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Integrated Multi-Trophic Aquaculture (IMTA)
• A term to describe a specific concept in aquaculture – not new.

- Acronym was coined in 2004, by Thierry Chopin at a conference in Canada.

• Most current aquaculture practices - single species mono-culture.
- Addition of species to that area - polyculture. 

• IMTA is a specific type of polyculture – requires growing 2 or more species, and for those species to be 
linked to each other, serving complementary functions within the ecosystem. 

The ‘Integrated’ element – Key!
• The idea is that the organic and inorganic waste from one species serves as nutritional inputs for 

the other species. 

• This waste is reused as nutritional inputs, reducing or eliminating the waste as it is now a useful by-
product or co-product.

Concept!  – not a 

formula. 

Can be uniquely 

adapted and 

applied to a range 

of  production 

systems



IMTA - Diversifies production systems with a host 
of direct and indirect benefits

Reduction in ecological 
impacts 

From linear model to a more 
circular, whole eco-system 

approach

Provides a waste reduction 
service to the industry 

through bioremediation

Improving the societal 
perception of aquaculture

IMTA grown products have an 
advantage in the market 

place

Helps to decouple economic 
growth from resource use (EU 

Green Deal)

Different IMTA models can 
bring different community 

benefits – such as with the re-
stocking initiatives

Optimization of the space 
available, numerous products 

to be produced within the 
same space, utilising the 
resource effectively and 

efficiently 

Commercial benefit from 
growing other products in 

their site

Diversity provides alternative 
incomes and cash-flows, 

increasing the resilience of 
the business

Beyond biomass – true value 
in added ecosystem services 
and nutrient trading credits 

that some low trophic species 
provide before being valued 

at the farm gate!



• To assess existing and potential IMTA in recirculation; flow-through and open systems, offshore 
and onshore, with an emphasis on improving production methods to reach optimal production 
regimes, taking in to account the range of species co-existing in each production system. 

• Design new IMTA processes in each region with emphasis on regional challenges. 

• To validate the symbiotic production relationships of IMTA and identify the benefits throughout 
the production cycles, assessing cost-effectiveness. 

• To develop and share knowledge on production methods, welfare criteria, health management, 
biosecurity, microplastics, microbiome towards IMTA best practices. 

Objectives of ASTRAL IMTA Labs



Challenges & Mitigations

• Circulatory will be assessed in the IMTA systems to quantify how the 
IMTA processes can best move towards zero waste.

• Climate change risks will be identified and monitoring practices will 
be developed to mitigate these risks.

• HABS, Pathogens and Microplastics pose considerable risks to IMTA 
species, biotic and abiotic factors will be assessed, lists of variables 
and parameters to be monitored will be developed, along with new 
technologies, for the benefit of the aquaculture sector.



IMTA Lab Ireland
• Operated by the Marine Institute - Open coastal IMTA system

• 21.5 Hectare licensed Marine Multi species Research site, the first of its kind in Ireland

• Pilot scale, approximately quarter the size of a commercial salmon farm

• Design focus on enabling IMTA species to be added to traditional aquaculture sites

• Recent move to high resolution and realtime monitoring

• Use of enhanced decision support and environmental data to manage the site



IMTA Lab Ireland

Lehanagh
Pool 

Research 
Site

‘Fed species’ - Feed input to the system for the Salmon. Fish release waste / nutrients into the 

surrounding water

Atlantic salmon (Salmo salar) & lumpfish (Cyclopterus lumpus)

‘Extractive species’ – Filter feeders filter out particulate waste as food, seaweeds absorb dissolved 

minerals and carbon - reusing the waste from the fish entering the environment

Native oyster (Ostrea edulis), Great scallop (Pecten maximus)

Seaweeds – kelp (Saccharina latissima & Alaria esculenta) and 

Dulse/ Dillisk (Palmaria palmata)

‘Novel and indirect species’ – Urchin are fed the seaweeds grown in the IMTA process enhancing circularity. Lobster utilise 

the fish waste but are released as a stock enhancement initiative linking coastal industries

Spiny sea urchins (Paracentrotus lividus)

European lobster (Homarus gammarus)



Cultivation methods and 
feasibility

Cultivation infrastructure and 
technologies

Growth constraints and 
best practice

Demonstrate IMTA as a 
suitable and sustainable 
approach to aquaculture 
for the industry



IMTA Lab Brazil

Rio Grande 

Federal University of Rio Grande - FURG
Institute of Oceanography
Marine Aquaculture Station

Large experience with shrimp production in biofloc system

Advantages compared to conventional systems
NO water renovation
Water reuse for several cycles (years)
High productivity (10-20 times more)
Reduced Food Conversion Rate

Problems in the BFT system
Biofloc accumulation during the cycles
Nitrate and phosphate accumulation



IMTA Lab Brazil

• FURG will explore the feasibility of the integration of Litopenaeus vannamei (white

shrimp), Oreochromis niloticus (tilapia), Crassostrea gasar (native oyster), Ulva

fasciata (seaweed) and Salicornia neei (sea asparagus) in the IMTA system with

biofloc.



IMTA Lab Brazil

Texto

Objectives

• Determine the biomass relation between species

• Reduce the Feed Conversion Rate (FCR) in the system

• Increase the biomass production of each of the high-value

livestock species while providing the opportunity for the

biofloc community to expand to support the additional

capacity.

