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IMTA systems in the open sea
Open ocean more parameters to consider 
compared to other IMTA systems (hydrography, currents …)
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Oceanography and hydrology

of the habitat
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Open sea IMTA system 

Temperate climate : latitude between 23.5° and 66.5° for both hemispheres. 

Water temperature between 7 and 25°C.

http://sindaleachadatpe.e-monsite.com/pages/ocean-foyer-du-7eme-continent/courants-marins-et-gyres.html
http://lecalve.univ-tln.fr/oceano/plan.htm


Particularity of IMTA systems in the open sea

The physical and chemical parameters of the
environment cannot be as controlled as in the others
IMTA land-based systems.

As a consequence, the whole point is to develop
production units adapted to local conditions

≠ considering species separately.

Open sea IMTA system 



FISH

e.g.: Atlantic Salmon (Salmo

salar), Sablefish (Anoplopoma

fimbria)

 fed

 produce organic and

inorganic waste

Technical characterisation
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SEAWEEDS

e.g.: Sugar Kelp (Saccharina

latissima), Winged Kelp (Alaria

esculenta)

 extract dissolved inorganic

nutrients

 must be placed a little

further away to better capture

the inorganic dissolved

nutrients

FILTER FEEDERS

e.g.: Blue Mussel (Mytilus

edulis), Japanese Scallop

(Mizuhopecten yessoensis)

 reduce the level of finer

organic particles

 ingest substantial amounts of

organic wastes from the surface

layer of bottom sediments

DEPOSIT FEEDERS

e.g.: Green Sea Urchin

(Strongylocentrotus

droebachiensis), California Sea

Cucumber (Parastichopus

californicus)

 recycle the larger organic

particles (uneaten feed, faeces)



Environmental analysis - Nitrogen

Measurements are not easy to obtain in open-water studies. These deal mostly with

uptake rates which are based on nutrients contained in seaweed proteins (Troell et al., 2003).

Datas in an open-water IMTA system:

2.3–4.4 kg of dissolved nitrogen removed per kg of kelps (Alaria esculenta and Saccharina

latissima) near a fish farm of Atlantic salmon (Salmo salar) (Reid et al., 2013)

80% of nitrogen (produced by a 1500T salmon farm) can be removed by a 100 ha

Gracilaria farm (Buschmann et al., 2008)

4.3% of particulate nitrogen removed by deposit feeders co-cultured with Chanos (Watanabe

et al., 2015)

1.4% of solid nitrogen removed by deposit feeders (Chary et al., 2020)

Open sea IMTA system 

https://www.zotero.org/google-docs/?o6wGD2
https://www.zotero.org/google-docs/?o6wGD2
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Fish farm cages release phosphorus     increase phosphate concentrations in 
water, which is the right form of phosphorus for growth of seaweed (Lobban and 

Harrison, 1994; Neori, 1996; Chopin and Wagey, 1999 in Troell et al, 2003)

Datas in an open-water IMTA system:

70.4% of phosphorus removed from water by Gracilaria lemaneiformis (Mao et al., 

2009).
1.5% of solid phosphorus removed by deposit feeders (Chary et al., 2020).

Open sea IMTA system 

Environmental analysis - Phosphorus



Environmental analysis - Organic matter

The concentration of surface phytoplankton is correlated to the amount of

organic matter in water.

Suspension feeders are able to exploit suspended organic matter.

Datas in an open-water IMTA system:

30% of the concentration of phytoplankton controlled by seaweeds (Zhang &

Kitazawa, 2016).

3.1% of faeces removed by the co-culture of sea cucumber (Chary et al., 2020).

Up to 70% of particulate carbon removed by deposit feeders co-cultured with

salmon (Cubillo et al., 2016).

Open sea IMTA system 

https://www.zotero.org/google-docs/?tmyY0P


Environmental analysis 
Water and energy

Very few data

Water consumption: none (open system) 

Energy : the percentage of energy of IMTA could be lower than 
those of the monocultures (Shi et al. 2013)
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It has been demonstrated that combining salmon cages and seaweeds can increase

their growth rate by 26% in Scotland and 46% in Canada for example (Ben Ari et al., 2014).

Moreover, growing fish with blue mussels or kelps increase the growth rate of the

bivalves and seaweed respectively by 50% and 46%. For example, Gracilaria chilensis

grows 30% faster with salmon and produces agar of better quality compared to its

monoculture (Barrington et al., 2009).

Productivity gains

Open sea IMTA system 



Economical analysis

Only few studies with economic
calculation about IMTA systems
in open ocean.

NPV (Net Present Value) is
higher in IMTA systems => 5.7-
38.6% higher (Carras et al., 2019;
Ridler et al., 2007).

(Ridler et al., 2007 )

(Shi et al., 2013)
Open sea IMTA system 



Economical analysis

This table shows the effects of the internalization of the environmental costs in the
profitability analysis. In most cases the production does not make profits (n.p.) if the
environmental costs are taken into account or are fallen sharply (column b of NPV).
However, the column c of NPV shows a well better profit if this from Gracilaria chilensis
production is taken into account whatever the scenario considered (Barrington et al., 2009).

3 scenarios:
a) Salmon culture without internalization of the environmental costs
b) Salmon culture with internalization of the environmental costs
c) Salmon culture with internalization of the environmental costs + profit from seaweed Culture 

Open sea IMTA system 



Economical analysis

IMTA systems are more resilient to natural
causes (i.e. mass mortality).

Risk is reduced because of diversification +
additional income stream.

Administrative and operational expenses
are spread over a wider range of products
(Carras et al., 2019 ; Chopin et al., 2013 ; Ridler et al., 2007)

The percentages of salary and wages,
energy, and maintenance of IMTA could be
lower than those of the monocultures (Shi et

al. 2013).

IMTA profitability can be influenced by
price trends
The cost of IMTA and capital investment 
requirements are higher than those of the 
monocultures, with added operational 
complexity (Carras et al., 2019 ; Shi et al., 2013).

ASSETS LIMITS

Open sea IMTA system 



IMTA systems in the open ocean under offshore conditions has not yet been 
adopted at commercial scale

Economical analysis

● Price premium must be applied on IMTA products :
In a survey : 50% of the consumers were willing to pay 10%
more for these products if labelled as such (Barrington et al.,

2010).

● Costs of environmental degradation could be recognized
and quantified.

● IMTA systems and extractive species provide
“environmental and societal services” that are not taken
into account in the economic studies (Chopin et al., 2013).

Open sea IMTA system 



Benchmark

?

?

Open sea IMTA system 

?: No data available



Faster production cycles Additional operational complexity 
Insufficient organizational and managerial 
expertise 
Technical uncertainty 

Less impact on the benthos
Waste utilisation (effluents)
Sea lice larvae filtration
Increasing oxygen level in the sediments
Cleaning water

Risk of disease transmission between species
Extractive species must be adapted to offshore
conditions
Great variability in hydrodynamic conditions,
pelagic primary productivity...

Financial benefits/ increased profitability 
Creation of new income streams 
Best resilience to natural causes 
Increase social acceptability, “greening” 
the aquaculture industry image 

Market must exist for all species, some
extractive species may have lower market price
Sensibility to salmon price trends
Higher capital investment requirements, higher
cost

Open sea IMTA system 
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