
Con tents
Pro ceed ings of the In te grated Multi-Trophic Aquaculture Work shop

held in Saint John, NB, 25-26 March 2004

Thierry Cho pin and Shawn Rob in son, guest ed i tors

De fin ing the ap pro pri ate reg u la tory and pol icy frame work for the de vel op ment of in te grated

multi-trophic aquaculture prac tices: In tro duc tion to the work shop and po si tion ing of the is sues

Thierry Cho pin and Shawn M.C. Rob in son · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 4

The AquaNet in te grated multi-trophic aquaculture pro ject: Ra tio nale of the pro ject and

de vel op ment of kelp cul ti va tion as the in or ganic ex trac tive com po nent of the sys tem

Thierry Cho pin, Shawn Rob in son, Manav Sawhney, Su san Bastarache, El len Belyea,

Ryan Shea, Wayne Armstrong, Ian Stew art, and Pat rick Fitz ger ald · · · · · · · · · · · · · · · · · · · · 11

Dy nam ics of the blue mus sel as an ex trac tive or gan ism in an in te grated multi-trophic

aquaculture sys tem

Terralynn Lander, Kelly Barrington, Shawn Rob in son, Bruce  Mac Don ald, and Jim Mar tin · · · · · · 19 

Mon i tor ing of therapeutants and phycotoxins in kelps and mus sels co-cul tured with At lan tic

salmon in an in te grated multi-trophic aquaculture sys tem

Katsuji Haya, Dawn  Sephton, Jennifer Mar tin, and Thierry Cho pin· · · · · · · · · · · · · · · · · · · · 29

Bull. Aquacul. Assoc. Canada 104-3 (2004) 1



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

Bul le tin of the Aquaculture As so ci a tion of Can ada
De cem ber 2004 (104-3)  

The Bul le tin is avail able through sub scrip tion ($60 per year) or as a bene fit of mem ber ship in the Aq uac ul ture As so -
cia tion of Can ada, a non profit chari ta ble or gani za tion. For mem ber ship in for ma tion con tact: Aq uac ul ture As so cia -
tion of Can ada, 16 Lob ster Lane, St. An drews, N.B., Can ada E5B 3T6 [tele phone 506 529- 4766; fax 506 529- 4609;
e- mail aac@mar.dfo- mpo.gc.ca; web site http://www.aquacultureassociation.ca]. An nual dues are $60 for in di -
vidu als ($40 for stu dents and sen iors) and $95 for com pa nies; 25 per cent of dues is des ig nated for Bul le tin sub scrip -
tion. The Bul le tin is in dexed in Aquatic Sci ences and Fish er ies Ab stracts (ASFA) and the Zoo logi cal Re cord.
Mailed un der Can ada Post Pub li ca tions Mail Com mer cial Sales Agree ment No. 525375. Change of ad dress no tices 
and un de liv ered cop ies should be mailed to AAC. Re turn post age guar an teed.

ISSN 0840-5417
Printed by Print At lan tic, Moncton, NB

Of fi cers 
Chris Hendry, Pres i dent

Chris Pearce, Pres i dent-Elect
Nathalie Le François, Vice-Pres i dent

Alistair Struthers, Sec re tary
Deb bie Mar tin-Robichaud, Trea surer

Di rec tors
Thierry Cho pin, Da vid Rideout, Ja son Mullen, Greg MacCallum, Tim DeJager  

Bul le tin Staff
Ed i tor — Su san Waddy (DFO, Bi o log i cal Sta tion, St. An drews, NB)

Cov ers:  Photo mon tage of dif fer ent phases of in te grated multi-trophic aquaculture (IMTA). Thierry Cho pin
and Bruce Moore har vest ing kelps cul ti vated in prox im ity to salmon cages; Terralynn Lander mea sur ing the
growth of mus sels; Terralynn Lander and Shawn Rob in son ready for an other day at the sites; Thierry Cho -
pin har vest ing kelps and Shawn Rob in son mea sur ing the weight of mus sel socks in prox im ity to salmon
cages. Cour tesy of AquaNet and In no va tive Video So lu tions.

Bul le tin de l’Association aquacole du Can ada
decembre 2004 (104-3)

Vous pouvez recevoir le Bul le tin en vous y abonnant pour la somme de 60 $ par année ou en devenant membre de
l’Association aquacole du Can ada (AAC), organisme à but non lucratif. Pour de plus amples renseignements,
communiquez avec l’Association aquacole du Can ada, 16 Lob ster Lane, St-Andrews (Nou veau-Brunswick), Can -
ada E5B 3T6; tél.: (506) 529-4766; téléc.: (506) 529-4609; courriél.: aac@mar.dfo-mpo.gc.ca; site Internet:
http://www. aquacultureassociation.ca. La cotisation s’élève à 60 $ par personne (40 $ pour les étudiants et les
retraités) et 95 $ pour les sociétés. Le quart de cette cotisation sert à couvrir le prix de l’abonnement au Bul le tin. Le
Bul le tin est répertorié dans l’Aquatic Sci ences and Fish eries Ab stracts (ASFA) et le Zoo log i cal Re cord. En voi de
pub li ca tion – Enregistrement n° 525375. Tout changement d’adresse doit être notifié à l’AAC. En cas de
non-livraison, prière de retourner à l’AAC. Port de re tour payé.

ISSN 0840-5417
Imprimé par Print At lan tic, Moncton (N-B)

Dirigeants
Chris Hendry, Président

Chris Pearce, Président désigné
Nathalie Le François, Vice présidente

Alistair Struthers, Secrétaire
Deb bie Mar tin-Robichaud, Trésorière

Membres du conseil d’administration
Thierry Cho pin, Da vid Rideout, Ja son Mullen, Greg MacCallum, Tim DeJager  

Rédaction du Bul le tin
Su san Waddy — Rédactrice en chef (MPO, Sta tion biologique, St-Andrews, N-B)



An in tro duc tion to the ocean o graphic as pects of in te grated multi-trophic aquaculture

Fred Page, Jeffrey Piercey, Blythe Chang, Bruce Mac Don ald, and Da vid Greenberg · · · · · · · · · · 35

Finfish-shell fish in te grated aquaculture: Wa ter qual ity in ter ac tions and the im pli ca tion for

in te grated multi-trophic aquaculture pol icy de vel op ment 

Ste phen F. Cross· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 44

In te grated multi-trophic aquaculture: Vari a tions on the theme of biofiltration

Dror An gel · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 56

In te grated multi-trophic aquaculture: The in ter ac tions with En vi ron ment Can ada

Amar Menon · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 62

In te grated multi-trophic aquaculture: An in dus try per spec tive

Pat rick Fitz ger ald · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 63

De fin ing the ap pro pri ate reg u la tory and pol icy frame work for the de vel op ment of in te grated

multi-trophic aquaculture prac tices: The De part ment of Fish er ies and Oceans per spec tive 

Jack Tay lor · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 68

New Bruns wick's role in de vel op ing and ad min is ter ing the cul ture of al ter nate spe cies

Sandi McGeachy and Barry Hill · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 71

De fin ing the ap pro pri ate reg u la tory and pol icy frame work for the de vel op ment of in te grated

multi-trophic aquaculture prac tices: Sum mary of the work shop and is sues for the fu ture

Shawn M.C. Rob in son and Thierry Cho pin · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 73

Work shop par tic i pants · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 83

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

Fi nan cial sup port for the IMTA work shop and this pro ceed ings
was pro vided by:

At lan tic Can ada Op por tu ni ties Agency (ACOA)

De part ment of Fish er ies and Oceans

Aquaculture Col lab o ra tive Re search De vel op ment Programme (ACRDP)

Her i tage Salmon Ltd.



De fin ing the Ap pro pri ate Reg u la tory and

Pol icy Frame work for the De vel op ment of

In te grated Multi-Trophic Aquaculture

Prac tices: Introduction to the Work shop

and Po si tion ing of the Is sues

Thierry Cho pin and Shawn M.C. Rob in son

The aquaculture in dus try in Can ada is still at an early stage of de vel -
op ment af ter al most three de cades of ex pan sion. It plans to con tinue to 
grow, but is de bat ing how it can do so in a re spon si ble, sus tain able,
and prof it able way. This pa per ex am ines the dif fer ent op tions (geo -
graph ical ex pan sion, in ten si fi ca tion of ex ist ing sites, di ver si fi ca tion)
and rec og nizes that changes in at ti tudes are needed and in no va tive
prac tices have to be de vel oped for fur ther ad vance ment. One ap proach 
is in te grated multi-trophic aquaculture (IMTA), which is be ing de vel -
oped in the Bay of Fundy through an AquaNet pro ject. To move from
the “pi lot” scale to the com mer cial “scale up” stage, the ap pro pri ate
reg u la tory and pol icy frame work, and the fi nan cial tools, have to be
put in place or the in dus trial part ners will have no in cen tive to de velop 
IMTA. A work shop was held to iden tify the hur dles to IMTA and de -
fine the ap pro pri ate frame work for ad dress ing them in an ef fi cient
man ner at the pro vin cial, re gional, and na tional lev els. Most of the pa -
pers pre sented dur ing the work shop are in cluded in this is sue of the
Bul le tin of the Aquaculture As so ci a tion of Can ada. A con clud ing pa -
per sum ma rizes what was ac com plished dur ing the work shop and
what has been achieved since.

In tro duc tion

The aquaculture in dus try in Can ada is still at an early stage of de vel op ment af ter 
al most three de cades of ex pan sion. It is still rel a tively small on a world wide scale
(Ta ble 1), but sig nif i cant on a lo cal scale (Ta ble 2). The finfish aquaculture sec tor
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Ta ble 1. World wide, Ca na dian, and New Bruns wick ma rine aquaculture pro duc tion (in mil lions of

tonnes) in 2000 and 2002. Source: FAO(5) and DFO(3).
2000 2002

World Can ada New

Bruns wick

World Can ada New

Bruns wick

Salmon, trouts, smelts 1.545 0.095 0.030 1.799 0.137 0.039
Shell fish 12.458 0.032 0.001 14.281 0.034 0.002
Sea weeds 10.1 a – 11.6 a –

a 
ex cludes con fi den tial data

Thierry Cho pin



in New Brunswick plans to grow in production after leveling off in recent years

(Fig. 1), but is currently debating how it can do so in a responsible, sustainable,

and profitable way.

As the volume of production goes up, the cost of production usually goes down

due to the implementation of automated technologies. In a commodity market,

this results in lower prices to the consumer and lower margins for 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

side by increasing volume. In the fixed spatial area of a farm, this generally results

in pushing the environmental carrying capacity to the limit. Maintaining

sustainability, not only from an environmental perspective, but also from eco-

nomic, social, and technical perspectives, has become a key 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

access and availability are already limited and public resistance is growing

against further expansion of the current aquaculture model. Moving from shel-

tered nearshore sites to exposed nearshore sites and offshore sites has been con-

templated, but technical and economic challenges remain, especially in regions

where the coastal zone is already used by many stakeholders. Offshore develop-

ment, proposed by some as the next frontier in aquaculture, is not necessarily the

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

aquaculture is limited in spatial extent

by biological and social factors, the

only solution is to increase production

from existing sites. This same issue

faces human populations in urban ar-
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Figure 1

Salmon aquaculture

production and

number of approved

growout sites in New

Brunswick from 1979 to

2003.
(8,9)

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.
(8)

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



eas. The so lu tion has been to in crease the sur face area of the ground by us ing build -
ings with mul ti ple lev els. When con sid er ing the sea wa ter vol ume avail able at a
lease site and the vol ume of wa ter ac tu ally oc cu pied by salmon cages, it is ob vi ous
that a cul ti va tion unit is not op ti mized. The area of a lease site also has to ac com -
mo date the an chor ing sys tem, ves sel ac cess, wa ter flow, etc. Ad vanced tech nol -
ogy will thus be a pre req ui site for in ten si fi ca tion. As with con cen trated hous ing
for hu mans, there will have to be a high de gree of sur face area for or gan isms, and
ef fi cient sys tems for food de liv ery, waste treat ment, and en ergy sup ply. Con se -
quently, in ten si fi ca tion will re quire: 1) in no va tive and en vi ron men tally-friendly
tech nol o gies, 2) new and better man age ment prac tices and codes, and 3) rec og ni -
tion of aquaculture within a broader in te grated coastal man age ment frame work.

Di ver si fi ca tion

It is amaz ing to re al ize that salmon aquaculture in Can ada rep re sents 68.2% of
the ton nage of the aquaculture in dus try and 87.2% of the farmgate value.(1) In
New Bruns wick, it rep re sents 95.5% of the ton nage and 98.9% of the farmgate
value. Con se quently, di ver si fi ca tion of the in dus try is im per a tive to re duce the
eco nomic risk and main tain com pet i tive ness.

The tra di tional view of di ver si fi ca tion of ten in volves pro duc ing a sec ond prod -
uct that is sim i lar to the first and fits into the ex ist ing pro duc tion and mar ket ing
sys tems. In finfish aquaculture, this has usu ally meant salmon, cod, had dock, or
hal i but. How ever, from an eco log i cal point of view, these are all “shades of the
same col our”. True eco log i cal di ver si fi ca tion means a change in trophic level
(i.e., switch ing from finfish to an other group of or gan isms, such as shell fish, sea -
weeds, worms, bac te ria, etc.). Stay ing at the same eco log i cal trophic level will not 
ad dress en vi ron men tal is sues be cause the sys tem will re main un bal anced.

Eco nomic di ver si fi ca tion should also mean look ing at sea food from a dif fer ent
an gle. Aquaculture prod ucts on the mar ket to day are sim i lar to those ob tained
from the tra di tional fish ery and thus are of ten in di rect com pe ti tion. While this
may be part of the mar ket forces at work, the op por tu nity ex ists to di ver sify from 
fish fi lets (or mus sels and oys ters), on a plate in a res tau rant, to a large un tapped
ar ray of bioactive com pounds of ma rine or i gin (e.g., pharmaceuticals,
nutraceuticals, func tional foods, cosmeceuticals, bo tani cals, pig ments,
agrichemicals, biostimulants, etc.). Re search and de vel op ment on al ter na tive
spe cies should no lon ger be con sid ered as R&D on al ter na tive finfish spe cies, but
rather on al ter na tive ma rine prod ucts.

More over, di ver si fi ca tion should be viewed as an in vest ment port fo lio, with
short-term, long-term, high risk, and low-risk com po nents, and with long-term
growth and sta bil ity as the main ob jec tives.

Changes in At ti tudes are Needed

There is a par a dox i cal sit u a tion when look ing at world wide food pro duc tion. In
ag ri cul ture, 80% of the pro duc tion is made up of plants and 20% of meat, while in
aquaculture, 80% of the pro duc tion is meat and 20% is plants. Re gard ing mari cul -
ture, pro duc tion is made up of 46.2% mol lusks, 44% sea weeds, 8.7% finfish,
1.0% crus ta ceans, and 0.1% var i ous other an i mals.(4,5) In many parts of the world,
aquaculture is not syn on y mous with finfish aquaculture, as many peo ple in af flu -
ent west ern coun tries be lieve. We need to be aware of other food pro duc tion sys -
tems in the rest of the world, if we want to un der stand our pres ent sys tem and cor -
rectly po si tion it in per spec tive with other sys tems.
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From the above num bers, one may be in clined to think that at the world level the
two types of aquaculture—fed and ex trac tive—are rel a tively bal anced. How ever, 
be cause of the pre dom i nant mono cul ture ap proach, these types of pro duc tion are
of ten geo graph i cally disjunct and, con se quently, rarely bal ance each other out at
the re gional scale. For ex am ple, fed salmon aquaculture is lo cated in the Bay of
Fundy in south ern New Bruns wick, while ex trac tive mus sel and oys ter
aquaculture is lo cated in the Northumberland Strait and the south ern Gulf of St.
Law rence along the coast lines of Prince Ed ward Is land and north east ern New
Bruns wick. In Ja pan, aquaculture is mostly car ried out in bays ded i cated to ei ther
shell fish, sea weed, or finfish aquaculture.

It is also im por tant to con sider that while fish com mand a higher price per unit,
sus tain able eco sys tems are not based on price for hu man re turn, but on a bal ance
of bio mass be tween or gan isms hav ing com ple men tary func tions and a bal ance of
en ergy flows.

In no va tive Prac tices Need to be De vel oped

The chal lenge, then, is how to in crease the pro duc tion ca pac ity of an ex ist ing
site when the avail able op tions have shown their lim i ta tions. One of the pos si ble
an swers is to in crease the level of tech nol ogy in volved in the pro duc tion of sea -
food so that food and waste han dling sys tems are all ac tively con sid ered in the
grow ing op er a tion from the start, and are mod elled af ter nat u ral eco sys tems.

One of the in no va tive so lu tions be ing pro posed for en vi ron men tal
sustainability, eco nomic di ver si fi ca tion, and so cial ac cept abil ity is in te grated
multi-trophic aquaculture (IMTA). This prac tice com bines, in the right pro por -
tions, the cul ti va tion of fed aquaculture spe cies (e.g., finfish) with or ganic ex trac -
tive aquaculture spe cies (e.g., shell fish) and in or ganic ex trac tive aquaculture spe -
cies (e.g., sea weed), for a bal anced eco sys tem man age ment ap proach that takes
into con sid er ation site spec i fic ity, op er a tional lim its, and food safety guide lines
and reg u la tions. The aim is to in crease long-term sustainability and prof it abil ity
per cul ti va tion unit (not per spe cies in iso la tion, as is done in mono cul ture), as the
wastes of one com po nent (finfish) are cap tured and con verted into fer til izer or
food for the other com po nents (sea weed and shell fish), which can in turn be sold
on the mar ket. In this way, all the cul ti va tion com po nents have eco nomic value
and each has a key role in the ser vices and re cy cling pro cesses of the system.   

The par a dox is that IMTA is not a new con cept. Asian coun tries, which pro vide
more than two-thirds of the world’s aquaculture pro duc tion, have been prac tic ing
IMTA—through trial and er ror and ex per i men ta tion—for cen tu ries.(2) Why, then,
is it not more widely im ple mented, es pe cially in the west ern world? The rea sons
gen er ally cen ter around so cial cus toms and prac tices that we are fa mil iar with.
Hu man so ci ety does not change quickly un less there are com pel ling rea sons. The
con ser va tive na ture of our ma rine food pro duc tion in dus tries is a good ex am ple of 
the rel a tive slow ness to adopt change.

 West ern coun tries are reg u larly re in vent ing the wheel. Re search on in te grated
meth ods for treat ing wastes from mod ern mari cul ture sys tems was ini ti ated in the
1970s.(11) Af ter that pe riod, sci en tific in ter est in IMTA stag nated, and it was not
un til the late 1980s and early 1990s that a re newed in ter est emerged, based on the
com mon-sense ap proach that the so lu tion to nutrification is not di lu tion but con -
ver sion within an eco sys tem-based man age ment per spec tive.(2,6,7,10) In rec og ni -
tion of this grow ing in ter est, the Aquaculture Eu rope 2003 con fer ence in
Trondheim, Nor way chose the theme “Be yond Mono cul ture” and was the first
large in ter na tional meet ing (389 par tic i pants from 41 coun tries) with IMTA as the
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main topic. The de ter mi na tion to de velop
IMTA sys tems will, how ever, only come
about if there are vi sion ary changes in po -
lit i cal, so cial, and eco nomic rea son ing.
This will be ac com plished by seek ing
sustainability, long-term prof it abil ity,
and re spon si ble man age ment of coastal
wa ters. It will also ne ces si tate a change in
the at ti tude of con sum ers to wards eat ing
prod ucts cul tured in the ma rine en vi ron -
ment, in the same way that they ac cept eat -
ing prod ucts from re cy cling and or ganic
pro duc tion sys tems on land, for which
they are will ing to pay a higher price.

The AquaNet Pro ject

An in ter dis ci plin ary team of sci en tists
from the Uni ver sity of New Bruns wick in

Saint John and from the De part ment of Fish er ies and Oceans in St. An drews has
been work ing on a salmon/mus sel/kelp IMTA pro ject in the Bay of Fundy since
2001 (Figs. 2, 3). The pro ject is sup ported by AquaNet (the Ca na dian Net work of
Cen tres of Ex cel lence for Aquaculture) and in dus trial and gov ern ment part ners
(Her i tage Salmon Ltd., Aca dian Seaplants Lim ited, Ocean Nu tri tion Can ada, Ca -
na dian Food In spec tion Agency, At lan tic Can ada Op por tu ni ties Agency, and
New Bruns wick In no va tion Foun da tion). This pro ject, like sev eral oth ers in the
world (e.g., Chile, Is rael, USA, South Af rica, Aus tra lia), is on the verge of dem on -
strat ing the bi o log i cal va lid ity of the IMTA con cept (e.g., sig nif i cant in crease in
kelp and mus sel pro duc tion in prox im ity to salmon sites due to the more ben e fi cial 
use/con ver sion of food and en ergy; ad van tages of en vi ron men tal ser vices through 
bioremediation and di ver si fi ca tion of crops; and ab sence of trans fer of
therapeutants and chem i cals used in salmon aquaculture to the kelps and mus sels).

The next step is the scal ing up of op er a tions to dem on strate the bi o log i cal va lid ity 
at a com mer cial scale and to doc u ment the eco nomic and so cial ad van tages of the

con cept, which will be key to con vinc ing 
prac ti tio ners of monospecific aquacul-
true to move to wards IMTA prac tices.

De fin ing the Ap pro pri ate Reg u la tory
and Pol icy Frame work, and Fi nan cial 
Tools, Con du cive to the 
De vel op ment of In no va tive Practices

As the IMTA con cept evolves, it is im -
por tant that all sec tors of the in dus try be
aware of the im pli ca tions of the changes
in volved so that they can adapt in a
timely and or ga nized man ner. To move
re search from the “pi lot” scale to the
“scale up” stage, some fed eral and pro -
vin cial reg u la tions and pol i cies need to
be changed or they will be im ped i ments
to in dus trial part ners. For ex am ple, in its

8 Bull. Aquacul. Assoc. Can ada 104-3 (2004)

Fig ure 2

Har vest ing of kelp

(Laminaria saccharina) 

cul ti vated in prox im ity to

At lan tic salmon (Salmo

salar) at Char lie Cove, Bay 

of Fundy, Can ada. 

Photo: Manav Sawhney.

Fig ure 3

Cul ti va tion of blue

mus sel (Mytilus edulis) in

prox im ity to At lan tic

salmon (Salmo salar) at

Char lie Cove, Bay of

Fundy, Can ada. 



pres ent ver sion, the Ca na dian Shell fish San i ta tion Pro gram (CSSP) pre vents the
de vel op ment of IMTA be cause of para graph 12.2:

“Shell fish and finfish should not be raised in close prox im ity as netpens
have the po ten tial to be point-sources of pol lu tion due to hu man ac tiv ity
and poor hus bandry prac tices. There should be a min i mum of a 125 m pro -
hib ited area sur round ing netpens. The size of this area will be de pend ent on 
the size of the finfish site and on the hydrography sur round ing the site”.

This para graph needs to be re viewed and amended—based on the re cent data
and in for ma tion pro vided by the AquaNet pro ject and sim i lar other projects—to
al low IMTA prac tices to le gally de velop to a com mer cial scale.

It is also im por tant to note that cur rent aquaculture busi ness mod els do not con -
sider and rec og nize the eco nomic value (goods and ser vices) of bioremediation
by biofilters, as there is no cost as so ci ated with aquaculture dis charge/ef flu ent in
open sea wa ter-based sys tems. Reg u la tory and fi nan cial in cen tives may there fore
be re quired to clearly rec og nize the ben e fits of the ex trac tive com po nents of
IMTA sys tems (shell fish and sea weed). A better es ti mate of the over all cost/ben e -
fits to na ture and so ci ety of aquaculture waste and its mit i ga tion would cre ate
pow er ful fi nan cial and reg u la tory in cen tives to gov ern ments and the in dus try to
jointly in vest in the IMTA ap proach.

