Integrated Multi-Trophic Aquaculture (IMTA):
aresponsible practice providing diversified seafood
products while rendering biomitigative services

T. Chopin, M. Troell; G.K. Reid, D. Knowler, S.M.C. Robinson;
A. Neori, AiH. Buschmann; SiJ. Pang and J. Fang
Canadian Integrz Ault i ety aint J ., Canadal

Ly
z] Cel
and Oceans Canada, St. Andr,
Simon Eraser University, Burnab
Israel Oceanographic and L C
Universidad de

Institute of Oceanology, Chi ingdao hinal
ery Science, Qingdao; PR China

Based on avery simple principle:

The solution toe nutrification

is not dilution...

but extraction and conyversion

through diversification

Inorganic component of IMTA: seaweeds

Integrated Multi-Trophic Aquaculture (IMTA)

Fed Aquaculture Suspension Extractive Aguaculture

(Finfish), Organic Inorganic
(Shellfish) (Seaweeds)

Nutrient Zone™ ® *

Deposit Extractive.
Aguaculture (Invertebrates)) |

* Saccharina latissima
— previously Laminaria saccharina
— Saccharina means sweet

— similar to other Saccharina and
LLaminaria for the Oriental market

—sold as “kembu”

* Alaria esculenta
— esculenta means succulent

— similar to Undaria for the Oriental
market

—sold as “wakame”
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Organic component of IMTA: Mussels

. Meat yield of IMTA mussels: 56 %

Meat yield of mussels you buy: 30-35 %

. More emega-3ifatty acids i/ IMTA mussels
(particularly:DHA'and EPA)
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Viral Trials — 2008
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IPNVZ Infectious Pancreatic Necrosis\Virus
ISAV: InfectiousiSalmoeniAnaemia Virus



Food safety: monitoring of therapeutants with CFIA

Food safety: monitoring of heavy metals, arsenic and PCBs with CFIA
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Food safety: monitoring of pesticides with CFIA
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opinion of farmed fish and overwhelming

E New York consumers are generally indiff
IMTA approach

Current attitude toward farmed fish

48%
28%
14%
6% %
Completely Mostly Positive Indifferent Mostly Negative Completely
Positive Negative
Consumer opinion of IMTA
2%
16%
%
3%
Completely Support Mostly Support Mostly Oppose Completely Oppose
SR ———— -

Profitability — Net Present Value (NPV in US$)

NPV calculated for. a 10 year period at discounted rates of 5 and 10%

3 scenarios:
- optimistic (20% probability): 5 successful harvests (11% mortality rate)

- intermediate (40% probability): 4 successful harvests (11% mortality rate)
1 harvest (70% mortality rate)

- pessimistic (40% probability): 4 successful harvests (11% mortality rate)
1 harvest completely destroyed/(disease or:
winter chill)

Operation NPV Optimistic Intermediate Pessimistic

Salmon monoculture. 5% 8,146,477 2,664,112 50,848
IMTA' ) 8,906,435 3,296,037 674,580
Salmon monoculture  10% 6,885,181 2,391,135
IMTA 10% 7,508,913 3,014,866

Differentiated, eco-labelled, IMTA mussels
E priced competitively with other mussels in

some potential for a 10% price premium, g
promotion of their benefits and value

PURCHASE ECO-LABEL MUSSELS IF SAM
(n=649)

ENO DON'T KNOW YES

PAY SAME PRICE .

31% 61%

PURCHASE ECO-LABEL
MUSSELS AT 10% MORE.
(n=595)

PAY 10% PREMIUM

PURCHASE ECO-LABEL
MUSSELS AT 20% MORE
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Sromtheegg —

eco-certification
and IMTA

differentiation
>>> petter traceability
>>> healthy products
>>> gainingiconsumer trust.and societal and

political license to operate

>>> commanding premium market price

Recognizing and valuing
the services rendered by,

the extractive components of IMTA

>>> Nutrientitrading credits (NTC)

+ phosphorus trading credits? (note: P is the next element
we will be short of)

+ carbon trading credits? (note: only: US$25-30/tonne C)

+ the same should be calculated for the organic extractive
component of IMTA.

With IMTA, some of the externalities of fed monoculture can
belinternalized.
>>>ncreasing the overall sustainability, profitability.and
resilience ofifaguaculture farms.

