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1 Abstract 

This study highlights the environmental impact of pond integrated multi-trophic aquaculture (IMTA) 

either in semi-extensive or semi-intensive systems in comparison to semi-intensive fishpond 

polyculture using LCA. The impacts considered were Global Warming, Net Primary Production Use, 

Total Cumulative Energy Demand, Acidification potential, Eutrophication potential, Land 

Competition and Water Dependence.  

Results show that feeds, direct (farm) activity, fish rejects, energy consumption and water 

consumption were the most demanding processes. Feeds was the only process that contributed to 

most impacts (only exception for Water Dependence) being mostly important in Net Primary 

Production Use and Global Warming for the three systems. Direct (farm) Activity was mostly 

important in Land Competition and Water Dependence and driven by each of the three production 

systems although more significant in the semi-extensive IMTA. Fish rejects were the main 

contribution process to Eutrophication in the three systems; however, while the effect was positive 

in the case of the semi-intensive systems, it was negative in the semi-extensive IMTA implying that 

this system was extracting nutrients from the environment. In the two semi-intensive systems, either 

IMTA or fish polyculture, Rejects Fish was significantly impacting the Acidification Potential. Energy 

consumption was only represented in the semi-intensive systems mostly in terms of Total 

Cumulative Energy Demand, although there was also some impact on Global Warming and the 

Acidification potential. Water consumption only affected Water Dependence. 

Conclusions from the impact study show that with the exception of Land competition the semi-

extensive IMTA had an overall lower environmental impact than the semi-intensive IMTA and semi-

intensive fish polyculture; to produce the same amount of fish biomass the semi-intensive IMTA is 

much less eutrophic and water dependent than semi-intensive fish polyculture and that the semi-

intensive IMTA used less feed than the semi-intensive fish pond polyculture to produce the same 

amount of seafood biomass. 
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2 Introduction 

Environmental sustainability has been defined as the maintenance of natural capital, which 

basically translates into the waste emissions caused by an action should not exceed the capacity 

of the local environment and natural resources should be harvested at a rate that allows 

regeneration. This implies that sustainable development of aquaculture should be developed 

without growth in throughput of matter and energy beyond regenerative and absorptive capacities 

of the local environment (Goodland, 1995).  

Seafood farming is claimed to be sustainable when compared to other primarily animal-derived 

farmed proteins (Hall et al., 2011; Heller and Keoleian, 2015). However, seafood production is 

associated with multiple potential environmental impacts, such as eutrophication of aquatic 

ecosystems, intensive use of land and water, ecotoxicity in local ecosystems through the use of 

chemicals and introduction of non-indigenous species (Naylor et al., 2000; Diana, 2009; Ottinger 

et al., 2016). Integrated Multi-Trophic Aquaculture (IMTA) has been identified as a promising 

technology to prevent the environmental impacts caused by traditional aquaculture. It is thus highly 

relevant to assess current IMTA practices and identify the production systems that are the most 

environmentally sustainable. 

One of the objectives of the INTEGRATE project was to assess the potential environmental impact 

and benefits of marine pond IMTA developed by the Portuguese and Spanish project partners, 

IPMA and CTAQUA, respectively. These were semi-extensive and semi-intensive pond IMTA 

production systems. To assess the benefits of these pond IMTA systems we compared them with 

a conventional semi-intensive fishpond monoculture using life cycle assessment (LCA) which is a 

tool commonly used to assess the environmental sustainability of food production systems 

(Andersson, 2000; Mungkung & Gheewala, 2007; Ziegler et al., 2016).  

LCA is an ISO-standardized methodology which quantifies the impacts on ecosystems, human 

health and natural resource stemming from products and systems over their entire lifetime. The 

LCA procedure identifies and quantifies the energy and materials used, as well as the waste and 

emissions released into the environment, and assesses the impact of these inputs and outputs, 

which can be defined for a single process or for the complete life cycle, from the acquisition of raw 

materials to the final disposal of the product. 

