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1 INTRODUCTION 

 

Common definition and knowledge 

What is IMTA? 
 
At its simplest IMTA can be defined as fed aquaculture combined with inorganic and/or organic extractive 
aquaculture in order to more efficiently utilise inputs to the system. There are a number of similar systems, 
e.g. aquaponics; IAAS (integrated agriculture-aquaculture systems); IPUAS (integrated peri-urban 
aquaculture systems), all of which fall under the general concept of Ecosystem Approach to Aquaculture 
(EAS). This “is a strategy for the integration of the activity within the wider ecosystem in such a way that it 
promotes sustainable development, equity and resilience of interlinked social and ecological systems” (Soto, 
Aguilar-Manjarrez and Hishamunda, 2008). 

According to Chopin (2009), “IMTA is the practice which combines, in the appropriate proportions, the 
cultivation of fed aquaculture species (e.g. finfish/shrimp) with organic extractive aquaculture species (e.g. 
shellfish/herbivorous fish) and inorganic extractive aquaculture species (e.g. seaweed) to create balanced 
systems for environmental sustainability (biomitigation) economic stability (product diversification and risk 
reduction) and social acceptability (better management practices).” 

In broader discussions of what exactly constitutes IMTA there are questions regarding the economic and 
social provision of IMTA systems, and whether it is necessary for these factors to be included in order for 
an integrated production facility to be considered IMTA. For example, ‘should all the components of the 
system provide an economic return or is their biomitigative function enough?’ Furthermore, there are also 
questions about whether direct trophic subsidy is necessary, or if a bay-scale mass balance approach 
between loosely related facilities (accidental IMTA) can also be included. In other definitions, ‘integrated’ 
specifically signifies more intensive cultivation thereby excluding more traditional extensive co-cultivation 
practices (e.g. Troell et al. 2009, Chopin et al. 2009).  

Because the state of the art of research about IMTA in the AA is at an early stage, and because many 
studies focus on only one or two aspects of IMTA (for instance technical improvements or nutrient 
remediation quantification), we did not utilise such a comprehensive definition during our search for 
literature.  

For the purposes of this synthesis… 

 Integrated – Deliberate integration of two or more species. 
 Multi-trophic –  More than one trophic level in the system. The degree of trophic differentiation has 

not been considered. Species of similar or the same trophic level can be co-cultivated within an 
IMTA system providing there are additional, trophically differentiated, compartments.  

 Aquaculture – At least two species in the system should be aquatic. This review deliberately 
excludes hydroponic/aquaponic (only) cultivation of terrestrial crops.  

Behind these definitions, the main questioned topics are those that define the concept of Sustainable 
Development: i) the improvement of technical solutions, ii) the reduction of the environmental impact of 
aquaculture, iii) the economical profitability for farmers and iv) the provision of a societal need. 

As each of these four topics has its own bottlenecks, risks and challenges – and these may differ by country 
or by region, they have been explored independently in order to identify current IMTA practices.  
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- IMTA Practices: 
 

 Technical: How many compartments? Which species? At-sea or land systems? Open water 
or recirculating systems?  

 Environmental: Which parameters are impacted? What are the available indicators to estimate 
the environmental impact? 

 Economic: Which parameters are impacted? What are the available indicators to estimate the 
economic impact? 

 Social and Regulatory: Social acceptability? The needs and the related market? What is the 
regulatory framework? 

 

- Objectives of this report: 
 

This document provides an overview of the existing literature describing IMTA practices in the AA from four 
different perspectives: technical; environmental; 3. economic; 4. social and regulatory, in order to understand 
the state-of-the-art of IMTA development in the region and what, if any, best-practices currently exist. 

From this, we identify common situations and potential synergies at both AA and regional level. 

This report summarises the first level of an analysis that will form the basis of a more thorough investigation 
intended for peer-review and publication.  

2 MATERIAL AND METHODS 

2.1 Database search 

A categorical regrouping database about IMTA was defined with the starting assumption that all cultivated 
aquatic organisms can be part of IMTA systems. A wide exploration of the academic and grey literature was 
first made without any expectation about the content of the articles. References were collected from Google, 
Google Scholar, Science Direct and authors’ own databases from early 1990s to April 2018.  

The following key words were used in the database search: IMTA, Integrated Aquaculture, multi-trophic 
cultivation and poly-aquaculture. 

To build the database a five-step process was used: 

- Step 1: Search of academic studies, reviews, media papers and project reports. 