Conclusions (at this stage):
the R&D&C continuum

Current R&D supports the development of IMTA
to C (commercialization) to:move aquaculture to
a new ERA (Ecosystem Responsible Aquaculture)
as a promising practice for:

- environmental sustamability: (biomitigation),

- economic stability: (product diversification and
risk reduction), and

- societallacceptability; iImproved support forthe
industry andlits differentiated; safe products).

In SW New Brunswick:
- 96 finfish sites
- if: 2/3 of the sites are active each year >>> 64 sites
- if 8 seaweed rafts/site >>> 512 seaweed rafts

Caosts of removing nitrogen:
- sewage treatment facilities: between US$3-38 to remove
1 kg Ni(depending on technologies and labour costs)
- municipality, of Lysekil (Sweden): paying US$9.1/kg N
removed to the mussel farm Nordic Shell Produktion AB

Nutrienttrading credits (NTIC):
0.8% N, US$10/kg >> US$306,432) WUS$30/kg >> US$919;296

0.5%) N, US$10/kg >> US$510,7201 US$80/kg/>> US$1,582,160

Recognizing and accounting for. the economic value of the
environmental/societal services rendered by extractive
species is needed to evaluate the true value of these
components of IMTA.

>>> Creating economic incentives to encourage
aguaculturiststo further,develop and implement
IMTA systems.

>>> |ncreasing the societal acceptability/ofiaguaculture
by the general public.




But, aquaculture never operates alone...

Rockweed (Ascophylluminodosum)dominates
the intertidal'zone i the Bay ofiFundy:

In SW.New Brunswicks:

158,811 T (FW)
NTC

0.25%6 N, US$10/kg >> US$3.97 M

01259 N}, US$30/kg >> US$11.94/ M

Ifand-basedaguaculture Himan population:
TUN-Of{& oS Industrial
Agricultire 3 2 rUn=offs

TUR=ofis

Redtides

Jellyfish
tides

Rockweed (Ascophyllum nodosum)
distribution in the Maritimes

Rockweed Distribution
[ ]

Biomass

Ulva green tides in different places around the world
-

=

St. Michel en Greve, France, 2009
Qingdao, China,

e -

N Basin Head, Canada, 2008
Anegative media photo opportunity; orareminder of
the significantrole ofiseaweeds in coastal processes

andithe biomitigative services they render?.




Green tide of Ulva prolifera in Qingdao, just before
the 2008 Olympic Games sailing competition
(but also in 2007 and in 2009)

Removal of at |east 1,000,000 tonnes (FW)
of Ulva proliferain a few weeks
(approximately 2,000,000 tonnes (FW) went
to the bottom).

NTC
0.3% N, US$10/kg >> removal of 3,000 T nitrogen (US$30.0 M)
0.5% N, US$30/kg >> removal of 5,000 T nitrogen (US$150.0 M)

The answer is nat in the intertidal zone
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Where are, then, the original niches

of the green tide located?

Organic fertilizer
Chlorella sp.
Rotifers
Juvenile river: crab Eriocheir sinensis

Highilevels of NH,*and PO,
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individual AAPs

Is there a strategy for a solution?
Not many nutrient removal options >>> algal scrubbers is one of them.

The problem: Ulva prolifera = unwanted growing nuisance species of
limited commercial value.

The solution: create a competition for. nutrients by intentionally.
cultivating species, which not only carry on the biomitigation, but
also have commercial value, where Ulva enters the coastal

d i ) environment to control its proliferation.
‘/ filgmAAPS F\\a‘ 3 Ratifer ponds _

frog

OF0anic fertilizer Enriched water

Effluentsfromes

Conclusions

Nutrient extractive aguaculture is a viable
L ecological engineering option. Seaweed farms,
& * While producing a multiple-use biomass, also
render, biomitigative services.

the basic question will be that of societal
acceptance.

True recognition of the environmental/economic/societal services of
extractive crops would create strong incentives to develop
sustainable Marine Agronomy, practices, suchias IMTA, in\which
seaweeds and invertebrates shouldialso be traded for nutrient and
carbon credits, CO; sequestration, oxygen provision, and coastal
eutrophication reduction.

Are we ready zoning

aquaculture / wind / biofuel farms?

Onlywhenthese services are properly,
recognized and valued; will'we be able

to establish theitrue value ofithe

extractive components of IMiIA so that
biomitigative solutions become aniintegral
part of/coastal regulatory andimanagement
frameworks,

to secure our seafood and
energy in an ecosystem responsible manner,
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