Several LCA studies have been performed on aquaculture systems (reviewed by Bohnes et al., 

2019) and demonstrated that it is a relevant tool for quantifying and comparing different types of 
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systems, permitting the characterization of the production based on its potential environmental 

impact.  It is also a good tool to make an inventory of all product pollutant emissions and resources 

used in a system because it automatically takes into consideration a part of the regional context of 

system location, through the distances of material transportation and the energetic background 

(Aubin et al., 2009). 

3 Methods 

3.1 The studied systems 

3.1.1 Semi-intensive pond IMTA and semi-intensive fishpond polyculture 

Both the semi-intensive pond IMTA and semi-intensive fish POLYculture, were carried out in 

Portugal at the Aquaculture Research Station (EPPO) of the Portuguese Institute of Sea and 

Atmosphere (IPMA, Fig. 1). 

 

Fig. 1 - Aerial view of the ponds of the Aquaculture Research Station (37o 02´ N; 07o 49´W). Semi-

intensive IMTA was carried out in the ponds outlined in yellow and the semi-intensive fish polyculture 

(POLY) in the pond outlined in orange. Blue arrows indicate water inflow and outflow. R – water reservoir; 

S – settling pond. 

The IMTA treatment was carried out from 9 of May to 16 of October 2017 in two of the earthen 

ponds outlined in yellow in Fig. 1. The ponds have 700 m2 of surface, a mean depth of 1.5 m and 

a volume of 750 m3. The objective was to determine the performance of fish and oysters in a pond 

IMTA system. The fish population was composed of a mixture of three fish species: meagre, 
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(Argyrosomus regius), white seabream, (Diplodus sargus) and flathead mullet (Mugil cephalus). 

The oyster was Crassostrea gigas (triploids). Macroalgae, mainly Ulva spp. were cultivated in the 

fish and oyster ponds and growth was determined in six 1 square meter rafts. The anticipated final 

density for fish was 2.5 kg m-3 and for oyster was 1 Kg m-2 at the end of the experiments (6 months) 

and the initial zootechnical parameters of the reared organisms are shown in Table 1. 

Table 1 - Initial zootechnical parameters of fish and oyster introduced in earthen pond. 

 
Semi-intensive IMTA 

(# /pond) 
Mean weight 

(g) 

Species   

Argyrosomus regius 2700 175 

Diplodus sargus 500 236 

Mugil cephalus 320 268 

Crassostrea gigas 24,000 1.46 

Initial fish density (kg m-2) 1.0 

Initial oyster density (kg m-2) 0.05 

 

The semi-intensive fish polyculture took place from 27 ofMay 2017 to 25 of July 2019 in an earthen 

pond of 1,700 m2 (outlined in orange in Fig. 1), a mean average depth of 1,5 m and volume of 2500 

m3. The polyculture was composed of two fish species, meagre (Argyrosomus regius) and gilthead 

seabream (Sparus aurata) and the anticipated final biomass was also 2.5 kg m-3. The initial 

zootechnical production parameters of the species are given in Table 2.  

Table 2 - Initial zootechnical parameters of semi-intensive fishpond polyculture 

 
Semi-intensive POLY 

(# /pond) 
Mean weight 

(g) 

Species   

Argyrosomus regius 8000 9.5 

Sparus aurata 500 29.4 

Initial fish density (kg m-2) 0.04 

 

Rearing was operated in a flow through system with controlled water renewal pumped from a 

reservoir connected directly to the Ria Formosa coastal lagoon (Fig 1). Daily water renewal rates 
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varied between 20 and 150% of the pond volume, according to water temperature and the amount 

of dry feed distributed. In the case of the IMTA system automatic feeders distributed the ration 4 

times a day while in the fish polyculture the automatic feeder dispersed the dry feed 2 to 6 times a 

day depending on the water temperature and fish size. Aeration was provided when the oxygen 

levels dropped below 3,0 ppm and stopped at 4,5 ppm. Working periods of the air injector were 

automatically registered and used to calculate energy expenditure with aeration.  