At this stage of de vel op ment of the AquaNet pro ject, it was top i cal to hold a
work shop to iden tify the spe cific hur dles and de fine the ap pro pri ate frame work to 
ad dress them in an ef fi cient and timely man ner at pro vin cial, re gional, and na -
tional levels. The 2-day work shop brought to gether 61 par tic i pants from Can ada,
the USA and Is rael, rep re sent ing fed eral and pro vin cial/state agen cies in volved in
aquaculture reg u la tions and pol i cies, re search ers, in dus try, pro fes sional as so ci a -
tions, and en vi ron men tal NGOs. The ob jec tives of the work shop were to:

• In tro duce and trans fer the knowl edge gained thus far on IMTA from the re -
search and de vel op ment un der way in Can ada and other parts of the world.

• Re view the reg u la tory and pol icy frame work cur rently re lated to the de vel op -
ment of the IMTA con cept.

• Iden tify the or i gin(s) of this frame work and dis cuss if it was de signed with
IMTA op er a tions in mind, or if the im pli ca tions for IMTA de vel op ment have
ap pro pri ate or in ap pro pri ate con se quences.

• Iden tify any ob sta cles to the fur ther de vel op ment of IMTA.
• De vise so lu tions to those is sues and pro duce a timeline for res o lu tion and im -

ple men ta tion by the reg u la tory agen cies.
Work ing group ses sions, held on the sec ond day of the work shop, iden ti fied:  
• What work is needed to al low the de vel op ment of IMTA at the bi o log i cal,

eco nomic, and so cial lev els? How can the tech nol o gies be ad vanced? Who
will do the work? What are the timelines? 

• What reg u la tions and pol i cies need to be amended, and how? Who should ef -
fect the amend ments? How do we ini ti ate these amend ments/changes? What
are the timelines?  

The work shop was a suc cess due to the open and frank dis cus sions among the
par tic i pants and a rare will ing ness to seek and pro vide con struc tive, com -
mon-sense, and timely res o lu tions. What could have turned into an other bu reau -
cratic ex er cise in re-stat ing the po si tions of the var i ous agen cies, turned out to be
an ex cel lent and fruit ful di a logue in which the par tic i pants seemed gen u inely in -
ter ested in the IMTA ap proach to aquaculture. An other rea son for the suc cess of
this work shop was a “no es capee” clause! All par tic i pants at tended the full two
days, which al lowed con tin u ing multi-lat eral dis cus sions with all agen cies and
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part ners at the ta ble, in con trast to ear lier bi lat eral dis cus sions which of ten re -
sulted in lim ited and re stricted prog ress, as the opin ion or in ter pre ta tion of one of
the key play ers could not be sought im me di ately. 

This is sue of the Bul le tin of the Aquaculture As so ci a tion of Can ada con tains
most of the pa pers pre sented dur ing the work shop and fin ishes with a sum mary
pa per out lin ing what was ac com plished dur ing the work shop and in di cat ing what
has been since achieved at the pro vin cial, re gional and na tional lev els in the re -
mark ably short pe riod of 14 months. 

Ac knowl edg ments

We ac knowl edge the spon sors who made this work shop pos si ble: At lan tic Can -
ada Op por tu ni ties Agency, De part ment of Fish er ies and Oceans (Aquaculture
Col lab o ra tive Re search De vel op ment Pro gram), Uni ver sity of New Bruns wick
in Saint John, Her i tage Salmon Ltd. and AquaNet. We thank the en tire IMTA

AquaNet pro ject team, and in par tic u lar Manav Sawhney and Terralynn Lander
for their help with ev ery thing au dio vi sual, and the staff of the Hilton Ho tel in
Saint John for pro vid ing a pleas ant en vi ron ment for the work shop.
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The AquaNet In te grated Multi-Trophic

Aquaculture Pro ject: Ra tio nale of the

Pro ject and De vel op ment of Kelp

Cul ti va tion as the In or ganic Ex trac tive

Com po nent of the Sys tem

Thierry Cho pin, Shawn Rob in son, Manav Sawhney,

Su san Bastarache, El len Belyea, Ryan Shea,

Wayne Armstrong, Ian Stew art, and Pat rick Fitz ger ald

The AquaNet pro ject started from the re al iza tion that in re gions
where monospecific aquaculture ac tiv i ties are highly geo graph i -
cally con cen trated, or lo cated in suboptimal sites, nu tri ent en rich -
ment may be lo cally sig nif i cant. Con trary to com mon be lief, the
longterm so lu tion to nutrification is not di lu tion—even in re gions
of ex cep tional tidal and ap par ent flush ing re gimes like the Bay of
Fundy—but con ver sion by bi o log i cal means. By in te grat ing fed
aquaculture of finfish with in or ganic ex trac tive aquaculture of sea -
weeds and or ganic ex trac tive aquaculture of shell fish, in te grated
multi-trophic aquaculture (IMTA) al lows the wastes of one re -
source user to be come a re source (fer til izer or food) for the oth ers. 
Food and en ergy are con verted into other crops of com mer cial
value, while biomitigation takes place. The in ter dis ci plin ary as -
pects of the AquaNet IMTA pro ject are de scribed in this pa per, as
well as the three phases of its de vel op ment. The dif fer ent steps in
the cul ti va tion of the kelp Laminaria saccharina, as the in or ganic
ex trac tive com po nent of an IMTA sys tem, have been de vel oped
and im proved. The pro duc tion of kelp has been 46% greater at an
IMTA site than at a ref er ence site 1,250 m away that is not in prox -
im ity to any salmon aquaculture site. The fu ture di rec tions for the
IMTA in or ganic ex trac tive com po nent are dis cussed.

De vel op ment and Ra tio nale of the AquaNet Pro ject

The AquaNet pro ject started from the re al iza tion that in re gions where
monospecific aquaculture ac tiv i ties are highly geo graph i cally con cen trated, or
lo cated in suboptimal sites, nu tri ent en rich ment may be lo cally sig nif i cant. In
south west ern New Bruns wick, the At lan tic salmon (Salmo salar) aquaculture in -
dus try has ex pe ri enced con sid er able growth in the Fundy Isles re gion (50 km x 40 
km) of the Bay of Fundy in less than three de cades. The num ber of sites in creased
from two in 1980 to 96 in 2004 (Fig. 1). An nual salmon pro duc tion in creased
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from 635 tonnes in 1986 to 11,836 t in
1994, and ap pears to have lev elled off
at around 35,000 t (33,900 t in 2001,
38,900 t in 2002 and 33,100 t in
2003(4)). In 1994, with an an nual pro -
duc tion of 11,836 t, and ni tro gen (N)
and phos pho rus (P) re lease rates of
78.0 and 9.5 kg per tonne of salmon
per year,(1) the N and P in put from
aquaculture op er a tions in the Fundy
Isles re gion was 923 and 112 t per
year, re spec tively. With im prove -
ments in feed com po si tion, di gest ibil -
ity, and con ver sion ef fi ciency, the N
and P re lease rates were re duced to
35.0 and 7.0 kg per tonne of salmon
per year in a mat ter of a few years.(3)

How ever, salmon pro duc tion in -
creased by a fac tor of 2.9 in just 7 yr to reach
33,900 t in 2001. Con se quently, the N in put
from aquaculture op er a tions in the Fundy Isles
re gion in creased to 1,187 t per year, and the P in -
put more than dou bled to 237 t per year.

Con trary to com mon be lief, the so lu tion to
nutrification is not di lu tion, even in re gions of
ex cep tional tidal and ap par ent flush ing re gimes
like the Bay of Fundy, where wa ter res i dency
time can be lo cally pro longed.(7) Antoine
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Fig ure 2

The in ter dis ci plin ary as pects cov ered by the

AquaNet IMTA pro ject: en vi ron men tal

sustainability (through nu tri ent or ganic and

in or ganic load ing), eco nom i cally vi a ble

di ver si fi ca tion (through the choice of com mer cial 

sec ond crops and cost-ef fec tive prac tices), food

safety se cu rity (through the study of ex og e nous

and en dog e nous sources), and so cial as pects

(adapt ing reg u la tions and pol i cies for the

de vel op ment of ac cept able prac tices).

Fig ure 1

Evo lu tion of the num ber and lo ca tion of 

salmon aquaculture sites in the Fundy

Isles re gion from 1980 (2 sites) to 2003

(96 sites) (cour tesy of Blythe Chang,

De part ment of Fish er ies and Oceans).



Laurent de Lavoisier, the well-known French chem ist and phys i cist (but also a tax 
col lec tor, which ex plains his pre ma ture death at age 51 un der the Ter ror pe riod of
the French Rev o lu tion), sum ma rized his work on the Laws of Ther mo dy nam ics
by the fa mous sen tence “Rien ne se perd, rien ne se crée, tout se transforme”
(“Noth ing is lost, noth ing is cre ated, ev ery thing is trans formed”). Adapt ing this to 
our sit u a tion, we can say “the so lu tion to nutrification is not di lu tion, but con ver -
sion”. This is when the con cept of in te grated multi-trophic aquaculture (IMTA),
be comes use ful. By in te grat ing the fed aquaculture of finfish with the in or ganic
ex trac tive aquaculture of sea weeds and the or ganic ex trac tive aquaculture of
shell fish, the wastes of one re source user be come a re source (fer til izer or food) for 
the oth ers. Feed is one of the core op er a tional costs of finfish aquaculture op er a -
tions. Through IMTA, some of the food and en ergy con sid ered lost in finfish
mono cul ture are re cap tured and con verted into crops of com mer cial value, while
biomitigation takes place.

The con cept of IMTA is a com mon-sense so lu tion used for cen tu ries in Asian
coun tries.(3) It has, how ever, ex pe ri enced dif fi cul ties es tab lish ing it self as a vi a ble 
aquaculture prac tice in West ern coun tries. The first au thor started to pro mote the
IMTA con cept in At lan tic Can ada around 1995,(2) with out much suc cess. It was
only in 2000 that an ad e quate struc ture was found to de velop the large in ter dis ci -
plin ary re search ef fort nec es sary for IMTA to be come a re al ity in Can ada:
AquaNet, the Ca na dian Net work of Cen tres of Ex cel lence for Aquaculture.
AquaNet, be ing one of the 21 Net works of Cen tres of Ex cel lence funded by three
Ca na dian fed eral grant ing agen cies—the Nat u ral Sci ences and En gi neer ing Re -
search Coun cil of Can ada (NSERC), the Ca na dian In sti tutes of Health Re search
(CIHR) and the So cial Sci ences and Hu man i ties Re search Coun cil of Can ada
(SSHRC)—and In dus try Can ada, was the ideal programme to ad dress the key in -
ter dis ci plin ary as pects of the IMTA con cept: en vi ron men tal sustainability, eco -
nom i cally vi a ble di ver si fi ca tion, food safety/se cu rity, and so cial ac cept abil ity
(Fig. 2). The socio-eco nomic as pects of the pro ject are not ad dressed in these pro -
ceed ings as the work shop fo cused on reg u la tions and pol i cies.
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Fig ure 3

De vel op ment of the

AquaNet IMTA pro ject in 

three phases (see text

for ex pla na tion of the

dif fer ent phases).
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Lab o ra tory Phase On-site Phase



A suc cess ful ap pli ca tion to AquaNet al lowed the de vel op ment of Phase 1 of the
pro ject ‘En vi ron men tal Integrity–17’(Fig. 3) be tween 2001 and 2004. This was a
pe riod of test ing the IMTA con cept and of try ing var i ous aquaculture sites hav ing
dif fer ent ocean o graphic re gimes in or der to un der stand how three spe cies (Salmo
salar, Laminaria saccharina and Mytilus edulis), with dif fer ent bi o log i cal and
phys i o log i cal re quire ments, can be cul ti vated in prox im ity to each other. In ad di -
tion, we ex am ined what type of site was the best com pro mise to op ti mize an
IMTA sys tem. Phase 2 is on-go ing and includes: 

• in ves ti gat ing the link ages be tween the dif fer ent spe cies; 
• ad dress ing food safety con cerns and us ing the re sults to help de fine the

ap pro pri ate reg u la tory and pol icy frame work for the de vel op ment of
IMTA in Can ada;  

• de vel op ing ox y gen bud get and eco nomic mod els; and 
• test ing the so cial ac cept abil ity of the IMTA con cept. 
This will lead to Phase 3 in which op er a tions will be scaled-up to a com mer cial

level that will al low in ves ti ga tion into the im pacts of IMTA on the car ry ing ca pac -
ity of the coastal en vi ron ment, wa ter and benthos qual ity, po ten tial for dis ease
trans fer, and an i mal and plant health.

De vel op ment of Kelp Cul ti va tion
as the In or ganic Ex trac tive Com po nent of an IMTA Sys tem

The first task was to suc ceed in cul ti vat ing Laminaria saccharina by con trol ling
the dif fer ent steps of its com plex life cy cle, both in the lab o ra tory (the mi cro scopic
fil a men tous gametophytic and early sporophytic stages) and at the aquaculture
sites (the mac ro scopic blade-like sporophytic stages; Fig. 4).

In the first year (2001-2002), it took 112 days to cul ti vate the mi cro scopic phase 
from the time of spore col lec tion to ob tain ing small sporo phytes (0.5 to 1 mm in
length) ready for de ploy ment at the aquaculture sites (Fig. 5). Tak ing into con sid -
er ation the time when kelps are nat u rally ma ture (ob vi ous dark sori in the blade;
Fig. 4a), the trans fer to the sites oc curred in Feb ru ary 2002, which was not op ti -
mal tim ing for ei ther hu mans (the re al ity of win ter in Can ada!) or kelps (did not
take full ad van tage of the win ter growth pe riod). By ad just ing the photoperiod,
the en rich ment of the cul ture me dium, and the spore den sity at the time of spool
in oc u la tion, the pe riod of cul ti va tion of the mi cro scopic lab o ra tory phase has
been sig nif i cantly re duced to 30 to 40 days in the sub se quent three years. In terms
of a com mer cial op er a tion, this rep re sents ma jor sav ings in the cost of con trol ling
light and tem per a ture. This al lowed trans fer of the “seeded” ropes to the sites in
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Fig ure 4 (left). The dif fer ent steps in the cul ti va tion of the kelp Laminaria saccharina: a) Col lec tion of re pro duc -

tively ma ture (vis i ble dark sori in the mid dle of the blade) sporo phytes; b) Dry ing sori ex cised from veg e ta tive

blades; c) Sori re leas ing spores in beak ers con tain ing sea wa ter; d) Spore so lu tion; e) The spore so lu tion is in -

oc u lated on small ropes spooled on PVC pipes in a cul ture tank; f) Spores ger mi nate into fe male and male

(slen der) mi cro scopic fil a men tous gametophytes on the spools; g) Af ter male ga metes have fer til ized fe male

gametophytes, each zy gote de vel ops into a mi cro scopic sporophyte; h) Spools on PVC pipes cov ered with mi -

cro scopic brown sporo phytes; I) Young sporo phytes, 0.5 to 1 mm in length, ready for trans fer at the

aquaculture sites; j) Tri ple line cul ture sys tem, in stalled in No vem ber, be tween com pen sa tor buoys with larger

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

adult sporo phytes six months later (May); l and m) Har vest ing of kelps in July.



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 able to in-

crease the 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 site in Bocabec Bay (site 1 in

the paper by Haya et al. in this issue), and on ropes attached to a

smaller, circular aquaculture 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 site was 46 % greater than at the reference site, illustrating the

advantage of growing kelps in proximity to a salmon site, the source

of enriched nutrient levels. In May 2003, the salmon at the

aquaculture site were harvested. In July 2003, the kelp production at

the aquaculture 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-

age.(6)

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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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.



buoys. Op ti mal depth and avoid ance of self-shad ing ori ented the de sign to wards
par al lel dou ble and tri ple-line sys tems be tween the com pen sa tor buoys. We are
pres ently de vel op ing raft units, which can be placed near, but in de pend ent of the
salmon grid struc ture, ac cord ing to the nu tri ent plume and hy dro dy namic con di -
tions iden ti fied for each site. Har vest ing meth ods will have to be mech a nized,
pro cess ing meth ods de vel oped, and dis tri bu tion net works es tab lished.

As bio mass scal ing-up takes place, on-site nu tri ent biomitigation by kelps will
be mea sured and, as so ci ated with that of mus sels, will be used to model bio mass,
nu tri ent and en ergy paths and bud gets in IMTA ver sus mono cul ture set tings. The
short en ing of the re quired lab o ra tory phase and the ear lier trans fer to the sites al -
low con tem plat ing the pro duc tion of mul ti ple crops per year and dif fer ent har -
vest ing times. This would in crease the nu tri ent re moval ef fi ciency of the IMTA

sys tem (op ti mal bio mass pro duc tion and har vest ing strat e gies for op ti mal nu tri -
ent re moval). It will also al low for di ver si fi ca tion of the type of sea weed prod ucts
and mar ket op por tu ni ties, based on their com po si tion, qual ity, and prop er ties ob -
tained un der IMTA con di tions.

The pro ject started with com plet ing the life cy cle of Laminaria saccharina and
im prov ing each step of the cul ti va tion pro cess. The de vel op ment of the cul ti va -
tion tech niques for two other kelps, Alaria esculenta and Laminaria digitata, is
cur rently be ing car ried out. Spe cies of sea weeds other than kelps could be con sid -
ered, based on their nu tri ent re moval ca pa bil i ties and com mer cial val ues. Dif fer -
ent spe cies may have dif fer ent site char ac ter is tic re quire ments and could be used
in var i ous com bi na tions to op ti mize an IMTA sys tem.

An eco nomic anal y sis of sea weeds and their de rived prod ucts and mar kets is be -
ing con ducted. It will be an im por tant con tri bu tion to wards dem on strat ing the vi -
a bil ity of sea weed cul ti va tion and of the in or ganic ex trac tive com po nent within
an IMTA sys tem. The ini tial rec om men da tion is to de velop the rel a tively small
vol ume/high value-added niche mar ket ap proach as the most ap pro pri ate strat egy 
at this stage.

This eco nomic anal y sis will then be in serted into the over all socio-eco nomic
model of the IMTA sys tem as it gets closer to com mer cial scale and its eco nomic
im pacts on coastal com mu ni ties are better un der stood. It will then be pos si ble to
add prof it abil ity and eco nomic im pacts to the com par i son of the en vi ron men tal
im pacts be tween IMTA and mono cul ture set tings. This will be sen si tized for the
most vol a tile pa ram e ters and ex plicit as sump tions so as to de velop a model for
IMTA sys tems with built-in flex i bil ity to be tai lored to the en vi ron men tal, eco -
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Ta ble 1. Bio mass pro duc tion of Laminaria saccharina cul tured at the Bocabec Bay IMTA site and at a

ref er ence site 1,250 m away, to the north east, in a lo ca tion not in prox im ity to any aquaculture site.

Date

(day in cul ture)

Pro duc tion at the

IMTA Aquaculture Site

(kg/m of rope)

Pro duc tion at the

Ref er ence Site

(kg/m of rope)

In crease in Pro duc tion

at the IMTA Aquaculture Site

(%)

20 May 2003
(230)

15.68 ± 3.05 10.86 ± 1.12 44

11 June 2003
(252)

17.42 ± 3.65 11.96 ± 1.10 46

7 July 2003
(278)

17.61 ± 0.03 14.22 ± 1.59 24



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-label l ings , 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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Dy nam ics of the Blue Mus sel as an

Ex trac tive Or gan ism in an In te grated

Multi-Trophic Aquaculture Sys tem

Terralynn Lander, Kelly Barrington, Shawn Rob in son,

Bruce Mac Don ald, and Jim Mar tin

An in te grated multi-trophic aquaculture (IMTA) pro ject, in cor po rat -
ing the blue mus sel (Mytilus edulis) and kelp (Laminaria sac-
charina) into ex ist ing At lan tic salmon (Salmo salar) aquaculture
sys tems, has been on go ing in the Bay of Fundy since 2001. Our
fo cus was to ex am ine the pos si ble feed ing and growth ben e fits
mus sels may gain when co-cul tured with salmon, com pared to
those grown out side of salmon in flu ences. A 24-h seston se ries in -
di cated that lev els of par tic u late or ganic mat ter are el e vated at
salmon sites dur ing pe ri ods of feed ing. The in crease was mainly in
par ti cles be tween 2 and 10 mm, a range highly uti liz able by sus pen -
sion feed ing mus sels. In situ mus sel feed ing phys i ol ogy (exhalant
si phon area, clear ance rates) in di cated that mus sels at the salmon
site re sponded to the el e vated food lev els. The mus sels at the site
also reached a larger size (mean shell length) than the ref er ence
mus sels. A taste test com par ing site-grown and ref er ence mus sels
showed no discernable dif fer ence be tween the two treat ments.

IMTA sys tems rep re sent a win-win sit u a tion in the Bay of Fundy.
Prod uct di ver si fi ca tion leads to eco nomic gains and cul tur ing 
spe cies that ex tract or ganic and in or ganic sys tem losses as a food
source has the po ten tial to lessen the im pact of the aquaculture site
on the en vi ron ment.

Introduction

The great est ef fect of fed, open-sys tem, mono-spe cific cage aquaculture on an
en vi ron ment is the out put of sus pended sol ids and dis solved nu tri ents.(12)

Salmonid farm ing, in par tic u lar, has ex pe ri enced in tense scru tiny due to the gen -
er a tion of large amounts of or ganic wastes, as un eaten food, fae ces, and ex cre tory
prod ucts, which may cause lo cal ized hypernutrification that could lead to
eutrophication.(1,3) In 1987, Gowen and Bradbury(4) es ti mated that up to 30% of
fish feed (de pend ing on the com po si tion of the diet) goes un eaten by cul tured fish. 
The data were col lected pri mar ily from fresh wa ter trout in tanks and ponds, and
wast age at salmon sea-cage farms (such as those in the Bay of Fundy) likely ex -
ceeds these val ues. How ever, with the advent of mod ern cam era-based feed ing
sys tems and im proved feed for mu la tions (which im prove feed con ver sion ra tios), 
di rect feed wastes can be tightly mon i tored and in put to the sur round ings min i -
mized. There fore, with cur rent aquaculture prac tices, the value of 30% is pos si bly 
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an over-es ti ma tion. How ever, feed ing sys tems re main inef fi cient and waste
feed, as well as or ganic and in or ganic me tab o lites voided by the fish, are dis -
charged into the sur round ing wa ter. 

Re search has dem on strated that lev els of both chlo ro phyll a and par tic u late
or ganic mat ter (POM) in the wa ters ad ja cent to salmon cages are en hanced due
to such losses.(5,7) Al though re search has led to im proved food con ver sion rates
world wide, salmon farm ing in the Fundy Isles re gion of the Bay of Fundy still
pro duces an es ti mated dis charge of 35 kg of ni tro gen and 7 kg of phos pho rus
per tonne of salmon per year.(2) This rep re sents a sur plus of or ganic and in or -
ganic en ergy that is not be ing in cor po rated into fish mass. 

In te grated multi-trophic aquaculture (IMTA) meth ods, where “ex trac tive”
and “fed” spe cies are grown si mul ta neously, have been pro posed as a means of
us ing this avail able en ergy. If waste ma te rial from fish cages is be ing bro ken
down into finer par ti cles, sus pen sion feed ing molluscs may be suit able for ab -
sorb ing the or ganic par tic u late wastes,(6,9,14) and sea weeds could be suit able for
ab sorb ing the dis solved nu tri ents.(2,6,12) Such a bioremediative ap proach, uti liz -
ing lower trophic lev els as nu tri ent recyclers, could re duce waste prod ucts and
sed i men ta tion, di ver sify prod ucts, and pro vide eco nomic gains for grow ers. 

