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September 1995: conference in St. Andrews, New Brunswick, Canada
“Mixed, integrated, poly-, or multi-level aquaculture - whatever you call it,
it is time to put seaweeds around your cages!”
1995-2000: “preaching in the desert” period
Differentiate our practice from monoculture
Obvious term: polyculture
However, cultivating three species of fish together,
does not address the problems of co-cultivating
three fed species together
March 2004: workshop in Saint John, New Brunswick, Canada
Integrated Aquaculture + Multi-Trophic Aquaculture

Thierry Chopin

Jack Taylor

=
Integrated Multi-Trophic Aquaculture (IMTA)
Since, more than 1,300 publications on IMTA have been published

But the practice is much older…
-2200-2100 BC “You Hou Bin” detailed the integration of
fish with aquatic plants and vegetable
production in China

What we are developing is IMTA “à la canadienne”…
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IMTA is based on a very simple principle:

The solution to nutrification
is not dilution...
but extraction and conversion

through recyclation and diversification

This is, in fact, nothing less than the
law of conservation of mass
Antoine-Laurent de Lavoisier
(1743-1794)

“Rien ne se perd, rien ne se crée, tout se transforme”

“Nothing is lost, nothing is created, everything is
transformed”

IMTA was never conceived with the idea of being viewed only
as the cultivation of salmon, kelps, blue mussels and other
invertebrates, in temperate waters, and only within the limits
of existing finfish aquaculture sites.
That is how we started in
Canada, in order to be able to
conduct experiments at sea,
within the limitations of the
regulations presently in place,
rather than extrapolating from
small tank experiments in
laboratory conditions, which
may not reflect what really
occurs in the environment.
This is only one of the variations on the central/overarching
IMTA theme. But, there are many variations on IMTA.

There are many variations of IMTA:
- integrated agriculture aquaculture (IAA)
- integrated fisheries aquaculture (IFA)
- integrated silviculture (mangrove) aquaculture (ISiA)
- integrated green water aquaculture (IGWA)
- integrated biofloc aquaculture (IBFA)

- integrated temporal aquaculture (ITA)
- integrated sequential aquaculture (ISA, also called
partitioned aquaculture, PA, or fractionated aquaculture, FA)

- sustainable/sustained ecological aquaculture (SEA)
- freshwater IMTA (FIMTA) / aquaponics
- integrated peri-urban aquaculture (IPUA)

- integrated ocean ranching (IOR)
- integrated food and renewable energy parks (IFREP)

This is also IMTA…
integrated agriculture aquacultutre (IAA)

This is also IMTA…
integrated green water aquaculture (IGWA)

integrated biofloc aquaculture
(IBFA)

This is also IMTA…
freshwater IMTA (FIMTA) or aquaponics

CIMTAN FIMTA

This is also IMTA… Sanggou Bay, China

This is mostly co-cultivation of
seaweeds and invertebrates

Agricultural
run-offs

Land-based
aquaculture
run-offs

IMTA site in the Bay of Fundy,
New Brunswick, Canada
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Magellan Aqua Farms Inc. – sea scallops
Chopin Coastal Health Solutions Inc. – seaweeds

Western world groups working on IMTA have
spent two decades developing small-scale/
pre-commercial, IMTA operations by
modifying fish sites to co-cultivate
invertebrates and seaweeds
(the FIS approach; 70-80’s / 00’s / 00’s).
Commercial scaling-up has not been easy:
while the biological and environmental
advantages of this practice are generally accepted, adoption barriers have
been mostly economic and regulatory.

Asian countries have a long tradition of
using different IMTA systems. The
modifying site approach has been
diametrically opposed: seaweed sites have
seen the development of smaller
invertebrate, and later fish, infrastructures
(the SIF approach; 50’s / 80’s / 90’s), within vast dedicated areas.

Should they be apples vs oranges?
Or should we work together

towards
more

integrative
solutions?

A major rethinking is needed regarding the
functioning of an “aquaculture farm”
Western IMTA has generally developed within the restrictive
limits of existing finfish sites, which does not reflect the
ecosystem scales at which aquaculture farms really function.
Because different nutrients (small particulate organic
nutrients, large particulate organic nutrients, dissolved
inorganic nutrients) need to be recaptured, different spatial
and temporal strategies should be designed.
The “Integrated” in IMTA should be understood as cultivation
in proximity, not considering absolute distances but
connectivity in terms of ecosystemic functionalities.

A major rethinking is needed regarding the
functioning of an “aquaculture farm”
This means that the different components of an IMTA system
do not have to be right at the same location, but that entire
bays / coastal areas / regions could be the units of IMTA
management, within an Integrated Coastal Area Management
(ICAM) strategy, hence challenging traditional aquaculture
regulations/policies.
The placement of the different components of an IMTA
system, and the scale at which it will be managed, will
certainly trigger changes to regulations, as they were
designed without IMTA in mind in most countries.

Regulations governing aquaculture are often designed with a
single species/group of species in mind, just like fishery
regulations, and can inhibit a more holistic approach by not
considering species interactions and an ecosystem-based
management approach.