Ponds were checked twice daily (9h and 17h) to verify the dissolved oxygen levels and water 

temperature, water renewal rates, dead fish, and fish behaviour during feeding. All data were 

registered daily. Growth performance of fish, oyster and macroalgae were monitored closely, and 

oyster mortality every month. Fish growth (total length and weight) was evaluated periodically 

based on information from 50 to 100 live specimens collected in the pond. 

3.1.2 Semi-extensive pond IMTA  

The semi-extensive pond IMTA was carried out in Cádiz, Spain, and took place at the facilities of 

the company Estero Natural (36°30'51.3"N 6°09'47.0"W) from 21 of January to 5 of November 

2019. 

The culture was composed of two ponds with four species from three different trophic levels. Gilt-

head seabream (Sparus aurata) as the carnivore level and oysters (Magallana gigas formerly 

known as Crassostrea gigas) as the filter feeder, were housed in the first pond, (enclosure of 665 

m2 in a pond of 2,922 m2 of water surface area), and macroalgae (Ulva and Gracilaria) was 

cultivated in 20 floating cages in the second pond (enclosure of 586 m2 in a pond of 2,825 m2 of 

water surface area). The macroalgae pond used the outflow water from the fishpond (Fig. 2). Water 

exchange between the ponds and with the rest of the system was driven by tidal flow. 

 

Figure 2 - Location and schema of the semi-extensive pond IMTA 
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The initial zootechnical parameters of this pilot action are shown in Table 3. Expected final densities 

for fish and for oyster were, respectively, 0.1 kg m-2 and 0.5 kg m-2 at the end of the experiment (9 

months). Fish growth performance was monitored three times (initial, 1 year and final), oyster 

growth and mortality every month and macroalgae growth weekly or every two weeks. It is important 

to highlight that this monitoring of macroalgae took place in the warm season from spring to autumn 

coinciding with the period of optimal growth. 

Table 3 - Initial technical parameters of the semi-extensive pond IMTA 

 Semi-extensive IMTA 
(# /pond) 

Mean weight 
(g) 

Species   

Gilt-head seabream 1500 20 

Magallana gigas 44,875 0.32 

Macroalgae - 1000 (per floating cage) 

Initial fish density (kg m-2) 0.07 

Initial oyster density (kg m-2) 0.02 

3.2 The life cycle assessment  

.  

 

Fig. 3 – General boundaries for general pond IMTA production 
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The studied system was the farm itself, the inputs production (fry, feeds, energy, equipment…) and 

the associated waste. The boundaries for this model are not the full cradle-to-gate approach 

recommended in LCA (EC Joint Research Centre, 2010) since it includes using fish fingerlings and 

oyster spat bought in hatcheries and transported to the site, the posterior farm operation with 

seeding of the ponds, diverting the water to the macroalgae production ponds, fish feeding, 

aeration, macroalgae and fish harvesting, slaughtering (Fig. 3). Packaging, and transport to the 

retailer was not included. The inventory deals with the environmental impact associated to the 

production of one tonne of raw fish at the gate of the farm, based on one cycle of growth. The 

operating data were based on daily records on water flow and percentage of water renovation, 

aeration, quantity of food, number of deaths and parasites treatments. Data on feed ingredients 

and respective amounts were collected close to the manufacturer. Oyster biomass was obtained 

at the beginning and at harvest, which occurs several times during the fish production cycle. 

Emission of nutrients associated with fish growth were estimated using a nutrient-balance 

modelling (Cho and Kaushik, 1990). Accordingly, the calculation of N, P, and solids emissions was 

based on the difference between the amount of nutrients provided to fish via the feed and the 

amount assimilated as fish weight-gain. The nutrient digestibility of the feed, the fish body-

composition, and the non-ingested part of the distributed feed were used to calculate the solid and 

dissolved fractions of emitted N and P.  

Major infrastructure inputs to each of the three culture systems wherever the information was 

available. These data were obtained through direct measurements, facility records and descriptive 

documents from the facility managers and included mechanical infrastructure and buildings. 