It has been pro posed by sev eral au thors,(9,11,14) that the blue mus sel Mytilus
edulis may be an ex cel lent can di date for IMTA, as it is a gen er a list con sumer,
able to ex ploit organic mat ter from sev eral sources (allochthonous or
anthropogenic) as a func tion of its avail abil ity.(9) In an aquaculture en vi ron -
ment, with higher con cen tra tions of sus pended or ganic and in or ganic mat ter,
mus sels may gain a more re li able food sup ply, re sult ing in en hanced growth
and re pro duc tion. A re duc tion in the sea sonal vari abil ity of food, com pared to

nat u ral sys tems, may fa cil i tate growth dur ing nu -
tri ent-lim ited win ters when many bi valve spe cies
are qui es cent and en ter a pe riod of zero or neg a tive 
growth,(15) and hence lessen time re quired to reach
mar ket size. 

The goal of this study was to char ac ter ize the
level of nu tri tional en rich ment avail able to mus -
sels grown at At lan tic salmon aquaculture sites,
and to quan tify feed ing and growth re sponses of
the mus sels to such en rich ment. 

Materials and Methods

1. Sea wa ter anal y sis

Seston transects away from an aquaculture site

Two transects were car ried out in June and July
of 2002 at At lan tic Sil ver, Inc. (lat 48°08¢18¢¢N,
long 67°01¢41¢¢W), an op er a tional salmon
aquaculture site, to quan tify the in ten sity and dis -
per sion of the sus pended par tic u late nu tri ent cloud 
caused by anthropogenic feed in put in and around
a salmon site. Each sam pling se ries was car ried
out mid morn ing dur ing pe ri ods of fish feed ing.
Trip li cate 1-L wa ter sam ples were col lected us ing
a Niskin™ bot tle (Fig.1) at a depth of 5 m at in ter -
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Fig ure 1

Col lec tion of seawa ter

sam ples for seston

anal y sis.



vals of 0, 50, 100, 250, and 500 m along a transect line par al lel to the di rec tion of
the dom i nant cur rent for the area. Sam ples were kept on ice and trans ported to the
lab o ra tory. Or ganic and in or ganic constitutents were quan ti fied us ing tech niques
adapted from Strick land and Par sons.(10) 

24-hour seston se ries

Five ex per i ments were con ducted to as sess the daily seston cy cle at aquaculture
farms. In 2002, ex per i ments were per formed at two At lan tic salmon sites: At lan -
tic Sil ver, Inc., in Bocabec Bay (in ner Passamaquoddy Bay) and J.D. Stew art, Inc. 
in Bliss Har bour (lat 45°02¢03¢¢ N, long 66°49¢50¢¢W; outer Passamaquoddy
Bay). In 2003, ex per i ments were per formed at 3 sites, all owned and op er ated by
Her i tage Salmon Ltd., in Passamaquoddy Bay. Each site was sam pled for 24 h on
3 con sec u tive days. The first site, Char lie Cove (lat 45°02¢53¢¢ N, long
66°87¢20¢¢W), was sam pled on 22-23 July 2003; the sec ond site, Frye Is land (lat
45°03¢40¢¢ N, long 66°84¢13¢ ¢ W), was sam pled on 23-24 July 2003; and the third
site, Fish Is land (lat 45°00¢47¢¢N, long 66°92¢24¢¢ W), was sam pled on 24-25 July
2003. Each test site had a cor re spond ing ref er ence site 200 m away. Ev ery hour
for 24 h (ev ery 2 h in the 2003 se ries), trip li cate 1-L wa ter sam ples were col lected
si mul ta neously at 5-m depth us ing a 4-L Niskin™ bot tle from the aquaculture and 
ref er ence sites. Wa ter sam ples for seston anal y sis were fil tered on board the re -
search ves sel and trans ported to the lab where the or ganic con tent was determined 
on all the sam ples us ing the Strick land and Par sons (10) method.

Par ti cle con cen tra tion and size dis tri bu tion

Con cur rent with hourly seston sam pling, trip li cate 250- to 300-mL wa ter sam -
ples (from 5 m) were col lected, pre served, and
trans ported to the lab. Par ti cle size dis tri bu tion and
con cen tra tion were de ter mined us ing a Coul ter
Multisizer IIe™. Each wa ter sam ple was gently
shaken and care fully poured through a 125-mm
sieve into a 200-mL beaker, placed into the
multisizer cham ber, and stirred con tin u ously to
main tain par ti cle sus pen sion via an au to matic stir
rod in side the unit. Wa ter was pumped into a
100-mm ap er ture for 30 s and the out put pro gram
was set to pro vide size dis tri bu tion and abun dance
of par ti cles be tween 2 and 64 mm in di am e ter. 
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Fig ure 2

Left: Mus sels po si tioned

for the feed ing 

ex per i ment with the

exhalant si phon fac ing

the video cam era. 

Right: Cam era set-up

used in the feed ing

ex per i ment. 



2. Mus sel feed ing re sponse

In situ mus sel feed ing re sponse ex per i ments were con ducted at the three
aquaculture sites sam pled in 2003. The ex per i ments were con ducted con cur rent
with the wa ter sam pling pro ce dures pre vi ously de scribed. Seven days prior to ex -
per i men ta tion, Velcro® was at tached to each mus sel (60 mm ± 0.5) with
cyano-acrylate glue and the mus sels were socked at a depth of 2 m at each site. One
hour be fore sam pling was sched uled to be gin, 8 mus sels were at tached to a
Velcro®-post frame and ori ented so that the exhalant si phon faced the cam era lens
(Fig. 2). Un der wa ter video cam eras (Sony dig i tal Handycams) were set to re cord
im ages us ing a time-lapse in ter val of 2 s in each 30-s pe riod. Mus sel exhalant si -
phon area (ESA) was re corded at both test and ref er ence sites si mul ta neously. 

Im ages of mus sel ESA were down loaded to the com puter pro gram Im age J™,
where the area (mm2) of the exhalant si phon could be de ter mined. Pic tures were
cal i brated us ing a 10-mm mark on the frame posts. The mean of three im ages per
hour (1 min be fore the hour, on the hour, and 1 min af ter the hour) were used to de -
ter mine the ESA for each sam ple time. Sam ple times for ESA and all seston pa ram -
e ters were con cur rent for com par i son. Clear ance rates (CR in L/h) were de ter -
mined from the ob served ESA. Un der lab con di tions, mus sels were fed sim i lar con -
cen tra tions (mg/L) of food (Isochrysis galbana T-ISO) as those ex pe ri enced by
mus sels in situ. Re gres sion anal y sis of ob served CR against ob served ESA in the
lab al lowed for ac cu rate pre dic tion of CR from ESA in situ.(8)

Sta tis ti cal anal y sis

Sta tis ti cal anal y ses of seston pa ram e ters were done us ing anal y sis of vari ance
(ANOVA). Sta tis ti cal anal y sis of mus sel ESA and CR were done us ing re peated
mea sures anal y sis of vari ance (rmANOVA). Sta tis tics were done us ing the soft -
ware SPSS 11.5 for Win dows. 
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Fig ure 3

Left: Socked mus sel spat

de ployed in Feb ru ary

2002. 

Right: Ex per i men tal

mus sel socks in Jan u ary  

2003. 



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 sites and at a reference

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 mussels were randomly selected from each sock and trans-

ported to the lab where various growth parameters were examined. Length, 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 ºC . Wet and dry meat, as

well as the 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 resource allocation), was assessed as [dry tissue weight X dry shell
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weight –1 x 100%],(12) for all mussels from 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 differences in growth parameters.

4. Mussel taste test

A taste test was conducted upon termination of the experiment to assess whether

there was a discernable difference between cage and reference grown mussels.

Mussels were steamed in separate pots of seawater with no additives that could af-

fect the taste of the mussels. A triangle test was used whereby tasters were given

three mussels, two from the same location (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 grade the taste of each mussel as either 1 (poor), 3 (fair), or 5 (good).
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Results

1. Sea wa ter anal y sis 

Transects in di cated el e vated lev els (5.49 to 6.52 mg/L) of par tic u late or ganic
mat ter at salmon sites (Fig. 4), which dropped off at 50 m and re mained at low lev -
els (< 1 mg/L) in all sub se quent sam ples. Daily or ganic mat ter mea sure ments in -
di cated an el e va tion (to a max i mum of 4.18 mg/L) in par tic u late or ganic loads
dur ing the salmon feed ing cy cle at At lan tic Sil ver, Inc. in 2002 (Fig. 5), which
dropped to pre-feed ing lev els (0.47 to 0.95 mg/L) upon ter mi na tion of feed ing.
The ref er ence site, 1.25 km away, had no com pa ra ble in crease in daily par tic u late
or ganic mat ter and re mained sta ble through out the study pe riod. To tal par tic u late
or ganic loads were also sig nif i cantly higher over 24-h cy cles at all sites stud ied
dur ing 2003 (ANOVA, p < 0.0001, Fig. 6). Fig ure 7 rep re sents a sam ple plot of
wa ter par ti cle sizes found in ref er ence and cage sam ples col lected dur ing 2002.
Dur ing the salmon feed ing pe riod there was a large in crease in par ti cles in the 2 to
10 mm range. 

2. Mus sel feed ing re sponse

Mus sels sus pended at all three salmon sites in 2003 showed sig nif i cantly
greater ESA and CR than mus sels at ref er ence sites (Figs. 8, 9). Re peated mea sures 
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ANOVA re vealed that ESA and CR for mus sels at the Char lie Cove and Frye Is land
sites were sig nif i cantly higher at the p < 0.0001 level than mus sels at their re spec -
tive ref er ence sites, while the mus sels at the Fish Is land site were sig nif i cantly
higher at the p < 0.01 level than mus sels at its ref er ence site. 

3. Mus sel growth re sponse

Fig ure 10 shows the mean shell length of ex per i men tal mus sels (n = 60 for each
sam pling) from two salmon sites and a ref er ence site over the du ra tion of the ex -
per i ment. Fi nal sizes for the mus sels grown at At lan tic Sil ver, Inc. and Aqua Fish
Farms were 57.5 and 55.7 mm, re spec tively. Fi nal size of the ref er ence mus sels
was 49.5 mm. When com par ing the growth pat terns from all three sites, re peated
mea sures ANOVA re vealed sig nif i cant over all dif fer ences (p < 0.05) in shell
length be tween the salmon site grown and ref er ence mus sels.

4. Mus sel taste test

Six of the 12 tast ers were un able to se lect the ‘dif fer ent’ mus sel in any of the tri -
als. The re main ing tast ers chose cor rectly be tween 20 and 25% of the time, less
than the ex pected value of 33% cor rect due to guess alone (Fig. 11). All tast ers
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rated the mus sel taste qual ity from fair to good (Fig. 12).

Discussion

Our stud ies dem on strated that salmon aquaculture sites pro vide a nu tri ent en -
hanced en vi ron ment for the blue mus sel, via ex og e nous in put of a highly or ganic
food source with par ti cles within the uti liz able size range for this spe cies (2 to 110
mm). Such par ti cles were a di rect con se quence of fish feed ing ac tiv i ties, as chlo ro -
phyll a con cen tra tions at the salmon and ref er ence sites did not show sig nif i cant
dif fer ences dur ing the study pe ri ods (Lander, un pub lished data). Thus, an in crease 
in phytoplankton was elim i nated as cause for the in creased or ganic par tic u late.
Via in situ video time se ries it was de ter mined that mus sels were ex hib it ing phys i -
o log i cal re sponses to the el e vated food lev els by in creas ing their ESA to max i mize 
par ti cle cap ture, as well as wa ter fil tra tion and CR to max i mize food in take. 

In te grat ing blue mus sel cul ture into ex ist ing At lan tic salmon aquaculture sites
pro vides syn er gis tic ben e fits for the mus sel lines. Salmon sites of fer a year-round
food sup ply to the mus sels, pro mot ing growth dur ing nu tri ent-lim ited pe ri ods (i.e. 
win ter).(15) This is sup ported by the growth data pre sented here, where the most
marked growth dif fer ence in site and ref er ence grown mus sels was found in the
win ter (No vem ber 2002 to Jan u ary 2003); most likely a re sult of the ex og e nous
food sup ply avail able at the sites. Such en hanced growth less ens the time to pro -
duce a com mer cial crop, thus per mit ting higher turn overs, and greater rev e nue.

In ad di tion, re moval of ex cess particulates by lower trophic lev els (i.e. mus sels)
at salmon sites less ens the over all or ganic losses in the sys tem, per mit ting re cov -
ery of lost en ergy in the form of an added mar ket able prod uct with no discernable
dif fer ence in taste com pared to mus sels grown away from the sites. Thus, IMTA

sys tems rep re sent a win-win sit u a tion whereby salmon grow ers gain from prod -
uct di ver si fi ca tion and sub se quent eco nomic gains, while mak ing their sites
‘greener’ in the pro cess. 

To date, stud ies ad dress ing the rel a tive suc cess of IMTA sys tems in volv ing cul -
ture of both Mytilus edulis and salmonids have yielded con flict ing re sults.(9,11,14)

How ever, re sults of this study have dem on strated that mus sels are re spond ing
both phys i o log i cally and mor pho log i cally to co-cul ture with salmon in the south -
west ern Bay of Fundy and there fore rep re sents a fea si ble and prof it able next step
in the evo lu tion of aquaculture sys tems in the re gion.  
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Mon i tor ing of Therapeutants and

Phycotoxins in Kelps and Mus sels

Co-cul tured with At lan tic Salmon

in an In te grated Multi-Trophic

Aquaculture Sys tem

Katsuji Haya, Dawn Sephton, Jennifer Mar tin, and

Thierry Cho pin

There has been con cern in in te grated aquaculture with the po ten tial
trans fer and ac cu mu la tion of therapeutants used in the treat ment of
dis eases in cul tured salmon, as well as the con cern that kelps and
mus sels grown ad ja cent to salmon cages can ac cu mu late phycotox-
ins pro duced by harm ful al gae. Kelps and mus sels were sam pled
pe ri od i cally in 2001 and 2002 from an ex per i men tal in te grated
aquaculture site in Passamaquoddy Bay and an a lyzed for eight
therapeutants and two phycotoxins (par a lytic shell fish poi son ing
(PSP) tox ins and domoic acid (DA)). None of the therapeutants or
domoic acid was de tected in kelp and mus sel tis sues. Alexandrium
fundyense cells (re spon si ble for pro duc ing PSP tox ins) were de -
tected in wa ter sam ples from May to Oc to ber in 2001 and 2002.
Peak abun dances (up to 1400 cells/L) oc curred in mid June to late
July and lev els of PSP tox ins in mus sels peaked in late June, lag -
ging the peak of A. fundyense abun dance by 3 to 8 days. PSP tox ins 
in mus sels ex ceeded the reg u la tory limit (RL) of 80 µg STX equiv./
100 g tis sue wet weight from late May to early July 2001 and in
late June 2002. PSP toxin con cen tra tions de creased as the blooms of 
A. fundyense di min ished. Re sults in di cate that mus sels and kelps
grown in an in te grated aquaculture op er a tion with salmon in the
Fundy Isles re gion could be har vested for hu man con sump tion us -
ing ap pro pri ate man age ment and mon i tor ing re gimes.

In tro duc tion

A study on the eco nomic, en vi ron men tal, and so cial fea si bil ity of in te grated
multi-trophic aquaculture (IMTA) for salmon (Salmo salar), kelp (Laminaria
saccharina), and blue mus sel (Mytilus edulis) in the Fundy Isles re gion of New
Bruns wick, Can ada, is in prog ress. In this case, salmon forms the “fed” com po -
nent, while the mus sels and kelps form the “ex trac tive” com po nent of the in te -
grated sys tem. One ob jec tive of  IMTA is to mit i gate the ad verse eco log i cal ef fects 
of wastes from one spe cies by hav ing the other spe cies use the wastes as nu tri ents
or fer til iz ers. How ever, the prop er ties of mus sels and kelps that make them suit -
able for the ex trac tive func tion raise is sues re lated to their safe har vest for hu man
con sump tion.
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The ma jor source of the ad di tional nu tri ents for the ex trac tive com po nents is
from ex cess feed and met a bolic ex cre tion from the fish. How ever, the mus sels
and kelps may also ac cu mu late other wastes from salmon aquaculture op er a tions. 
Of con cern are con tam i nants in feed, therapeutants, chem i cals and pre ser va tives
in con struc tion ma te ri als, and patho genic bac te ria.(2,17) Alexandrium fundyense
and Pseudo-nitzschia pseudodelicatissima are or gan isms re spon si ble for pro duc -
ing par a lytic shell fish tox ins and domoic acid, re spec tively. Both or gan isms oc -
cur an nu ally in the Bay of Fundy,(12,14,15) and shell fish can ac cu mu late these tox -
ins to con cen tra tions that are toxic to ver te brate con sum ers.

An other ob jec tive of the pro ject is to de ter mine whether mus sels and kelps
co-cul tured with salmon can be har vested as food for hu mans. An over view of our
stud ies on the ac cu mu la tion of con tam i nants from feed, therapeutants, and
phycotoxins by mus sels and kelps is pre sented. Cur rent in for ma tion sug gests that
with timely mon i tor ing and ef fec tive man age ment prac tices mus sels and kelps can
be har vested.

Meth ods

In 2001, multi-year-class wild blue mus sels (40 to 80 mm in length) were col -
lected at IMTA site in Passamaquoddy Bay (#1, Fig. 1). In 2002, one-year-old
mus sels (25 to 60 mm in length) were socked in 1- to 2- m long poly vi nyl mesh
socks (14-mm mesh) at a den sity of 300 to 400 mus sels/m and sus pended at 5-m
depth in Passamaquoddy Bay. Kelp cul tures were ini ti ated un der lab o ra tory con -
di tions and at tached to long-lines at the IMTA sites in the fall. Sur face wa ter, mus -
sels, and kelp sam ples were col lected pe ri od i cally from April to No vem ber in
2001 and 2002. In 2003, the study was ex tended to three other sites in the Bay of
Fundy (#2, 3, and 4; Fig. 1).

Sur face wa ter sam ples were col lected by bucket and im me di ately pre served with
for ma lin:ace tic acid (1:1) for de ter mi na tion of A. fundyense and P.
pseudodelicatissima cell den si ties us ing set tling cham bers and an in verted mi cro -
scope.(13) Mus sels and kelps were stored frozen and an a lyzed by the Ca na dian Food 
In spec tion Agency (CFIA) for PSP tox ins and domoic acid, heavy met als (Hg, Al,
Cr, Mg, Fe, Ni, Cu, Zn, Se, Cd, Pb), therapeutants (an ti bi ot ics  and antiparasitics),

and per sis tent or ganic
pol lut ants (PCBs and
organo chlorine pes ti -
cides).

Re sults and
Dis cus sion

Many chem i cals are
used in  sa lmon
aquaculture, both in -
ten tion ally and un in -
ten tion ally. In Can -
ada, these chem i cals
in clude feed ad di -
tives, chemothera-
peutants, dis in fec -
tants, pes ti cides, her -
bi cides, and anti-foul -
ing agents.(2,17) Con -
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tam i nants in feed in gre di ents and therapeutants added to feed as a means of ad -
min is tra tion can be ac cu mu lated by mus sels and kelps. Sig nif i cant con cen tra -
tions of heavy met als (Zn, Cu, and Fe) have been found in salmon feed and con -
cen tra tions of these met als were higher in sed i ments and sea ur chins near salmon
farms than from ref er ence sites.(4,5) How ever, for the cul tured mus sels sam pled
from the IMTA sites, the con cen tra tions of Hg, Al, Cr, Mg, Fe, Ni, Cu, Zn, Se, Cd,
and Pb were not dif fer ent from those at 22 mon i tor ing (ref er ence) sites that are
part of the Gulf of Maine/Bay of Fundy Mus sel Watch Pro gram.(10) Some per sis -
tent or ganic con tam i nants (PCBs, DDTs) have also been found in feed and sed i -
ments near aquaculture sites,(8) and were found in higher con cen tra tions in cul -
tured salmon than in wild salmon.(9) But con cen tra tions of PCBs, DDTs and other
organo chlorine pes ti cides were be low quan ti fi able con cen tra tions in mus sels and 
kelps sam pled from the IMTA sites in Passamaquoddy Bay and the Bay of Fundy.

Oxy tet ra cy cline has been found to be per sis tent in sed i ments and has been de -
tected up to 30 m away from salmon aquaculture sites.(1,3) An ti bi otic re sis tant bac -
te ria in sed i ments have been cor re lated with salmon aquaculture in the Bay of
Fundy.(6) Emamectin ben zo ate has not been de tected in sed i ments fol low ing
treat ments for sea lice in fes ta tions of cul tured salmon.(7) Dur ing the sum mers of
2001 and 2002, salmon cul tured at the cage site in Passamaquoddy Bay (Fig. 1)
re ceived treat ment with emamectin ben zo ate for sea lice in fes ta tions and oxy tet -
ra cy cline for bac te rial in fec tions. How ever, nei ther of these therapeutants was
found in the co-cul tured mus sels and kelps sam pled within a week of treat ments.
Other therapeutants used by the salmon aquaculture in dus try in the Bay of Fundy
(cypermethrin, ivermectin, chlorotetracycline, tet ra cy cline, sulphadimethoxine, and
sulphadiazine) were not de tected in mus sels or kelps sam pled from any of the in te -
grated aquaculture sites in Passamaquoddy Bay dur ing 2001 and 2002 and the Bay of
Fundy in 2003 (Fig. 1). These stud ies in di cate that mus sels and kelps co-cul tured
with salmon in the south west ern Bay of Fundy do not ac cu mu late con tam i nants and
therapeutants in salmon feed. 

Harm ful al gal blooms of con cern to the shell fish in dus tries in the Bay of Fundy
are A. fundyense and P. pseudodelicatissima. Alexandrium fundyense pro duces a
se ries of tox ins that cause par a lytic shell fish poi son ing (PSP) and P.
pseudodelicatissima pro duces domoic acid (DA), which causes am ne sic shell fish
poi son ing (ASP) in hu man con sum ers. Clo sures to har vest ing of mus sels and
clams in the Fundy Isles re gion due to the ac cu mu la tion of toxic con cen tra tions of
PSP tox ins have oc curred an nu ally since 1940 and to DA in 1988 and 1995.

Pseudo-nitzschia pseudodelicatissima was dis cov ered as the pro ducer of DA in
the Bay of Fundy when con cen tra tions greater than one mil lion cells/L were ob -
served from late July through Sep tem ber 1988 in Passamaquoddy Bay.(11) For DA

to ex ceed the reg u la tory limit, there must be greater than one mil lion cells/L in wa -
ter sam ples. Such high con cen tra tions have only been ob served in the years 1988
and 1995 in the Bay of Fundy. The 1995 clo sures oc curred in ex posed ar eas of the
Bay of Fundy; there were no clo sures in Passamaquoddy Bay. With the high con -
cen tra tions re quired to ex ceed the reg u la tory limit, it has been pos si ble through
reg u lar phytoplankton sam pling to pro vide am ple warn ing (of ten up to three
weeks) to reg u la tory agen cies for DA tox ins in shell fish. The high est con cen tra -
tions ob served in 2001 and 2002 at the IMTA site oc curred in mid July 2002, when
20,000 cells/L were found. DA was not de tected in mus sels and kelps sam pled
from the site in Passamaquoddy Bay in these years. 

Blooms of A. fundyense oc cur an nu ally be tween May and Sep tem ber in the Bay
of Fundy.(14,15) The blooms are seeded in the off shore and tend to be advected to
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Fig ure 2

Con cen tra tions (cells/L) of Alexandrium fundyense (sur face) and PSP tox ins (µg of saxitoxin equiv./100 g tis -

sue wet weight) in mus sels, Mytilus edulis, whole body homogenates from the IMTA site in Passamaquoddy

Bay, dur ing 2001 and 2002 (reg u la tory limit in di cated at 80 µg of STX equiv./100 g wet weight).