- Step 2: Papers describing IMTA systems were identified in the AA countries (France, Ireland, United 
Kingdom, Spain and Portugal). 

- Step 3: Within the IMTA countries two main systems were distinguished: At-sea and land-based systems. 
For land-based systems, the type of structure was then identified (pond, tank or laboratory). 

- Step 4: Papers were then analysed under the following main topics = Technical, Environmental, Economic 
and Social/Regulatory 
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- Step 5: Within each topic the following information was extracted. 

 Technical: Materials/devices, volumes, water circulation, species, densities, spatial 
distribution/connection; number and type of trophic levels, pathogen/contaminants, production 
yield, survivorship 

 Environmental: Remediation capacity and/or global environmental metrics 
 Social: Management/stakeholder conflict reduction; regulatory framework; quality assurance; 

consumer acceptability  
 Economic: Cost/benefit for producers; IMTA market advantages 

 

2.2 Analysis 

Two levels of analysis were followed from a general quantitative overview to a deeper qualitative treatment 
of the database: 

- The first level of analysis is a quantitative analysis for each level of treatment from step 1 to step 
4. 

- The second level of analysis is more qualitative and will focus on the redundant data versus discreet 
data from the previous step 5 in order to propose: 
 Common knowledge and practices between AA countries (= redundant data)   
 Specificities of each AA countries (= discreet data) 

3 RESULTS 

3.1 QUANTIATIVE ANALYSIS 

70 reports and scientific papers were collected, the majority peer-reviewed.  

From the 70 references, 6 are theoretical studies without any precision of the type of application so the water 
type and the IMTA system type were not assigned to them. The number of references analysed were the 
following: France (17), Portugal (17), Spain (14), UK (12) and Ireland (10). Although differences appeared 
between countries, our data show common research interests for IMTA systems in the AA. 

The analysis of water type (Figure 1) shows that for all the countries analysed, IMTA systems were mainly 
studied for marine water (62 references) when compared to brackish (1 reference from a collaboration study 
between France and Senegal) and freshwater (1 reference for Ireland). 
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Figure 1: Distribution of IMTA references per water type, per country 

 

The analysis of the type of systems shows 46 references for land-based systems versus 20 references for 
at-sea systems. A comparison between the AA countries shows that this dominance of land-based systems 
is shared between France, Spain and Portugal while Ireland and UK mainly focused on at-sea systems 
(Figure 2). This is historically explain by the more developed land-based aquaculture in the South of Europe. 

 

Figure 2: Distribution of IMTA references per type of system, per country. 

 

Concerning the organisms in IMTA systems, while the principal focus of Portugal, France, Ireland and UK 
has been integration of either fish with invertebrates or fish with seaweeds, Spain mainly focused on 
seaweeds (17 species). To date, France has provided the only example of IMTA including 
microalgae/phytoplankton (Figure 3).  
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Figure 3: Distribution of IMTA references per type of organism, per country. 

 

Finally, the last analysis was done on the topic area. 57 papers included Technical topics, 21 papers included 
Environmental topics, 13 papers included Economic topics and 7 papers included Societal and Regulatory 
topics. Interestingly it was mainly the UK that started to explore the Societal/Regulatory topic. Several 
reports/papers included more than one topic and were listed in each relevant category.  

 

Figure 4: Distribution of IMTA references per topics, per country.  
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3.2 QUALITATIVE ANALYSIS 

TECHNICAL APPROACH 
 

Cultivated organisms 

Organisms that are integrated in IMTA systems are listed for each AA countries in table 1. 

The choice of the integrated species is difficult because it will depend on the synchronisation of the life 
cycles. 

Ulva is the only group that have been studied by all the five countries. However, according to the huge 
annual events of green tides along their coast-line, France and Ireland didn’t test the cultivation of Ulva sp. 
in open-sea systems while UK, Spain and Portugal has run some essays.  

The detailed analysis of the tested species in IMTA systems reveals that AA countries have focused in 
different kind of organisms and combinations. This can be linked with the main aquaculture sector of each 
country that has been considered as the enter point for IMTA development. For example, while Portugal 
appears to be the most interested in fish production (11 species) with seaweeds (8 species) in tank systems, 
Spain studied the highest number of seaweed and mollusc species (17 and 7 species respectively). The 
case of France shows more a diversity at the organism level (fishes, molluscs, crustaceans, worms, 
seaweeds, phytoplankton, zooplankton, microalgae and land-plants) than a specialization for one kind of 
production. Finally, Ireland mainly combined Fishes with seaweeds (5 species each) and UK studied IMTA 
systems from Fishes, crustaceans and seaweeds (3, 2 and 3 species respectively). 