The proportion of the area of the experimental ponds of the total pond area of the facilities was 

used as a weight to calculate the values of the different uses and infrastructures to attribute to the 

studied ponds. These include buildings, vehicle use and electricity. 

The general data from the studied systems are presented in Table 4 and the nutrient mass balance 

per tonne of fish produced by each system is shown in Table 5. 
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Table 4 - Scenario data for the IMTA systems considered in the study. 

 
Semi-intensive 

IMTA  
Semi-extensive 

IMTA 
Semi-intensive 

POLY 

CYCLE LENGTH (months) 5.3 8.5 26 

INPUTS    

Feed (kg) 1,888 89 10,975 

Used sea water (m3) 101,110 7,185 1,201,764 

Fish biomass weight (kg) 677 45 91 

Oyster flesh biomass weight (kg) 5.5 14.4 - 

Inputs through diet    

Proteins (%) 42 40 42 

Lipids (%) 18 18 18 

Cellulose (%) 3 3.5 3 

Ash (%) 9 9 9 

Phosphorus (%) 1.4 1.3 1.4 

Main infrastructure components    

Total farm area (m2) 90,000 285,000 90,000 

Total farm pond area (m2) 23,600 200,000 23,600 

Area of production ponds (m2) 700 665 1,700 

OUTPUTS    

Fish biomass gain (kg) 1,099 65 6,137 

Oyster flesh biomass gain (kg) 130 94 - 

Associated downstream production     

Macroalgae biomass gain (kg) 1,224 35,400 - 

Zootechnical performance    

Fish feed conversion ratio 1.72 0.56 1.79 
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Table 5 - Nitrogen and phosphorus emissions calculated for 1 tonne of fish and oyster produced per cycle. 

 Semi-intensive 
IMTA  

Semi-extensive 
IMTA 

Semi-intensive 
POLY 

INPUT     

Feed    

N (kg) 126.9 5.7 737.5 

P (kg) 26.4 1.2 153.7 

OUTPUT EXTRACTED     

Produced biomass    

N (kg) 29.0 4.5 148.8 

P (kg) 5.9 1.0 25.0 

Downstream production    

N (kg) 30.6 1.8 - 

P (kg) 2.6 0.1 - 

TOTAL fraction    

N (kg) 59.6 6.2 148.8 

P (kg) 8.5 1.1 25.0 

TOTAL REJECTION    

N (kg) 67.2 -0.5 588.7 

P (kg) 18.0 0.0 128.7 

By weight of produced fish    

N (kg/kg) 

P (kg) 
 

0.055 -0.003 0.10 

N (kg/kg) 

P (kg) 
 

0.015 0.000 0.021 

 

The impact categories used in this study were: Global Warming (GW) in kg CO2-equivalents, Net 

Primary Production Use (NPPU) in kg C and Total Cumulative Energy Demand (TCED) in MJ-

equivalents, Acidification (Acid) in kg SO2-equivalnets, Eutrophication (Eutro) in kg PO4-

equivalents, Land Competition (LC) in m2), and Water Dependence (WD) in m3.  

The GW assesses the impact of gaseous emissions (CO2, CH4, and N2O) on the atmosphere’s 

capacity to absorb infrared radiation that contributes to the global greenhouse gas effect. The 

NPPU refers to the use of net primary production NPP as a biotic resource (Papatryphon et al., 

2004); it measures the trophic level of the rearing system as the amount of consumed kg C. The 
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TCED represents the use of fossil and nuclear energy sources in the system from the input factors 

to the output factors. The Acid refers to the negative effects on soils, ground and surface water, 

and ecosystems of acidifying pollutants, while Eutro refers to the potential impacts of high levels of 

nutrients in the environment, mainly N and P. The LC corresponds to the ground surface used by 

the production system and is expressed as m2. The WD corresponds to the quantity of water in m3 

flowing into the production system. 