0

50

100

150

200

250

300

350

400

08
/0

5/
20

01

30
/0

5/
20

01

13
/0

6/
20

01

28
/0

6/
20

01

11
/0

7/
20

01

23
/0

7/
20

01

01
/0

8/
20

01

12
/0

9/
20

01

15
/1

0/
20

01

sample date

µ
g

S
T

X
e

q
u

iv
./

1
0

0
g

w
e

t
w

e
ig

h
t

0

200

400

600

800

1000

1200

1400

1600

c
e

ll
s

/L

STX (PSP Toxins)
A. fundyense
Regulatory Lev el

0

50

100

150

200

250

300

350

400

09
/0

1/
20

02

06
/0

5/
20

02

27
/0

5/
20

02

13
/0

6/
20

02

27
/0

6/
20

02

15
/0

7/
20

02

07
/0

8/
20

02

26
/0

8/
20

02

23
/0

9/
20

02

13
/1

1/
20

02

sample date

µ
g

 S
T

X
e

q
u

iv
./

1
0

0
g

w
e

t
w

e
ig

h
t

0

200

400

600

800

1000

1200

1400

1600
c

e
ll

s
/L

STX (PSP Toxins)

A. fundyense

Regulatory Lev el



the in shore. Passamaquoddy Bay is less ex posed and there fore less prone to high
cell den si ties, so shell fish do not ac cu mu late high lev els of tox ins. If an area is
closed as a re sult of un safe PSP toxin lev els, it is gen er ally not for long. In some
years, some of the shell fish har vest ing ar eas in Passamaquoddy Bay have not
closed to har vest ing at all. The con cen tra tions of A. fundyense ob served in sur face 
wa ter sam ples from Passamaquoddy Bay dur ing 2001 and 2002 were rel a tively
low (1,400 cells/L; Fig. 2). PSP tox ins above the reg u la tory limit (RL) of 80 µg
STX equiv./100g tis sue wet weight were de tected from mid May to late June in
both years. Peak con cen tra tions of PSP tox ins in mus sels lagged the peak con cen -
tra tions of A. fundyense in the sur face wa ter by a few days. Sim i larly, as the in ten -
sity of the A. fundyense blooms di min ished, the con cen tra tions of PSP tox ins in
the mus sels de creased. PSP tox ins were not de tected in kelps sam pled from the
site in Passamaquoddy Bay. 

These re sults sug gest that cul tured mus sels can ac cu mu late con cen tra tions of
PSP tox ins above the reg u la tory limit. DA was not de tected in mus sels dur ing the
study pe riod, but it is im por tant to note that the only DA clo sure in
Passamaquoddy Bay oc curred in 1988. PSP clo sures tend to oc cur dur ing the
sum mer months, but this is a busy pe riod for salmon aquaculture op er a tions, and
mus sel meat qual ity is not prime at this time due to re pro duc tion, so har vest ing the 
mus sels from fall to early spring is pre ferred. Al though har vest ing of wild mus -
sels through out the Bay of Fundy has been closed since 1944, the CFIA has mon i -
tored mus sels on an ir reg u lar ba sis. The CFIA has a reg u lar mon i tor ing pro gram
for clams and, in spite of an nual clo sures to har vest ing due to PSP tox ins, there is
an ac tive and thriv ing wild clam in dus try in the Bay of Fundy. This is a com mon
man age ment pro to col in most shell fish har vest ing coun tries in Eu rope and Asia.
Thus, in con junc tion with ap pro pri ate mon i tor ing pro to cols,(16) such as reg u lar
phytoplankton mon i tor ing and reg u lar as well as im me di ate pre-har vest tox ic ity
test ing, it is pos si ble that mar ket ing of mus sels as a safe sea food for con sump tion
would be fea si ble through much of the year in Passamaquoddy Bay.

Sum mary

Ac cu mu la tions of therapeutants in mus sels and kelps were not de tected. There -
fore, there is low risk with use of med i cated feed. Lev els of heavy met als and or -
ganic con tam i nant con cen tra tions in sed i ment, mus sels, and kelps were not dif -
fer ent from those found in nat u ral pop u la tions, and were be low reg u la tory lim its.
Alexandrium fundyense was pres ent from May to Sep tem ber. PSP toxin con cen -
tra tions in mus sel tis sues in Passamaquoddy Bay ex ceeded the reg u la tory limit
for only short pe ri ods of time (late May to early July). Field and lab o ra tory data
in di cate that PSP tox ins are readily ac cu mu lated and depurated by M. edulis. PSP

tox ins were not de tected in kelps. Pseudo-nitzschia pseudodelicatissima cells
were pres ent at low lev els from April to Sep tem ber, but no DA was de tected in
mus sel and kelp tis sues. The cul ture and safe har vest ing of blue mus sels and kelps 
are fea si ble in the Passamaquoddy Bay re gion.
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An In tro duc tion to the Ocean o graphic

As pects of In te grated Multi-Trophic

Aquaculture 

Fred Page, Jeffrey Piercey, Blythe Chang, Bruce Mac Don ald,

and David Greenberg

A re search pro ject on in te grated multi-trophic aquaculture (IMTA) of
salmon, mus sels, and kelps is be ing con ducted in south west ern New
Bruns wick. The study area is spa tially and tem po rally com plex. The
ocean og ra phy com po nent of this pro ject has just started and will be
study ing wa ter cir cu la tion pat terns and dis solved ox y gen dy nam ics, in -
clud ing the roles of salmon, mus sels, and kelps on the ox y gen bud get of
an IMTA site. We will be col lect ing field data on wa ter move ments and
dis solved ox y gen lev els, and will be us ing a com puter cir cu la tion and
par ti cle tracking model. We will also look at the is sue of scale when deal -
ing with the man age ment of aquaculture: site-spe cific ver sus bay-wide
man age ment and reg u la tion. This in for ma tion will help de ter mine where
best to lo cate IMTA op er a tions in the area.

In tro duc tion

In te grated multi-trophic aquaculture (IMTA) takes place in the coastal ma rine
en vi ron ment and if it is to be ac cept able and suc cess ful it must ac com mo date the
en vi ron men tal sit u a tion and the coastal zone man age ment ob jec tives for the area.
Our gen eral in ter est is in de vel op ing an un der stand ing of the in flu ences of the en -
vi ron ment on IMTA and the in flu ences of IMTA on the en vi ron ment of the caged
fish and other com po nents of the IMTA com ple ment, as well as on the en vi ron -
ment as a whole. We are also in ter ested in the is sue of how an IMTA op er a tion
should be spa tially and tem po rally struc tured on a range of spa tial scales to best
achieve the pro duc tion and en vi ron men tal ob jec tives. Our fo cus to date has been
on in ves ti gat ing the dy nam ics of the dis solved ox y gen con cen tra tion at fish farms
and the in flu ence of IMTA on these dy nam ics. 

In the fol low ing we high light some of the ocean o graphic fea tures that may in -
flu ence the way we think about and de velop IMTA in a tidal en vi ron ment and in -
tro duce some spe cif ics per tain ing to dis solved ox y gen con cen tra tions in the en vi -
ron ment and in fish cages that may be con sid ered as can di dates for IMTA op er a -
tions. Un like some of the other re search com po nents of the south west ern New
Bruns wick (SWNB) IMTA pro ject, our com po nent has just started and hence to
some ex tent we are still de vel op ing our con cepts.

Some Oceanographic Background

South west ern New Bruns wick is a tid ally-dom i nated area and hence the de vel -
op ment of IMTA should take some of the char ac ter is tics of a macro-tidal en vi ron -
ment into con sid er ation. A fun da men tal com po nent of IMTA is the trans fer of

Bull. Aquacul. Assoc. Canada 104-3 (2004) 35

Fred Page



effluents (e.g., fish fe ces, ex cess feed, nu tri ents) from fish cages to other or gan -
isms such as mus sels and kelps. The mo tion of the wa ter within the farms and bays 
me di ates this trans fer. The ba sic con cepts un der ly ing the trans port and dis persal
of dis solved and par tic u late sub stances in wa ter are shown in Fig ure 1. The mo -
tions are mod i fied by the spe cif ics of how the sub stances in ter act with the wa ter
and the or gan isms and chem i cals within it. To gain some un der stand ing of how
this con cep tual frame work op er ates in the SWNB area, we have col lected field
data on wa ter cur rents and de vel oped a 3-di men sional fi nite el e ment cir cu la tion
and par ti cle track ing model of the area.(2,3) 

Our em pir i cal data on trans port path ways and dis persal rates were gath ered us -
ing CAST (con vert ible ac cu rate sur face tracker) drift ers. These drift ers re cord
GPS (global po si tion ing sys tem) po si tions at time in ter vals of ap prox i mately 10 to 
12 min utes and were con fig ured to drift with the cur rents in the sur face 1 m of the
wa ter col umn. The drift ers were of ten re leased in clus ters and were gen er ally
tracked for 5 to 6 h, but in some cases, re cov ery did not oc cur un til the day af ter re -
lease. Some ex am ples of drifter tracks from the south ern Grand Manan area of
south west ern New Bruns wick are shown in Fig ure 2. In gen eral our drifter ex per i -
ments have in di cated that wa ter moves away from the fish farm site and does not
re turn on tidal time scales, wa ter from one farm may pass through an other farm,
and es ti mated rates of hor i zon tal dis per sion are con sis tent with the the o ret i cal and 
em pir i cal re la tion ships of Okubo.(4) 

More ex ten sive es ti mates of the trans port and dis persal pat terns around farms
have been made us ing the cir cu la tion and par ti cle trans port model men tioned
above. The cir cu la tion model is fully non-lin ear, in cludes intertidal dry ing, has 21 
sigma depth lev els (re duced in wa ter shal lower than 10 m), and has vari able hor i -
zon tal res o lu tion with a min i mum res o lu tion in some ar eas of ap prox i mately 50
m). The model is for mu lated to in clude tides, winds, and baroclinicity, but to date
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Fig ure 4

Fig ure 1

Il lus tra tion show ing the con cep tual

frame work for how a patch of par ti cles

or a dis solved sub stance dis perses

over time in a tid ally-dom i nated flow

field that has lit tle spa tial struc ture.

The ar rows in di cate how the patch is

advected (i.e., trans lated) by the

prin ci pal lu nar semi-di ur nal (M2) tide.

The net dis place ment of the patch over 

an even mul ti ple of the M2 tidal pe riod

(12.42 h) is re ferred to as the re sid ual

or mean dis place ment or mo tion. The

spread ing and di lu tion of the patch as

it is advected is il lus trated by the

in creas ing size of the el lip ses and the

de creas ing in ten sity of the el lipse grey

shad ing.



we have only ex plored the ef fects of the M2 (semi-di ur nal prin ci ple lu nar) tide and 
con sid ered the in flu ence of some steady winds. An ex am ple of the out put from
the model for the south ern Grand Manan area is shown in Fig ure 3. The out put
shows that wa ter cur rents vary in mag ni tude and di rec tion on small spa tial scales
(10s to 100s of me ters). An ex am ple of the model-gen er ated par ti cle tracks for
one salmon farm in south ern Grand Manan is shown in Fig ure 4. The out put il lus -
trates how the rate, di rec tion, and path way of the advective flux of sus pended and
dis solved ma te rial from a farm is not con stant in a tidal en vi ron ment: it changes
with the phase of the tide and the transport pathway can be spatially complex.
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Fig ure 2

Ex am ple of CAST drifter

tracks from the south ern

Grand Manan ar eas on 10 

July 2002. The white

poly gons are the site

bound aries for salmon

farms.

 

Fig ure 3

Ex am ple of cir cu la tion

model out put for

south ern Grand Manan.
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The Integrated Multi-Trophic Aquaculture Con cept 
in South west ern New Bruns wick

The IMTA con cept be ing ex plored in SWNB con sists of the con cur rent cul ture of
finfish, shell fish, and sea weed (al gae) on a sin gle salmon farm site. A hy po thet i cal 
farm con fig u ra tion is il lus trated in Fig ure 5. Near-bot tom cul ture is be ing con sid -
ered but is not be ing ac tively pur sued at the mo ment and has not been in cluded in
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Fig ure 4

Model par ti cle tracks for each of 12

hourly re leases from a salmon farm

in the south ern Grand Manan area.

Each re lease con sists of 36 par ti cle

tracks, re leased from points

equi dis tantly spaced in a 200 m by

200 m grid cen tered around the site

cen troid, and tracked for one tidal

cy cle (12.4 h). The out line of the

com bined tidal ex cur sion ar eas is

also shown. The smaller black or

white poly gons are salmon farms.



the di a gram. For a spa tially-fixed farm struc ture, such as that used by most salmon
farm ing op er a tions, the sus pended and dis solved sub stances, nu tri ents, and gases
such as dis solved ox y gen (DO) are car ried away from the fish cage to ward the
shell fish and sea weed dur ing some phases of the tide. Dur ing other phases of the
tide the ma te ri als car ried away from the fish cage do not flow through the shell fish
and sea weed com po nents of the op er a tion. Hence, the mus sels and sea weeds do
not con sis tently ben e fit from the farm effluents and they do not con sis tently
remediate the effluents. IMTA op er a tions that are moored so that all as pects of the
farm can swing with the cur rents might en sure a more con sis tent flux of sub -
stances be tween the fish cages and the other com po nents. 

Al though the sig nal from a fish cage will flow through other cages and IMTA

com po nents within the farm dur ing at least some phases of the tide, a di luted and
po ten tially me di ated ef flu ent sig nal may be trans ported to other farms and com -
po nents of a bay. This may trig ger some de vel op ment and reg u la tory con sid er -
ations re gard ing the scale of fo cus. For ex am ple, what scales of IMTA in ter ac tions 
are of pri mary in ter est—the farm scale, bay scale or some other scale? Do we
want site-spe cific per for mance thresh olds and mon i tor ing, and/or bay-scale per -
for mance-based stan dards?

Dis solved Ox y gen Dy nam ics

Back ground data con cern ing the an nual cy cle of dis solved ox y gen in SWNB

(mon i tored at sites lo cated away from salmon farms) show that max i mum dis -
solved ox y gen con cen tra tions oc cur in June and July and min i mum con cen tra -
tions oc cur from Sep tem ber to De cem ber (Fig. 6). The am bi ent con cen tra tions
ap pear to be al ways greater than 7 mg×L-1 (and greater than 80% sat u ra tion). At
these con cen tra tions, caged salmon should not ex pe ri ence low ox y gen stress.(1) 

Al though the am bi ent con cen tra tions of DO are rel a tively high, the con cen tra -
tion of DO within salmon cages may some times be be low am bi ent con cen tra tions. 
For ex am ple, a time se ries of the con cen tra tion of DO ob tained from a salmon
cage shows ev i dence of reg u lar ep i sodes of re duced con cen tra tions of DO (Fig.
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Fig ure 5
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7). In this par tic u lar case, the DO con cen tra tion dropped be low 6 mg×L-1, in di cat -
ing a po ten tial for low ox y gen stress. Fil ter ing the data with a run ning av er age in -
di cates a low fre quency fluc tu a tion in DO con cen tra tion that has a pe riod of about
8 to 9 d and a high fre quency fluc tu a tion with a pe riod of about 12.4 h—the pe riod 
of the dom i nant M2 tidal mo tion (Fig. 7). These high fre quency vari a tions of ten
re sult in rel a tively low con cen tra tions of DO per sist ing for about 3 h ev ery tidal
cy cle. These pe ri odic fluc tu a tions are not de tected by a sam pling ap proach that
takes a sin gle DO mea sure ment at a con sis tent time of day (Fig. 8). Sam pling the
DO con cen tra tion in such a lim ited way would largely miss the pe ri ods of low ox -
y gen.

As men tioned in the in tro duc tion, our work within the IMTA um brella has fo -
cused on de vel op ing an un der stand ing of the dy nam ics of DO at the farm and bay
scales. This fo cus was cho sen for var i ous rea sons, in clud ing:

• Some salmon farms in the SWNB area have ex pe ri enced pro duc tion losses that 
might be as so ci ated with low con cen tra tions of DO. 

• Mass bal ance cal cu la tions have sug gested that the res pi ra tion rate of the
salmon bio mass in cages is some times suf fi cient to re duce the con cen tra tion
of DO in some cages and in some Bay Man age ment Ar eas.(5-7)

• Point ob ser va tions of the con cen tra tion of DO in the SWNB re gion have in di -
cated that con cen tra tions can get low in some ar eas. Time se ries of the DO con -
cen tra tion within some cages have shown pe ri odic re duc tions of DO to rel a -
tively low con cen tra tions (< 5 mg×L-1; am bi ent con cen tra tions are gen er ally
above 7 mg×L-1). 

• The cul ture of shell fish and sea weeds on a fish farm adds ad di tional sources
and sinks for DO that may sig nif i cantly in flu ence the ox y gen bud get for a farm
and bay.
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Fig ure 6

Dis solved ox y gen (DO)

lev els at ref er ence sites

(lo cated away from fish

farms) in south west ern

New Bruns wick. Top

graph shows dis solved

ox y gen in mg×L
-1

 and the 

lower graph in per cent

sat u ra tion. Max i mum

lev els oc cur in June-July 

and min i mum lev els in

Sep tem ber-De cem ber.

DO lev els re main above

7 mg×L
-1

 and above 80%

sat u ra tion (dot ted lines).
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Fig ure 7

Dis solved ox y gen (DO) lev els at salmon farm in

south west ern New Bruns wick. Top graph shows

ac tual con tin u ously re corded data. The next graph

shows the same data, fil tered us ing a run ning

av er age: the data in di cate a cy cle of about 8 to 9 days

(in di cated by the ver ti cal lines). The next graph shows 

the dif fer ences be tween the top two graphs. The

bot tom graph is an en larged sub set of the third graph, 

show ing reg u lar low ox y gen pe ri ods of about 3 hours

ev ery tidal cy cle (12.4 hours, in di cated by dot ted

ver ti cal lines).



• Some reg u la tors and in dus try mem bers have in di cated an in ter est in more
knowl edge of DO dy nam ics in aquaculture.

The spe cific ob jec tives of our work in clude:
• Mea sure ment of res pi ra tion rates of some of the ma jor com po nents of the

SWNB IMTA pro ject, in clud ing a de ter mi na tion of the rate and role of mus sel
(Mytilus spp.) line, biofouling, and kelp (Laminaria saccharina) res pi ra tion
on the ox y gen bud get of the site.

• Es ti ma tion of the spa tial and tem po ral vari a tions in DO at some salmon
aquaculture sites and in some Bay Man age ment Ar eas, and de vel op ment of
sim ple mod els of the DO dy nam ics in an IMTA site. The model be ing con sid -
ered is an ex ten sion of the sim ple box model used by Page et al.,(6) which es ti -
mated the con cen tra tion of DO as a func tion of advective fluxes of ox y gen into
and out of the cage or farm and the re moval of ox y gen by the fish. The ex -
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Fig ure 8

Daily max i mum and min i -

mum dis solved ox y gen

(DO) lev els, com pared to

val ues re corded at the

same times ev ery day

(0600 h and noon) from a

salmon farm in south -

west ern New Bruns wick.

The data show that sin gle 

daily read ings will not

give an ac cu rate re cord of 

low ox y gen oc cur rences

at a farm. 

Fig ure 9

Ar eas pre dicted to be

sus cep ti ble to low

dis solved ox y gen (DO),

based on the du ra tion of

weak (< 2 cm×s
-1

) cur rent

speeds (U) as es ti mated

from a  cir cu la tion model.  

Ar eas with lon ger

du ra tions of weak

cur rents are more

sus cep ti ble to low ox y gen 

con di tions. The fig ure

also shows ex am ples of

lo ca tions that have ex pe ri -

enced low DO: ovals are

fish farm ing ar eas and the 

rect an gle is an in dus trial

site. 



tended model would in clude res pi ra tion by fish, mus sels, and biofouling, and
the ad di tion of ox y gen by sources such as kelps. 

• We may also use a re gional cir cu la tion model to help es ti mate ar eas within
SWNB where fish farm ing and IMTA may have the po ten tial to gen er ate lo cal -
ized re duc tions in the con cen tra tion of DO un der spe cific farm ing con fig u ra -
tions. For ex am ple, spa tially mapped con tours of the du ra tion of time within a
tidal cy cle in which model-pre dicted tidal cur rents are less than 2 cm×s-1 may
be in dic a tive of lo ca tions sus cep ti ble to gen er at ing lo cal ized re duc tions in the
con cen tra tion of DO (Fig. 9). 

Sum mary

IMTA takes place in a spa tially and tem po rally com plex and vari able en vi ron -
ment. This com plex ity and vari abil ity needs to be con sid ered in the de sign of
IMTA op er a tions and reg u la tory ob jec tives. We have be gun to ob tain some base -
line mea sure ments and de velop some sim ple mod els to help de velop an in te grated 
un der stand ing of the dy nam ics of IMTA at the farm and bay scales. This in for ma -
tion will help us pre dict the best ar eas for sit ing IMTA op er a tions, both for min i -
miz ing im pacts on the en vi ron ment, as well as for op ti miz ing pro duc tion of the
cul tured or gan isms.
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Finfish-Shell fish In te grated Aquaculture:

Wa ter Qual ity In ter ac tions and the

Im pli ca tion for In te grated Multi-Trophic

Aquaculture Pol icy De vel op ment

Ste phen F. Cross

The sen si tiv ity of shell fish to waterborne ma te ri als (e.g., met als,
com plex or ganic com pounds, bac te ria) makes them ideal can di dates
in the as sess ment of the wa ter qual ity im pacts of salmon net-cage
op er a tions. The use of shell fish as biomonitors also has im por tant
im pli ca tions with re spect to sea food safety, given their value in the
com mer cial and rec re ational har vest/aquaculture sec tors. A 2-yr re -
search pro gram was de signed to de ter mine the ex tent to which wa -
ter-borne ma te ri als are dis persed through the wa ter col umn from a
salmon farm and to es tab lish where these ma te ri als be come
bioavailable to shell fish (Patinopecten yessoensis, Crassostrea
gigas) lo cated within this dis tri bu tion path way. The re sults in di cate
that the “zone of in flu ence” of such ma te rial is de pend ent on the hy -
dro dy namic prop er ties of the site. Farm sites with high cur rents rap -
idly di lute and dis perse waterborne con tam i nants, so that ac cu mu la -
tion within the tis sues of shell fish can not be de tected de spite long-
term ex po sure. Sites with re duced tidal flows re sult in a lo cal ized
per sis tence of low-level waterborne con tam i nants. How ever, the
bioaccumulation ef fects are tem po ral in na ture and as so ci ated only
with the con tam i nant pulses that oc cur within a pro duc tion cy cle
(e.g., an ti bi otic treat ment). Shell fish quickly depurate post-treat ment
and re main well within safe lim its for hu man con sump tion.

Prod uct di ver si fi ca tion from the finfish aquaculture sec tor’s per spec -
tive makes in te grated finfish-shell fish aquaculture a vi a ble eco nomic
con sid er ation, par tic u larly in re mote coastal re gions and con sid er ing
the op por tu nity for cap i tal iz ing on the use of ex ist ing in fra struc ture. 