One interesting observation is that France only studied Ulva in land-based and Porphyra purpurea in open-
sea systems while it is the second seaweed producer in Europe (FAO, 2014). This can be explained by the 
fact that mainly land-based cultivation systems were studied (Figure 2) and seaweed cultivation in France 
is dominated by kelp species in at-sea farms. The case of Porphyra purpurea comes from the natural 
recruitment of this species on the oyster nests. As Nori is one of the main species of interest with a strong 
market, many French oyster farmers begin to be interested in producing this new resource. 

As a conclusion, this analysis shows that each country can be considered as expert of different kind of IMTA 
systems. In that way, their cooperation within the INTEGRATE project should be very efficient. 
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Table 1: Details of the cultivated species in IMTA systems for each AA country  

 

Organisms Species Portugal Spain France Ireland UK
Fish Argyrosomus regius X

Fish Dicentrarchus labrax X X

Fish Diplodus cervinus X

Fish Diplodus puntazzo X

Fish Diplodus sargus X

Fish Diplodus vulgaris X

Fish Labrus bergylta X

Fish Mugil cephalus X

Fish Onchorynchus mykiss X

Fish Perca fluviatilis X

Fish Salmo salar X X

Fish Scophthalmus maximus X X X

Fish Scopthalmus rhombus X

Fish Solea senegalensis X

Fish Solea solea X

Fish Sparus aurata X X X

Fish Symphodus melops X

Fish Tilapia X

TOTAL 11 1 4 5 3

Mollusc Almeja babosa X

Mollusc Almeja japonesa X

Mollusc Clams X

Mollusc Crassostrea angulata X

Mollusc Crassostrea gigas X X X

Mollusc Mytilus edulis X X

Mollusc Ostra rizada X

Mollusc Ruditapes philippinarum X X

Mollusc Tapes decussatus X

TOTAL 2 7 3 1 0

Echinoderm Holothuria mammata X

Echinoderm Holothuria tubulosa X

Echinoderm Paracentrotus lividus X

Echinoderm Sea urchin X

TOTAL 2 1 0 0 1

Crustaceans Litopaneus vannamei X

Crustaceans Shrimp X X

TOTAL 0 0 1 0 2

Cnidaria Anemonia viridis X

TOTAL 0 1 0 0 0

Worms Hediste diversicolor X

Worms Polychaetes X X

TOTAL 1 1 1 0 0
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Table 1 (end): Details of the cultivated species in IMTA systems for each AA country  

 

 

Organisms Species Portugal Spain France Ireland UK
Seaweed Asparagopsis armata X

Seaweed Asparagopsis taxiformis X
Seaweed Chondrus crispus X
Seaweed Codium fragile X
Seaweed Codium taylorii X
Seaweed Codium vermilara X
Seaweed Corallina elongata X
Seaweed Gracilaria bursa pastoris X X
Seaweed Gracilaria gracilis
Seaweed Gracilaria vermiculophylla X
Seaweed Gracillaria verrucosa X
Seaweed Grateloupia dichotoma X
Seaweed Grateloupia turuturu X
Seaweed Halopithys incurva X
Seaweed Halopteris scoparia X
Seaweed Hydropuntia cornea X
Seaweed Hypnea musciformis X
Seaweed Hypnea spinella X
Seaweed Jania adhaerens X
Seaweed Laminaria digitata X
Seaweed Laurencia chondrioides X
Seaweed Mastocarpus stellatus X
Seaweed Palmaria palmata X X
Seaweed Porphyra dioica X
Seaweed Porphyra purpurea X
Seaweed Saccharina latissima X X X
Seaweed Sacchoriza polyschides X
Seaweed Ulva sp. X X X X X

TOTAL 8 17 1 5 3

Phytoplankton Skeletonema costatum X

TOTAL 0 0 1 0 0

Zooplankton Rotifera X

TOTAL 0 0 1 0 0

Microalgae Chlorella X

TOTAL 0 0 1 0 0

Fresh water algae lemna minor X

TOTAL 0 0 0 1 0

Land plant Halimione portulacoides X
Land plant Salicornia europaea X X

TOTAL 1 0 1 0 1

TOTAL 25 28 14 12 10
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ENVIRONMENTAL APPROACH 
 

- Approximately 75% of the studies within the AA that report nutrient remediation values relate to 
land-based systems, either using ponds or tanks. The remaining 25% relate to modeling studies 
and/or to sea-based systems.  