The contribution of the system parts to the impact categories were based on the following 

components: 

1) building impact from material production, construction, and use, 

2) energy consumption used on the farm (electricity and gasoline), 

3) water consumption to produce fish and oysters at the farm level, 

4) vehicle used in the farm activity including depreciation with age, 

5) rejects fish emissions induced by the decay of non-eaten feed at the farm level, 

6) chemicals including medicines, anaesthetics and disinfectants and their production, 

7) equipment including its manufacturing and use, 

8) fry, in weight, used in the production involving fish and oyster (there are no specific 

values for the species used in the experiments; therefore, the LCA profile found in 

SimaPro1 for Capim Carp fry was used as default), 

9) feeds, including production of feed ingredients and processing, 

10) all transport, both sea and land used in the system, 

11) direct activity associated with the farming, water management, as well as the number 

of hours of direct work. 

The software used to perform this study was Piscentool, which is an Excel interface tool created to 

diagnose the sustainability of fish farms developed within the project Piscenlit (Wilfart et al. 2012). 

The interface allows for the determination of a whole series of sustainability indicators that can be 

used to characterize aquaculture production. The environmental aspects are approached using the 

methodology of Life Cycle Assessment. By using Piscentool it is possible to compare the different 

systems to understand the systems and the production choices in different systems. 

                                                           
1 SimaPro - Life Cycle Assessment (LCA) world’s leading software 
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4 Results 

Life cycle impact assessment has been performed for the three systems. Contribution of each 

rearing system to the impacts considered in this analysis for producing one tonne of seafood, i.e. 

fish, and oysters or just fish, are shown in Fig. 4 and ANNEX 1. The results of the LCA are generally 

sensitive to yields and, in this study, the yields of the aquatic products were higher in semi-intensive 

systems (Table 1). Therefore, higher environmental impacts were found in these systems. The 

relative contribution of each system to the impacts are presented in Fig. 5. Eutrophication (Eutro), 

Acidification Potential (Acid) and Total Cumulative Energy Demand (TCED) showed the largest 

difference between the semi-intensive and semi-extensive production systems. Except for Land 

Competition (LC), IMTA systems had lower contribution to the impacts when compared to the 

polyculture system. This was most noticeable for the semi-extensive IMTA system that had the 

lowest impacts. The impact of the semi-intensive IMTA system on global warming was only slighter 

lower than that of the polyculture semi-intensive system. However, Eutrophication and Water 

Dependence were also much lower (Fig 5).  

 

Fig. 4 - Comparative contributions of different impact categories of each rearing system calculated for 1 

tonne of aquatic products as functional unit. 
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The relative contribution of the different processes to the impact categories are shown in Fig. 6. 

Feeds, direct (farm) activity, rejects fish, energy consumption and water consumption were the 

most demanding processes. Feeds was the only process that contributed to most impacts (only 

exception for Water Dependence) being mostly important in Net Primary Production Use (NPPU) 

and Global Warming (GW) for the three systems. Direct (farm) Activity was mostly important in 

Land Competition (LC) and Water Dependence (WD) and driven by each of the three production 

systems although more significant in the semi-extensive IMTA. Fish rejects contributed to 

Eutrophication (Eutro) in the three systems; however, while the effect was positive in the case of 

the semi-intensive systems, it was negative in the semi-extensive IMTA implying that this system 

was extracting nutrients from the environment. In the two semi-intensive systems, either IMTA or 

POLY, Rejects Fish was significantly impacting the Acidification Potential (Acid). Energy 

consumption was only represented in the semi-intensive systems mostly in in terms of the Total 

Cumulative Energy Demand (TCED) although there was also some impact on Global Warming 

(GW) and Acidification potential. Water consumption affected only Water Dependence (WD). 

Equipment was a process that had a good share in the impacts from the IMTA systems, related to 

the shorter duration of the production cycle in these systems (Table 4). 