Introduction

En vi ron men tal stud ies of salmon farm im pacts (e.g., Gowan and Bradbury(1)

and Rosenthal(2)) have in di cated that waste ma te rial dis per sion and ac cu mu la tion
oc curs pri mar ily within a 50-m area im me di ately around the farm struc tures.
How ever, given that these stud ies fo cused on the ben thic im pacts and thus ex am -
ined the dis tri bu tion of heavier or ganic ma te ri als (ex cess feed, fish fe ces) the ad -
di tional pos si bil ity of a lighter waterborne waste ma te rial com po nent (seston,
dis solved), with a slightly greater dis tri bu tion pat tern, may have the po ten tial to
im pact shell fish and other non-tar get re sources lo cated in the im me di ate vi cin ity
of the farm op er a tion.
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The sen si tiv ity of shell fish to all types of waterborne ma te ri als (e.g., met als,
com plex or ganic com pounds, bac te ria) makes them ap pro pri ate can di dates in the
as sess ment of po ten tial wa ter qual ity im pacts as so ci ated with salmon netcage op -
er a tions. The use of shell fish as biomonitors not only per mits a test of the spa tial
in flu ence of these sub stances in the ma rine en vi ron ment, but also has im por tant
im pli ca tions with re spect to sea food safety given their re spec tive value in com -
mer cial (wild har vest, aquaculture), rec re ational, and tra di tional First Na tion
uses. 

If the wa ter qual ity is sues re lated to ma rine netcage cul ture are quan ti fied as
min i mal or, ide ally, non-ex is tent, then a unique op por tu nity for shell fish-finfish
in te grated aquaculture (a com po nent of an in te grated multi-trophic aquaculture
(IMTA) sys tem) be comes avail able to the aquaculture in dus try. Prod uct di ver si fi -
ca tion from the finfish aquaculture sec tor’s per spec tive, and re gional ex pan sion
to re mote ar eas from that of the shell fish sec tor, may make such a ven ture a vi a ble
eco nomic con sid er ation, par tic u larly given the op por tu nity of cap i tal iz ing on the
use of ex ist ing in fra struc ture (trans por ta tion, an chor ing, ves sels, per son nel, mar -
ket ing, etc.). 

Con sid er ing the en vi ron men tal and sea food safety concerns that have been ex -
pressed about the ef fect of salmon farm ing prac tices on ad ja cent shell fish re -
sources, sci en tific data on the fate and ef fects of farm-de rived ma te ri als with re -
spect to ad ja cent shell fish re sources are crit i cally im por tant in a dis cus sion of the
po ten tial of in te grated multi-trophic aquaculture. This re search pro ject was de -
signed to dem on strate the ex tent to which waterborne ma te ri als are dis persed
through the wa ter col umn, and more im por tantly to de ter mine if these ma te ri als
are bioavailable to shell fish lo cated within the dis tri bu tion path ways. Re sults of
this study will per mit an ac cu rate es ti ma tion of the “zone of in flu ence” for the dis -
per sion of such ma te ri als, and thus the phys i cal in for ma tion nec es sary to de ter -
mine if finfish-shell fish in te grated aquaculture is a fea si ble op tion for Brit ish Co -
lum bia, and Can ada, from a sea food safety per spec tive.

The ob jec tive of this 2-yr study was to quan ti ta tively doc u ment the cul ture per -
for mance of two com mer cially-im por tant deep water shell fish spe cies, the Pa cific 
oys ter (Crassostrea gigas) and the Jap a nese scal lop (Patinopecten yessoensis)
in cor po rated ad ja cent to ma rine finfish cul ture op er a tions, and to de ter mine
(from a sea food safety per spec tive) whether finfish-shell fish in te grated
aquaculture is a vi a ble op tion for the Ca na dian aquaculture in dus try.

The spe cific ob jec tives of the study, which took ad van tage of a de sign and in -
fra-struc tural frame work that ex plored the po ten tial for waterborne con tam i nant
dis per sion and per sis tence, were to: 

• quan tify the growth rates and sur vival of the shellstock de ployed at var i ous
dis tances from two ma rine netcage cul ture sites (one At lan tic salmon, one Pa -
cific salmon); 

• mon i tor, over an 18-month growth pe riod for the an i mals, the body-bur den
lev els of se lected chem i cal, therapeutant, and bac te ri o log i cal con tam i nants
con sid ered of con cern and po ten tially orig i nat ing from ad ja cent ma rine
finfish cul ture op er a tions; 

• im ple ment blind organoleptic test ing of the pro ject shellstock to doc u ment
(in com par i son with other re mote shell fish pro duc tion sites) the qual ity and
pos si ble “taint ing” of shell fish grown ad ja cent to salmon farms; and to

• as sess the re sults of these pro ject data in terms of prod uct safety, and the tech -
ni cal and eco nomic fea si bil ity of in te grated finfish-shell fish aquaculture in
coastal Brit ish Co lum bia.
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This pa per, which was pre sented at the 2004 IMTA Work shop in Saint John,
New Bruns wick, pro vides a sum mary of this 2-yr re search ini tia tive, with a fo cus
on the im pli ca tions for com mer cial iz ing in te grated aquaculture and the as so ci -
ated needs for pol icy and reg u la tory re form that would fa cil i tate such de vel op -
ment. 

Methods and Materials

This re search was con ducted at two salmon farms. The cri te ria used to se lect
these sites in cluded an ef fort to have sites that:

• would be rep re sented by both an At lan tic salmon (Salmo salar) and Pa cific
salmon (Oncorhynchus tshawytscha) pro duc tion fa cil ity, en sur ing that
unique as pects of the op er a tions that could re flect con tam i nant load ing dif -
fer ences would be as sessed (e.g., chemotherapeutant us age, or ganic waste
load ing as so ci ated with FCR char ac ter is tics, etc.);

• had com pa ra ble lev els of pro duc tion, en sur ing sim i lar waste ma te rial load ing 
and po ten tial level of en vi ron men tal ef fects;

• were rep re sented by sig nif i cantly dif fer ent phys i cal ocean o graphic prop er -
ties, al low ing an eval u a tion of waterborne con tam i nant dis per sion and en vi -
ron men tal per sis tence un der vary ing phys i cal con di tions;

• dis played bio phys i cal at trib utes that would sug gest the sites were good can -
di dates for shell fish aquaculture; and

• were a rea son able dis tance from a coastal com mu nity cen ter to en sure that
sam ple ac qui si tion and trans port to lab o ra to ries oc curred in a timely man ner.

The two sites se lected for the study, Young Pas sage and Ven ture Point, sat is fied
each of the above cri te ria, as well as be ing in rel a tively close prox im ity to fur ther
sup port sur vey/sam pling lo gis tics. The two study sites are sit u ated north of
Camp bell River, in coastal Brit ish Co lum bia, Canada (Fig. 1).
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The spe cies of shell fish used for this as sess ment were Crassostrea gigas, the Pa -
cific oys ter, and Patinopecten yessoensis, the Jap a nese scal lop. Both spe cies are
com mer cially im por tant sus pended (off-bot tom) aquaculture spe cies, en sur ing
that re sults of this re search could be ap pli ca ble from a com mer cial iza tion per -
spec tive (i.e., de vel op ment of in te grated finfish and sus pended shell fish
aquaculture em ploy ing these spe cies). These spe cies also pro vided in her ent bi o -
log i cal dif fer ences that fur ther sup ported the ob jec tives of the study (e.g., dif fer -
en tial fil tra tion rates, con tam i nant re ten tion pe ri ods, etc.). As var i ous tis sue com -
po nents of the scal lop are used as sea food prod ucts (e.g., meats, roe-on meat,
whole an i mal), this spe cies per mit ted a tis sue par ti tion ing com po nent of the re -
search to be con ducted, al low ing eval u a tion of pos si ble wa ter qual ity ef fects on
po ten tial har vest con straints, man age ment re quire ments, and/or sea food pro cess -
ing op tions. 

Sam pling equip ment and test bi valve molluscs were sus pended in the wa ter col -
umn from a shell fish longline (3-cm di am e ter polysteel rope), sup ported hor i zon -
tally (1.0 m be low the sea sur face) by reg u larly-spaced poly eth yl ene floats
(41-cm di am e ter). The longline sys tem was aligned in the down stream di rec tion
from the finfish pro duc tion fa cil ity (de ter mined through tidal cur rent mea sure -
ments), at tached to the steel cage sys tem at one end and an chored in place with a
2-tonne ce ment block at the other (Fig ure 2 il lus trates the vis i ble fea tures of this
in fra struc ture). The en tire float ing por -
tion of this struc ture was 250 m in
length.

Fig ure 3 pro vides a di a gram matic
rep re sen ta tion of this in fra struc ture
show ing the plan-view and side-view
con fig u ra tion of sam pling in fra struc -
ture in re la tion to the sea sur face, sea
bot tom, and the ad ja cent netcage sys -
tem. The up per por tion il lus trates the
po si tion of the sam pling sta tions that
were es tab lished along the shell fish
longline. A to tal of ten sta tions were
de ployed along the line at each of the
two study sites. Sam pling sta tions were 
con cen trated in the near-field re gion of
the netcage where waste ma te rial and
waterborne con tam i nant ef fects were
pre sumed to be the great est. These sta -
tions were es tab lished at the netcage
per im e ter (0 m), and then down stream
at 10, 20, 30, 50, 75, 100, 125, 175, and
225 m from the edge of the netcage sys -
tem.

An elev enth sam pling sta tion was de -
ployed within the near est netcage at
each of the sites. This sta tion was con -
sid ered a pos i tive con trol to the study
as all of its con stit u ent sam pling ap pa -
ra tus would be in di rect con tact with the 
ma te ri als en ter ing the farm sys tem (i.e., 
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Fig ure 3

Con fig u ra tion of re search in fra struc ture show ing shell fish longline sys tem in re la tion to netcage aquaculture

fa cil ity. A) Hor i zon tal dis tri bu tion of sam pling infrastructure; B) Ver ti cal dis tri bu tion of sam pling in fra struc ture

in re la tion to farm struc tures. 

A. Plan-view di a gram of netcage sys tem in re la tion to ex per i men tal longline and sam pling sta tions

B. Side-view di a gram of netcage sys tem in re la tion to clos est sam pling in fra struc ture
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Fig ure 4

Re search in fra struc ture con fig u ra tion show ing ar range ment of shell fish and sed i ment can is ter equip ment at

each sam pling sta tion.



feed, fe cal ma te rial (and its leachates), trace met als from sur round ing treated
nets, etc.). 

The ma rine netcage sys tems at the study sites were steel cages that mea sured 30
x 30 m, with a depth of ap prox i mately 22 m. Fig ure 4 pro vides a cross-sec tional
view of the netcage sys tem in re la tion to the es tab lished shell fish longline in fra -
struc ture. The ver ti cal area oc cu pied by the sam pling gear at each of the first three 
sta tions (in-cage, per im e ter, and at 10 m) is de lim ited with the rect an gu lar box
(ver ti cal axis elon gated). This is the area in which the shell fish were sus pended
from the longline at these sta tions; a sim i lar con fig u ra tion was used for each of
the down stream sta tions not shown in the fig ure.

Data ac qui si tion, over a com plete finfish pro duc tion cy cle, in cluded: (i) de -
tailed ocean o graphic eval u a tions of wa ter move ment through the netcage sys tem
and down stream through the shell fish cul ture com po nent of the in te grated
aquaculture sys tem; (ii) rou tine sam pling of shellstock to as sess cul ture per for -
mance; (iii) reg u lar sam pling of shell fish tis sues to doc u ment body-bur den lev els 
of trace met als; (iv) op por tu nis tic sam pling of shell fish tis sues to de ter mine lev -
els of chemotherapeutant res i dues re leased from the finfish sys tem post-treat -
ment; and (v) mea sure ment of or ganic waste load ing, dis per sion, and chem i cal
com po si tion.

Results

A few ex am ples from the re search pro gram have been ex tracted from the pro -
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Fig ure 5

Con tour plot of Patinopecten
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func tion of the dis tance from
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mm/month) across each of

the 12 sur vey pe ri ods (X axis: 

Julian day start ing at Jan u -

ary 2002) for each of the 10

longline sta tions. A: April-

May 2002. B: Au gust-Oc to ber 

2002. C: April-May 2003.



gram da ta base to il lus trate the ef fects that have bear ing on Ca na dian IMTA de vel -
op ment from a pol icy and reg u la tory per spec tive. 

Shell fish per for mance

Shell fish were sam pled ev ery 30 to 45 d over an en tire pro duc tion cy cle. Shell
height and mor tal ity were used as mea sures of cul ture per for mance, with the re -
sult ing data used to as sess spa tial (dis tance down stream of netcage sys tem) and
tem po ral (sea sonal, pro duc tion-re lated) dif fer ences. Fig ure 5 il lus trates the
change in growth rates for the Young Pas sage scal lops over the 2-yr pe riod
(x-axis) with re spect to dis tance from the netcage sys tem (y-axis). This con tour
plot shows sea sonal in creases in growth (spring and late sum mer, early fall) as so -
ci ated with typ i cal phytoplankton fluc tu a tions. Win ter growth is sig nif i cantly re -
duced. 

There does not ap pear to be any pos i tive or neg a tive ef fects on growth as so ci -
ated with prox im ity of the test shell fish to the finfish com po nent of the in te grated
sys tem. This held true for both study sites and for each of the shell fish spe cies ex -
am ined. It is spec u lated that nat u ral seston lev els are suf fi ciently high as to mask
the con tri bu tion of that of the finfish farm; given a max i mum up take (fil tra tion
rate) in these bi valve spe cies, the re sult ing growth as so ci ated with the farm com -
po nent of these sus pended organics can not be de tected. This does not, how ever,
sug gest that these farm-de rived or ganic con stit u ents (and any as so ci ated con tam -
i nants) are not bioavailable to these shell fish, but rather that they do not have a cu -
mu la tive ef fect that can be seen in the growth of the shellstock. On the east coast,
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Fig ure 6

Dis per sion of or ganic wastes

down stream of the Young

Pas sage finfish aquaculture

fa cil ity. Up per graph shows 

retention of organics in the

mid-wa ter sed i ment col lec tion

can is ters while the lower graph  
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above the seafloor at each

down stream sta tion. Data are

stan dard ized to g/m
2
/day.



en hanced growth has been shown in a va ri ety of such eval u a tions (e.g., Nortug et
al.(4)), but with mus sels.

In terms of sur vival, all shell fish grown in close prox im ity to the farm per formed 
sim i larly to that of a typ i cal shell fish aquaculture fa cil ity. Over all pro duc tion
mor tal ity (seed to har vest) was con sis tently be tween 2 and 4%, with no ap par ent
re la tion ship with dis tance from the netcage sys tem.

Waste Dis per sion and Char ac ter is tics

Sed i ment can is ters were used to doc u ment the dis per sion pat tern of or ganic
waste ma te rial orig i nat ing from each of the two finfish aquaculture fa cil i ties. The
dis per sion of settleable sol ids was clearly re lated to tidal dy nam ics. The faster
flows as so ci ated with the Ven ture Point farm site re vealed a greater dis tri bu tion
field for these wastes, with the load ing (per square me ter) sub stan tially re duced
across the 10 down stream sam pling sta tions. At the site with much lower tidal ac -
tiv ity, the dis per sion was con fined to be low and im me di ately ad ja cent to the
netcage sys tem. In both cases, a much smaller frac tion was avail able within the
mid-wa ter cap ture, sug gest ing that the ma jor ity of the ma te rial is con fined to the
near-field re gion of the fa cil ity. 

Fig ure 6 com pares the up per and lower sed i ment can is ter re sults for the Young
Pas sage farm site. The down stream dis per sion of this settleable ma te rial ap pears
to be con cen trated be low and im me di ately ad ja cent to the netcages, with a max i -
mum dispersive range of ap prox i mately 100 m. Waste load ing es ti mated from
within-cage in di cates that ap prox i mately 17 to 18 g/m2/day is dis charged from
the cage, with this value re duced to less than 1.0 g/m2/day at the seafloor some 75
m down stream.
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Fig ure 7

Lev els of oxy tet ra cy cline

(OTC) found in scal lop

vis cera (adductor mus cle

ex cluded) post-treat ment

at Young Pas sage

salmon farm site. 



Wa ter qual ity ef fects

The po ten tial for con tam i na tion of shell fish tis sue grown in close prox im ity to a
com mer cial finfish aquaculture fa cil ity was tested over the en tire pro duc tion cy -
cle at each of the two test sites. Tis sues were an a lyzed for a suite of trace met als,
with a fo cus on po ten tial can di dates that could be at trib uted to micronutrient feed
ad di tives or to leachates from the op er a tional in fra struc ture (e.g.,
antifoulant-treated nets, gal va nized sys tem com po nents, etc.). 

Al though there was some in di ca tion of near-field up take by the ad ja cent
shellstock, the con cen tra tions re mained low and their per sis tence de pend ent upon 
tidal con di tions, du ra tion of ex po sure, and clear ance rates for the spe cies in ques -
tion. Fig ure 7 pro vides an ex am ple of shell fish tis sue lev els re sult ing from an
in-feed treat ment of oxy tet ra cy cline (OTC) at the study farm site ap plied over a
10-d pe riod. The shellstock grown down stream of the farm did not show in -
creased tis sue level re sponse (above an a lyt i cal de tec tion) un til 7 d post-OTC treat -
ment ini ti a tion, and from that point re vealed an on go ing ac cu mu la tion to a max i -
mum at ap prox i mately 12 d fol low ing the start of the OTC treat ment. The scal lop
vis cera (adductor ex cluded: did not show any ac cu mu la tion of OTC) achieved lev -
els of 1.4 mg/g (ad ja cent and within the netcages), with a down stream mea sur able
ef fect to ap prox i mately 175 m, at which dis tance lev els were at the ac cept able Ca -
na dian Food In spec tion Agency (CFIA) har vest level for finfish tis sue (0.2 mg/g).
All of these val ues, how ever, fell well be low the ac cept able level for hu man con -
sump tion as per mit ted by the US De part ment of Ag ri cul ture (USDA) (2.0 mg/g).
Shell fish tis sue clear ance also oc curred in these shell fish, with lev els re turn ing to
be low de tec tion within ap prox i mately 3 weeks of treat ment. 

The per sis tence of OTC res i dues in the wa ter col umn will de ter mine the
bioavailability to ad ja cent shell fish, and thus the ul ti mate tis sue lev els that will
de fine sea food safety con cerns for any prod uct cul tured for pro duc tion pur poses.
The lev els noted in Fig ure 7 were found only at the farm site with min i mal tidal
ex change, sug gest ing a lo cal ized per sis tence that re sulted in the above sit u a tion.
In con trast, at the high-en ergy farm site, sam ples re vealed that no
chemotherepeutant res i dues were found above that of the limit of an a lyt i cal de -
tec tion. It is hy poth e sized, given these con tra dic tory re sults, that in ar eas where
the di lu tion pro cess is suf fi cient, bioavailable con cen tra tions (even at the clos est
sta tion) are ex tremely low and thus will not lead to any mea sur able in crease in the
shell fish tis sue. 

Discussion and Conclusions

This west coast re search pro gram has dem on strated that finfish-shell fish in te -
grated aquaculture, one pos si ble com po nent of a more com plex IMTA sys tem
(e.g., Neori et al. (3)), is a fea si ble aquaculture de vel op ment for Can ada and likely
for other tem per ate coastal re gions. Data ac quired through pro duc tion-cy cle
mon i tor ing have shown some lo cal ized wa ter qual ity im pacts on the shell fish
com po nent, al though these ef fects are con sid ered largely site-spe cific (re lated to
ocean o graphic and phys io graphic char ac ter is tics) and man age able given their
tem po ral na ture.

Re search im pli ca tions on IMTA pol icy de vel op ment

This re search ini tia tive has in di cated that wa ter qual ity in ter ac tive ef fects are
site-spe cific, with the oc cur rence and mag ni tude of these ef fects de ter mined (in
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part) by the hy dro graphic char ac ter is tics of the IMTA farm site. The in ter mit tent
na ture of these im pacts on IMTA prod uct qual ity may re quire im ple men ta tion of a
farm-based man age ment (mon i tor ing) sys tem to en sure har vest tim ing avoids pe -
ri ods of tis sue con tam i na tion (al beit at low con cen tra tions). This may not be any
more cum ber some than some re gional in dus try-gov ern ment man age ment pro -
grams as so ci ated with bac te ri o log i cal and/or biotoxin mon i tor ing. Such ini tia -
tives might re quire the de vel op ment of HACCP pro to cols in clud ing farm op er a -
tional re cords for chemotherepeutant us age, pro jected clear ance pe ri ods (fish,
shell fish), sam ple col lec tion (tis sues; lot test ing), har vest ap prov als, etc. 

Re search im pli ca tions for in dus try de vel op ment of IMTA

Al though the lim i ta tion of ex pan sion space can be a pri mary fac tor for ex plor ing 
the fea si bil ity of IMTA, the aquaculture de vel op ment po ten tial in west ern Can ada
is lim ited not by spa tial con straint but rather by a com bi na tion of so cial and tech -
ni cal lim i ta tions. With aquaculture cur rently con cen trated within the south ern
reaches of the coast (Fig. 8), the cen tral and north ern re gions re main vir tu ally un -
touched.

Ex pan sion of the finfish sec tor to the cen tral and north coast re mains hin dered
by so cial un cer tainty. En vi ron men tal is sues con tinue to serve as a de ter rent for
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Fig ure 8
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new sites and coastal First Na tions re main di vided as to the risks of this sec tor as it
re lates to tra di tional coastal re sources (e.g., wild salmon, shell fish beds, kelps,
ab a lone). How ever, these per cep tions are not fo cused on the shell fish aquaculture 
sec tor, which re mains of in ter est to First Na tions as an al ter na tive to de clin ing
fish er ies and wild har vest op por tu ni ties.

While the finfish aquaculture sec tor main tains the in fra struc ture for re mote op -
er a tions, and thus the ca pac ity for de vel op ing the very re mote ar eas of the cen tral
and north coasts, the shell fish in dus try sec tor is pres ently op er at ing in ar eas with
di rect ac cess to up land in fra struc ture, in clud ing trans por ta tion, pro cess ing, seed
sup ply, la bour pool (and ac com mo da tion), etc. The de vel op ment of re mote ar eas,
al though tech ni cally fea si ble, would re quire con sid er ation of such lo gis tics and
the sig nif i cant cap i tal and op er a tional costs.

In con sid er ation of these aquaculture de vel op ment con straints, the in tro duc tion
of IMTA to the west coast of Can ada may serve as a con duit for de vel op ment of
both the finfish and the shell fish aquaculture sec tors in these re mote ar eas. The
ben e fits of in tro duc ing this new ap proach in cludes op por tu ni ties for shared: i) in -
fra struc ture, in clud ing on-site ac com mo da tion fa cil i ties and trans por ta tion lo gis -
tics; ii) farm per son nel; and iii) pro cess ing and mar ket ing. 

The de vel op ment of a shell fish (or other IMTA) com po nent may not nec es sar ily
be de sir able to a finfish com pany, but col lab o ra tive agree ments to de velop joint
op er a tions may prove valu able from a so cial per spec tive (First Na tions, coastal
com mu nity re vi tal iza tion, etc.).

IMTA has the po ten tial to pro vide con sid er able so cial and eco nomic op por tu ni -
ties for coastal com mu ni ties. IMTA could also add mea sur able en vi ron men tal ben -
e fits to ex ist ing aquaculture sys tems, set ting the stage for fu ture pro duc tion ef fi -
cien cies.
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In te grated Multi-trophic Aquaculture: 

Vari a tions on the Theme of Biofiltration

Dror An gel

Aquaculture effluents and the en vi ron men tal im pacts as so ci ated with
them are a ma jor con cern of the finfish farm ing in dus try, reg u la tory au -
thor i ties, and many other coastal stake holders. In te grated multi-trophic
aquaculture (IMTA) is a multi-pronged ap proach that ad dresses both en vi -
ron men tal con cerns and so cio eco nomic is sues re lated to in ten sive cage
aquaculture by cul ti vat ing biofiltering or gan isms in con junc tion with
finfish. Two modes of biofiltration are dis cussed: ex ten sive biofiltration,
which en tails pro vid ing hard sub strates that en able a nat u ral biofouling
com mu nity to be come es tab lished around the fish farm, and in ten sive
biofiltration, which in cludes the de ploy ment of com mer cially-vi a ble spe -
cies of in ver te brates and al gae around the fish cages. Nei ther of these
modes of biofiltration are cur rently em ployed in con junc tion with Eu ro -
pean aquaculture, but there is hope that this will change in the near fu ture. 