• Identify the flow rates and other management protocols

• Development of a simple parameterized economic model of

the costs involved in the production of all four livestock

species

• Replicate the production technology to producers (courses)

O.M (biofloc) consumers

Nutrient consumers



IMTA Lab South Africa
 Located ca. 200 km east of Cape Town on Buffeljags abalone farm, a 

commercial aquafarm run by partner Viking Aquaculture. 
 Buffeljags is a land-based pump ashore system, farming abalone in raceway 

tanks integrated with Ulva
 The Ulva grown in abalone effluent water, in large paddle raceways, is used as 

additional feed and 50% of the water from the Ulva systems is re-circulated 
back to the abalone tanks



IMTA Lab South Africa
• The overall objective of IMTA Lab SA is to develop and validate cost-effective IMTA in 

the land-based pump ashore systems, including:

• Insight on biosecurity, species health and system health The physical and chemical parameters of an 

abalone (Haliotis midae) and Ulva IMTA system 

• Culture technology for the production of a new high value species, the sea urchin Tripneustes

gratilla

• The use of waste from Cape sea urchin (Parechinus angulosus) as a feed/probiotic of juvenile 

abalone
Haliotis midae Tripneustes gratilla Parechinus angulosus Ulva rigida



IMTA Lab South Africa

 Biosecurity of integrated systems remains one of the 
main constraints preventing wider adoption of IMTA 
technologies in the SA, and elsewhere. 

 To better understand these risks, research will be 
conducted on the Abalone-Ulva IMTA systems to:

1) Characterize the microbiome to determine the benefits 

and potential risk associated with IMTA systems;

2) Monitor parameters of the IMTA system to optimise the 

health and growth of the cultivated species; and

3) Determine whether faecal matter from the Cape sea 

urchin Parechinus angulosus can serve as a feed/ probiotic 

for juvenile abalone to promote further integration and 

health of the existing IMTA.



IMTA Lab South Africa

 To help diversify the aquaculture sector in SA, the existing 
abalone-Ulva IMTA process will be adapted for the production of 
a new high value species, Tripneustes gratilla.

 Research questions for the Urchin-Ulva IMTA system include:

1) Optimal physical and chemical parameters of the IMTA

2) Optimal system design for an urchin-Ulva IMTA

3) Bioremediation capacity of Ulva - sufficient nutrients sustain 

growth of Ulva?

4) Which substrates promote optimal settlement of Tripneustes 

gratilla larvae

5) Optimal stocking density, basket design, feeds/feeding regime 

and grading methods for commercial cultivation of this species?



Objective: Develop new IMTA value chains

Seaweeds

Alaria esculenta - Dabberlocks Saccharina latissima – Sugar kelp Laminaria digitata - Oarweed

Ulva spp.

Palmaria palmata

Shellfish
Ostrea edulis – European flat oyster

Mytilus spp.

Pecten maximus

IMTA Lab Scotland



Key Activities:

• Cultivation trials to improve productivity 
and inform best practice. 

Arial footage of 2020 harvest showing the farm layout.
The experimental approach used to optimising stocking density. 
Deployed October 2020.

Cultivation depth trial were we will look to determine the best 
environmental parameters that determine the best cultivation 
depth and look at how grower might adjust these during the 
cultivation cycle. Deployed October 2020. 



Key Activities:
• Develop and validate on integrated 

oyster/macroalgae cultivation system with 
improved stocking density. Comparing 
oyster growth rate, composition and 
mortality to an intertidal site.

oyster-seaweed cultivation system aims to test a combined native oyster and 
seaweed cultivation system by exploiting the buoyancy built into the oyster 
baskets creating two permanent catenary lines held at 1.5m water depth and 
8m apart. 



● Transition from manual to AUTONOMOUS REAL-TIME data collection

Data buoy at SAMS IMTA Lab

Monitoring to inform decision making
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Seaweed Performance

 Biomass yield

 Morphology & Biofouling

 Composition

 Carbohydrates

 Heavy Metals

Mannitol and Laminarin as percentage dry weight of samples of Alaria esculenta (AE) sampled 

from 08/01 until harvest. Seaweed deployments dates are T1 - 06/10/16; T2 – 24/11/16, T3 –

08/01/17, T4 - 17/02/17, T5 - 23/03/17. Unpublished data. EU Macrofuels project

0

10

20

30

16/12 25/01 06/03 15/04 25/05

M
an

ni
to

l 
 (%

D
M

)

AE mannitolT1

T2

T3

T4

0

4

8

12

16

16/12 25/01 06/03 15/04 25/05

La
m

in
ar

in
  (

%
D

M
)

AE laminarin
T1

T2

T3

T4



Beagle Channel, Tierra del Fuego Province, Argentina

ASTRAL will be the first project delivering 
knowledge and capacity to design IMTA in 
Argentina

Prospective IMTA lab in Argentina is a replication case 
building on knowledge from the other IMTA labs and 
following the overarching approach of ASTRAL



Eleginops maclovinus
Patagonian blenny

Odontesthes smitti
Silverside

Galaxias maculatus
Puyen

Lithodes santolla
Southern king crab

Paralomis granulosa
False king crab

Loxechinus albus
Sea urchin

Mytilus chilensis
Blue mussel

Macrosystis pyrifera
Macrosystis

Ulva sp.
Sea lettuceOncorhynchus mykiss

Rainbow trout

Introduced over a century ago

Local species we are 
interested to evaluate 
for potential use in IMTA



Identified the factors that have impeded the aquaculture 
development in this region

Determinate the current SWOTs and define future activities to 
boost the aquaculture

Design a prospective IMTA production system for this region based 
on Legislation, Social Acceptability, Profitable, Climatic Conditions, 
Local Expertise, Local Market, Local Suppliers, … 

3 Overall Activities
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