 

Fig. 5 - Relative importance of the contribution of the production systems to the impacts: GW – Global 

warming; TCED – Total cumulative energy demand; NPPU – Net Primary Production Use; Acid – 

Acidification Potential; Eutro – Eutrophication Potential; LC – Land Competition; WD – Water Dependence. 
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Fig. 6 - Contribution of the 11 processes considered in the study to the different impact categories. Semi-

intensive IMTA (above), semi-extensive IMTA (middle) and Semi-intensive POLYculture (bellow) systems 
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4.1 Global warming (GW) 

Global warming is caused by an increase in the concentration of greenhouse gases (CO2, CH4, 

N2O and HFCs) in the atmosphere, having the capacity to trap heat (longwave radiation) and keep 

the earth’s lower atmosphere warmer. In aquaculture the greenhouse gases that draw more 

attention are CH4 and N2O because their global warming potential is much higher and they are very 

difficult to sequester after being released to the atmosphere, as compared to carbon dioxide. 

Atmospheric CO2 can be sequestered as blue carbon (plant biomass).  

Emission of greenhouse gases to produce 1 tonne of fish was relatively similar in the two semi-

intensive systems with 2,836 kg CO2 -eq in the fish polyculture and 2,801 kg CO2 -eq in the IMTA 

(Fig. 7 and ANNEX 1). The semi-extensive IMTA system contributed with less than half that value 

with only 1,255 kg CO2 -eq. 

 

Fig. 7 - Global warming (GW) by tonne of raw aquatic product yield. 

Feeds were the main contributors to Global warming, as it included, among others, energy carriers 

in the agricultural, fishery and processing phases. The semi-extensive system used less feed to 
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important but only in the semi-intensive systems because of the amount of pumping needed for 

water renovation while the semi-extensive system, where water exchange was driven by tidal flow, 

almost did not use energy. 

4.2 Total Cumulative Energy Demand (TCED) 

 

Fig. 8 - Total Cumulative Energy demand (TCED) by tonne of raw aquatic product yield. 

 Total Cumulative Energy demand (TCED) represents the fossil and nuclear energy sources used 

in the systems from the input factors to the output factors. TCED was influenced by similar 

processes as GW although Energy Consumption was much more important in TCED while Feeds 

were more important in GW (Fig. 7 and Fig. 8). To produce 1 tonne of seafood the POLYculture 

system consumed 99,897 MJ -eq, and the IMTA semi-intensive system 90,127 MJ -eq. The semi-

extensive system used around one fifth of that energy, 19,097 MJ -eq (Fig. 8 and ANNEX 1). 

Energy consumption was most responsible for TCED of the semi-intensive systems with the 

POLYculture system using 65,724 MJ -eq and the IMTA system 45,724 MJ -eq. Feeds were the 

second most demanding process with 25,185 MJ -eq and 21,028 MJ –eq, respectively. Equipment 

was mainly important in the IMTA systems. In the semi-extensive system, the energy burden was 

almost nil, and it was Feeds (7,900 MJ -eq), Equipment (6,248 MJ -eq) and Transport (3,497 MJ -

eq) that contributed mostly to its TCED. 
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4.3 Net Primary Production Use (NPPU) 

 

Fig. 9 - Net Primary Production Use (NPPU) by tonne of fish and oyster yield. 

Net Primary Production Use refers to the use of net primary production (NPP) as a natural biotic 

resource, being at the basis of life-support. The production of 1 tonne of seafood was costly in the 

semi-intensive POLYculture system requiring 12,357 kg C in comparison with the semi-intensive 

IMTA with 10,423 kg C (Fig. 9 and ANNEX 1). The semi-extensive IMTA system used 

approximately one third of that, with 4,365 kg C. Feeds and Fry were the only process that 

contributed to NPPU with feeds being responsible for most of the used Carbon. Fry was mainly 

significant in the semi-intensive IMTA due to the larger initial biomass of the fish used in the 

experiment (Table 4). 
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4.4 Acidification Potential (AP) 

 

Fig. 10 - Acidification potential (AP) by tonne of raw aquatic product yield.  

The acidification potential refers to the compounds that are precursors to acid rain and have 

negative effects on soils, ground and surface water, and ecosystems. These compounds include 

sulphur dioxide (SO2), nitrogen oxides (NOx) and ammonia (NH4). These acid gases are usually 

released into the atmosphere because of fuel combustion and nitrifying and denitrifying bacteria. 