In ter ac tions be tween aquaculture and the ma rine en vi ron ment have been in ten -
sively stud ied over the past two de cades.(1-5) Key pa pers that emerged from these
stud ies fo cused on the geo chem i cal im pacts as so ci ated with or ganic en rich ment
of the sea floor un der fish cages and on the changes ob served in the fau nal com -
mu ni ties un der ly ing the fish farms.(6-8) Aquaculture im pacts on the wa ter qual ity
of the re ceiv ing wa ters (wa ter col umn ef fects) in most ar eas were prac ti cally im -
mea sur able(9-11) and there fore gen er ally ig nored. Biogeochemical ef fects on the
sea floor were much more ev i dent and were even tu ally adopted as in di ca tors of
the de gree of neg a tive im pact a cer tain farm had on its sur round ings.(12-15) Since
en vi ron men tal reg u la tions stip u late that a fish farm may not ex ceed a given ben -
thic im pact, it be came nec es sary for fish farm ers to re duce their or ganic load ing. 

To re duce or ganic loads be low fish farms, sev eral work ers con sid ered the fea si -
bil ity of cap tur ing fall ing par ti cles(16) and/or re mov ing or gan i cally-en riched sed i -
ments from the sea floor by me chan i cal means.(17,18) While these are good ideas,
they are not “sus tain able” so lu tions be cause they: a) may cre ate new en vi ron men tal
prob lems (e.g., nu tri ent en rich ment as a re sult of resuspension of or gan i cally-en -
riched sed i ments), b) may in crease the im pacted area, c) are in ef fi cient at nu tri ent re -
moval, and d) are very costly and there fore would not be em ployed by fish farm ers. 

A sus tain able al ter na tive to the “me chan i cal so lu tions” is a bi o log i cal ap proach to 
aquaculture waste man age ment. The bi o log i cal cap ture of effluents, also known as
biofiltration, is where a va ri ety of an i mals, plants, and mi crobes are used to ei ther
min er al ize or pack age the par tic u late and dis solved aquaculture nu tri ents into bio -
mass. Biofilters are one of the es sen tial el e ments of suc cess ful and eco nom i cal
land-based re cir cu lat ing aquaculture sys tems since they re move ex cess nu tri ents,
main tain good wa ter qual ity, and en able the wa ter to be re-used.(19) In many sys -
tems, biofiltration is per formed pri mar ily by ni tri fy ing bac te ria, whereas in oth ers,
the biofilter bio mass (al gal or in ver te brate) may be har vested (see be low), thereby
serv ing as a bo nus to the fish farmer. 
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In net-cage aquaculture, biofilters may help main tain en vi ron men tal in teg rity by
cap tur ing effluents that would oth er wise en ter coastal wa ters, lead ing to
eutrophication or other ef fects. I’d like to dis cuss two types of biofiltration sys tems
that may be em ployed around net-cage fish farms: ex ten sive and in ten sive
biofilters. Ex ten sive biofilters are com mu ni ties of nat u rally-oc cur ring or gan isms
that de velop on ar ti fi cial struc tures de ployed near fish farms with the in ten tion of
cap tur ing and then ei ther min er al iz ing or har vest ing as much of the aquaculture
effluents as pos si ble. One of the early de signs of this sort of biofilter was con -
structed by Chojnacki and Ceronik(20,21) to stim u late re moval of ex cess nu tri ents
from the highly eutrophic Pol ish coast of the Bal tic Sea. This idea was ex tended to 
the re moval of aquaculture effluents around Finn ish fish farms in the north ern part
of the Bal tic Sea,(22) as a means to make finfish cage aquaculture more sus tain able.

In early 1998 two ben thic ar ti fi cial reefs were de ployed near a com mer cial fish
farm in the Gulf of Aqaba, Red Sea (Fig. 1), and mon i tored to as sess whether they
could cap ture sub stan tial amounts of aquaculture effluents and also pro vide im -
prove ment to the im pacted benthos be low the fish cages.(23,24) The struc tures were
rap idly col o nized by rich and di verse com mu ni ties of in ver te brates and fish (Fig. 2),
which re moved sub stan tial quan ti ties of chlo ro phyll a from the seston. A more elab -
o rate sys tem of ben thic biofilters was con structed and de ployed on the sea floor
around fish cul ture zones in Hong Kong, to
ex am ine whether the reefs lead to changes in
sed i ment and wa ter qual ity (www.ar ti fi -
cial-reef. net). Pre lim i nary data in di cate
there is im prove ment in both the qual ity of
the wa ter over ly ing the sed i ments and in the
sed i ments them selves.(25) 

The suc cess of the ben thic ar ti fi cial reefs
un der the Red Sea fish farms led to a larger
pro ject, BIOFAQs (www.sams.ac.uk/
biofaqs/) which fo cused on the de ploy ment
of ar ti fi cial set tle ment sub strates in the wa -
ter col umn (Fig. 3) ad ja cent to the fish
cages.(26) This pro ject, con ducted at fish
farms in four coun tries (Scot land, Slovenia,
Greece, Is rael), dem on strated the po ten tial
to cap ture and har vest fish farm effluents in
the form of biofouling bio mass. The 
ad van tage of ex ten sive biofilter sys -
tems is that they are rel a tively in ex -
pen sive to con struct, de ploy, and
main tain, but they gen er ally do not
pro duce a high-value crop. More -
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Fig ure 1

Ben thic biofilter (plas tic

struc ture—2.8 m x 2.4 m 

x 2.4 m, WxLxH) lo cated

at 23 m depth, ad ja cent

to the Ardag fish farm in 

the north ern Gulf of

Aqaba, Red Sea, just

af ter de ploy ment in

March 1999 (pho to graph,

Ste phen Breitstein).

Fig ure  2

Close-up of one of the ben thic

biofilter cyl in ders show ing a

di verse com mu nity of foul ing

or gan isms, epifauna and fish, Gulf

of Aqaba, Red Sea, in July 1999,

four months af ter de ploy ment 

(pho to graph, Noa Eden).



over, the ef fi ciency of biofiltration in a “mixed-com mu nity” is un known since we
do not con trol the com po si tion of the at tached com mu nity. The al ter na tive to the
ex ten sive biofilter model is the in ten sive biofilter.

In ten sive biofilters are “planned” com mu ni ties of ses sile or motile an i mals
and/or macroalgae that have com mer cial value. There is a large ini tial in vest ment
in seed ing the lines or biofilter sur faces with spe cific in ver te brates and al gae, as
well as an in vest ment in main te nance of the biofilter com mu ni ties to en sure op ti -
mal sur vival and growth rates. How ever, the fil tra tion rates of these biofilters are a
lot more pre dict able than the ex ten sive sys tems since the biofiltering or gan isms
are gen er ally ones that have been stud ied. More over, the eco nomic ben e fit from
the biofilter “crop” is a bo nus to the farm ers since one of the cri te ria in se lect ing the 
spe cies is their com mer cial value. Al though the fo cus of this dis cus sion is
biofiltration as it ap plies to net-cage mari cul ture, there are many ex am ples of in -
ten sive, land-based (e.g., ponds or tanks) in te grated aquaculture that em ploy the
same prin ci ples. Buschmann et al.,(27) Cho pin et al.,(28) Troell et al.,(29) and Neori et
al.(30) de scribed sys tems that fo cus on the in te gra tion of finfish and sea weed
aquaculture, while Shpigel et al.(31) and Neori et al.(32) de scribed slightly more com -
plex sys tems for land-based co-pro duc tion of finfish, macroalgae and molluscs.

With re gard to “open” net-cage mari cul ture, Kautsky and Folke,(33) and Folke and
Kautsky,(34) pro posed one of the early con cep tual mod els for sus tain able salmon
aquaculture that in volved bi valve and macroalgal pro duc tion on fish cage effluents.
Sub se quently, Hirata,(35) Troell et al.,(36) and Cho pin et al.(37) pro vided some ev i -
dence that co-cul ture of macroalgae around net-cage fish farms is a fea si ble means
to trap dis solved in or ganic farm effluents. Sev eral other stud ies (38-40) in di cated that
shell fish co-cul tured with finfish might be very use ful for tak ing up par tic u late or -
ganic effluents gen er ated by the fish farms. Some of the most re cent and prom is ing
work on both sea weed and shell fish aquaculture in con junc tion with salmon farms
has emerged from the Ca na dian AQUANET pro ject (www.aquanet.ca). This pro ject
has dem on strated the bi o log i cal fea si bil ity of co-cul ti va tion of dif fer ent “trophic
lev els”, and has ad dressed food safety, socio-eco nomic, and other con cerns re lated
to such in te grated multi-trophic aquaculture (IMTA).(41-43) 

Ad di tional work on IMTA has fo cused on the cul ti va tion of var i ous other an i mals
on aquaculture effluents, serv ing both en vi ron men tal and com mer cial in ter ests.
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Fig ure 3

An ar ray of 8 cy lin dri cal

plas tic biofilters (each 25

cm di am e ter, 50 cm 

height) de ployed at 8 m

depth, 15 m west of the

Ardag fish cages in the

north ern Gulf of Aqaba,

Red Sea, Oc to ber 2001

(pho to graph, Ste phen

Breitstein).



Ahlgren(44) stud ied co-cul ti va tion of sea cu cum bers and salmon, Por ter et al.(45) and 
Katz et al.(46) ex am ined co-cul ti va tion of sea bream and grey mul lets (Fig. 4), and
Kelly et al.(47) and Cook et al.(48) in ves ti gated sea ur chin and salmon co-cul ti va tion.
These, and other on go ing stud ies, in di cate there are nu mer ous cre ative and prof it -
able ways in which we may sustainably har ness the en ergy and nu tri ents re leased
from in ten sive net-cage aquaculture. 

Al though sev eral of the IMTA pi o neers were Eu ro pe ans (e.g., Troell, Folke, and
Kautsky), in te grated aquaculture has not yet been adopted in open aquaculture
sys tems in the Eu ro pean Un ion. The real, and per ceived, en vi ron men tal im pacts
of aquaculture are one of the main con cerns that have in hib ited the growth of this
in dus try in Eu rope. Whereas there have been a num ber of large multi-na tional
pro grams (ICES, MARAQUA, OAERRE) fo cus ing on the es tab lish ment and adop -
tion of best en vi ron men tal prac tices for aquaculture, Eu ro pean pol icy re gard ing
aquaculture is still in a frag mented state(49) and this has in hib ited de vel op ments in
the field of im pact mit i ga tion. As a re sult, though many ac knowl edge the need for
prac ti cal IMTA in Eu rope (http://www. easonline.org/agenda/en/AquaEuro
2003), at the time of this writ ing there are still sev eral hur dles re gard ing con ven -
tional aquaculture that must be over come be fore IMTA can be ad dressed.
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In te grated Multi-Trophic Aquaculture: 
The In ter ac tions with En vi ron ment Can ada

Amar Menon

The de vel op ment of sus tain able in te grated multi-trophic aquaculture
(IMTA) op er a tions re quires that cer tain reg u la tions and leg is la tive re quire -
ments be met. Some of the key com po nents of the En vi ron ment Can ada
man date and leg is la tion ap pli ca ble to IMTA are the Ca na dian En vi ron -
men tal As sess ment Act (CEEA), Ca na dian En vi ron men tal Pro tec tion Act
(CEPA), Fish er ies Act (sec tion 36), Mi gra tory Birds Con ven tion Act
(MBCA), Spe cies at Risk Act (SARA), and the Ca na dian Shell fish San i ta -
tion Pro gram (CSSP) from a sea food safety per spec tive.

En vi ron ment Can ada pro vides ex pert ad vice for en vi ron men tal as sess -
ments of aquaculture pro jects and ac tiv i ties cov ered un der CEEA. The aim 
is to en sure that aquaculture pro jects are sited, de signed, op er ated, and
de com mis sioned in a man ner con sis tent with fed eral en vi ron men tal leg is -
la tion and pol i cies. En vi ron ment Can ada has pro duced guide line doc u -
ments for ma rine-based finfish aquaculture, shell fish aquaculture, fresh -
wa ter aquaculture, and land-based aquaculture that pro vide guid ance on
the in for ma tion re quired for en vi ron men tal as sess ment.

This pa per pre sented a brief sum mary of re search and de vel op ment un -
der taken by En vi ron ment Can ada in the area of aquaculture. It also out -
lined a num ber of chal lenges and op tions for con sid er ation by the in dus -
try with re spect to the de vel op ment of IMTA in Can ada. Ap pli ca tion for
IMTA must go through the en vi ron men tal as sess ment re view pro cess and
meet the re quire ments for CSSP. Be fore shell fish from IMTA op er a tions
can be mar keted, an amend ment would have to be made to the CSSP man -
ual of op er a tions to al low shell fish raised in closed prox im ity to finfish
net-pens to be mar keted. A mon i tor ing and HACCP pro gram should be in
place to en sure the prod ucts pro duced from the pro cess are safe for hu -
man con sump tion. 

There are sev eral en vi ron men tal con cerns to con sider in the com mer -
cial iza tion of IMTA. Not with stand ing the eco nom i cal and en vi ron men tal
ben e fits of the sys tem, one must be con cerned with the safety of the shell -
fish prod uct for hu man con sump tion. Al though the ex tent of the risk is
un known and has not been doc u mented, a pre cau tion ary ap proach will be 
nec es sary un til more in for ma tion is avail able to de ter mine the po ten tial
risk of chem i cals and tox ins ac cu mu lated by shell fish in IMTA un der dif -
fer ent geo graph ical and en vi ron men tal con di tions. 

Au thor

Amar Menon (email: amar.menon@ec.gc.ca) is with En vi ron ment Can ada, 45
Alder ney Drive, 16th Floor, Dartmouth, NS Can ada B2Y 2N6 .
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In te grated Multi-Trophic Aquaculture:

An In dus try Per spec tive 

Pat rick Fitz ger ald

This pa per de scribes the his tory of the in volve ment of Her i tage
Salmon Ltd. with the in te grated multi-trophic aquaculture
pro ject (IMTA), dis cusses the po ten tial ben e fits of IMTA to the
salmon in dus try, and lists some of the hur dles that will have to
be over come to make the pro ject a com mer cial suc cess. 

In tro duc tion

I would like to start by pre sent ing some of the back ground on how Her i tage
Salmon Ltd. be came in volved in the IMTA AquaNet pro ject. I will also de scribe
the cur rent sta tus and the fu ture of the  pro ject and how IMTA could fit into a
salmon farm ing op er a tion (Fig. 1). I want to touch on some of the spe cies of con -
cern (mus sels and sea weeds), in dus try ex pe ri ence with these spe cies, our cur rent
in ter est in the project, what we see as pos i tive, neg a tive, and un known about the
pro ject, and where we would like to go from here.

Tra di tion ally, mus sels have been con sid ered a foul ing spe cies. The tre men dous
bio mass that can ac cu mu late on salmon cages can cause a great deal of me chan i -
cal dam age to the struc tures and net ting. Fish farms can lit er ally sink from the
weight of the mus sels and nets can be torn and dam aged if there is any amount of
cur rent. The phys i cal pres -
ence of the mus sels can in -
hibit wa ter flow through
the net, starv ing the fish of
ox y gen and  re duc ing their
growth. The nets them -
selves be come al most un -
man age able from the mass
of mus sels that ac cu mu -
lates (Fig 2). As a re sult,
mus sels can have a sig nif i -
cant fi nan cial im pact on a
fish farm and have not been 
a fa voured spe cies. 

Sea weeds are also foul -
ing or gan isms. Their pres -
ence on the struc tures can
im pede the flow of wa ter
into the cages and, es pe -
cially at night, they con -
sume ox y gen and can con -
trib ute to stress from low
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Fig ure 1

Salmon farm in the Bliss 

Har bour area of the Bay

of Fundy har vest ing

salmon us ing a

har vest ing barge

(pic tured in the

back ground). 



ox y gen. Their pres ence on the site can also mask any po ten tial prob lems with gear 
(Fig. 3). For ex am ple, if you have kelps grow ing all over the grid, you can not tell
if you have a loose shackle or if a net is start ing to tear. If there are a lot of kelps or
rockweeds in the cages, they can be come mixed up with the feed, making the feed
un avail able to the fish. Ul ti mately the feed rots, mak ing a mess of the site.

In the past, foul ing has had a high fi nan cial cost as it re duces fish growth, in -
creases stress on the fish, and causes chronic ox y gen de ple tion. Be cause of that,
you gen er ally have poorer feed con ver sion ra tios (i.e., it takes more pounds of
feed to grow a pound of fish). The cost of chang ing nets in creases and it be comes
quite an ex er cise to change the nets. If you have 25 pens on a site, for ex am ple, it
would take the better part of a month to change all the nets. The cost of treat ing the 
nets with antifoulant is also sig nif i cant. Cur rently, for a net that costs $10,000,
about $3,000 of the cost is di rectly at trib ut able to the antifoulant. So we spend a
lot of money not to have these or gan isms on the site. Up to this point, they have
cost us a fair amount of grief.

The AquaNet Pro ject

What caught our in ter est in this in te grated multi-trophic aquaculture (IMTA)
pro ject was the pre lim i nary work done by Shawn Rob in son and his group on mus -
sels, and the work done by Thierry Cho pin and his group on sea weeds. They came 
to us with some pre lim i nary data show ing greatly en hanced growth of these spe -
cies close to our salmon cages. The great en thu si asm of these in ves ti ga tors and
their stu dents made it hard to say “no”.

On our fish farm, prior to the ad vances of antifoulants, we had seen tre men dous
in creases in the bio mass of sea weeds and shell fish on cages. When left un -
checked, cages had sunk as the crew were not able to keep up with net changes be -
cause the mus sel bio mass in creased so fast.  So we knew that mus sels and sea -
weeds were grow ing quickly on the farm site. It was good that some one was go ing 

to quan tify their growth
en hance ment  on the
farm.

We be came in volved in
the IMTA pro ject to see if
the con cept is fea si ble, to
de ter mine the im pact on
the salmon site,  and to
find out what the end
prod uct would be like.
We also wanted to see if
the shell fish and sea -
weeds had a pos i tive ef -
fect on the en vi ron men tal 
qual ity at the finfish site.
Most of the en ergy avail -
able to the shell fish and
sea weeds co mes from the 
ex cess salmon feed at the
site. We wanted to be
able to con vert the en -
ergy from the or ganic
and in or ganic waste ma -
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Fig ure 2

Ju ve nile mus sels (Mytilus 
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when they were be ing

changed in the spring

us ing a work barge with a 
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length of the mus sels

was about 17 mm.



te rial into other prod ucts. If
we are putt ing the stuff into
the wa ter and it is drift ing
around, then per haps it
could be cap tured by other
spe cies that we could then
sell. Also, just to add to the
gen eral body of knowl edge
on IMTA, we were happy to
pro vide a plat form for fur -
ther  re  search on the
AquaNet IMTA pro ject  and
hope fully, at the end, to
make some money on it.

The Pros and Cons

There are a lot of positives 
as to how IMTA could fit
into ex ist ing op er a tions.
Salmon sites are al ready
pres ent in the area (some
have been in op er a tion for up to 20 years), the food source from the salmon is al -
ready pres ent as we are feed ing the fish, the re quired par tic u late or ganic and dis -
solved in or ganic mat ter is in the wa ter col umn and is avail able for these other or -
gan isms, and the op er a tion of these com po nents is rel a tively low main te nance
once the lines and the rafts are seeded (i.e., once you get the farm set up you are
not feed ing these or gan isms ev ery day). The other spin-off is that IMTA is en vi -
ron men tally friendly: it ex tracts some of the ex cess nu tri ents from the wa ter
around the ex ist ing sites. Com pared to finfish farm ing, IMTA re quires rel a tively
low cap i tal in vest ment. Set ting up a mus sel or sea weed raft does not in volve a lot
of so phis ti cated equip ment. The ma jor ity of on-grow ing equip ment is al ready in
place (i.e., boats, barges, boom trucks) and we al ready have the per son nel. There
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Ta ble 1. Per ceived pros and cons of in te grated multi-trophic aquaculture

(IMTA) based on past in dus try ex pe ri ence with sea weeds and mus sels.

Pros

Salmon sites al ready ex ist

Food source is al ready pres ent

Op er a tion is rel a tively low main te nance once the rafts and lines are seeded

En vi ron men tally friendly

Rel a tively low cap i tal investment

Ma jor ity of on-grow ing in fra struc ture is al ready in place

Shell fish mon i tor ing pro gram is in place

Cons

Lack of pro cess ing fa cil i ties in the area

Lo cal ex per tise is fo cused on finfish

Fig ure 3

Kelps and rockweeds 

at tached and trapped to

the side of a salmon

cage.



is al ready a shell fish mon i tor ing pro gram in place for soft-shell clams, so labs are
equipped with up-to-date equip ment to mon i tor shell fish for a lot of the biotoxins
of con cern.

What we see as a neg a tive is the lack of pro cess ing fa cil i ties in the area. Al -
though there are a lot of idle fish pro cess ing plants in Char lotte County, there are
no shell fish pro cess ing fa cil i ties. Also, the ex per tise in the aquaculture in dus try is 
mostly fo cused on finfish. We don’t have any shell fish aquaculturists in the area;
in fact we know very lit tle about the re quire ments for the set-up of the site, the ap -
pro pri ate stock ing den si ties, han dling and grad ing tech niques, and the prob lems
that can oc cur. We also don’t know how many of these other al ter nate spe cies a
site can sup port. Over the years most salmon sites have de ter mined how many
tonnes of salmon can be pro duced, but there is likely an op ti mal ra tio of how
many tonnes of shell fish and sea weeds can be grown with each tonne of finfish.
We don’t know what that might be. In our area, salmon  is the main driver of the 
in dus try. We can not, nor would our share hold ers, put up with im paired per for -
mance of the finfish due to the other cul tured spe cies. There fore, we can not have
one spe cies be ing grown at the ex pense of an other. Ev ery thing has to be a pos i tive 
for this op er a tion.

The Fu ture

So what do we need?  We need the bless ing of the reg u la tors to al low co-cul ture
of sea weeds and shell fish in prox im ity to salmon. I don’t think that sea weeds have 
been much of a prob lem, but a cou ple of talks at this work shop showed that we
have a way to go yet on shell fish. We will have to en ter into some fairly se ri ous
dis cus sions and see if we can get some ex per i men tal ex emp tions or find some
way through the reg u la tory frame work. We need a site that will work with our ox -
y gen bud get as this is our big gest con cern right now. Both of these spe cies are ox -
y gen con sum ers (mus sels need ox y gen all day long; sea weeds are net ox y gen pro -
duc ers, but re spire at night). Tra di tion ally, ox y gen has been the lim it ing fac tor for 
finfish pro duc tion on cer tain sites. We are very cog nis ant of the ef fect of ox y gen
stress on fish and cer tainly would not want to ag gra vate that. We need more train -
ing and ex per tise in shell fish and sea weed cul ti va tion tech niques. As I men tioned
be fore, we have many peo ple in the area who are ca pa ble in finfish cul ture, but
there is rel a tively lit tle ex per tise in shell fish and sea weed culture. We know how
to mar ket finfish and well-es tab lished mar kets ex ist for shell fish from the At lan -
tic Prov inces. We have to see fur ther de vel op ments with the sea weeds, as Thierry
Cho pin has al luded to be fore. It will be im por tant to be able to sell sea weeds at dif -
fer ent times of the growth cy cle if they are to be used for cer tain prod ucts. This is
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Ta ble 2. Re quire ments for the salmon in dus try to con tinue with the de vel op ment of in te grated multi-trophic

aquaculture (IMTA).