We know that IMTA systems should and will continue to evolve
Because the IMTA concept is extremely flexible and can be applied
worldwide to open-water and land-based systems, marine and
freshwater environments, and temperate and tropical climates,
there is no ultimate IMTA system to feed the world.
Different climatic, environmental, biological, physical, chemical,
economic, historical, societal, political and governance conditions
will lead to different choices in the design of the best suited IMTA
systems.

IMTA is a concept, not a formula

It is not enough to consider multiple species (like in polyculture);
they have to be at multiple trophic levels, based on their
complementary functions in the ecosystem. They should also
have an economic value or potential.
Nothing says that only one company should be in charge /
producing all the IMTA components. There may need to be several
companies coordinating their activities within the ICAM.

To calculate IMTA’s full value, seaweeds and
other extractive species need to be valued

for not only their biomass and food trading
values, but also for the ecosystem services

they provide, along with the increase in
consumer trust and societal/political license

to operate they give to the aquaculture
industry (circular economy approach)

Mentalities will have to change: nutrients are
not necessarily wastes or by-products, but

should be considered as co-products, useful
for the co-cultivation of other crops in more

efficient and responsible food production
systems, while bioremediation of coastal

nutrification takes place

The value of the ecosystem services provided by the
extractive components of IMTA systems will have to
be recognized, accounted for and used as financial
and regulatory incentive tools
For example: seaweeds

30.1 million tons

Composition

NTC

0.35% N

US$10-30 kg-1

0.04% P

US$4 kg-1

3.00% C

US$25 t-1

US$11.7 billion

>>> Ecosystem services: at least US$1.124 billion to
US$3.231 billion
i.e. as much as 27.6 % of their present commercial value

>>> Developing a system of nutrient trading credits

There is more money to be made with
nutrient trading credits (NTC)
than with
carbon trading credits (CTC)

Nitrogen trading credits: between US$1.124 and 3.231 billion
Phosphorus trading credits: US$48.16 million
Carbon trading credits: US$22.58 million

There is now a renewed interest in the mariculture
of seaweeds for their integrated cultivation, the
ecosystem services they provide and novel uses
- Seaweeds are excellent nutrient scrubbers
(especially dissolved nitrogen, phosphorus and
carbon)
- With IMTA, seaweeds can be cultivated without
fertilizers and agrochemicals

IMTA is more than

a story of nutrients

There is now a renewed interest in the mariculture
of seaweeds for their integrated cultivation, the
ecosystem services they provide and novel uses
- Seaweeds are excellent nutrient scrubbers
(especially dissolved nitrogen, phosphorus and
carbon)
- With IMTA, seaweeds can be cultivated without
fertilizers and agrochemicals
- Seaweeds do not need to be irrigated

- Seaweed cultivation does not need more arable
soil and land transformation (deforestation)
- Seaweeds can be used for habitat restoration

There is now a renewed interest in the mariculture
of seaweeds for their integrated cultivation, the
ecosystem services they provide and novel uses
- Seaweeds is the aquaculture component providing
O2, while the other animal and microbial
components consume O2
- Seaweeds sequester carbon dioxide
>>> slowing down global warming
- By sequestering carbon dioxide, they could also
reduce coastal acidification
CO2 + H2O + CO32- → 2 HCO3carbonate

bicarbonate

There is now a renewed interest in the mariculture
of seaweeds for their integrated cultivation, the
ecosystem services they provide and novel uses
- The IMTA multi-crop diversification approach
(fish, seaweeds and invertebrates) could be an
economic risk mitigation and management option
to address pending climate change and coastal
acidification impacts

There is now a renewed interest in the mariculture
of seaweeds for their integrated cultivation, the
ecosystem services they provide and novel uses
- The IMTA multi-crop diversification approach
(fish, seaweeds and invertebrates) could be an
economic risk mitigation and management option
to address pending climate change and coastal
acidification impacts
- Seaweeds can be used
for partial fish protein
substitution in
aquaculture feed

There is now a renewed interest in the mariculture
of seaweeds for their integrated cultivation, the
ecosystem services they provide and novel uses
- Biochar, methane, bioethanol, biofuels, biodiesels

- Seaweed cultivation (and IMTA systems) could be
associated with wind
farms, in integrated
food and renewable
energy parks (IFREP),
for reduced
cumulative footprint
by combining
activities

All that takes time to develop and
implement…
Science and society need time
to think and evolve…

We should realize that we are still in the infancy of western IMTA
(after all, we have been improving agriculture for centuries and it is still not perfect)

The adoption of IMTA will not happen overnight, especially in
the western world, which presently prefers monocultures, linear
processes and short-term profits.
We will need patience, determination and persistence to get
people to see the environmental, economic and societal
advantages of growing complementary species together,
creating circular economy processes
and seeking sustainability in the
long term.

First battery electric car: Prius (development since 1993; first sales in 1997)
First hydrogen fuel cell car: Mirai (development since 1992; first sales in 2014)
Still not predominant vehicles – No real incentives and refueling logistics issues

The new horizon for Toyota is 2050. What will it be for IMTA?

At recent conferences, people talk a lot about the
Blue Growth / Blue Economy / Blue Revolution
However, we should also recognize that it needs to
become greener
It is, consequently, time we combine the two and we
talk about the
Turquoise Growth
Turquoise Economy
Turquoise Revolution

Tack så mycket
Thank you very much