In the present study the fish semi-intensive POLYculture exhibited the highest acidification 

potential, with 45 kg SO2 -eq followed by the IMTA semi-intensive systems with 42 kg SO2 -eq  (Fig. 

10 and ANNEX 1). Both were much higher than the IMTA semi-extensive system with 6 kg SO2 -

eq. Rejects Fish, with respectively 29 and 25 kg SO2 -eq from POLY and IMTA semi-intensive 

systems, were the main drivers of the high acidification potential of these two semi-intensive 

systems, while the IMTA semi-extensive systems have no Rejects. These results were related with 

the higher feed waste of the semi-intensive systems and reflected in their higher Food Conversion 

Rate (FCR) (Table 4). Feeds was the second process responsible for the Acidification potential and 

the main contributor from the semi-extensive IMTA system (3 kg SO2 -eq). 
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4.5 Eutrophication Potential (EP) 

 

Fig. 11 - Eutrophication potential (EP) by tonne of raw aquatic product yield. 

Eutrophication potential refers to the possible increase in aquatic plant growth due to excess 

nutrients, such as nitrogen and phosphorus, because of over-fertilization of water. In the current 

survey the POLYculture semi-intensive was the system that presented the highest eutrophication 

potential with a total of 61 kg PO4-eq per tonne of produced seafood followed by the semi-intensive 

IMTA with 26 kg PO4-eq and the semi-extensive IMTA with 3 kg PO4-eq (Fig. 11 and ANNEX 1). 

Rejects Fish and Feeds dominate the direct emissions of nitrogen and phosphorous to the water. 

This was mostly noticeable in the semi-intensive systems due to their higher FCR (Table 4) that 

implied positive rejection of N and P to the environment mainly from the semi-intensive 

POLYculture (Table 5). The semi-extensive IMTA was capturing nutrients from the environment 

with negative rejection for N and nil rejection of P (Table 5). In this case the amount of biomass 

produced by the system and the low amount of feed given to the fish (Table 4), resulted in a 

negative total Rejects fish, indicating an uptake of 1 kg PO4-eq (ANNEX 1). 
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4.6 Land Competition (LC) 

 

Fig. 12 - Land competition (LC) by tonne of yield of raw aquatic product.  

Land Competition mirrors the ground surface needed by the production systems to produce one 

tonne of seafood. It was 4,885 m2 in the semi-extensive IMTA system which was much larger than 

the semi-intensive systems with 2,946 m2 year in the IMTA semi-intensive and 2,379 m2 year in the 

POLY semi-intensive system (Fig. 12 and ANNEX 1). Although the fish reared in the semi-extensive 

system were confined to a small area, the biomass produced was also much lower which implies 

the need for a larger area for the same amount of fish as the semi-intensive systems.  The 

contribution from Direct Activity to the LC was also much higher in the semi-extensive IMTA system 

in comparison to the semi-intensive systems. This is because the proportion of the produced 

biomass to the ground surface of production was larger in the semi-extensive IMTA (Table 4). 

Feeds was mostly important in the semi-intensive systems since the amount of feed given in these 

systems was much higher than the semi-extensive system.   

4.7 Water Dependence (WD) 

To produce 1 tonne of seafood the fish semi-intensive POLYculture was much more dependent on 

water (393,002 m3 year) than the IMTA semi-intensive (163,840 m3 year) and the IMTA semi-

extensive (115,691 m3 year) (Fig. 13 and ANNEX 1). For every system, WD was mostly associated 
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to Water consumption and Direct (farm) Activity with almost similar proportions from each process. 

The IMTA semi-extensive system was slightly more dependent on Direct (farm) activity than the 

semi-intensive systems. 

 

Fig. 13 - Water dependence (WD) by tonne of raw aquatic product yield. 