- Most commonly reported is DIN and in addition, variously, TAN, TIP, organic N. Remediation is 
often expressed as a percentage of input N removed, but also nitrogen uptake efficiency or 
nitrogen uptake rate.  

- Most of the studies report remediation of released N, and this varies between 5% and 98%.  
- At sea remediation is much lower because of the dilution effect. Only one study compared space 

required for equivalent nutrient remediation between bivalves and macroalgae. 
- In ponds, water quality of IMTA ponds is much improved over polyculture ponds in terms of 

organic deposition, benthic quality 
- Three studies compare bioremediation efficiencies of different species of macroalgae.  
- The seasonal nature of the efficiency of macroalgal bioremediation is noted in several studies.  
- Few studies extrapolate to estimate space or biomass required at a commercial scale. At this 

stage data are generally based on small-scale systems and over short time periods. Systems 
have not yet been optimised or scaled and so extrapolation would perhaps be premature.  

 

ECONOMICS APPROACH 
 

Data from economic analyses of IMTA systems tend to show a positive outcome of IMTA versus 
monoculture. However, all the results are very different in terms of scale, species, parameters discussed 
etc., making it difficult to analyse and draw any conclusions. As yet, there are few studies and as a result it 
is not possible to compare common situations but only to report some of the individual findings. In general, 
where economic projections have been carried out they have tended to suggest a positive outcome to the 
introduction of IMTA. However, it should be noted that many studies are not comprehensive economic 
analyses but rather projections based on scientific studies. 

- Per kg N remediation, production costs for different extractive organisms vary widely.  
- Willingness-To-Pay (WTP) premiums correlate with the degree of perceived sustainability. 

Models showed a positive preference for sustainably produced salmon. 
- Lowered costs of inputs, e.g. feed and juveniles, in IMTA systems can result in higher net 

revenue. Improvements in profit estimates for IMTA versus monoculture are indicated.  
- Modelled data predict goods revenue increases and overall profit increases in IMTA however 

plant/equipment/leasing/staffing and transport costs were not considered.  
- Several studies estimate revenue potential for the secondary/tertiary cultivated species. Lack of 

scaled production means that accurate estimates of costs are not available. As system 
complexity increases, these costs are also likely to increase but this is not yet well described.  

 

SOCIETAL / REGULATORY APPROACH 
 

There are a number of points raised by stakeholders and the public that directly relate to the social 
aspects of IMTA, which are summarised below. These points are taken from the series of papers by 
Alexander et al. that came out of the IDREEM project. To date, work has focused on identifying what the 
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potential social issues are, rather than developing solutions or analysing the effect that IMTA might have 
on those issues. Stakeholder and public perceptions of IMTA were found to be similar to one another, and 
positive (Alexander et al. 2018) however public awareness of IMTA is low but variable according to 
country (Alexander et al. 2016, Hynes et al. 2017). 

Negative points towards the development of IMTA: 

- The location of IMTA farms can affect other users in the same area and also might have a visual 
impact. 

- Concerns about food safety (e.g. contaminant transfer and disease) 
- Lack of existing process for licensing IMTA sites 
- Lack of appropriate marine and coastal planning 

 
Positive points towards the development of IMTA: 

- Increased employment by including other income streams 
- Could help the overall “negative” image and perception of aquaculture 
- increased industry competitiveness 
- Opportunities for education 
- Potential integration in eco-tourism 
- An opportunity to initiate partnerships 

4 CONCLUSION 

Identify common situations, potential synergies and specific needs at AA 
and regional level 

Common situations 

 Very large focus on marine IMTA systems; this might have been different had terrestrial crops 
been included in our analysis. 

 Systems including fish are the most studied in each country with the exception of Spain that was 
more focused on seaweed. This is perhaps not surprising as IMTA is traditionally conceived as 
including a ‘fed’ component, and fed aquaculture in Europe is largely based on fish.  

 In land-based systems ‘fish+seaweeds’ and fish+invertebrates’ are the most common 
combinations studied. 

 Ireland has a small dominance of sea-based studies, while Portugal and France have a large 
dominance of land-based studies. Spain and the UK have approximately equal numbers.  

 There is a dominance of technical research for all countries. This is not surprising as the IMTA 
industry is young and needs to develop the technical expertise for implementation before social 
and economic questions can be answered. 
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