  ‘Bless ing’ of the reg u la tors to al low the cul ture of sea weeds and shell fish in prox im ity to salmon

Ad di tional in for ma tion on ox y gen bud gets

De ter mi na tion of the optimal ra tio be tween salmon, mus sels, and sea weeds at a salmon site

More train ing and de vel op ment of ex per tise in shell fish and sea weed cul ti va tion tech niques

Mar ket de vel op ment, es pe cially with sea weeds

De ter mi na tion of the en vi ron men tal ben e fits of IMTA



stuff that we just don’t know much about. We also have to de ter mine the en vi ron -
men tal ef fects of this con cept. If this is go ing to be a good thing and the reg u la tors
like it, we want to be able to mea sure the per for mance in crease in the site.

So where do we go?  Right now, we are con struct ing rafts for de ploy ment at sev -
eral Her i tage Salmon Ltd. sites. We have iden ti fied four  sites where we are go ing
to de ploy the mus sel and sea weed rafts. We are ap ply ing for per mits to have these
other spe cies on the site. I have been in con ver sa tion with grow ers and sup pli ers
in Nova Sco tia and Prince Ed ward Is land. We will have to bring in some ex per tise
to help us get go ing in seed ing the mus sel rafts and hang ing the lines in or der to
move this for ward. Mind you, I don’t want to have 100 tonnes of mus sels next
year and not know what to do with them!

This is a quick his tory of how we be came as so ci ated with this pro ject, where we
see the ben e fits of it, and also some of the hur dles we will have to go through.

Author

At the time of the work shop, Pat rick Fitz ger ald was with Ma rine Op er a tions,
Her i tage Salmon Ltd., 874 Main Street, Blacks Har bour, NB Can ada E5H 1E6.
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Question Period

Ques tion: What do you see as the stum bling block in this pro ject?
An swer: If you had asked me yes ter day, I would have said

that the big gest stum bling block was that I had not done a
com plete eco nomic anal y sis of the con cept. We are a salmon
com pany and this is an add-on. What I would hope to see is
that this part of the op er a tion would carry it self eco nom i cally
and per haps even prof it ably. To day, I’m see ing a big stum -
bling block with the reg u la tors as far as get ting per mits to
grow the mus sels within 125 m from the fish cage. That is the
num ber one prob lem to day. We need to learn to walk be fore
we run, but we’re will ing to try. We are quite en thused about
it. We would n’t even be try ing if we did n’t think there was po -
ten tial here.

Ques tion: There is a po ten tial for de vel op ment of some of the bioactive
com pounds found in sea weeds. These could be more valu able than the fish
be ing grown. If this were so, would you bal ance off the pro duc tion of
salmon? 

An swer: Well we would, but we can’t an swer that to day. 
We need to know what the mar ket po ten tial is for the sea -
weeds (i.e., what are they used for, how are they pro cessed,
what is ex tracted from them).  If knowl edge came to light that
at cer tain times of the year this com po nent is worth a cer tain
amount of money, we would ex am ine the whole site to look at
the costs go ing in and the rev e nue com ing out.  We would be
ob vi ously look ing at max i miz ing our rev e nue.  We would not
be say ing “it is not salmon, so we won’t be sell ing it". 



De fin ing the Ap pro pri ate Reg u la tory and

Pol icy Frame work for the De vel op ment of

In te grated Multi-Trophic Aquaculture

Prac tices: The De part ment of Fish er ies

and Oceans Per spec tive

Jack Tay lor

Re search con ducted on in te grated multi-trophic aquaculture (IMTA)

sug gests there is great po ten tial for this con cept in Can ada. Col lab o ra -
tion be tween in dus try and gov ern ment is needed if IMTA is to de velop 
in Can ada. There are a num ber of pol icy and reg u la tory is sues re lated
to food safety, en vi ron men tal as sess ment, and pub lic con fi dence that
need to be ad dressed be fore com mer cial-scale pro jects can be ap -
proved.  

In tro duc tion

In te grated multi-trophic aquaculture (IMTA) of fers many ad van tages in clud ing
en hanced food and nutraceutical pro duc tion from a small foot print, im prove -
ments to lo cal en vi ron men tal con di tions around fish farms, and im proved ef fi -
ciency of reg u la tory sys tems. In Can ada we are only at the re search stage; how -
ever prog ress to date sug gests that there is great po ten tial for IMTA.

This dis cus sion will fo cus on the reg u la tory and pol icy is sues sur round ing
IMTA. It will ex am ine the prog ress in IMTA re search around the world and in
Can ada and dis cuss the state of readi ness of our pol icy and reg u la tory sys tem for
this type of ac tiv ity. Fi nally, stra te gic is sues for fur ther con sid er ation will be
iden ti fied.

IMTA is at an ad vanced stage of re search in Can ada. Re search in IMTA pro duc -
tion tech niques is be ing un der taken in the Bay of Fundy, New Bruns wick and in
Brit ish Co lum bia. Re search is suf fi ciently ad vanced so as to in di cate the need to
con sider the pol icy and reg u la tory im pli ca tions of IMTA. For ex am ple, cur rently,
un der the Ca na dian Shell fish San i ta tion Pro gram (CSSP) bi valve molluscs can not 
be har vested within 125 m of netcages out of con cern for pos si ble fae cal coliform
con tam i na tion. For com mer cial-scale pro jects to be ap proved, amend ments to the 
CSSP Man ual of Op er a tions will be re quired. This is but one ex am ple of the task
that lies ahead if IMTA is to be fully real ised.

Fed eral Reg u la tory Frame work

As lead fed eral agency for aquaculture, the De part ment of Fish er ies and Oceans
( DFO) seeks to achieve aquaculture ob jec tives through:

• Es tab lish ing an en abling pol icy and reg u la tory en vi ron ment;
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• In vest ing in sci ence and knowl edge de vel op ment to con tin u ally
im prove en vi ron men tal per for mance and sup port in no va tion; and

• Sup port ing sus tain able de vel op ment ini tia tives con sis tent with DFO’s
man date and ob jec tives (e.g., a Na tional Aquatic An i mal Health
Part ner ship). 

Key man dates and leg is la tion with in flu ence on IMTA are:
• Fish er ies Act—con ser va tion and sus tain able use of fish er ies re sources

(pro mot ing en vi ron men tal per for mance);
• Ca na dian Shell fish San i ta tion Pro gram (CSSP) 

• DFO is re spon si ble for en force ment of closed ar eas, open ing and
reg u lat ing new fish er ies, and aquaculture de vel op ment;

• En vi ron ment Can ada is re spon si ble for mon i tor ing grow ing
wa ter qual ity and clas si fy ing har vest ing ar eas; 

• Ca na dian Food In spec tion Agency (CFIA) is re spon si ble for
reg u lat ing pro cess ing plant op er a tions and mon i tor ing har vest
ar eas for ma rine biotoxins and patho gens.

  A great many fed eral de part ments and agen cies are in volved in food pro duc tion,
pro cess ing and sale in clud ing:

• Ca na dian Food In spec tion Agency—food safety, an i mal health;
• En vi ron ment Can ada—en vi ron men tal pro tec tion and wa ter qual ity,

Ca na dian Wild life Ser vice;
• Trans port Can ada—the man date of the Nav i ga ble Wa ters Pro tec tion

Act is safe, ef fec tive, en vi ron men tally-sound ma rine ser vices in clud ing
safe nav i ga tion;

• Ca na dian En vi ron men tal As sess ment Agency—the Ca na dian
En vi ron men tal As sess ment Act pro vides the man date of en vi ron men tal
as sess ment of pro jects re quir ing fed eral au tho ri za tion;

• Ag ri cul ture and Agri-Food Can ada (AAFC)—trade and in ter na tional
mar ket ing;

• In dus try Can ada and re gional de vel op ment agen cies (e.g., At lan tic
Can ada Opportunities Agency (ACOA), DEC, West ern Eco nomic
Di ver si fi ca tion (WD))—stra te gic ini tia tives and in no va tion; and

• Na tional Re search Coun cil (NRC)—re search.

  In ad di tion, a new fed eral di rec tion to wards a “smart” reg u la tory ap proach may
im pact on IMTA. The smart reg u la tory ap proach aims to pro vide Ca na dian com -
pa nies with a com pet i tive in ter na tional ad van tage through sup port for con tin u ous 
per for mance im prove ment and more ef fi cient and timely ser vice de liv ery. It en -
com passes ap proaches of stra te gic risk as sess ment, adap tive man age ment and
stew ard ship to sup port more ef fec tive and ef fi cient reg u la tory com pli ance strat e -
gies. 

The Gov ern ment of Can ada’s smart reg u la tory ap proach could go a long way in
ad dress ing the stra te gic is sues af fect ing IMTA such as food safety, en vi ron men tal
as sess ment, and pub lic con fi dence. Through ef fec tive fed eral-pro vin cial-ter ri to -
rial co op er a tion, sci ence-based risk man age ment, a na tional in te grated en vi ron -
men tal as sess ment pro cess and an ap pro pri ate risk com mu ni ca tion strat egy,
IMTA could be ef fec tively in cor po rated into the ap pro pri ate reg u la tory frame -
works to en sure suc cess.
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Stra te gic De vel op ment Ob jec tives

In or der for IMTA to be fully real ised, the fed eral gov ern ment is de vel op ing a
reg u la tory frame work to en sure that safe prod ucts are pro duced re spon si bly.
More over, con tin ued in vest ment in build ing sus tain able eco nomic ac tiv ity that
ben e fits com mu ni ties, as well as ini tia tives to build pub lic con fi dence in the prod -
uct and the tech nol ogy, will con trib ute to the suc cess of IMTA. Stra te gic reg u la -
tory is sues that need to be ad dressed in clude food safety and en vi ron men tal as -
sess ment, as well as pub lic con fi dence.

Reg u la tory frame work: food safety

Cur rent fed eral reg u la tions re strict the har vest ing of shell fish within 125 m of a
source of or ganic waste. How ever, IMTA re search is dem on strat ing that salmon
waste do not ap pear to pro duce the same health is sues as hu man waste (fae cal
contamination, dis ease trans mis sion). The ef fects of chemotherapeutant use on
food safety needs fur ther risk as sess ment in or der to ad dress the trade chal lenges
(US Na tional Shell fish San i ta tion Pro gram). More over, the prov inces may have
leas ing re stric tions based on fed eral re quire ments that also need to be ad dressed,
which could lead to ex tra costs as so ci ated with mon i tor ing and pos si bly af fect
pub lic con fi dence in the prod uct.

Reg u la tory frame work: en vi ron men tal as sess ment

At this stage, the ben e fits of IMTA are not be ing rec og nized in en vi ron men tal as -
sess ments and man age ment strat e gies. In or der to ad dress this gap, the ef fects
need to be mea sured and suf fi cient ev i dence pro duced to dem on strate the value of 
IMTA. More over, rec og ni tion of IMTA in reg u la tory de ci sions and frame works
will need to be ad dressed.

Pub lic con fi dence

In the past, the fed eral gov ern ment has as sumed that a solid reg u la tory frame -
work is suf fi cient to gen er ate pub lic con fi dence in an in dus try. It re mains to be de -
ter mined if there are spe cial needs for IMTA.

Mov ing For ward

The next step to ward re al iz ing IMTA in Can ada will re quire gov ern ment and in -
dus try col lab o ra tion. Fur ther re search needs to be un der taken on pri or i ties and
fund ing. The gov ern ment needs to ana lyse im pacts of po ten tial reg u la tory change 
(both do mes tic and trade). The re sults of on-go ing re search need to be ef fec tively
com mu ni cated to in dus try, gov ern ment and pub lic/con sum ers, and fol lowed by
col lab o ra tive de vel op ment of a com mer cial iza tion strat egy. Strat e gies to en cour -
age fur ther in vest ment and fund ing should also be ad dressed col labor atively in
the near fu ture.
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New Bruns wick’s Role in De vel op ing and

Ad min is ter ing the Cul ture of Al ter nate Spe cies

Sandi McGeachy and Barry Hill 

Pro duc tion of At lan tic salmon in New Bruns wick reached ap prox i mately
40,000 tonnes in 2003, val ued at close to $250 mil lion. The salmon farms
are lo cated in south west ern New Bruns wick in the up per Bay of Fundy.
Through the Aquaculture Act and Reg u la tions, in dus try de vel op ment is
ad min is tered by the Prov ince's De part ment of Ag ri cul ture, Fish er ies and
Aquaculture (DAFA). One of the man dates of the De part ment is to work
with in dus try and other gov ern ment or ga ni za tions to en sure the sus tain -
able and or derly de vel op ment of aquaculture. This is com pleted through a 
licencing and leas ing pro cess as well as through the tech ni cal and fish
health ini tia tives of DAFA. The Prov ince sup ports the sus tain able de vel op -
ment and di ver si fi ca tion of aquaculture. In te grated multi-trophic
aquaculture (IMTA) has po ten tial to mit i gate the en vi ron men tal im pacts of
finfish cul ture as well as di ver sify the in dus try’s eco nomic base. These are 
two of DAFA’s goals and re search into these ar eas should be sup ported. 

Leg is la tive Man date

Un der the aus pices of the New Bruns wick Aquaculture Act and Reg u la tions (as -
sented 1988), the De part ment of Ag ri cul ture, Fish er ies and Aquaculture reg u lates
the aquaculture in dus try. The Act de fines aquaculture as “the cul ti va tion of
aquatic plants and an i mals…”. Thus the cul ture of mus sels, finfish, and aquatic
plants, such as sea weeds, falls un der the au thor ity of the Prov ince. Licencing and
leas ing of sub merged Crown Lands also falls un der Pro vin cial ju ris dic tion. An
aquaculture licence iden ti fies the spe cies to be cul tured and ap pli ca ble strains.
Licen ces are gen er ally is sued for a 5- to 10-yr pe riod, while leases are granted for
20 yrs. Sec tion 28 of the reg u la tions states that mol lusc sites must be 300 m from a
lob ster pound, wharf, or break wa ter, un less writ ten per mis sion from the ap pro pri -
ate per son or agency is sub mit ted to the Min is ter. Mol lusc sites are not lo cated in
an area, that in the Min is ter’s opin ion, is sub ject to chem i cal or bac te ri o log i cal
con tam i na tion. Pro vin cial and fed eral roles re lat ing to the aquaculture in dus try are 
de fined un der the Can ada-New Bruns wick MOU on Aquaculture De vel op ment.

Pol i cies

The Prov ince of New Bruns wick has var i ous pol i cies deal ing with aquaculture.
The Bay of Fundy Ma rine Aquaculture Site Al lo ca tion Pol icy(3) is one of the crit i -
cal pol i cies out lin ing the pro cess for ma rine site de vel op ment. Other pol i cies deal
with fish health and the cul ture of rain bow trout, Arc tic charr, and al ter nate spe cies. 
The De part ment is cur rently com plet ing a draft pol icy on the Cri te ria for De vel op -
ment of Al ter nate Spe cies for the Bay of Fundy.(2) This pol icy out lines the ob jec -
tives in de vel op ing and com mer cial iz ing al ter nate spe cies. The ma jor com po nents
deal with sit ing, fish health, and en vi ron men tal and eco nomic vi a bil ity. This draft
pol icy also states that com mer cial iza tion of al ter nate spe cies over the next 6 to 7
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years will take place on ex ist ing salmon sites and that no new ma rine sites will be
al lo cated. Re search and de vel op ment pro pos als must be based on sound sci en tific
merit. With re spect to shell fish and sea weed cul ture in con junc tion with finfish cul -
ture in the Bay of Fundy, ef forts must be made to as sess the eco nomic vi a bil ity and
the abil ity to meet Ca na dian Food In spec tion Agency (CFIA) re quire ments.

Guide lines for Bay of Fundy Shell fish Aquaculture

Guide lines es tab lished for the cul ture of shell fish in the Bay of Fundy con cen -
trate at an R&D level. All pro pos als must be in agree ment with ex ist ing Fish er ies
and Oceans Can ada, En vi ron ment Can ada, and CFIA re quire ments. Pri mary work 
on shell fish has been un der taken at ex ist ing shell fish sites and to a lim ited ex tent
on ex ist ing salmon sites such as those iden ti fied by Cho pin and Bastarache.(1)

Some out stand ing is sues that must be ad dressed for shell fish cul ture deal with de -
fin ing a PSP mar ket ing win dow(s) which is ac cept able to CFIA and En vi ron ment
Can ada, de vel op ing lo cal spat col lec tion pro to cols (mainly for scal lops), and de -
fin ing the re la tion ship of cul ture sys tems with re spect to cur rents, nu tri ent load -
ing, and ox y gen uti li za tion. One other area of shell fish cul ture that must be mon i -
tored is the ef fects and po ten tial in ter ac tions of shell fish health and finfish health
(i.e., ISAv). Pro jects or re search lead ing to fur ther knowl edge in the above noted
ar eas is con sid ered a pri or ity. The work cur rently be ing car ried out by Cho pin and 
co-work ers will be highly val ued by both fed eral and pro vin cial reg u la tors.

DAFA Con cerns and Is sues

The De part ment’s ma jor con cerns in de fin ing shell fish and sea weed cul ture in
the Bay of Fundy is food prod uct safety (re spon si bil ity of CFIA).If the is sues deal -
ing with food safety for cul tur ing shell fish or aquatic plants in tan dem within the
same leased area as finfish are ad dressed, the De part ment would see this as be ing
ben e fi cial. Other ar eas of con cern fall un der fish health in ter ac tions and site car -
ry ing ca pac ity. Quan ti fi ca tion of site load ing for all pa ram e ters such as ox y gen
and cur rents in ad di tion to the work by Cho pin and co-work ers on ni tro gen and
phos pho rus is im por tant. The in ter ac tion of these bi otic and abiotic fac tors is cru -
cial to full scale IMTA. Pro ce dures and is sues sur round ing the pro cure ment of
wild seedstock for spe cies such as scal lop also need to be re solved.

Con clu sion

The De part ment is sup port ive of slow, cau tious shell fish and sea weed aquacul-
ture de vel op ment in the Bay of Fundy. Re search in food safety, fish health, and
car ry ing ca pac ity would be very ben e fi cial.
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De fin ing the Ap pro pri ate Reg u la tory and

Pol icy Frame work for the De vel op ment of

In te grated Multi-Trophic Aquaculture

Prac tices: Sum mary of the Work shop

and Is sues for the Fu ture

Shawn M.C. Rob in son and Thierry Cho pin

A meet ing was held in Saint John, New Bruns wick on March
25-26, 2004 to dis cuss the con cept of in te grated multi-trophic
aquaculture (IMTA) with all the sec tors of the aquaculture
in dus try. The goal of the meet ing was to iden tify the chal lenges
that have to be ad dressed with re spect to in for ma tion and reg u -
la tions re gard ing this prac tice. The for mat of the meet ing
in cluded 11 in for ma tional talks on the first day and break out
dis cus sion groups on the sec ond day. Ques tions on two themes
were posed to the groups: 1) What work is needed to al low the
de vel op ment of IMTA at the bi o log i cal, eco nomic, and so cial
lev els? How can the tech nol o gies be ad vanced? Who will do the 
work? What are the timelines? and 2) What reg u la tions and
pol i cies need to be amended and how? Who will ef fect the
amend ments? How do we ini ti ate these amend ments/changes?
What are the timelines? There was a con sen sus from the
meet ing that the IMTA con cept was worth de vel op ing and that
more ef fort should be ex pended im me di ately. Is sues iden ti fied
by the dis cus sion groups were tab u lated. Sug ges tions were
made on the po ten tial roles of gov ern ment, so ci ety, and the
in ter na tional com mu nity in pro mot ing the IMTA con cept. 

In tro duc tion

On March 25-26, 2004 a meet ing was held at the Hilton Ho tel in Saint John,
New Bruns wick to bring the sec tors of the aquaculture in dus try to gether to learn
about the con cept of in te grated multi-trophic aquaculture (IMTA) and to iden tify
the chal lenges, both in in for ma tion and reg u la tions, that need to be ad dressed as
the con cept evolves. For some groups, the meet ing pro vided no ti fi ca tion that a
new pro duc tion method could pos si bly af fect their cur rent prac tices. The over all
re sponse by the at ten dees was very pos i tive and all sec tors of the in dus try ap -
peared to be sat is fied with the out come. As re quested at the start of the meet ing,
the del e gates were open and can did with their com ments on what they liked and
dis liked about the con cept and they pro vided ex tremely help ful in sights on how
they thought the IMTA con cept would ap ply to their par tic u lar sit u a tion. The pre -
sen ta tions on the first day ably sum ma rized the back ground in for ma tion and pro -
vided “grist for the mill” dur ing the en su ing dis cus sions. All the par ties ac tively
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participated in the discussions and, as a result, the recommendations from the

workshop are based on a fairly solid consensus developed in the plenary session.

The next goal of the IMTA project is to translate the effort expended by the partici-

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 minutes in length and there was 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 previous day’s in-

formation from the perspective of the Department of Fisheries and Oceans in Ot-

tawa (DFO, Jack Taylor) and the New Brunswick Department of Agriculture,

Fisheries and Aquaculture (NBDAFA, Sandi McGeachy), after which we moved

to working groups to discuss the issues. The ideas generated from these working

groups were then reported in the plenary session.

Synopsis of the Information Component from Day 1

The first 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 times in the laboratory phase have been reduced from 112 to 35 days.

Biomass production of kelps at the IMTA site has increased from 8.0 kg/m of rope

in 2002 to 20.7 kg/m of rope in 2004. The group found that kelp grow 46% faster

near salmon sites than in reference areas with no salmon aquaculture. Markets are

being investigated with the industrial partners Acadian Seaplants Limited and

Ocean Nutrition Canada.

Terralynn Lander presented results from a team of researchers at UNBSJ and the

DFO St. Andrews Biological Station (SABS) who looked at the relationships be-

tween the blue mussel and the particle field generated from salmon farming oper-

ations. They found that the number of small particles in the water column around

salmon farms was enhanced and these particles, which appeared to mostly origi-

nate from salmon feed, were being consumed by mussels. The enhanced food lev-

els resulted in faster growth of the mussels on the salmon site (ca. 50%) compared

to mussels at a reference 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 phycotoxins in the region and that some areas (with respect

to mussels concentrating toxins) are impacted more heavily than others, indicat-

ing that spatial variability should be considered in site selection. No accumulation

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

have to be considered during the design and implementation stages. One of the key

elements was water circulation and how it distributes food within the system and re-

moves waste. The dynamics of this aspect are likely to be quite complex. They are

beginning to look at the water circulation and oxygen dynamics within the sites.

Stephen Cross brought a West Coast perspective to the meeting. He presented his

PhD work being done off Vancouver Island on scallops (Patinopecten yessoensis)

and oysters (Crassostrea gigas) grown on transects radiating away from salmon

farms. He tested for various substances that could originate from the farming opera-
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tion and found that ef fects were short-term and only oc curred in sam ples ad ja cent to 
the cages. He found no en hance ment of growth rates in the shell fish at the site. De -
spite that, the in dus try still seems re cep tive to the con cept of IMTA.

An in ter na tional per spec tive was given by Dror An gel from Is rael (at the time of 
the work shop he was work ing at the Mas sa chu setts In sti tute of Tech nol ogy). He
talked about work he did in the Red Sea with gilthead sea bream (Sparus aurata).
He de scribed or ganic en rich ment is sues sim i lar to those be ing ex pe ri enced by the
salmon in dus try in the Bay of Fundy. The use of multi-trophic lev els ap peared to
have good po ten tial to remediate some of the problems. They are cur rently in the
de vel op men tal phase of the IMTA con cept as well.