5 Discussion 

This report presents the comparison of three aquaculture production systems in earthen ponds: 

two IMTA systems (semi-extensive and semi-intensive) and a traditional semi-intensive fish 

polyculture. The two IMTA systems produced oysters and macroalgae in association with the fish 

production. The aim of the work was to compare the potential of environmental impacts of those 

systems using the LCA method. 

From the considered environmental impacts, Eutrophication, Acidification Potential and Total 

Cumulative Energy Demand showed the largest differences among the semi-intensive and semi-

extensive production systems. With the exception of Land Competition the semi-extensive IMTA 

system showed lower contribution to the impacts. Since the proportion of the produced biomass to 

the ground surface of production was larger in the semi-extensive IMTA this system required more 

area for production. However, the eutrophication potential of the system was low as well as the 

acidification potential and the total cumulative energy demand. Eutrophication was mostly driven 
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by rejects from fish and was linked to the amount of feed that is not incorporated by the seafood 

and is lost into the environment. This is reflected in the Food Conversion Rate (FCR) that was much 

lower in this system (Table 5). The low amount of feed given to the fish resulted in a negative total 

reject, indicating that fish and oysters were consuming natural food from the environment with a 

consequent reduction of the local levels of nitrogen and phosphorus. Besides the decrease in the 

eutrophication potential there was also a decrease in the acidification potential with less compound 

precursors to acid rain in the environment, mainly nitrous oxide (N2O) since, with less feed, there 

is less uneaten protein-rich aquafeed and faecal excreta of fishes, i.e., ammonia (NH4). Also, the 

lower amount of feed implied less fuel used in its processing and, therefore, fewer acid gases 

released into the atmosphere due to combustion. This also has implications for global warming, 

and total cumulative energy demand. The low net primary production use was related with the low 

amount of feed used to produce one tonne of fish and oyster in the semi-extensive system.   

In the case of the semi-intensive IMTA this system had lower impacts in comparison to the semi-

intensive POLYculture although they were managed in the same location similarly to produce 2.5 

kg m-3 of fed fish at the end of the production cycle. The main differences between the systems 

were the integrated production with 1 Kg m-2 of oyster and the macroalgae, and in the shorter 

duration of the production cycles case of the semi-intensive IMTA. Depending on the impacts the 

results were sensitive to these differences. The most significant differences were the eutrophication 

potential and the water dependence being much lower in the semi-intensive IMTA. Since the FCR 

from the semi-intensive IMTA systems was similar to the fish POLYculture the difference in the 

eutrophication potential is related with the incorporation of some of the nitrogen and phosphorus 

from the surplus feed by the oysters and the uptake of nutrients by the macroalgae. The lower net 

primary production use reflected the amount of feed needed to produce one tonne of seafood in 

the semi-intensive IMTA. This reflects the oyster biomass that was produced at no feed cost. 

Slightly lower global warming, acidification potential, and total cumulative energy demand were 

observed in the IMTA semi-intensive system, but these impacts seemed to be sensitive to the 

duration of the production cycle. They all show higher contribution of some process, e.g. equipment 

and building impacts that were not present in the semi-intensive fish polyculture results although 

they were also accounted for. 
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6 Conclusion  

Conclusions from the environmental impact study of pond integrated multi-trophic aquaculture 

(IMTA) in semi-extensive and semi-intensive systems in comparison to semi-intensive fishpond 

polyculture show that: 

1 With exception of Land competition, semi-extensive IMTA has an overall lower environmental 

impact compared to semi-intensive IMTA and semi-intensive fish polyculture, 

2 Semi-extensive IMTA is economically profitable especially in large protected area, 

3 To produce the same amount of fish biomass the semi-intensive IMTA is much less eutrophic 

and water dependent than semi-intensive fish polyculture, 

4 The semi-intensive IMTA used less feed than the semi-intensive fishpond polyculture to 

produce the same amount of seafood biomass. 
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ANNEX 1. Environmental impacts for producing one tonne of fish and oyster (last column) amount and percentage of each process contributing to the 

impact for each of the IMTA producing systems. 

 



 


