but also in many
other countriesthat are starting to look at thisconcept. It would be encouraging to
think that future workshops could be as successful as this one as our concept of
marine food production within an IMTA framework continues to evolve along
more sustainablelines. If we are going to choose to manage our coastal zonesand
the associated ecol ogical entities, then we must undertaketo do the best job possi-
ble as our own survival as a species may ultimately depend on our success.

Epilogue (July 2005)

Sincetheworkshop, steps have been taken by thethree agenciesinvolvedinthe
CSSP to amend the policy so that ‘ polyculture’, or IMTA, can proceed, provided
certain safety measures are built into the plan. The amended policy should soon
bein place. With the movement on CSSP by the federal regulators, the Province
of New Brunswick has begun to reassess the possibility of mussel culture in the
Bay of Fundy andisrevisingitspolicies. Asatrial, Heritage Salmon L td. grew 20
tonnes of mussels within their salmon sites and plans to test-market them in the
fall of 2005. Forty-one tonnes of kelps were also produced. Minimal effort was
needed to produce the mussel sand kel ps, and the benefit-cost ratio appeared to be
quite favorable. Tests on the product have shown that the mussels are of high
guality and suitable for markets catering to white tablecloth restaurants. Cooke
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Aquaculture Inc. acquired Heritage Salmon Ltd. in the summer of 2005 and has
assumed thekey rolethat Heritage Salmon L td. played inthe AquaNet project. Its
involvement isalogical extension of thecommitment totheIMTA concept andits
development to commercialization.
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