Mary Ann Green from the Ca na dian Food In spec tion Agency (CFIA) in Ot tawa
then gave the per spec tive of the agency pri mar ily re spon si ble for food safety. She
re viewed the is sues that will have to be ad dressed and how three gov ern ment
agen cies (CFIA, DFO and En vi ron ment Can ada) will have to work to gether to
han dle this new form of food pro duc tion. IMTA will re quire changes in the Ca na -
dian Shell fish San i ta tion Pro gram (CSSP) pol icy that deals with shell fish and she
en cour aged on go ing col lab o ra tion be tween CFIA and the re search ers in the
AquaNet pro ject.

One of the ma jor is sues sur round ing any cul ture op er a tion is how to deal with
dis ease. Gilles Olivier from the DFO Gulf Fish er ies Cen tre in Moncton ad dressed
the ques tion of whether health man age ment be comes more com pli cated when
spe cies are grown to gether. Af ter pre sent ing in for ma tion on the Na tional Aquatic
An i mal Health Pro gram and in ter na tional stan dards for  han dling dis ease is sues,
he re viewed the dis eases af fect ing salmon and the fac tors as so ci ated with dis ease
outbreaks. It is ob vi ously a com plex re la tion ship, but sev eral fac tors gen er ally
have to be pres ent for a dis ease out break to oc cur, in clud ing the pres ence of the
dis ease, the sus cep ti bil ity of the host (i.e., con di tion), and a vec tor for trans mis -
sion. Risk anal y sis might be a good tool for man ag ers to use when as sess ing the
suit abil ity of IMTA, al though more data will un doubt edly be needed.

Amar Menon shared his ex ten sive ex pe ri ence with a pre sen ta tion on how En vi -
ron ment Can ada (EC) could 
fit into IMTA. The roles of
EC are de fined by leg is la -
tion deal ing with en vi ron -
men tal as sess ment, en vi -
ron men tal pro tec tion, fish -
er ies, mi gra tory birds, spe -
cies at risk, and shell fish
food safety. He felt that
many of the leg is la tive is -
sues could be resolved, but
the most im me di ate is sue
re strict ing IMTA was a sec -
tion in the CSSP pro hib it ing
“polyculture”. He then pro -
vided sug ges tions on how
the pol  icy  could be
re-worded to al low the de -
vel op ment of  IMTA  with -
out com pro mis ing food
safety.

Bull. Aquacul. Assoc. Canada 104-3 (2004) 75

Fig ure 1

Par tic i pants in the

work shop dur ing a

work ing group ses sion.



The per spec tive from Maine, USA was given by Sebastian Belle, Ex ec u tive Di -
rec tor of the Maine Aquaculture As so ci a tion. He out lined the mul ti tude of reg u la -
tory au thor i ties that aquaculturists in Maine have to con tend with. De spite this, in
2003 the Maine aquaculture in dus try had 44 finfish leases, 47 shell fish leases, and 
36 ex per i men tal sites. Sev eral of the sites had mul ti ple spe cies on them. There is a
gen eral re luc tance in Maine to em brace aquaculture and there are con cerns over
en vi ron men tal im pacts, leas ing is sues, aquatic an i mal health, pub lic health, and
sea food safety. New mod els for aquatic farm ing are needed and IMTA may be one 
of those. More re sources are re quired for gov ern ment de part ments to move ahead
on the man age ment is sues and for re search to an swer some of the ques tions on the
ef fect of IMTA de vel op ment on the eco sys tem. 

The fi nal talk of the day was from Pat rick Fitz ger ald of Her i tage Salmon Ltd.,
the salmon aquaculture in dus trial part ner of the pro ject. He dis cussed the com -
pany’s in volve ment in the pro ject and de scribed ini tial con cerns with in cor po rat -
ing spe cies into the cul ture op er a tion that were pre vi ously con sid ered a nui sance.
How ever, the com pany was will ing to sup port the pro gram as they thought it
might be pos si ble to turn these nui sance spe cies into a fi nan cial as set if the proper
de vel op ment work was done. The only stip u la tion was that salmon had to be the
pri or ity spe cies on the site. Past ex pe ri ence with shell fish and sea weeds on the site 
con vinced them that growth rates would not be a prob lem. Their main con cerns
were mar kets for the sea weeds and pol icy reg u la tions for the mus sels.

Sum mary of the Work ing Groups on Day 2

Ques tion 1. What work is needed to al low the de vel op ment of IMTA at the bi o log -
i cal, eco nomic, and so cial lev els? How can the tech nol o gies be ad vanced? Who
will do the work? What are the timelines?

This topic iden ti fied a large num ber of is sues, raised ques tions that
still have to be an swered (Ta ble 1), and high lighted the fact that a lot of
work is needed be fore an swers can be pro vided. One of the main com -
ments was that the pro ject needs to reach a com mer cial scale on a few
sites so that we can see the cul ture op er a tions at the proper scale to es ti -
mate the bi o log i cal and eco nomic ef fects. Other is sues re volved
around spe cies in ter ac tions at the sites, how the con cept can be brought
into the con scious ness of so ci ety, and what the busi ness model will
look like for this type of cul ture.

On the ques tion of who should do the work to ad vance IMTA, there
seemed to be a con sen sus that the ex ist ing AquaNet group should con -
tinue to as sume the lead as they are in volved in the is sues from mul ti ple 
per spec tives and have the “en ergy” to do it. A road map or “crit i cal
path” should be es tab lished to fo cus ef forts on what needs to be done
and who will do it. This crit i cal path should in volve a broad range of
peo ple on the east and west coasts to de velop an in te grated plan and
iden tify the steps re quired to move for ward. We need to make sure the
ap pro pri ate agen cies are rep re sented and all the so cial and eco nomic
el e ments are in cor po rated. There is a lot of good work be ing done, but
look ing at the ma trix of the work needed to be done, there is ob vi ously
a need for additonal ex per tise. The group should be linked with in dus -
try and as so ci ated agen cies. Fund ing agen cies such as the Net work of
Cen tres of Ex cel lence for Aquaculture (NCE-AquaNet), the Nat u ral
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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?



Sci ences and En gi neer ing Re search Coun cil (NSERC), the New Bruns -
wick In no va tion Foun da tion (NBIF), the At lan tic Can ada Op por tu ni -
ties Agency (ACOA), the De part ment of Fish er ies and Oceans Aqua-
cul ture Col lab o ra tive Re search De vel op ment Pro gram (DFO-

ACRDP), the Na tional Re search Coun cil In dus trial Re search As sis -
tance Pro gram (NRC- IRAP), the Nova Sco tia De part ment of Fish er ies
and Aquaculture (NSDFA), and the New Bruns wick De part ment of
Ag ri cul ture, Fish er ies and Aquaculture (NBDAFA) would be log i cal
start ing points for the east coast.

We are still in the “R” stage with re gard to the R&D for IMTA. As we
prog ress, ex penses will in crease and so will fi nan cial risk. When the
“D” phase be gins, it may be ap pro pri ate for ad di tional or ga ni za tions  to
be come in volved. 

When should this R&D be done?  All the groups felt that ac tion should 
be taken as soon as pos si ble. For many of the is sues, any de lay will sig -
nif i cantly hin der prog ress of the other re lated parts. There are a cou ple
of “givens” in the timeline: 1) reg u la tors will prob a bly wait un til “suf -
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Ta ble 1 (con tin ued)

Bi o log i cal So cial and Reg u la tory Eco nomic

How ef fi cient is the re moval of nu tri ents
from the sys tem and how does it vary
be tween eutrophic and oligotrophic ar eas?

Can the Ca na dian Aquaculture In dus try
Al li ance fit IMTA into the codes of
prac tice they are de vel op ing?

Should prod ucts from IMTA be de vel oped
for a com mod ity mar ket (low cost) or a
spe cialty mar ket (higher cost)?

What are the shell fish re mov ing from the
sys tem with re gard to particulates? How
much co mes from the fish farm and how
much from the ex ter nal en vi ron ment?

How should we de velop a biosecurity
pro gram?

Mar ket ing has to work in syn chrony with
pro duc tion. What hap pens if there is a
prob lem with the mus sels? How will it be
han dled?

As the fil ter-feed ing shell fish will pick up
phycotoxins from the nat u ral blooms, can
we ac cu rately pre dict what the depuration
times will be to fa cil i tate mar ket ing?

What are the mon i tor ing needs for PSP,
DSP, and ASP to sat isfy the ex port
re quire ments and how do they be come
in cor po rated into the HACCP?

Is there a prob lem mar ket ing mus sels as
both a food item and a bioremediation
prod uct?

How will the ad di tion of more trophic 
lev els af fect the ox y gen de mand on the
site? Will it lead to stress and dis ease
is sues in the cap tive an i mals? How does it
re late to car ry ing ca pac ity? 

In dus try codes of prac tice and cer tif i ca tion
pro grams would be good mar ket ing tools
to in cor po rate early on in the pro gram. 

Does IMTA have the po ten tial to
bio mag ni fy prob lems with dis eases, etc.,
on a culture site?

Are the prod ucts from IMTA suit able for
or ganic cer tif i ca tion and what would the
po ten tial mark-up be?

What role does fallowing have in the
func tion ing of an IMTA site? Do we need
to fal low all or gan isms or just the salmon?

There needs to be mar ket ac cept abil ity
work done on IMTA prod ucts.

How do we mon i tor an IMTA site? Does it 
have to be done by spe cies?

Will there be patentable in for ma tion or
tech nol ogy be ing de vel oped and who will
have the rights?



fi cient” data are pro vided; 2) in dus try will take a “wait and see” ap -
proach un til new pickup trucks  ap pear on the wharf; and 3) the whole
con cept will only have cred i bil ity af ter the first cou ple of crops are sold 
(i.e., 2 years). 

It should be noted that dif fer ent time ta bles are be ing fol lowed by dif -
fer ent par ties. The re search is cur rently be ing con ducted un der ac a -
demic timelines that are in syn chrony with NCE grant sched ules. The
cur rent AquaNet pro ject is sched uled to ter mi nate in the spring of
2006. Busi ness runs on shorter timelines than sci ence and has to be
more flex i ble. The timelines for chang ing busi ness plans will only start 
once there are enough data to con vince them they should start; but once 
they do, things will hap pen quickly. This sug gests there will con tinue
to be sev eral timelines in volved and there may have to be dif fer ent
com po nents of the pro gram to ser vice them. Some of these as pects
might be better led by other groups or or ga ni za tions. Hope fully, this
will be iden ti fied as the crit i cal path is de vel oped.

Ques tion 2. What reg u la tions and pol i cies need to be amended and how? Who
should ef fect the amend ments? How do we ini ti ate these amend ments/changes?
What are the timelines?

The most ur gent is sue iden ti fied with re gard to reg u la tions and pol i -
cies (sum ma rized in Ta ble 2) was the CSSP sec tion that bans
“polyculture”. This point was clearly iden ti fied by all the groups.
With out a change in this pol icy, no shell fish can be le gally sold and the
in dus try can not evolve. As a re sult, the gen eral feel ing was that the
AquaNet pro ject and Her i tage Salmon Ltd. should try and move the
agenda for ward on this is sue. For ex am ple, the re gional meet ings of the 
CSSP are hap pen ing in late April 2004 and amend ments should be put
for ward in or der to make it through the sys tem to the Inter-De part men -
tal Shell fish Com mit tee (ISC) in Ot tawa. 

There was dis cus sion on how the CSSP amend ment should be han -
dled. Should it go through the Mar i time in dus try as so ci a tions?  Per -
haps it should go through the Ca na dian Aquaculture In dus try Al li ance
(CAIA) as it is a na tional is sue?  It was con cluded that a change in pol i -
cies is of ten led by in ter ested par ties. There fore, one re gion may
change be fore an other de pend ing on the level of im me di ate in ter est.
The best path would be to go through the lo cal shell fish com mit tees,
then the re gional com mit tees, and fi nally the na tional com mit tee (ISC).

One of the key re quire ments for chang ing the reg u la tions and pol i cies 
will be to de velop pro to cols to en sure the safety of prod ucts from IMTA

op er a tions. In dus try should take the lead on the de sign and man age -
ment of a Haz ard Anal y sis and Crit i cal Con trol Point (HACCP) plan.
This might be over seen by CAIA and the in dus try-re lated as so ci a tions
in New Bruns wick and Nova Sco tia. There are also na tional is sues re -
lated to these pol i cies, as west coast in ter ests are not nec es sar ily the
same as those in the east. Con se quently, it makes sense that na tional as -
so ci a tions should be in volved. Com pa nies sell ing IMTA prod ucts will
need an in di vid ual HACCP plan, as well as an en vi ron men tal mon i tor -
ing plan. This will pro vide a cer tain level of com fort to the reg u la tory
agen cies, as they ac tively deal with pub lic health is sues. It should be
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Ta ble 2. Sum mary of re sponses on what reg u la tions and pol i cies are rel e vant to the IMTA

con cept.

Pol icy/Reg u la tion Is sue

Ca na dian Shell fish San i ta tion Pro gram
(CSSP)

An amend ment  is needed to al low shell fish to be grown within 125 m of a salmon site
(Chap ter 12.2). This is sue should be re ferred to the Inter-de part men tal Shell fish Com mit tee 
(ISC) com posed of the Ca na dian Food In spec tion Agency (CFIA), the De part ment of Fish -
er ies and Oceans (DFO), and En vi ron ment Can ada (EC). This should be pushed
for ward by the AquaNet pro ject on be half of the in ter ested par ties.

DFO fish ery reg u la tion ban ning mus sel
har vest in the Bay of Fundy

Cur rently, har vest ing blue mus sel in the Bay of Fundy is pro hib ited due to con cerns over
PSP and un con trolled har vest ing. There needs to be an amend ment to the reg u la tion to
per mit the cul ture of mus sels. This could be done with a vari a tion or der spec ifying one 
site ini tially and then ex panded later as war ranted. CFIA will have to be in volved.

Nav i ga ble Wa ters Pro tec tion Act
(NWPA)

The need for ad di tional work on the cer tif i ca tion of a new site or of an ex ist ing site will
de pend on the gear con fig u ra tion or foot print of the site.

Ca na dian En vi ron men tal As sess ment
Act (CEAA)

We need to know how much kelps or mus sels can be added to a site be fore trig ger ing an
en vi ron men tal as sess ment.

DFO pol icy on fish ing to ac cess wild
ju ve niles (seed)

There will be a por tion of the farm ing op er a tion that will likely col lect ju ve niles (spat)
from the wild us ing col lec tors. Blue mus sels are a good ex am ple of this. The pol icy on
ac cess to wild ju ve niles is cur rently un der de vel op ment. We should make sure that it is not
in hib i tory to the com mu nal ac cess of spat for the IMTA model.

NB De part ment of Ag ri cul ture, Fish er ies 
and Aquaculture (DAFA)

There needs to be pol icy clar i fi ca tion on the amend ment to site leases with re gard to how
spe cies amend ments work and any dif fer ences be tween com mer cial pro duc tion and R&D
de vel op ment (i.e., pi lot-scale needs to be de fined). More data are needed to give reg u la tors 
a better feel ing on the fea si bil ity of this ap proach.

NB De part ment of En vi ron ment and
Lo cal Gov ern ment (DELG)

DELG needs to re-ex am ine cur rent pol i cies for pos si ble fu ture pol icy changes. IMTA may
change some of the de tails that they cur rently re quire for the per mit ting of the sites.

In tro duc tions and Trans fers Com mit tee
(ITC)

There are con cerns about mov ing seed and prod uct, and the spread of bi o log i cal pests and
dis eases. It was felt that the cur rent con trols are ad e quate to deal with most of these
con cerns and they are al ready be ing im ple mented in the cur rent mono cul ture in dus tries. 

Gen eral concern What are the re quire ments of other prov inces/states/coun tries to ac cept IMTA prod ucts for
their mar kets? How should this be co or di nated? Is there leg is la tion that needs to be
ei ther de vel oped or mod i fied? Does this need to be in ter na tional in scope due to the
trans port of prod ucts?

Gen eral concern There is need for dis cus sion with the ISC and CFIA on con cerns for hu man health and
safety. Pro to cols for a man age ment plan should be de vel oped in con junc tion with all
as so ci ated par ties to set the work ing stan dards for high qual ity and safe sea food. Prod ucts
will have to go through a fed er ally reg is tered and in spected plant. Work ing link ages will
have to be set up with CFIA to de velop Haz ard Anal y sis and Crit i cal Con trol Point
(HACCP) plans and for short-term so lu tions such as test ing on sin gle lots of prod uct.

Gen eral concern IMTA should fit into larger scale coastal zone man age ment plans. Sev eral ini tia tives are
un der way on var i ous scales in many coun tries and IMTA de vel op ment should be
con sid ered and de signed to fit into those plans.

Gen eral concern If it turns out that the IMTA sys tem is suc cess ful and that ex pan sion would be ben e fi cial,
how will this be han dled? Is there a pro to col for de ter min ing how big a site can get that
takes into ac count eco nomic, so cial, and bi o log i cal is sues? Also, what is the role of
fallowing?



re al ized that the data may not be avail able to ad dress all the crit i cal con -
trol points. It should also be rec og nized that the sys tem is still evolv ing, 
so the prac tices used to day may not be the ones used to mor row. There -
fore, the HACCP plan will be a liv ing doc u ment and is some thing that
com pa nies should con sider early in the pro cess, as they will have to
gen er ate a da ta base of in for ma tion about their sites. This will take a
cer tain amount of time that should not be un der es ti mated. Mon i tor ing
the sites will be an on go ing pro cess.

Par a lytic shell fish poi son ing (PSP) is prob a bly the most se ri ous risk
for some sites in the Bay of Fundy. How ever, there are mea sures, such
as closed sea sons dur ing PSP blooms, that can prac ti cally elim i nate the
risk.  Fur ther anal y sis of PSP trends and the his tory of clo sures would
be help ful to man ag ers in their de ci sions on site se lec tion and mon i tor -
ing. Putt ing to gether the chro nol ogy of the mus sel clo sures in the Bay
of Fundy would best be done by DFO and CFIA. This might in volve the
DFO Aquaculture Co or di na tion Of fice and should be done in the near
fu ture so the rel e vant is sues can be in cor po rated into new pol i cies.

When should these changes be made? Some of them, such as the CSSP, 
need to be changed right away. Oth ers can be phased in over the next
few years as pol i cies are re viewed and more in for ma tion be comes avail -
able. The in dus try needs to do their part by ap ply ing for spe cies amend -
ments so that man ag ers can judge the level of de mand. Cre at ing a reg u -
la tory en vi ron ment that is con du cive to better cul ture prac tices is crit i -
cal, as it will be im por tant to en sure that IMTA is fol low ing es tab lished
en vi ron men tal guide lines to en sure pub lic per cep tion re mains pos i tive.

Is sues for the Fu ture

The chal lenges re main ing to be solved are daunt ing. How ever, the goal is
sustainability within the cul ture eco sys tem. At the base of the pro duc tion sys tem
is a need for a rel a tively good un der stand ing of the es sen tial el e ments of the eco -
sys tem func tions that we, as hu mans, are in volved in. To achieve this goal, it is
worth think ing about who needs to be in volved in this evo lu tion and what their
roles would be. 

Role of gov ern ment

One of the key roles for gov ern ment agen cies, from the mu nic i pal to the fed eral
level, is to un der stand the ba sic con cept of  IMTA and to eval u ate ex ist ing and fu -
ture pol i cies. If the agen cies agree with the con cept of IMTA, they should pro mote 
pro to cols through their pol i cies that will en cour age the ma rine pro duc tion sec tors
to fol low those ten ets. This could be done in the form of in cen tives or pen al ties
sim i lar to the eco nomic pol i cies cur rently used to reg u late the en vi ron men tal or
health be hav iour of peo ple in land-based sys tems (i.e., fuel or cig a rette taxes,
higher pre mi ums for life in sur ance for high-risk ac tiv i ties, in cen tives for iden ti fy -
ing and rec og niz ing the val ues of en vi ron men tal ser vices in coun tries such as the
Neth er lands and Swe den).

Role of so ci ety

There is still a large need for ed u ca tion to bring so ci ety into the mind set of in -
cor po rat ing IMTA into their suite of so cial val ues. Some of the so cial sur veys
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done dur ing this AquaNet study by Bryn Rob in son (UNBSJ) in di cated that the
gen eral pub lic is in fa vour of prac tices based on the re cy cling con cept. Whether
this will trans late to a greater ap pre ci a tion of the sus tain able eco log i cal value of
the IMTA con cept, a will ing ness to sup port it tan gi bly with their shop ping dol lars, 
and de mands to their elected rep re sen ta tives to im ple ment IMTA, will be the ul ti -
mate test. The de gree to which re search ers and ex ten sion peo ple be come cre -
atively in volved with the ed u ca tional com po nent will be vi tal to the suc cess of
IMTA. 

Role for the in ter na tional com mu nity

It would be an un der state ment to say that gain ing a work ing un der stand ing of the
es sen tial func tions of the eco sys tem is a com plex, but es sen tial, task. Rea son able
es ti mates of the cause and ef fect re la tion ships within lo cal eco sys tems will have to 
be de fined and this will take sig nif i cant amounts of re search time and fund ing. Al -
though this knowl edge will be needed for var i ous eco log i cal zones, these zones
are of ten shared be tween var i ous coun tries. For ex am ple, sim i lar eco log i cal pro -
cesses are likely in volved in tem per ate ar eas that are cur rently used to grow
salmonids in sea pens in coun tries as di verse as Nor way, Scot land, Chile, Can ada,
and the United States of Amer ica. There fore, it makes sense for these coun tries to
col lab o rate in their ef forts to un der stand the eco log i cal pro cesses op er at ing in
their re spec tive ar eas. Not only would a con certed ef fort al low for a greater un der -
stand ing of the prin ci ples in volved so that all as so ci ated ar eas could ben e fit, it
would also raise pub lic con scious ness of the new par a digm on a global level.

Con clud ing Re marks 

This work shop only scratched the sur face on start ing IMTA in Can ada. Al though 
a tre men dous step was taken at the meet ing in shift ing the par tic i pant's at ti tudes on 
how we can adapt to this con cept, there is still much to do, as ev i denced by the
com ments sum ma rized in Ta bles 1 and 2. There fore, it is in ev i ta ble that fur ther
work shops will be held in the com ing years, not only in Can ada, but also in many
other coun tries that are start ing to look at this con cept. It would be en cour ag ing to
think that fu ture work shops could be as suc cess ful as this one as our con cept of
ma rine food pro duc tion within an IMTA frame work con tin ues to evolve along
more sus tain able lines. If we are go ing to choose to man age our coastal zones and
the as so ci ated eco log i cal en ti ties, then we must un der take to do the best job pos si -
ble as our own sur vival as a spe cies may ul ti mately de pend on our suc cess.

Ep i logue (July 2005)

Since the work shop, steps have been taken by the three agen cies in volved in the
CSSP to amend the pol icy so that ‘polyculture’, or IMTA, can pro ceed, pro vided
cer tain safety mea sures are built into the plan. The amended pol icy should soon
be in place. With the move ment on CSSP by the fed eral reg u la tors, the Province
of New Bruns wick has be gun to re as sess the pos si bil ity of mus sel cul ture in the
Bay of Fundy and is re vis ing its pol i cies. As a trial, Her i tage Salmon Ltd. grew 20
tonnes of mus sels within their salmon sites and plans to test-mar ket them in the
fall of 2005. Forty-one tonnes of kelps were also pro duced. Min i mal ef fort was
needed to pro duce the mus sels and kelps, and the ben e fit-cost ra tio ap peared to be
quite fa vor able. Tests on the prod uct have shown that the mus sels are of high
qual ity and suit able for mar kets ca ter ing to white ta ble cloth res tau rants. Cooke
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Aquaculture Inc. acquired Heritage Salmon Ltd. in the summer of 2005 and has

assumed the key role that Heritage Salmon Ltd. played in the AquaNet project. Its

involvement is a logical extension of the commitment to the IMTA concept and its

development to commercialization.
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